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Introduction 

� � � � � � � � 	
 � �  � � � 
 .  

� � � � � � 	
  � � � � 
  
 � � � � � � � �  	� � � � � �  � �  � � � � � � � �  � � � � � � � � � � � �  

� � 
 	� 
 � � � 	� � � � 	� . � �  � � � � 	� � �  
 � � � � � �  �  � � � � � � � � � � �  
 � � � � � � � � , � �  

� � � � � � � � � � � � � � � �  �  � � � � � � � � � � � � � 	�  � �  � � � � � 	�  � � � � � � � � 	 	, � � � 
 � � � � � � � � � �  


 � �  
 	� � � � � � � �  � � 
 
 � � � � � � � �  	 �  � ! � � � � � � � �  � � � � � � � � � � � , �  � � � � "  
 � � � � � �  �  


 � � � � � � �  � 
 � � � � � � � � � � 	� � , � �  
 � �  � � � �  �  � � � � � � � � -� � � � � � #	� � � � � � � 
 �  

� 	� 
 � � � � 	 [1, 2]. $� � � � 
 � , � � � � � � � 	 � � 	� � � � 	� � �  % � � � � � � � 
 �  � � �  � � � � � � � � �  


 � � � � � � � � � � � � � �  � � � 
 � � &�  � �  � � � � � � � � � � � � � �  � " � � � �  � 	� � ! �  � � � 	� � � � � � , � �  

� 
 � " � � � � � �  
 � � � �  � � � � ! 	&. '  � � � � � � � � �  � � � � � � � � �  � � � � � � �  � � � � � � � � ! � -

� � � � � � #	� � � � � � � ! �  � 	� 
 � � � � �  � � � � � 	� � �  
 � � � � & � � � " � � �  � � � � 	 � ’ � � � � %� � � �  


 � " � � � 	� � �  � #� � � � � � � � �  
 � � 
 � � 	 �  
 � � � 	�  
 � � � � � � � � 	�  � � � � � � 	, � � 
 �  � � � �  


 � " � � �  � � � �  � � � � � � � � � � 	 � � �  
 	� � � � � � � �  ! � � � � � �  � � 
 � � �  	� #� � 
 �  	& � �  

� 
 � � � � � �  � � � � � � , � � �  
 � � � � � � � � �  � � � � 	� � � & � � � � � � � � 	 � � � � � � � �  
 � � � � � � 	�  � �  

� � �  � 
 � � � � � � �  � � � 
 � � � 	�  
 	� � � � � � 
  �  
 � �  � � 	 #� � � � 	� � ! � � #	&. 

( � � � �  � � 	�  III-V � � 
 	� 
 � � � 	� � � � � � � �  � 
 � � � �  � 	� � � � �  � � � � � � & ! � � 
 �  (GaN, 

AlN � �  InN) � � � � � � � � � �  
 	� � � � � � � �  	� � � � � �  � �  �  � � � � � � � ! � , � � �  	 �  

� � � � � � � ! 	� � � ! �  � � � � . � �  
 � � ’ � � � � �  �  &�  � � � � � � � � 
 �  � � � � � � � � � � � 
 � , � � � � 
 �  � �  

� � � � � 	 	� � � 	� � � , � � � � � 	� � � , � � 
 
 � � � � � � �  
 � � � � � � � �  	 � � 
 � � 
 � � � 	� � 	� � � . ' � � �  

� � � � � � � � � � � � � � � �  � � � � � � �  � � � � � � �  � � � � � � � � � � & � � � �  Eg � �  � � � � � � � � �  

� � � � � � �  � 	� � � � � � � � � � �  � � � � � � . ) � � 	 � � � � � � � � � � 	 
 � � ’ � � � � 	 �  � � � � � � � � �  

� � � � �  � � � 
 	�  � � � � � . * � � � � � � � �  � � � 
 � � �  � � � 	� �  � � � � �  � � � �  � �  #� � 
 � � � � � �  

� � � � � � � �  � � ’ � � � 	� , �  � � " �  � �  � � � � ! � � �  
 � � � � �  � � � � � �  +� � � � �  (� �  20-40%), � 	"  

�  	� � � �  III-V � � 
 	� 
 � � � 	� � � � � � . � � 	
   � � ! � , � � � � ! 	�  #� � 
 � � � � � �  � � #� � � 	�  �  

 � �  
 � � � � 	� � � �  % � � � � � �  � � � � � � � .  

, �  � � � � �  � � �  � " �  � � � � � � �  � � 
 � �  	� � �  � � � � � � � � � � � �  
 � � � � � �  � �  � � � � � 	 

� 	� � � � 	�  --- ! � � 
 �  [1- 3]: � � 	� � � � � 
 � � 
 	� � � � 	 � 	� � �  � �  � � � � � �  � � � � � � � � ! � -

� � � � � � #	� � � � � � � ! �  � 	� 
 � � � � � , � � � � � � 	 � 	� 	 � � 	� � � � 	� � � , #� � � � � � � � � � � � , � � 	
 	 

� �  � � �  �  � � � � � � #	� � � � � � 	 � � � � � � � , � � � � � � � � �  � 
 � � � � � & � � � � � � � , 
 � � � � � 	 
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� � � � � � � � � � � , ! � � � � � � � � � � � � � � 	 � 	
 � � � � � 	 � � � � � � � � � � � , � � � � � � � 	 � 	� � � . . � � � �  

� � �  
 	� � � � � � � �  &�  � � � 	� � � � � 	 � �  � � � � � �  � � � " � �  � � � � � 	� � 	 
 � � � � � � 	 

� � � � � � � � � 	 � � � � 	� " � � � � , � � 	 �  � � � �  � 
 � ! �  ! � � � � �  � � � � � 
 	� �   #	� � � � 	 

� � � � � � � � � � 	 � � � � �  
 � � � � 	� � 	�  � �  � � � � � �  � 
 � � 
 � � � � 	 
 � � � 
 � � � �  
 � � � � � 	� , � � �  

� � � � � � � � � � �  &�  � � � � � � �  � � � . 

. � � � " � � � �  � � � 
 	�  � � � 
 	� 	�  � �  � � � � �  �  
 � � 	� � � � � 	�  � � � � �  	 � � � � � %, � �  

#	� � � � 	 � � � � � � � � � � 	 AlN 
 � � � �  � � � �  � � � " � 
 �  � �  SiC. AlN % � � � � 	� � �  

� � � � � � � � � � � 
  
 � � � � 	� � � 
  (Eg=6.2 � ' ), � � � �  � �  � � � " � %� � � �  

� � 
 	� 
 � � � 	� � � � � 
 . ' � � � � 	� � �  � � � � � � � � � � � 	 AlN, � � �  � � � � � � � � � � �  � � 	� � � �  

� � � � � 	�  � � � � � 	� � �  
 � � �  � � � � � � � � � � �  � " � � � � �  
 � � � � 	� � �  � �  � � � � � � � � � �  

� � � � � � � � � � , � � 
 �  AlN % � � � � � � � � �  � � � � � � � 
  � � �  � � � 
 � � � 
 � � � � � � � � �  

� � � � 	� " � � � . ) � � � � 	 � � � � � � �  GaAlN % � � � � 	� � �  � � � � � � 
 �  
 � � � � 	� � � 
 �  � � �  

� � � � � � � � �  
 � � � � � 	� , � � � 	� � � �  � � � � ! � � " � � 	� � �  � � � � � �  ! � � � � �  GaN � �  AlN % 

� � � 
 � � � � 
  �  � � � 	& � 	� � � � 	�  --- ! � � 
 � . � � " �  � � � � � 	� � � 
 �  % � � � � � � � � � 	 

� � � � 	� " � � � �  #	� � � � � �  � � � � � � � � � � � �  � � � � �  � � � � � � �  � � � � � � 	�  	 AlN � � � � � 
 � .  

( 
 � � � � �  InN � �  � � � � � 	 � � � � � � �  �  � � � � � � 
  � 
 	� � � 
  In � �  � � � �  � � � � � � � �  

� � � � � � 	 �  � � ’ � � � �  �  � � � � � � � ! 	� � � 
 �  � � � � � � � � 
 �  &�  � � � � � � � � � � � . , � � 	� � 	 

� � � � � � � ! 	& � � � � � � � � � � �  � � � � � � � � �  � � � � 
 � � �  
 � � � � � � � � � � 	� � 	 � � � � � �  

InN [4- 8]. / � � � 	�  � 
 � � � � � �  � � � � � � � � � � � � �   � �  � � � � � 	�  
 � � � � � � � �  � �  

� � � � � � � � , � �  � � � � � �  � � � � � � � � � � & � � � �  InN � � � � � � % 0.7-0.9 � ' , �  � �  1.9 � ' , � �  

� � � " � � � � �  � � � 	� � . ' 	� 
 � � 	� � � , 
 � � � � � � � �  � �  � � " �  
 � � �  � � � � � � � � � � �  

� � � � 	� " � � �  � � � � � � � �  #	� � � � � �  � � � � � � � � � � � �   � � ! �  
 � � � � 	� � � , � � � � � 
 �  

� � � � � � � � � � & � � � � � � � � �  � �  � 
 � � � � � �  � 
 � � � � 	� , � � 	 � �  � � � � � � � � � � �  � � � 	 

� � � 
 � � � 
 � � � � � � � 	 � � � � � � � � � � . 

' � � � � � � � � � � �  � 	� � � � 	�  --- ! � � 
 �  � � �  � � � � � � � � �  
 � � � � � 	�  � � 
 � ! � % � � � � � �  

#� � � � 
 � � � � � � � � �  � � � � � � � � � � � �   � �  
 � � � � 	� � 	� , � � � � � 
 �  � � � � � � � � � � & � � � � � & 

� � � � � � � � �  � �  � 
 � � � �  � �  � � & � 	� � � �  � � � � 	� � 	�  #� � � � � 	� . 0� � 
 � � � 
 � � � � � � � 	 

� 
 � � � � 	 � 
 � � � � �  % � � � � 
  �  � � � � 	� � �  � � " � � � � �  � � � � � 	�  
 � � � � 	� � �  � � � � � 	 

� � � � � � � � � � � �  � � � � ! � � � � � � �  � � � � � � � �  [9-12], 
 � � � �  � � � �  � �  � � � � �  
 � � 
 � & 

	� #� � 
 �  	& 
 � �  � � � � ! � � � � � �  � � � � � � � � � , �  � � � � � � � � � �  � � � � � � � � �  � � � �  
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� � 
 � 	� � � � � �  ! � � � � � �  � � � � 	�  �  � � � � � � �  
 	" � � � � � �  � � � � ! 	%� . ) � 
 �  � � �  

� � � � 
 � � � �  � � � � � � � � & 	� #� � 
 �  	& 
 � �  � � � � �  � � � � � � � � �  � � � � � 	� � 	 � � � � � � � � � 	 

� � � � 	� " � � � �  � 
 � � � � � �  � � � � � � � � � � � �  � �  
 � � 	� � � � � �  � � � � 
 � � � �  � 
 � � � � 	�  �  

� � � 
 � � � 
 � � � � � � � � 
 � . 

' � " � � � � �  
 � � � � � 
 � �  � � � � � � � � � � �  � 
 � � � �  GaN, AlN � �  InN � �  

� � � � � � � 	� � � �  
 	� � � � � � � � , � � � � �  � �  � � 
 #	� , SiC, ZnO, Si, GaAs, % � � � � � �  

� 	� � �  �  � � � � � �  ! � � � � �  	 � � 
 � � � � �  � � � #	 	%� � 	�  � � � � � � � � � �  
 � � � � 	� � �  � �  


 	� � � � � � � , � �  � � 
 � � � � % 
 � � � �  � � � � � � �  � 	� � � 	� � � � � �  � � #� � 
 �  	�  �  

� 
 	� � � � 	� � � �  
 � 	� � � �  [13, 14]. � � � 	� � � �  
 � � � � � �  � � � � � � � � � � �  � �  � � � � � 	 


 � 	� � �  � 	� � � � 	�  --- ! � � 
 � , � � � � � 	� � �  � � � � � , � �  � 
 � � � � � � �  � � #� � 
 �  	& � �  &�  

#� � �  	� � � � � � 	 � � � � � � � � � � 	. 

, �  � 	� 
 	� �  � 	�  	� � � �  III-V � 
 � � � � , � 	� � � � �  --- ! � � 
 �  � � � � � �  
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 � � � " � 	�  � � � � � � � 	�  

#� � �  	& � . 7 � � �  H � � � � 	� � � �  � �  � 	� � � � � � �  � � � � ! 	�  � �  
 � � � �  	� �  
 � � � � ! � � � �  

� � � � � �  Vc, � � � 	 (1.5) � � � %: 

jjj EV
m

p
VV

m
p

Rc =��
�

�
��
�

�
+=��

�

�
��
�

�
++

22

22

,      (1.7) 

� �  V – 
 � � � � � 
 � � � �  	� � . � � � 	� � � �  V % � � 
 � �  � � � � � � � 	� � � ! �  
 � � � �  	� � �  


 � � � � ! � � � �  Vc � �  � � � � � � � � 	� � � ! �  
 � � � �  	� � �  � 	� � � � � � � � � � � �  VR, V � � � % 
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� � � � � � 
  �  � � � � � � 	 � � � � � �  (� � � .1.1), � � 
 �  � � � � ’ � � � �  � 	� � � � � �  9 � � � 	� ! � � �  

(� � 
 � �  (1.7)) � � � % 
 � " � � � � 
 , � � � � � � � � � � � � � �  � � � � � � �  �  
 �  
 � � � � � �  � � � � � � . 

 
5� � .1.1. ' � � � � � � 	 � � � � � � � 	 # � � �  	& Al � � �  
 � � � � � � � � 
 �  (� �  	� � � 	 � 	� 	&) � �  � � �  

 � � � � � � � � � � � � � � ! �  � � � 
 �  (
 � � � � � � � 	 � 	� 	&) [29] � �  � 	� 
 � � 	� � 	 
 � � � � � 
 � � � �  	� � � , � � � � 
 � � 	 
�  � � � � � � � � � � � � 
  
 � �  � � � � �  4 � 
 � � � �  � � � � � � � � � �  d-� � � � � � � � 	�  [30] � �  � � � � � " � � � �  
� � � � � � � � & ! � � � � � � . 

 

1.2. Empirical pseudopotential approach 

' � � 
 � � � �  � � � � � � 
 �  � � 
 	� �  
 � � � � 
 � � �  � 
 � � �  
 � � � � � 
 � � � �  	� � 	�  �  

� � � � � � � � � � �  
 � � � � & � � � � ! 	&, � � � � � �  +� � � � � , 
 � � � � 	�  
 � � " � � � � 	, &�  

� � � � � � � � � � � �  � � �  � � � � � � � � � 	�  � 
 � � � � � �  � �  #� � � � 
 	� 	� � � �  � � � � � � � � � � � �  

� � 
 � " � � � . � 	 � � 
 � " � � � �  � � 
 � � � � � 	 � �  � � � � � " � � � � 
  
 � � � � � 
 � � � �  	� � � , �  

� � � � � � � � � � � � 
  � � � � � " � � � �  #� � �  	� � � � �  � � � � � � � � & ! � � � � � �  � � �  � 
 � � �  

� #� � � 	�  � � 
 	� � -� � � � � �  	&. 7 �  �  
 � � � � � � � � � � � � � � �  � � � � � � � � � � � ,  

� � � � � � � � � � � �  
 � � � �  	� � 	�  # � � �  	� � � � �  � � � � � � � � & ! � � � � � �  
 	� � � � � � �  � � �  

� � � � � � � � � 	�  � � � � � � � � � � � �  � � � � � � � ! �  � � � � � : � � � � � � � � � � 	 � � � � � � � � � � 	 

� � � � � � � � �  � � �  � � � � � � � � � � �  �  � � � � � 
 �  � � ! � � " � � � 	 �  � � � 
 � � � 
 � � � � 
 �  [45, 46]. 

� � � � � , � � � � " � � 	 � � � � �  � 
 � � � � � � � �  � �  � � � � �  �   	�  � � � � 	&, � � � � � 
 � , � � � � � �  

� � � � � � � � � � & � � � �  � � � � � 
 � � � � � �  � � � � �  	� � %� � � �  � �  50-100% �  � � � � �  

� � � � � � � � � � � .  
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� � � 	� � � �  �  � � � 	�  � � � � � 	 � � ! � � �  � � � ! �  
 � � � 	� � � �  � 
 � � � � � 
  � � � � � � � � � � � 
 , 

�  � � � � � � � � � � �  � � � � � � � � � � � � � � � �  
 � � � �  
 � � � � � � � ! �  � 
 
 	� � � � � ! �  


 � � � � � 
 � � � �  	� � �  [9, 47]. � � � � �  
 	� � 	�  � � � � � � � % 
 � � � � � � �  � � � � � �  � � � � 	�  

� 
 � � � � � �  � �  	� � � �  � � � � � , 
 � � ’ � � � � � �  �  � � � � � � � � � � 
 �  
 � � � � � � � 
 � . * � " � � � � , 


 � � � � � � 	�  � � � � � � � �  � � � � � � � � �  
 � " � � � � � � 	 � � � � � � � � � 	�  „ �  
 � � � � �  


 � � �  � 
 	� ”  � � �  � 
 � � �  � � � � " � � � �  � � � � 	� , � � � 	 � � � � � � � � � �  
 � � � � �  � 
 
 	� � � � � ! �  


 � � � � � 
 � � � �  	� � �  � 
 � " � � �  � � � " � � �  � � �  
 � � � � 	� � �   � �  � � � � 	� . 

