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Pobudovano algoritm rozv��zku r�vn�nn� Puassona�Ferm��
D�raka dl� kvantovih toqok sferiqno� ta cil�ndriqno� geometr��
u vigl�d� logarifma v�d stepenevogo r�du� �ki� opisu�� z vrahu�
vann�m deformac��nogo potenc�alu� rozpod�l elektrostatiqnogo
potenc�alu ta napru�enost� elektriqnogo pol� v kvantov�� toqc��
�ka otoqena matrice��

�� VSTUP

Odn��� �z osnovnih problem u f�zic� nanosistem z kvantovimi toq�
kami � znahod�enn� rozpod�lu potenc�alu� koncentrac�� elektron�v ta
napru�enost� elektriqnogo pol� �k v kvantov�� toqc�� tak � v matric��
U nax qas dobre v�dom� rozv��zki l�nearizovanogo r�vn�nn� Puasso�
na � potenc�ali Deba��H�kkel�� Der�g�na�Landau�Verve��Overbeka
�	� 
� ta potenc�al� obqisleni� v me�ah samouzgod�eno� elektron�
deformac��no� model� ���� Odnak v nano�geterosistemah z neodnor�dnim
rozpod�lom koncentrac�� nos��v zar�du sl�d vrahovuvati nel�n��nu za�
le�n�st� elektronno� gustini v�d elektrostatiqnogo potenc�alu� tomu
neobh�dno znati rozv��zok nel�n��nogo r�vn�nn� Puassona z funkc���
Ferm��D�raka� U robotah ����� qisel�nim metodom zna�deno rozv���
zok r�vn�nn� Puassona�Bol�cmana� Anal�tiqni� rozv��zok nel�n��no�
go r�vn�nn� Puassona�Bol�cmana dl� plosko�� sferiqno� ta aks�al�no�
geometr�� buv zna�deni� v robotah �� ���

U c�� robot� zna�deno prostorovi� rozpod�l elektrostatiqnogo po�
tenc�alu� napru�enost� elektriqnogo pol� ta koncentrac�� elektron�v
u kvantov�� toqc� na osnov� nel�n��nogo r�vn�nn� Puassona�Ferm��
D�raka z graniqnimi umovami� �k� vrahovu�t� vpliv napru�eno� me��
kvantova toqka�matric��
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�� MATEMATIQNA MODEL�

Rozgl�da�mo nel�n��ne r�vn�nn� Puassona�Ferm��D�raka dl� napru�e�
no� nanogeterosistemi z kvantovimi toqkami sferiqno� ta cil�ndriq�
no� simetr���
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de L � 	� 
 � dl� cil�ndriqno� ta sferiqno� simetr�� v�dpov�dno� � �
v�dnosna d�elektriqna pronikn�st� mater�alu kvantovo� toqki� �� �
d�elektriqna stala� n� � seredn� koncentrac�� elektron�v u nanoge�
terosistem� z kvantovimi toqkami� �� � znaqenn� elektrostatiqnogo
potenc�alu na me�� kvantova toqka�matric�� E� � znaqenn� napru�e�
nost� elektriqnogo pol� na me�� kvantova toqka�matric�� n �� �r�� �
koordinatni� rozpod�l nos��v zar�du u kvantov�� toqc�� �ki� xuka�mo
v�dpov�dno do statistiki Ferm��D�raka ����
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de NQD � poverhneva gustina kvantovih toqok� �ka r�vna dl�
nanogetero�strukturi InAs�GaAs z kvantovimi toqkami InAs � � �
	��� sm�� �	��� E� � energ�� elektrona na perxomu lokal�zovanomu r�v�
n� v kvantov�� �m�� ac � stala g�drostatiqnogo deformac��nogo poten�
c�alu zoni prov�dnost� mater�alu kvantovo� toqki� � � h�m�qni� po�
tenc�al mater�alu kvantovo� toqki� �� � energ�� dna nedeformovano�
zoni prov�dnost� u kvantov�� toqc�� �rr��r� � rad�al�na komponenta ten�
zora deformac�� mater�alu kvantovo� toqki� �ka r�vna �rr � C

�
� � �

Dl� nanogeterosistemi InAs�GaAs z kvantovimi toqkami InAs rad�u�
som R� � 	�� �A � C� � ����		 �		��

P�dstavivxi viraz dl� koncentrac�� nos��v zar�du��� u r�vn�nn��	��
otrimu�mo v �vnomu vigl�d� nel�n��ne r�vn�nn� Puassona�Ferm��
D�raka z vrahuvann�m elektron�deformac��no� vza�mod���
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n�nn� ��� zapixet�s� u vigl�d� �
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Rozv��zok nel�n��nogo r�vn�nn� Puassona�Ferm��D�raka ��� znaho�
dimo u vigl�d� logarifma�

� � Z ln �y�� ��� ���

de Z � de�ke c�le� v�dm�nne v�d nul� qislo� Rozvinenn� y u stepenevi�
r�d zd��sn��mo v okol� toqki a � R�
Red �me�a kvantovo� toqki z
matrice��� de zadan� graniqn� umovi� Zrobimo zam�nu zm�nno��
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Vibira�mo graniqn� umovi�
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Rozv��zok r�vn�nn� �� budemo xukati u vigl�d� stepenevogo r�du
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V�d znaqenn� Z zale�it� stup�n� nel�n��nost� r�vn�nn� ��� U c�� za�
daq� parametr Z vibira�mo takim� wob stup�n� nel�n��nost� r�vn�nn�
�� buv m�n�mal�nim� tobto Z �	�

Osk�l�ki nezale�na zm�nna x � 	�
�z
a
���p

� to pri zb�l�xenn� para�
metra p zrosta� xvidk�st� zb��nost� r�du �	��� Ale b�l�x� znaqenn�
r uskladn��t� r�vn�nn� ��� Tomu koef�c��nti r�du �	�� obqisl�va�
lis� pri Z � 	� r � 	�
�

Tod� rozv��zok nel�n��nogo r�vn�nn� Puassona�Ferm��D�raka ��� z
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Xvidk�st� zb��nost� r�du �	
� zmenxu�t�s� pri r � � � tobto v
okol� centra kvantovo� toqki� Wob zabezpeqiti toqn�st� obqislenn��n�� � �n
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�� QISLOV� OBQISLENN� � OBGOVORENN� REZUL��
TAT�V

U c�omu paragraf�� v ramkah nel�n��nogo r�vn�nn� Puassona�Ferm��
D�raka ��� z urahuvann�m elektron�deformac��nogo potenc�alu� nave�
den� qislov� rezul�tati teoretiqnih dosl�d�en� koordinatno� zale��
nost� rozpod�lu elektrostatiqnogo potenc�alu� napru�enost� elek�
triqnogo pol� ta elektronno� gustini v kvantov�� toqc� InAs� �ka �
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Ris� 	� Koordinatna zale�n�st� elektrostatiqnogo potenc�alu ��r� v
kvantov�� toqc� rozm�rom R� � 	�� �A pri r�znih znaqenn�h parametra
	 � 	�	 � ��	� 
����� ������ ������ ������ suc�l�na l�n�� � T � ��K �
punktirna l�n�� � T � ���K �

matric�GaAs �na�vn�st� matric� v�dobra�eno v graniqnih umovah �
��
z takimi parametrami� ac � ����eB �	
�� � � 	��	� � E� � ��	eB �	���

� � ��
eB � �� � ��r�

r����
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A
� �� ���B ���� E� � �

d�
dr


r����
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A

�
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Qislove obqislenn� elektrostatiqnogo potenc�alu � �r� � napru�
�enost� elektriqnogo pol� E �r� ta elektronno� gustini n �r� v kvan�
tov�� toqc� InAs provedeno dl� � qlen�v r�du �	
�� z v�dnosno� pohib�
ko� � � � 	��� �

Na ris� 	�� navedeno koordinatn� zale�nost� elektrostatiqnogo
potenc�alu � �r� � napru�enost� elektriqnogo pol� E �r� ta pereroz�
pod�lu elektronno� gustini n �r� v kvantov�� toqc� dl� takih znaqen�
parametra 	 � 	� 	 � ��	� 
� ���� �� ���� �� ���� �� ����

�k baqimo �ris� 	�� �z zb�l�xenn�m parametra 	 �temperaturi�
potenc�al � �r� zrosta� �spada��� Zokrema� zb�l�xenn� parametra 	
v �nterval� ��	 � ��� prizvodit� do zb�l�xenn� elektrostatiqnogo po�
tenc�alu v centr� kvantovo� toqki rad�usa R� � 	�� �A pri temperatur�
T � ��K na �mV� a pri T � ���K � na 
�mV�

Rozpod�l napru�enost� elektriqnogo pol� u kvantov�� toqc�
�ris� 
� ma� nemonotonni� harakter z m�n�mumom� roztaxuvann� �kogo
z rostom temperaturi zsuva�t�s� do centru kvantovo� toqki� 	z zb�l��
xenn�m parametra 	 v �nterval� ��	 � ��� sposter�ga�t�s� zmenxenn�
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napru�enost� elektriqnogo pol� na ��kV�sm pri T � ���K �
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Ris� 
� Rozpod�l napru�enost� elektriqnogo pol� E �r� v kvantov��
toqc� rozm�rom R� � 	�� �A pri r�znih znaqenn�h parametra 	 � 	� 	 �
��	� 
����� ������ ������ ������ suc�l�na l�n�� � T � ��K � punktirna
l�n�� � T � ���K �
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Ris� �� Rozpod�l elektronno� koncentrac�� u kvantov�� toqc� rozm�rom
R� � 	�� �A pri r�znih znaqenn�h parametra 	 � 	� 	 � ��	� 
� ���� ��
���� � � ���� � � ���� suc�l�na l�n�� � T � ��K � punktirna l�n�� �
T � ���K �
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�k vipliva� z graf�k�v� predstavlenih na ris� �� z v�ddalenn�m v�d
centru kvantovo� toqki koncentrac�� elektron�v monotonno zrosta��
Priqomu z� zmenxenn�m temperaturi koncentrac�� elektron�v u kvan�
tov�� toqc� zrosta�� a harakter rozpod�lu praktiqno sta� r�vnom�rnim
�ris� � � suc�l�na l�n����
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ANALYTICAL SOLUTION
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The algorithm of the solution of the Poisson�Fermi�Dirac equation for a
case of spherical and cylindrical geometries is constructed in the form of a
logarithm from a power series which� taking into account a deformation po�
tential� describe the allocation of an electrostatic potential and an electric �eld
strength in a quantum dot surrounded by a matrix�


