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U ramkah model� deforma
��nogo poten
��lu otrimano viraz dl� userednenogo defor-

ma
��nogo poten
��lu, stvorenogo disloka
��no� st�nko� zale�no v�d v�dstan� d m�� dislo-

ka
��mi nev�dpov�dnosti. Pokazano, wo v geterostrukturah z disloka
��mi nev�dpov�dnosti

ener��� osnovnogo stanu elektrona zale�no v�d m��disloka
��noÝ v�dstan� zm�n�
t~s� nemo-

notonno.
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I. VSTUP

Geteroep�taks�� nap�vprov�dnik�v z r�znimi post��-

nimi �ratok vimaga
 obme�en~ u kritiqnih tov-

winah ep�taks��l~nih xar�v. Zokrema, v [1℄ eks-

perimental~no dosl�d�eno, wo narowuvan� gete-

roep�taks��l~n� xari ZnSe mo�ut~ buti �k roz-

t�gnut�, tak � stisnut�. Harakter deforma
�Ý v


~omu vipadku zale�it~ v�d v�dstan� h m�� xa-

rom ZnSe � geterome�e�. U xarah ZnSe, tov-

wini �kih menx�, n�� kritiqne znaqenn� h




(0 < h < h




; dl� ZnSe h




' 0:15 mkm [1℄), vinika-

�t~ dvov�sn� deforma
�Ý stisku v plowin�, paralel~-

n�� do geteroplowini, odnakov� dl� vs�h xar�v, �k�

zumovlen� rozb��n�st� parametr�v �ratok kontaktu-

�qih kristal�qnih sistem. C� deforma
�Ý postupovo

spada�t~ u d��pazon� h




< h < h

1

� 0:88 mkm zavd�ki

po�v� pri h




disloka
�� nev�dpov�dnosti, �k� vibu-

dovu�t~s� paralel~no odna do odnoÝ na priblizno

odnakov�� v�dstan� \d" v st�nku [1{4℄ (ris. 1).

U 
�� pra
� v ramkah model� deforma
��nogo poten-


��lu [5℄ rozrahovano spektr elektronnih stan�v u po-

ten
��l~n�� �m�, stvoren�� st�nko� disloka
�� nev�d-

pov�dnosti zale�no v�d v�dstan� d m�� disloka
��mi

v ZnSe/GaAs.

II. MODEL^ POTENC��L^NOÕ �MI,

STVORENOÕ ST�NKO� DISLOKAC��

Deforma
�� U

me
h:

(x; y) = Sp

^

U

me
h:

(x; y), stvorena

disloka
��no� st�nko� kra
vih disloka
�� u ZnSe

(plowina ZOY) na v�dstan� h




(OX) v�d me�� kon-

taktu�qih kristal�qnih sistem ZnSe/GaAs (ris. 1),

mo�e buti opisana sp�vv�dnoxenn�m [6℄

U

me
h:

(x; y) =

U

0

sin(�y)

[
h(�jxj)� 
os(�y)℄d

; (1)

de U

0

=

b(1�2�)

2(1��)

(b = (b; 0; 0) - vektor B�r�ersa, � |

koef�
�
nt Puassona, dl� ZnSe � ' 0:27), � =

2�

d

.

Osk�l~ki pru�na ener��� lokal�zovana v oblast�

tovwino� d , �ka pril�ga
 do st�nki disloka
��

[4℄, to parametr mehan�qnoÝ deforma
�Ý U

me
h:

(x; y)

praktiqno v�dr�zn�
t~s� v�d nul� t�l~ki v ob'-


m� � 2d�a

2

(�a = a

2

� a

1

; a

1

; a

2

| para-

metri �ratok ZnSe i GaAs u plowin� narowuvanogo

xaru). U rezul~tat�, zam�st~ parametra mehan�qnoÝ

deforma
�Ý U

me
h:

(x; y) u deforma
��nomu poten
��l�

V

me
h:

(x; y) = �ja




jU

me
h:

(x; y) (a




| konstanta de-

forma
��nogo poten
��lu, dl� ZnSe a




= �3:65eV [8℄),

mo�na skoristatis~ �ogo seredn�m znaqenn�m, tobto

�

U

me
h:

�

U

me
h:

=

1

2d

lim

�a!0

1

�a

+d

Z

�d

a

2

Z

a

1

U

me
h:

(x; y)dxdy: (2)

P�dstavimo viraz U

me
h:

(x; y) (1) u formulu (2) �

pro�nte�ru
mo za y. Matimemo:

�

U

me
h:

=

U

0

�

1

2d

2

+d

Z

�d

F (x)dx; (3)

de

F (x) = lim

4a!0

1

�a

ln

�

�

�

�

A(x) � 
os(�a

2

)

A(x) � 
os(�a

1

)

�

�

�

�

; (4)

A(x) = 
h(�jxj):