* � � � �  � 
 
 	� � � � � ! �  
 � � � � � 
 � � � �  	� � �  � � � � %� � � �  � �  
 	� � � � 	 


 � � � � � 
 � � � �  	� � � � � �  #� � 
 -# � � � � � 	�  � � �  � � � � 
 � � � �  � � ! � � " � � � �  �  

� � � 
 � � � 
 � � � � � � � � �  � � � � � �  � � � � � � � � � � . � � � � � � � � � � � � � � �  


 � � � � � 
 � � � �  	� � � � � �  ! � 
 	� � � � � 	� �  � � 
 � � � 
 �  �  � � ! � � � 	: 

)V(
m

H r+Ñ-= 2
2

2
ˆ �

,                                               (1.8) 

� �  V(r) – 
 � � � � �  � � � � � � � 	� � � �  
 � � � � � 
 � � � �  	� � , � � � �  % � 	� 	� � � �  

� � 
 � � 
 � � �  	%�  � � � 
 � � �  
 � � � �  	� � 	� . 5� � � � � � � � � �  
 � � � �  	� �  �  � � � � � � � � 
 �  


 � � � � � � 	  

�
£

×=
0

exp
GG

)(i)V()V( rGGr .                                        (1.9) 

2 � � ’% � � 
 
 � � � � � �  
 � � � � � 
 � � � �  	� � �  �  � � � � 	 G �  � � � � � � � � 
 �  
 � � � � � � 	 

� � � � � � � %� � � �  � �  � � � � � � �   � � � � � � � � � � ! �  #� � � � � �  � �  #� � 
 -# � � � � � �  � � � 
 � � ! �  


 � � � � � 
 � � � �  	� � �  [9]: 

�
=

=
aN

j
jj VSV

1

)()()( GGG .           (1.10) 

( � � � � � � � � � �  #� � � � �  � � � � % � � � � " � 	� � �  
 � � � � � 
 � � � �  	� � �  � 	�  
 � � � " � � � �  

� � � 
 	� : 
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)exp(
1

)( jG"G i
N

S
a

j -= ,       (1.11) 

� �  Na – � � � � �  � � � 
 	�  �  � � � 
 � � � � � � 	�  � � 
 	�  	, tttt j – � � � � � � , � �  � � � � % 
 � � � " � � � �  

� � � 
 �  j �  � � � 
 � � � � � � 	�  � � 
 	�  	.  

$� � � �  � � � � � � � � �  � �  
 � � � � � � � � � � � � 	 # � � �  	& � � � � � � � � � � �  �  � � � � ’ � � � �  

� 	� � � � � �  9 � � � 	� ! � � � . 3� � � � �  � � � � � � � 	 # � � �  	& �  � � � � 	� � � � 	�  #� � 
 	, &�  
 � " � �  

� � � � � � � � �  �  � � � � � 	 
 � � � � � �  � � � � � . � � � #	 	%� � �  � � � � � � � �  � � � � � � � � � � �  �  

� � � � ’ � � � �  � � � � � � � � � ! �  � 	� � � � � �  

0})()(det{ =- ¢¢ GGnGG EH dkk .                                    (1.12) 

�  � � � � � � � � �  � 
 � � � �  � 	� � � � �  --- ! � � 
 �  � � � � � � � 	� � � � � � �  �  ! � � � � ! � � � � � � 	�  

� � � � � � � � 	 � � �  � � �  (2� ) �  
 � � � � � � � � � �  ! � � 
 � �  4
6vC .  � � � � � , � � � � 	 � 
 	� � � � 	� � 	 


 � 	� � �  � � � � "  
 � " � � �  � � � � " � � � � � � �  �  � � � 	� � 	�  � � � � � � � � 	   � � � � � � & � � 
 � � � �  

(3� ) �  
 � � � � � � � � � �  ! � � 
 � �  2
dT . . � �  � � � � � � �  � � � � � �  � 	� � � � �  --- ! � � 
 �  


 � � � � � � � � �  �  � � � � � � � � �  � � 
 ’ � � � & � � � 	. '  � � � � � � � � � �  2�  � �  3�   � � " � �  � � � 
  

� � � � ! �  � � 
 �  � � � � � � � �  � � � � � 
 �  � � � 
 � 
 �  	� � � ! �  � � 
 � . � � � � � 	 #� � �  
 � � � �  

� � � � � � � 	 � # � � �   � � � � � � " � � �  � � � 	� 	� . ' � � �  � 	� � 	� � � � � � � �  
 � � � � � � � � 
  � � � 	�  

� � 	� � 	�  � �  � � � 	� � 	�  � � � � � "  � � � 	� � � ! �  [111] � �  ! � � � � ! � � � � � � � ! �  [0001] 

� � 
 � � 
 � 	� , � 	� 
 � � 	� � � . . � � � � � � � �  � � � � � "   	%& 	 -� 	� 	 % ABC � � �  � � � 	� � � & � �  AB 

� � �  ! � � � � ! � � � � � � � & � � � � � � � � �  (� � � .1.2).  

a)                 � )  

5� � .1.2. � � � � � � � 	� � 	 � � � � � � � � �  � � �  � � �  (� ) � �   � � � � � � & � � 
 � � � �  (� ). 1 � � � 	 � � � � � �  – 
� � � 	� � � , � 	� 	 – � � 	� � � . 
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'  � � � � � � � � 	 � � �  � � �  
 � � � " � � � �  � � � 
 	�  � � � � � � � � �  � � � 
 �  � � � � � 
 �  +� � � � �  

�  � �  	 , � � � � � � � � �   � � � � � � & � � 
 � � � �  � � � � � � � � � � � %� � � �  � � � 	%�  � � � � � �  +� � � � � , 

� � �  
 � � ’ � � � � �  �  � � � � � �  +� � � � �  � � �  � � �  � �  � cub= 2� hex. � � 	
  � � ! � , � � � � � 	� � �  


 � � � " � � � & � � 
 � � � 	&, � � �  � � �  � � �  � � � � � 	� � � �  � �  � � � �  
 � � � 
 � � �  u, � � � �  

� � � � � � � %� � � �  � �  � � � " � � �  � � ’ � � � �  � � � 	� � -� � 	� �  
 � � � � � � � � �  � �  � 	� 	 	  �  � � � � �  � �  

� � � � � & +� � � � �  	 . �  � � 
 � � � �  
 � � � � � � � �  	� � � � � � � �  
 � � " � � �  � # � �  �  � � � � � � � � 	 

� � �  � � � , � 
 � � � � " � � � � � �  � 
 	� � 	� � � � � � � �  	 /� = 3/8  � �  u=3/8. '  � � 
 � � � �  

� � � � � � � �  � 
 � � � �  � 	� � � � 	�  --- ! � � 
 �   	 
 � � � 
 � � � �  � 	� � � � � � � � � �  � 	�  	� � � � � � � �  

(� � � � �  �  1.2). ( � � � � � � � �  � � �  � � �  
 � � � � � � � � � % � � � � �  2 � � 
 	� � � 	 

! � � � � ! � � � � � � � �  � 	� � � �  � 
 � � � � � � � �  +� � � � � , � � � � � � � �  � � � �  � 	� � � � � �  � � � � & 
 �  

� 	� 	 z � �  � � � � � � � �  u. '  � � � 	 
 	� ! � � �  	 � � � � � � � � � � 	 � � � 
 �  � � � 	� � 	�  Ga, Al, In, �  

	� � 	�  
 	� ! � � �  	 – � � � 
 �  � � � � � . . � � 
 	� � � � �  � � � 
 � � � � � � �  � � 
 	� � �  � � � � � � � � �  

� � �  � � �  
 	� � � � �  4 � � � 
 � .  

$� � � 
 �  
 � � � " � � � �  � � � 
 	�  �  � � � 
 � � � � � � 	�  � � 
 	�  	 �  � � � � �  � �  


 � � 
 	� � � � � �  � � � � � � 	�  � � � � � � �  	& a, b � �  c, � � � � � � �  
 � � � " � � � �  
 � � � � � �  

� � � � � � � � � , � � �  � � �  � � � 
 �  � � � 	� � 	�  
 	� � � � � �  
 	�  � 
 �  �  � � � 
 � 
 �  � � 	� � 	�  
 � �  


 � � � � � � � � 	�  	� � � � � 	&: 
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      (1.13) 

) � � 	 � � � � � � � � � 	 #� � � � � �  � � � � � �  � 	� � � � 
 �  	 � � � � �  � � �  
 � � � � � 
 � � � �  	� � �  


 � " � �  � 
 � � � � � � �  [9]: 

)()V(iS)()V(S)V( AASS GGGGG += ,                              (1.14) 
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� �  � � 
 � � � � � � � �  � �  � � � � � � 
 � � � � � � � �  � � � � � � � � � 	 #� � � � � � : 

).sin()]4/6/6/(2cos[

),cos()]4/6/6/(2cos[

nunml)(S

nunml)(S
A

S

pp

pp

++=

++=

G

G
                        (1.15) 

( � 
 � � � � � � � �  	 � � � � � � 
 � � � � � � � �  
 � � � � � 
 � � � �  	� � � � 	 #� � 
 #� � � � � �  

� � � � � � � � � � � �  � � � � �  #� � 
 #� � � � � �  VA � �  VB � � � � 
 � �  � � � 
 	�  � 
 � � � � �  / ' : 

.2/)]()([)(

,2/)]()([)(

GGG

GGG

BA
A

BA
S

VVV

VVV

-=

+=

                                    (1.16) 

� � � � � � � � � �  � � � � 	�  � � � � � � � � & +� � � � �  � � � � � � � � �  � �  

G=la*+mb*+nc* ,                                            (1.17) 

� �  � * , b* , c*  - 
 � � 
 	� � � � 	 � � � � � � �  � � � � � � �  	�  � � � � � � � � & +� � � � � , l, m, n -  	� 	 

� � � � � . ) � � 	 ! � 
 	� � � � � 	� �  
 � � � 
 � % � � ! � � �  

).()(

)()()(
2

)( 2
2

GGGG

GGGGGkk

¢-¢-+

+¢-¢-++= ¢¢

AA

SS
GGGG

SiV

SV
m

H d�
                  (1.18) 

( 
 	� -� � � 	� � � � � �  � � � %
 � � 	�  � �  � � � � � � � � � � � � � , � � � � � 	� � �  � � ! � � � � 	 � � � 	� � � �  

� � � 
 � � � 	� .  

, � � � � 	� � � 
 �  � � � � 
 �  � � �  � � � � � � � � � 	�  % � � � � � � � � 	 � � � � � � � �  � � � 
 � � �  

#� � 
 -#� � � � � 	�  � �  � � � � � � � � � , � � � � � �  � � � � �  S(G). � � �  � � 
 � � � �  � � � � � � � � � 	�  

� � � � � � � � � � � �  
 � � � � 	� � 	�  � � � � � � � � �  � � 
 � � �  � �   � � � � � � & � � 
 � � � �  


 � � � � � 
 � � � �  	� �  V(k) � � � % � � " �  � � � � � � 
  � � �  � � � � � � �  k � 	� � � � � , � 	"  � � � � 	�  

� � � � � �  G. � � " � , � � �  � � � � � �  � � � 
 � � �  
 � � � �  	� �  � � � � � � � � �  � � � � �  #� � 
 -

#� � � � � 	� , � � 	 � � � ! � � � � � � � � �  � �  � � � � � � " � 	 
 	� ! � � � � � 	 
 � � � 
 � � � �  � � �  

� � � � 
 � � � �  � � � � � 	� � � & � � � � � & � � � � � � � � � .  
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� � �  � � � � � � � � �  � � �  � � � , � � � � � 	� � �  � 	� � � � & � � � � � � � � � 	 � � � � � � � � � , 

� � � � � 	� � 	 � � � � � � � �  #� � 
 -#� � � � � 	�  � � � �  � � 
 	�  � � � 
 	�  � �  
 	� 	
 � 
  �  12 

� � � � � � � � �  � � � � � � 	�  � � � � � � � � & +� � � � � . ) � � � 
  � � � � 
  � � � ! � � � � � �  &�  � �  

� � � � � � " � 	 
 � � � 
 � � � �  �  
 � �  � � � � 	 
 	� � � � �  � � � % � � 
 � " � � � � 
 . � � 	
  � � ! � , 

� � � � � 	� � �  � 	� � � � � � � �  � 	� � � � � � � �  c/a � 	�  	� � � � � � � ! � , � � � � � � � �  
 � � � 	� � � �  

� � � � � � 	�  G % � 	� � � 
 �  � � �  � 	� � � �  
 � � � � 	� � 	� , �  � � � � "  �  &�  � � � � � � �  � � � � � � � � . 

) � 
 � , � � � � � � � � , � � � � � � � � � � � � � �  #� � 
 -#� � � � � � , � � � � 
 � � 	 �  � � � � � � � � � 	�  � � �  

� � � � �  
 � � � � 	� � 	�  �  � � � � � � � � 	  � � � � � � & � � 
 � � � � , � 
 � � � � � 
 � � � �  &�  
 � � � � � �  

#� � �  	%�  [48-50]. 

'  � � � 	�  � � � � � 	 � � � � � � � � � � � � � � � � �  # � � �  	� � � � � � �  #� � 
 �  � � �  


 � � � � � 
 � � � �  	� � � � � �  #� � 
 #� � � � � 	�  � � � 
 	�  [42, 44], � � �  % � � 
 � � � � � � � �  �  

� � � � � � � � 
 �  
 � � � � � � 	: 

( )
( ) 1exp

)(
2

32

1
2

0 -
-

=
k

k
k

aa
a

av ,       (1.19) 

� �  � i – 
 � � � 
 � � � �  
 � � � � � 
 � � � �  	� � � , k  – � � � � � � �  � � � � � � � � & +� � � � �  

2 � � �  	� � � � � � �  #� � 
 �  � � � � � �  � � � , � � �  � � � � 
 � � �  � � � � � � � �  ! � � � � 	� � �  � � �  

� 
 � � �  � � � 
 � ! �  � 	� � � � & � 	� � � � � � 	 #	� � � � � �  � � � � � � � � � � � �  	 
 � �   � � 
 �  � �  
 � � �  

� � ! � � �  
 � � � 
 � � � 	� , � �  % � � " � � � � 
  � � �  
 � �  � � �  
 	� � � � � .  

. � � � � � � � 	 
 � � � 
 � � � �  a0, a1, a2, a3 �  (1.19) � � � � � � � � � � �  �  
 � �  � � � � �  

� 
 � � � � � 
 �  	& 	� � � � �  � � � 
 � � � � � 	! � � � � �  
 � � � � 
 � � �  � 
 � � �  
 � � � � � 
 � � � �  	� � 	�  

4 � 
 � � � �  [30], � � � � � � � � � � �  � 	� � � � � � � � � � �  # � � �  	%�  : � � 	� � -: � & [51]: 
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� �  z=q/kf, y+=z(2+z), y-=z(2-z), L= )4/( fkp � �  kf=(12/� )1/3(2� /a0), � �  a0, L, 

kf – � � � � �  +� � � � � , � � � " � � �  � � � � � � � � � � �  ) � 
 � � � -2 � � 
 	 � �  � � � � � � � � �  � � � � � �  

2 � � 
 	, � 	� 
 � � 	� � � , �  � � � 
 � � �  � � � � �  � � . . � � � 
 � � �  � , � � � � � � � � �  �  ! � � � �  	 

� (0)=� 0, � 	� � � �  

)1(3

2

0
22 -

=
e

l
fkL

,        (1.21) 

� �  � 0  - � � � � � � � �  � 	� � � � � � � � � �  � � � � � � � � �  � � 
 	� 
 � � � 	� � � � � . 

. � � 	
  
 � � � 
 � � � �   
 � � � #	� � � � � � � �  � � � , � � �  � � � � 
 � � �  � 	� � 
 	 

� � � 
 � � � 
 � � � � � � � �  [22, 52] � �  �  
 � � � � 
 � � �  � 
 � � �  � � � � � � � � � 	�  [45, 46, 63] 


 	" � � � � 	 � � � � ! � � � � � 	 � 	� � � � � 	 � �  � � ! � � � � �  � � � � � � � � � � 	 � # � � � � � � 	 
 � � �  �  

� � � 
 � � � 
 � � � � � � � � 
 �  [15]. � � � � � � � � �  
 � � � 
 � � � �  
 	� � � � � � � � �  � � � , � � �  

� � � � 
 � � �  � � � � 
 � � � � � � � 	 � � � � � � � �  � � #� � 
 �  	� � � �  
 � � � �  	� � 	�  [15] � �  

� 	� � � � � � � �  � � � � � � � � � � 	 � 
 � � � � 	�  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 [53-58] (� � � . 

5� � � 	�  2). � � � � 
 � � 	 � � � � 
  � � � � 
  #� � 
 -#� � � � � �  � � � � �  � � ! � � " � � � � � �  �  

� 
 
 	� � � � � 
 �  #� � 
 -#� � � � � � 
 �  �  	� � � �  � � � 	�  [48, 49, 52]. 

1.3. Electronic band structure of GaN, AlN, InN 

. � � � 
 � � � �  ai 
 � � � � � 
 � � � �  	� � � � � �  #� � 
 #� � � � � 	� , � � � � � � � � � � 	 �  � � � 	�  

� � � � � 	, � � � � � � � 	 �  � � � � �  	 1.1. � � � � 
 � � 	 
 � � � � � 
 � � � �  	� � � � 	 #� � 
 #� � � � � �  

� � � � � " � � 	 � �  � � � .1.3. 

 
) � � � �  �  1.1. . � � � 
 � � � �  � � � � � � � � � � �  � � � 
 � � �  
 � � � � � 
 � � � �  � � � 	�  (1.19) � � �  GaN,  AlN � �  
InN (�  � � � 
 � � �  � � � � �  � � ). 

/ � � 
  a0  a1 a2 a3 a4 
Ga 15 1.88 1.04 0.27 0.2 
N �  GaN 12.2 4.76 0.83 0.419 0 
Al  9.42 1.79 1.49 0.245 0.7 
N �  AlN 18 5.09 2.7 0.235 0 
In 8.1 1.78 1.29 0.315 0.5 
N �  InN 19.2 5.02 2.65 0.341 0 
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� )    � )   

 

� )   

5� � .1.3. / � � 
 � 	 
 � � � � � 
 � � � �  	� � � � 	 # � � 
 -# � � � � � �  � 	� � � � � �  � 
 � � � �  AlN (� ), GaN (� ) � �  
InN (� ). � � � � 	 – 
 � � � � � � 	 
 � � � � � 
 � � � �  	� � � , � � � � � � � � � � 	 �  � � � 	�  � � � � � 	, � � � " � �  – # � � 
 -
# � � � � � �  �  [52], � � � � � � � � � �  – # � � 
 -#� � � � � �  �  [48]. 

 

� � �  � � � � � � � � � 	�  � � � � � 	� � 	 � � � �  � � � � � � � �  
 � � � � � 
 � � � �  	� � 	�  �  

� � � � � � � � � �  � � � � � � � � �  � � � � � � 	�  � � � � � � � � ! �  
 � � � � � � �  q, 
 � � � � � � � � �  

� � 
 � � � � 
 �  � �  � � � .1.3. '  � � � � � � � � � � �  � � �  � � � � � � � 	�  �  � � 	� � � � � � � 
 �  

� � � � � � � � 
 �  � 	� � � � � � � �  c/a, � � �  � � � � � � � � � �  � � #� � 
 �  	�  � �  � � �  � � � � � � � � � �  

� � � � � � � � � � � �  � � � � � � �  � � � � � � 	�  � � � � � 	� � 	 � � � � "  � � � � � � � �  
 � � � � � 
 � � � �  	� � 	�  �  

� � � � 	  � �  � � � � � . 

7 �  � � � � �  �  � � � .1.3, 
 � � � � � � 	 
 � � � � � 
 � � � �  	� � �  � � � � �  � � ! � � " � � � � � �  �  

#� � 
 #� � � � � � 
 �  �  	� � � �  � � � 	�  [48, 49, 52] �  � � � � � � 	 
 � � � � � � �  �  � 	� � �  q, � � �  �  

� � � � � � 	 � 	� � � � �  � � � � ! 	�  
 � � � � � � 	 
 � � � � � 
 � � � �  	� � �  � � � 	� � 	�  � 	� � � 	. 

' � � � � � � � � � � � � �  #� � 
 -#� � � � � �  �  	� � � �  � � � 	�  
 � " � �  � � � � 
 � � �  � � � � �  

� � ! � � " � � � �  � � � � � & � � � � � � � � �  �  � � � 
 � � � 
 � � � � 
 , � � �  � � � 	 #� � 
 -# � � � � � �  � � � � �  
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� � � � " � � 	 � � �  � � � 	� �  � � � � � � � �  
 � � � � � � " � � ! �  � � � � �  � � �  � � ’%
 � � �  

� � #� � 
 �  	� � � �  
 � � � �  	� � 	� . � � �  � � � � 
 � � � �  � � � � 
 � � � � � � � � �  � � � � � � �  

� � ’%
 � � �  � � #� � 
 �  	� � � �  
 � � � �  	� � 	� , �  
 � �  � � � � 	 
 	� � � � �  
 � � � 
 � � � 	�  � � � �  

� � 	� � � � � �  � � � � � � � �  #� � 
 � � � � � 	�  
 � �  � � � � � � �  q. '  � � ’ � � � �  �   � 
  �  

� � � � � � � � � � �  �  � � � 	�  � � � � � 	 � � � �  � � 	� � � � � �  � � � � �  �  135 [46, 48, 49, 52] � �  263 


 � � � � � �  � � � � � , � �  � 	� 
 � � 	� � % � � � � ! 	& � 	� � 	� � � � �  
 � � � � � 
 � � � �  	� � �  14 5	� � � � ! . 

. � � � � � � �  � � 	� � � � � � �  � � � � � �  � �  � � � � � � �  
 � 
 	� � � �  � 
 	�  �  � � � � �  � � � � � � � � �  � �  

	� � 	 � � � � � � � � � � 	 
 � � � 
 � � � � .  

� � � � 
 � � 	 �  
 � �  � � 	 
 	� � � � �  � � � � � � � �  
 � � � � � 
 � � � �  	� � 	�   � � � � �  � �  � � � � � �  

� 	� � 	� � � � � � � �  �  � 	� � � �  � 
 � � � � � � . � �  � 	� 
 � � 	� � % � � �  � 
  	& � � � � � � � � � � 	 

	� � � � ! �  
 � � � � � 
 � � � �  	� � �  �  � 	� � � �  � � � � � � � � � , � �  � � � � � � � % � � � � � � � � � � � � � � �  

� � � 	 	 � 	 "  
 � � � � � 
 � � � �  	� � �  � � �  � � � � � � � �   � � � � � � � � � � � �  � 	� � � �  � 
 � � � � , � � 	 


 	� � � � �  � � � 
 �  � � � � ! �  � � � � �  [29, 30, 47]. � � � � �   	 
 � � � � � 
 � � � �  	� � �  � �  % 

	� � � � � � � � 
 � , � � � 	� � � �  � � � �  � 
 � � � � � �  � �  	� � � 	, �  � � � � � � � � � 	 � � � 
 � 	 


 � � � � � 
 � � � �  	� � � , � � � � �  �  � � �  � � � � � � � � �  � 
 � � �  � � � � � � � � � ! �  � � � 
 � � ! �  

� � � � � � � � . 

 
) � � � �  �  1.2. . � � � 
 � � � �  � 	� � � � 	�  --- ! � � 
 �  � � � � � � � � �  � � �  � � �  [15, 64-66], � �  
� � � � � � � � � � � � � � � � �  �  � � � � � � � � � � � . 

. � � � 
 � � �  GaN AlN InN 

a, Å 

c, Å 

u 

� , Å /�  

a, 
 � ' /�  

qD, �  

� 13, 8. �   

� 33, 8. �  

ag, � '  

3.189 

5.185 

0.377 

5.45×10-6 

0.909 

830 

106 

398 

-8.2 

3.112 

4.982 

0.382 

5.3×10-6 

1.799 

1462 

108 

373 

-9 

3.545 

5.185 

0.375 

5.3×10-6 

0.245 

624 

92 

224 

-4 
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$� � � � � � �  
 � � � 
 � � � 	�  � 	� � � � 	�  --- ! � � 
 � , � � 	 � � � � � � � � � � � � � � � � �  �  

� � � � � � � � � � � , � � � � � � � �  �  � � � � �  	 1.2. 0� � � ! 	& � � � � � � � �  � � � � � � � � � � � �  � � � � � & 

� � � � � � � � � , � � 	 � � � � � � � � � � � � � � � � �  �  
 � �  � � � � 	 
 	� � � � �  
 � � � 
 � � � 	�  


 � � � � � 
 � � � �  	� � 	� , � �  � � � � � � � � � �  � � � � � � � � � 	�  � � � � � � � �  �  � � � � �  	 1.3.  

$ � � � 
 � � � 
 � � � � � � � � �  � � � � 	� " � � �  
 � " � �  � � � � � � � � �  � � � � � �  
 � � �   


 � � � 
 � � � 	�  � � � � � & � � � � � � � � � . � � � � � � � �  � � � � � � 	 � � � � � � � �  � � � � �  � � � � � � � � � � & 

� � � �  �  � � � 
 � � � 
 � � � 	�  � � � � � � � ! �  
 � ! � � � � � � �  [22], � � � � � � � � � �  � 
 � � � � 	�  � 	� �  

� � � �  
 � ! � � � � � � �  [59, 60], #� � � � � 
 	� 	�  � �  	& [4, 7, 8]. � � � � 	� " � � � �  

#� � � � 
 	� 	� � � �  � 
 � � � � 	�  [61, 62] � � � � �  � 
 � ! �  � � � � "  � � � � � � � � �  � � � � � �  

� � � � � � � � & � � � � . $ � 
 � � � � � �  � 
 � � � � 	�  � 	� � � � � � � �  
 � " � �  � � � � � � � � �  � � � � ! 	& 


 	" � � � � � �  
 � � � � � � 	� , � � �  � � 
 � " � � � �  	� � � � � #	� � � � � �  �  � � � �  � � � � � �  � � � �  

3� 	� � � � � �  � � � �  � 	� � � � � � � � � � , � � 
 � , � � � � � � � � , 
 � � � � � � � �  � � � � � � � � � � � �  

� � � 
 � � � 
 � � � � � � � � �  � 
 � � � � � �  � 
 � � � � 	�  
 � � � � � � � � � �  � �  � � � � � 	 � 	� � 
 � �  

� � � � � � � � � � �  � � � � � � � � � 	�  � � � � � & � � � � � � � � �  [55]. ' � � � � 	� � �   � � ! �  � � � � � � � � � 	 

� � � � � � � �  � � � � ! 	�  
 	" � � � � � �  
 � � � � � � 	�  �  � � � � � �  � � � �  3� 	� � � � � � , � 	� 
 	� � � �  

� 	�   � � � � �  � � � � , 
 � " � � �  � � � � � �  � 	� � 	� � � � � � � . � � � 	� � � �  �  � � � 	�  � � � � � 	, � �  

� 	� 
 	� �  � 	�  	� � � �  � � � � � � � � � 	� , � � � � � � � � �  �  � � � � �  	 1.3, 
 � � � � � � � � �  

� � � � � � � � � �  � 
 � � � � � �  � 
 � � � � 	�  � �  � � ! � � " � � � �  &�  �  � � � 
 � � � 
 � � � � 
 � , � � � 	 � � � 	 

% � 	� � �  � � � 	� � � 
 � .  