Osk�l~ki deforma
�� lokal�zovana v okol� st�nki

disloka
�Ý x � 0 [4,7℄, to A(x) ' 1. Urahovu�qi os-

tan� umovu,
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F ' lim

�a!0

1

�a

ln

�

�

�

�

1� 
os(�a

2

)

1� 
os(�a

1

)

�

�

�

�

= lim

�a!0

1

�a

ln

�

�

�

�

sin

2

(

�

2

a

2

)

sin

2

(

�

2

a

1

)

�

�

�

�

=

2�

d


tg

�

�a

1

d

�

: (5)

P�dstavivxi (5) u (3) � pro�nte�ruvavxi, otrima-


mo

�

U

me
h:

=

U

0

d


tg

�

�a

1

d

�

; d 6=

a

1

k

; k = 1; 2; 3 : : : (6)

Takim qinom, poten
��l~nu deforma
��nu �mu dl�

elektrona, stvorenu st�nko� disloka
��, mo�na opi-

sati dvom�rnim userednenim poten
��lom

�

V

me
h:

=

(

�ja




jU

0

�


tg

(

�a

1

d

)

d

; 0 � � � d

0; � > d

; (7)

de � = fx; yg;

�k vidno z formuli (7), pri d >

2a

1

2k+1

poten-


��l

�

V

me
h:

ma
 prit�guval~ni� harakter, a pri

a

1

k+1

< d <

2a

1

2k+1

| v�dxtovhuval~ni�.

Z� zb�l~xenn�m v�dstan� d m�� disloka
��mi nev�d-

pov�dnosti glibina

�

V

me
h:

poten
��l~noÝ deforma
��-

noÝ �mi (7) zmenxu
t~s� � pri d!1 dor�vn�


�

V

me
h:

(d!1) = �

ja




jU

0

�a

1

: (8)

Ce� vipadok (zb�l~xenn� d) mo�e f�ziqno re-

al�zuvatis~ u geterostrukturah z� spadnim ha-

rakterom rozb��nosti parametr�v �ratok na me��

�

�a

a

'

b

d

! 0

�

.

Spektr elektrona v deforma
��n�� poten
��l~n��

�m� (7) st�nki disloka
�� znahodimo z r�vn�nn� Xre-

din�era

^

H	

n

�

;m

(�; '; z) = E	

n

�

;m

(�; '; z); (9)

de

^

H = ��

�

�

�

2

��

2

+

1

�

�

��

+

�

2

�z

2

+

1

�

2

�

2

�'

2

�

+

�

V

me
h:

(�) (10)

| gam�l~ton��n elektrona v pol� deforma
��nogo po-

ten
��lu (7) st�nki disloka
��, napr�m �kih zb�ga-


t~s� z v�ss� Z (ris. 1), zapisani� u 
il�ndriqn��

sistem� koordinat; �

�

=

~

2

2m

�

.

Vlasn� funk
�Ý operatora

^

H mo�na zapisati u vi-

gl�d�

	

n

�

m

(�; '; z) = R

n

�

jmj

(�)exp[i(m' + k

z

z)℄; (11)

de m = 0;�1;�2;�3; ::: : Funk
�� R

n

�

jmj

(�) pri

E

n

�

jmj

< 0 zadovol~n�
 r�vn�nn�

��

�

jj

�

d

2

d�

2

+

1

�

d

d�

�

m

2

�

2

�

R

n

�

jmj

(�) +

�

V

me
h:

(�)R

n

�

jmj

(�)

= E

n

�

jmj

R

n

�

jmj

(�); (12)

de �

�

jj

=

~

2

2m

�

jj

;m

�

jj

| efektivna masa nos�Ýv u plowin�

narowuvanogo xaru ZnSe.

Ris. 1. Shematiqne zobra�enn� geteroep�taks��nogo

xaru ZnSe z� st�nko� kra
vih disloka
�� na p�dklad
�

GaAs (100). Xtrihovimi l�n��mi poznaqeno st�nku kra
-

vih disloka
��, v�dstan~ m�� �kimi d.

Z urahovann�m konkretnogo vigl�du poten
��lu (7)

� kra�ovih umov

R

n

�

jmj

(0) = 0; R

n

�

jmj

(+1) = 0 (13)

rozv'�zok r�vn�nn� (12) matime vigl�d [9,10℄

R

n

�

jmj

(�) =

8

>

>

<

>

>

:

C

1

J

jmj

�r

1

�

�

jj

�

ja




jU

0


tg(�a

1

=d)

d

�

�

�

E

n

�

jmj

�

�

�

� �

�

; 0 < � < d

C

2

K

jmj

�

q

1

�

�

jj

�

�

E

n

�

jmj

�

�

� �

�

; � > d

; (14)
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de K

jmj

| funk
�� Makdonal~da, J

jmj

| funk
�� Bessel�.