, � � � � 	� � �  � � � � "  � � ! � � � � � � �  � 
 � � � � 	 � � � � � � � � � � 	 AlN, � 
 � � � � 	 �  

� 	� � � � � � � 	. � � � � � � � � 
 	� 	�  � � � � 	 � 
 � � � � �  AlN, � � � � � � � � ! �  � �  � � 
 #	� 	, 

� � � � � � � � �  � � 
 	� � � � 	 � 	� 	& � � � � � � � �  � � � � � � � 	�  � � � � � � � � � � �  � � � � � 	�  

(� �  � 
 � � � 	� ) 
 � �  6.07 � '  (5.96 � ' ) [79]. � 	 � � � � ! 	& � � � 	� �  
 � � � 	 � � �  AlN, 

� � � � � � � � ! �  � �  SiC � �  Si.  � � � � �  � � � #	 	%� �  � 	� � � � � � � �  
 � �  � � � 
 � � � � � 
 �  


 � � 	� � 	 � � 	� � � , �  � � � � "  � � 	
 � � 
 � � � � � � 	 � � 
 	� �  � � � � � � � �  � �  � � 
 	� � � � � �  


 � � � � 	�  6.25 � '  
 � �  � � � � � � �  � � 
 
 � � � � � � � �  [53]. . � � � �  
 � �  

� �  
 � � 
 � � � � � � � � � � � 
 �  
 � � 	� � 	 � � 	� � �  � � 	
 � � 
 � � � � � � 	 � 
 � � � � �  � � � � � � � � �  

� � � � � �  � � � � � � � � �  
 � �  6.09 � '  (
 � �  120 � ). � �  � � � � � � � � �  � 	� 
 � � 	� � % 

� � � � � � � � 	�  � � � � � � � � 	�  � � � � � 	 � � � � � � � � � � & � � � �  � 1V-� 1C, �  � 	� 
 � � 	� � � � � 	 �  

� 
 � � � � � 
 �  
 � � � � � � 
 �  � 	� � � � �  (� � � . 5� � � 	�  2). 
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) � � � �  �  1.3. � � � � � � 	 � � � � � � � � � � 	 � � � � � & � � � � � � � � �  � 	� � � � 	�  --- ! � � 
 �  � � � � � � � � �  � � �  � � �  
� �  &�  � � � � ! 	&. 

0� � � ! 	� , � '   � � � � � � � 	� � �  

� � � �  

� � � � � �  

-� � 	 � � � � � � � � � �  � �  � � � 
 � � � 
 � � � �  

� 6V- � 1C (Eg) 3.5 3.507a, 3.5b, 3.51c 

� 3V- � 6V (� � � � � �  
� � � � � � � & � � � � � � � � & � � � � ) 

7.3 6.8b, 7.4 (8)d 

� 1V- � 6V (� cr) 0.02 0.019a, 0.02b, 0.038c 

L2,4V-L1,3C 7.76 7.57b, 6.4 (8.2)d 

M4V-M3C 8.11 7.7b, 7.6d 

GaN 

H3V-H3C 8.47 9b, 8.1 (9.9)d 

� 6V- � 1C  6.26 6.23a, 6.24c  

� 3V- � 1V (� � � � � �  
� � � � � � � & � � � � � � � � & � � � � ) 

7 6.1 (6.9)d  

� 1V- � 6V (� cr) -0.22 -0.164a, -0.17c 

L2,4V-L1,3C 8.75 8.6d 

M4V-M3C 9.4 8.5d 

AlN 

H3V-H3C 9.8 10.5d 

� 6V- � 1C (Eg) 0.69 0.7e, 2.04b, 0.63(1.54)f, -0.19(0.74)g 

� 3V- � 6V (� � � � � �  
� � � � � � � & � � � � � � � � & � � � � ) 

6 5.77b, 5.2f 

� 1V- � 6V (� cr) 0.04 0.041a, 0.017b, 0.06c 

L2,4V-L1,3C 5.17 5.83b, 5(6.54)f 

M4V-M3C 5.21 5.8b, 5.31(6.82)f 

InN 

H3V-H3C 5.93 6.5b, 6.54(8.26)f 

 
. � � 
 	� � � : 
a � � � � 
 � � � � � � � 	 � � � � � � � �  [15] 
b � 
 
 	� � � � � �  
 � � � � � 
 � � � �  	� �  [52] 
c � � � � � � � � � �  «�  
 � � � � �  
 � � �  � 
 	� » � �  � 
 
 	� � � � � 
  
 � � � � � 
 � � � �  	� � � 
  [46] 
d � � � � � � � � � �  «�  
 � � � � �  
 � � �  � 
 	� » � � �  � � � � � � � � � �  (� �  �  � � � � � � � � � � 
 ) GW 
 � 
 � � � � �  [45] 
e � � � 
 � � � 
 � � � � � � � 	 � � � 	 GaInN [4-8] 
f � � � � � � � � � �  «�  
 � � � � �  
 � � �  � 
 	� » � � �  � � � � � � � � � �  (� �  �  � � � � � � � � � � 
 ) GW 
 � 
 � � � � �  � � �  
� � � � � � � � � �  d-� � � � � � � � 	�  [63, 120] 
g � � � � � � � � � �  «�  
 � � � � �  
 � � �  � 
 	� » � � �  � � � � � � � � � �  (� �  �  � � � � � � � � � � 
 ) GW 
 � 
 � � � � �  �  
� � � � � � � � � � 
  d-� � � � � � � � 	�  [120] 
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� � � � � � 	
  � � � � 
  � ’ � � � � � � �  
 � � 	� � 
 � � � � � , � �  � � � � � �  � � � � � � � � � � & � � � �  

InN � � � � � � % 0.7 � ' , �  � �  2 � ' , � �  � � � " � � � � �  � � � 	� �  [4-8]. , � � � � � 	� � �  

� � � � � � � � � �  � � � � � �  � � � � � � � � � � & � � � �  InN � � � �  
 � � ’ � � � � �  � 	 � � � � � � 	� � �  

� � � � � � � � � � �  � � � � � 	�  InN � �  � � � � � 	� � �  �  � � �  � � � � � � & � 	� � � � � � 	 � � � � � , � �  


 � � � � � � � � �  � �  � � � � � � � � �  � � � � � � �  Eg. '  � � � 	�  � � � � � 	 
 �  � � � � � � � � � � � � � � �  

� � � 	 � � � 	, � � �  
 � � �  � �  � �  
 � � � � � � � �  � � � 
 � � � 
 � � � � � � � � �  � � � � 	� " � � �  
 �  

� � � � � � � � � �  � � � � ! 	�  
 � � � � � � 	�  �  	� � � �  � � � � � �  � � � �  3� 	� � � � � �  � �  � � � � �  

� � � � � � � . . � � � �  � � � 	 � � � � � � � � � �  � � � � �  � � ! � � " � � � � � �  �  � � � � � � � � 
 �  


 � � � � 
 � � �  � 
 � � 
 �  � � � � � � � � � � 
 �  �  � � � � � � � � � � 
  GW 
 � 
 � � � � �  [63, 120]. 

$� � �  3� 	� � � � � �  � � � � � � � � �  � � �  � � �  � � � � � " � � �  � �  � � � .1.4. � � �  

� � � � 	� " � � � �  � � � � � & � � � � � � � � �  
 � � � � 	� � �  � � � � � � � � �  � � � � � � � � � � �  � � � � � � � � � � �  

� 
 � � � �  � � � �  �  � � � � 	� � 	�  � � � � � � 	 � � � �  3� 	� � � � � � , � � �  
 � � � � � � � � � % � � � � �  


 � � � 
 �  �  � � ’%
 � 
  � 	� � � 
  1/24 � � ’%
 �  � � 	%& � � � � . 0� � � ! � � � � � � �  � 
 � � � �   �  

� 	� � � �  � � � � 	� � � �  � � � � � � � �  � � � �  3� 	� � � � � �  % 	� � � � � � � � 
 , �  � � � � � � � 	 # � � �  	& �  

� � �  � 	� � 	� � � � � � � �  � � � �  � �  � 
 � � �  	& � � 
 � � � 	& 
 � � � � � � � � � & ! � � 
 �  � � � � � � � � . 

� � � � 
 � � 	 �  � � � � � � � � � � �  � � � � � � � � � 	 � � � � 	 � � � � � � � � �  � 	� � � � � �  � 
 � � � �  AlN, 

GaN, InN � � � � � � � �  � �  � � � .1.5.  

 

 
5� � .1.4. $� � �  3� 	� � � � � �  � � � � � � � � �  � � �  � � �  �  � � � � � � � �  � � � � 	� � � �  � � � � � � � �  � �  
� � � � � � � � 
 � � � � � � � 
 �  � � � � � 
 � . 
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5� � .1.5. 5� � � � � � � � � 	 � � � � � � � � � 	 � � � � 	 � � � � � � � � �  � 	� � � � � �  � 
 � � � �  � ) AlN, � ) GaN, � ) InN. 
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 5� � � � � � � � � 	 � � � � 	 � � � � � � � � �  � � � � �  � 
 � ! �  � � � � � � � � �  � # � � � � � � 	 
 � � �  

� � � � � � � � 	�  � �  � 	� � �  �  � � �  	 � . 5� � � � � � � � 	 
 � � � � � � � � � �  � �  � � � � � 	 � � � � � � �  

� � � ! � & 
 � � 	� � � & � � � � ! 	�  � � � �  
 �  � � � � � � � � 
 �  � � � � � � � . � � �  � � � � � � � � �  � � �  � � � , 

� �  � 	� 
 	� �  � 	�   � � � � � � & � � 
 � � � � , � � � �  �  � � �  	 �  % � � � � � �  � � 
 � � � � � � 	� � � 
 �  

[46, 52], � � 
 �  � � �  � � � � � � " � � � �  � � � ! � & 
 � � 	� � � &, � � � � ! � � � � � 	 � � � �  

	� � � � 
 � � � � � � � � �  
 � � ! � � � � � � 
  13 
 � � � � � � .  

 
) � � � �  �  1.4. 0#� � � � � � 	 
 � � �  � � � � � � � � 	�  � �  � 	� � �  �  � 	� � � � � �  � 
 � � � � � �  GaN, AlN, InN. 
 

m*/m0   

, � �   

� � � � � � � � � �  

0. .  [52] 0. .  [46] 0� � 
 . [15] 

m||CR 0.113 0.14 0.14  

m||LH 1.4 1.96 1.27 1 
m||HH 1.4 1.96 1.27 1 
m||c 0.124 0.19 0.16 0.2 
m^ CR 1.46 1.96 1.36  
m^ LH 0.146 0.14 0.11  
m^ HH 1.46 1.87 1.02 1 

GaN 

m^ c 0.157 0.17 0.12 0.2 
m||CR 0.195  0.24  
m||LH 1.85  2.04  
m||HH 1.85  2.04  
m||c 0.2  0.27 0.28 
m^ CR 1.87  1.71  

m^ LH 0.245  0.2  

m^ HH 2.28  2.08  

AlN 

m^ c 0.229  0.18 0.32 

m||CR 0.1 0.10 0.12  
m||LH 1.5 1.67 1.56  
m||HH 1.5 1.67 1.56  
m||c 0.07 0.11 0.14 0.12[15], 0.08[121] 
m^ CR 1.4 1.67 1.46  
m^ LH 0.1 0.11 0.09  
m^ HH 1.3 1.61 1.25  

InN 

m^ c 0.07 0.1 0.10 0.12[15], 0.08[121] 
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'  � � � � �  	 1.4 � � � � � � � �  � � � � � � � � � � 	 
 � � �  � � ! � � & (LH) � �  � � " � � & � 	� � �  

(HH) �  � � � � � � � 	�  � � � 	 � 6V, � 	� � �  �  � � � 	 � 1V (CR) � �  � � � � � � � � 	�  (c) �  � � � 	 


 � � � 	� � � � � 	 � 1� , �  � � 
 � � 
 � �  � - �  (m||) � �  � � � � � � � � � �  � � � � � � � �  
 �  � � 
 � � 
 � � �  

� - �  � �  � - L (m^ ). , � " � � �  � �  � � � � �  
 � 
 � � �  � � 
 � % � � � � � � � � �  

� � � 
 � � � 
 � � � � � � � � �  � � � � �  
 � �  � #� � � � � � 	 
 � � �  � 	� � � � 	�  --- ! � � 
 � , � � � � � 
 �  

� #� � � � � � 	 
 � � �  � 	� � �  � 	� � 
 	 � 	� � � �  � � �  GaN. � � �  InN � � � � � � � � �  � � � �  


 � � � � � � � 	 � � 
 	� �  � #� � � � � � � & 
 � � �  � �  � � � � � � �  �  Eg=0.7 � '  [121]: � �  	 � � 	�  � � � �  

� � 	� � � � � � , � � � � 
 � � 	 � � � � � � � �  � � � � � � � � �  � � � � � �  
 � � � � 
 � , � �  � � � � 
 � � 	 � �  

� � � � � � �  �  Eg=1.9 � '  [15]. 5� � � � � � � � �  
 � � � � � � � � , � �  � � � �  � � � �  
 � � � 	� � � � � 	 

GaN � �  InN % 	� � � � � 
 � � 
 �  (m^ =m||). 

1.4. Effect of deformations 

1.4.1. Effect of films growth conditions on their properties 

, � � � 	� � �  � � � 
 � � � � � " � � � �  
 	� � � � � � � �  � � �  � � � � � � � � � � �  � 	� � � � 	�  --- 

! � � 
 �  % � � 
 #	�  (a-Al2O3). ' � � � � � � � 	� � 	 � � � � � � � �  � � 
 #	� �  � � � � � � ! �  � � � 
 	� �  

� � � � � 
 � 	 � �  � � � � � � �   	� � � , � 	�  
 � � � � � � � , � � � � 	� � � � �  
 � �  � � � � � � �  

� � 
 
 � � � � � � � � , � �  � � � � � � � ! 	�  � � � � � � � � � � �  � �  � � � 
 �  � � � � %� �  � � � � � � � � �  � � � � � . 

-� � 	 
 	� � � � � � � , � �  � � � � � � � � � � � � � � � �  – 6H SiC, Si, GaAs, ZnO, MgAl2O4, 

� � � �  � � �  � � � � . ' � " � � � � �  
 � � � � � 
 � �  � � � � � � � � � � �  � � � 	�  � 	� � � � 	�  --- ! � � 
 �  % 

� � � � � �  � 	� � �  �  � � � � � & +� � � � �  
 � 	� � �  �  � � � � � �  +� � � � �  
 	� � � � � � �  (� 	�  3-4% � � �  

ZnO � �  SiC � �  15% � � �  � � 
 #	� � ) � �  � 	� � �  �  � � � #	 	%� � 	�  � � � 
 	� � � ! �  

� � � � � � � � � � . ' � � �  
 � " � � �  � 
 � � � � � � � �  � � � � � 	 � 	� � � 	� � � � 	 � � 
 � � " � � � �  �  

� 
 	� � � � 	� � � �  � � � � � . ( � � � �  	�  � �  � � � � � � � � %� � � �  �  � � 
 � � � �  ! � � � � � � � � � � � � �  	 

� � � ! � � � � � , � �  � � � � 
 	 � � � �  
 � " � � �  � 
 � � � � � �  � � � �  � �  � � � � ! � .  

� � � 	� � � �  � � � � � � � � � �  � � � � �  � � � � � � � � �  � �  � 
 � � � � 	 � � � � � � � � � � 	 % � � " �  

� � � � � � � 
 �  � �  � � � � 	� � 	�  � � #� � 
 �  	�  [67, 68], &�  � � � � � 	� � �  � � � � � � � � � � �  � � �  


 � � � � � � � � ! �  � 
 � � �  � � � � � � � � � � � �  � � � � � � � �  
 � � � � � 	� . � � 	
  � � ! � , 
 � �  

� � � � 	� " � � � 	 � � � � � � �  � � � � � � 	�  � � � � � 	� � �  � � � � � � � � � � �  � � � � � � � 	 � � #� � 
 �  	& 
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[27, 44], � �  � � � � � � � � �  � � � � � 	� � �  � 	� � �  	 � � � � � �  +� � � � �  � � � � � � � � �  � � � � � � �  � �  

� � � � � 	� � �  � � � � � � �  	& � � � " � �  � � ’ � � � 	�  � � 
 
 � � � � � 	�  � � � � � � �  [69]. 

. � � � � � 
 � � #� 	 � 
 	� � � � 	� � � � 	 � � � �  � � � � � � � 	�  
 � " � �  � � � � � � � � �  � �  


 	� � � � �  	 � 	 � � � � � �  +� � � � � , � � �  � �  � � � � � �  � 	� � 	� � � %� � � �  � 	�  � � � � � & +� � � � �  

� � � � � � � � � � ! �  
 � � � � 	� � � . ( � � � � � � � �  � � � �  �  � � � � ! � � " � � � 
 �  � � � � � 
 �  +� � � � �  

� � � � � " � � �  � �  � � � .1.6.  