Umovi neperervnosti hvil~ovoÝ funk
�Ý (14) � ÝÝ poh�dnoÝ v toq
� � = d privod�t~ do sp�vv�dnoxenn�

q

�

�

E

n

�

jmj

�

�

J

jmj

�

s

d

2

�

�

jj

�

ja




jU

0


tg(�a

1

=d)

d

�

�

�

E

n

�

jmj

�

�

�

�

K

0

jmj

�

s

d

2

�

�

jj

�

�

E

n

�

jmj

�

�

�

(15)

=

r

ja




jU

0


tg(�a

1

=d)

d

�

�

�

E

n

�

jmj

�

�

J

0

jmj

�

s

d

2

�

�

jj

�

ja




jU

0


tg(�a

1

=d)

d

�

�

�

E

n

�

jmj

�

�

�

�

�K

jmj

�

s

d

2

�

�

jj

�

�

E

n

�

jmj

�

�

�

;

z �kogo viznaqa�t~ ener�etiqn� r�vn� diskretnogo spektra

�

�ja




jU

0


tg(�a

1

=d)

d

< E

n

�

jmj

< 0

�

.

Rozgl�nemo vipadok neglibokoÝ poten
��l~noÝ �mi

k

0

d << tg(�a

1

=d); (16)

de k

0

=

2ja




j

�

�

jj

U

0

:

Dl� 
~ogo vipadku ar�umenti 
il�ndriqnih funk
�� u sp�vv�dnoxenn� (15) mal�. Pri m = 0 z urahuvann�m

formul

J

0

(x) � 1; J

0

0

(x) � �

x

2

; K

0

(x) � ln

�

2

x

�

; K

0

0

(x) � �

1

x

;

spravedlivih pri x << 1, sp�vv�dnoxenn� (15) nabuva
 vigl�du

d

2

4�

�

jj

�

ja




jU

0


tg(�a

1

=d)

d

�

�

�

E

n

�

0

�

�

�

ln

�

4�

�

jj

d

2

�

�

E

n

�

0

�

�

�

� 1: (17)

Z rozv'�zku rivn�nn� (17) mo�na otrimati ener-

�i� osnovnogo stanu elektrona E

00

zale�no vid

d | vidstani mi� disloka
i�mi nevidpovidnosti v

ZnSe/GaAs. Na ris. 2 navedeni qisel~ni rozrahunki

takoÝ zale�nosti. Z n~ogo vipliva
, wo pri znaqen-

n�h d bil~xih, ni� 14

�

A, ener�i� E

00

ma
 nemonoton-

ni� harakter. Taku ÝÝ povedinku, oqevidno, mo�na po-

�sniti tim, wo z rostom d vidbuva
t~s� analogiqna

zmina profil� poten
i�l~noÝ �mi (7), stvorenoÝ stin-

ko� disloka
i�. Pri 
~omu minimal~ne znaqenn� E

00

dos�ga
t~s� pri d = 29

�

A i dor�vn�
 �45 meV.

Ris. 2. Zm�na ener��Ý osnovnogo stanu elektrona E

00

za-

le�no v�d v�dstan� d m�� disloka
��mi nev�dpov�dnosti.

Na eksperiment� taka zm�na ener��Ý osnovnogo stanu

elektrona v�d d, oqevidno, povinna pro�vitis~ na

zm�wenn� p�ka ener��Ý h� pri rezonansn�� eksiton-

n�� l�m�nes
en
�Ý [1℄. Zokrema, dl� geterostruktur

ZnSe/GaAs i ZnSe/ZnS, h�

ZnSe=GaAs

< h�

ZnSe=ZnS

, os-

k�l~ki

�a

a

=

b

d

dl� ZnSe/GaAs stanovit~ priblizno

0:5%, a dl� ZnSe/ZnS' 4%.

Takim qinom, u me�ah 
�
Ý model� zadaq� mo�na

zrobiti tak� visnovki:

1. Pri velik�� v�dstan� m�� disloka
��mi nev�d-

pov�dnosti

�

d

a

1

>> 1

�

poten
��l~nu deforma-


��nu �mu opisu
mo virazom

�

V

me
h:

(d!1) = �

ja




jU

0

�a

1

:

2. U geterostrukturah z disloka
��mi nev�dpov�d-

nosti ener��� osnovnogo stanu elektrona za-

le�no v�d m��disloka
��noÝ v�dstan� d zm�n�-


t~s� nemonotonno.
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DEPENDENCE OF ELECTRON SPECTRUM OF THE ZnSe/GaAs

STRAINED HETEROSTUCTURE ON THE DISTANCE

BETWEEN MISFIT DISLOCATIONS
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In the framework of deformation potential model the dependen
e of average deformation potential indu
ed by

the dislo
ation wall on the inter{dislo
ation distan
e d is obtained. It is shown that in the heterostru
ture with

mis�t dislo
ation the ele
tron energy of ground state non{monotonously depends on d.
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