 
. � � � � � 
 � � #� �  
 � 	� � �   

 	�  � � � � � � 
  (GaInN) 

 
) � � � � �  
 	� � � � � � �  (GaN) 

5� � � � � � � � � �  
 � 	� � �   
�  � � � � � � �  	� 
 �  � � � 	� 
 � � 	� � � � � 	 

 
) � � � � �  
 	� � � � � � �  (GaN) 

 
5� � .1.6. ( � � � � � � � �  � 
 	� � � � 	� � � ! �  � � � �  
 	�  � 
 � � � � 
  � 	� � � 	� � � � � & � � # � � 
 �  	&:  
� ) 
 � � � � � 
 � � # � � � , � ) �  � � � � � � � � � 
  � � � � � � �  	�  � � � 	� 
 � � 	� � � � � 	. 

 

, �   � � 
 �  � � � � � � �  � � � � �  +� � � � �  � 
 	� � � � 	� � � ! �  � � � �  � 	� � � � , � 	"  �  


 	� � � � � � � . 7 � � �  � � � � � � �  � � � �  h 
 � � � �  � �  
 � � � �  � � � � � � � , � 	� � 
 �  � �  

� � � � � � � �  � � � � � � �  hc, � � � � ! � � " � � � �  
 	"  
 	� � � � � � � �  � �  � � � � 
  � � � �  � �  

� � � � � ! � � � � � � � ! �  � � � � � �  � � � � , � �  
 � � � � � � �  � �  � � � .1.6 � . ( � � � �  +� � � � �  � � � �  �  

� � 
 � � 
 � �  
 � � � � � � � � � 
 �  
 � � � � � 	 ! � � � �  	 � � � � 	� �  � � � % � � � � �  "  � �  	 �  


 	� � � � � � � , �  � � � � �  +� � � � �  �  
 � � 
 � � � � � � � � � � � 
 �  � � 
 � � 
 � �   � 
 	� � %� � � �  �  


 � � � � � � " � � 
 �  � � 
 � � 
 � � . � � #� � 
 �  	�  �  � � � � 
 �  � � � 	 % � � � � � 	� � � �  	 � 	� � 
 �  � �  

� � #� � 
 �  	�  � � � � ! � � " � � � � . 7 � � �  h 
 � � � � � � � % hc, � � 
 � � " � � � �  � � � � ! � � " � � � � � 	 

� � � � � � � �  � � � � � � � % �  
 � � � � �  � � � � � � �  	�  � � � 	� 
 � � 	� � � � � 	 �  
 � � � � � 	 ! � � � �  	 

� � � � 	� � , � �  
 � � � � � � �  � �  � � � .1.6 � . ' � � � � � � �  � � #� � 
 �  	& �  � � � � 
 �  � � � 	 


 � � � � 
 � � �  � 
 � � � � %� � � �  �  � � � � � 
  � � � � � � �  � � � � , � � � �  
 � � � 	� � �  � �  � � � � � � � % �  


 � � � � �  � � � � � � � � � & � 	� � � � � � 	 � � � � � � �  	� . 
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) � � � � � � � � 	 � � � � � � � � � �  � � � � � � � � & � � � � � � �  
 � � � � � � � � � �  �  � � � �  

� � � � � " � � � � �  [70], � 	� � 
 � �  � �  � � � � 	& � 	� � � � � " � � ! �  � � � � �  � � � � � � � � & � � � � � � � . 

5� � � � � � � � �  � �  � � � 
 � � � 
 � � � � � � � 	 � � � 	 � � �  � 	� � � �  
 � � � � 	� � 	�  [13, 14] 
 � � � � � � � , 

� �  � � � � � � � �  � � � � � � � � � 	 � � � � � � � � � �  � � � � �  � � � � " � � � �  � � � � � � � �  hc, � � �  

� � � � � � % 
 � � � � � �  0.1¸ 1 
 � 
 , � � � �  � � � � ! � � " � � 	� � �  +� � � � �  � � � �  � �  
 	� � � � � � �  


 � � � �  1%, 	 % 
 � � � � �  0.01 
 � 
  
 � �  � � � � � � �  � � � � ! � � " � � � � �  +� � � � � . � � �  


 � � � � � � � � �  � � � � � � � � � � � �  
 � � � � � 	�  � �  � � � � � 	 � 	� � � � 	�  --- ! � � 
 �  � �  � 
 � � � � � � �  

� � � � ! � � " � � � � � 	 � � � � � �  +� � � � � , � � � � � � 	 � � � �  � � � � � � � � �  � �  � � � � � � �  � � #� � � � �  

� � � � �  GaN � �  AlN. 0� � 
 � � � 
 � � � � � � � 	 � � � � � � � �  � � � � � � � � & � � � � � � �  � � �  

� � � � � � �  � � � � � � 	�  � 	� � � � 	�  --- ! � � 
 �  � � � � � � � � �  � 	�  � 	� � � � �  � � � 
 � � �  � � � 	�  � �  

0.5 
 � 
  [14], � �  � 	� 
 � � 	� � % � 	� � � � 
  � � � � � 
  � � � 
 � � �  � � � 	� ,  �  � � � � " � � � � 	 � 	�  


 	� � � � � � �  � �  � � � � � �  � � � � � � ! �  � � � � � � � . 

1.4.2. Taking into account biaxial deformations 

� � � � 	� � � �  � � � � � � � � � 	 � � � � � � � � � � 	 
 � 	� � �  � 	� � � � 	�  --- ! � � 
 �  
 � " � � , 

� � � " � � � �  &�  
 � � � � � 
 � � #� � 
 � . � � � 	� � � �  � � � � � � � �  � � � � � � �  % � � � � � � � � �  

� � � � � � � , 
 � " � �  � � � � � � � � �  � � � � � � � � 
 �  � # � � � � 
 �  �  � � � � � �  
 � 	� � � �  	 


 � � � � � � � �  � � � � � � � � � �  
 � � � � � 
 � , � � � � � � � � � � 
 �  � � �  � � ’%
 � � �  � � � � � 	� . � � �  

� � � � � � � � � �  � 	� � � 	� � � � � �  � � #� � 
 �  	�  � � � � � 	� � �  � � � �  � � � � � , � �  � 
 	� � � � � � �  

� � � � 	 +� � � � �  �  
 � � � � � 	 
 	� � � � � � �  � �  �  
 � � 
 � � � � � � � � � � � 
 �  � � 
 � � 
 � � . � � �  

� � � � � � � � �  � � �  � � �  � � � 
 � � � �  � � � � � � �  � � #� � 
 �  	&  � � 
 � � � � � � � �  �  � � ! � � � 	: 

e||=exx=eyy=
)(

)(
xa

xaasub -
,                                         (1.22) 

ê =ezz=
)(

)(
xc

xccl -
,                                             (1.23)   

� �  asub – � � � � �  +� � � � �  
 	� � � � � � �  � � �  � � # � � � � ! �  � � � � , a( )- � � � � �  +� � � � �  


 � 	� � � , cl – � � � � �  +� � � � �  � � #� � 
 � � � � � & 
 � 	� � �  �  Z-� � 
 � � 
 � � , 	 ( )- � � � � �  +� � � � �  
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� � � � #� � 
 � � � � � & 
 � 	� � � . 7 � � �  exx � �  eyy � 	� ’%
 � 	, � �  � � �  � � � � � � � � �  �  
 � � � � � 	 

! � � � �  	 � � � � 	� �  
 � 	� � �  � �  
 	� � � � � � � , �  � � � �  � � � � � � 	, � �  � � �  � � � � � ! � � � � � . 

'  � � � � � " � � � 	 
 � � � �  � 	� � � � � � �  � 	�  � 	� � � � � " � � ! �  � � � � � , � � � � �  8� � �  � � % 

� � � � � � � �  � � � 
 � � � 	�  � � � � � � �  � � 
 � � ! : 

s xx=s yy =(� 11+C12)e||+C13ê  ,                                     (1.24) 

s zz=2� 13e|| +C33ê  ,                                     (1.25) 

� �  Ci j  - 
 � � " � 	 � � � � � � � � � , � � 	 �  � � � � � � � � � � �  � � � � � � �  � 	� � � 
 �  � 	� � 
 � 
  

� � � 
 � � � 
 � � � � � � � �  (� � � � �  �  1.2) [15, 68].  

, � � � � � � � � �  � 	� � � 	� � � � � & � � #� � 
 �  	& � �  
 � � � � � % 
 � � � � � � � � �  ! � � 
 �  

� � 
 � � � 	& 4
6vC . �  � � 
 � � � �  � 	� � � 	� � � � � �  � � #� � 
 �  	� , �  Z � � 
 � � 
 � �  � � 
 � % 

� � 
 � � " � � � , � � � � �  s zz =0. � � " �  � � � � 
 � %
 � : 

ê =
33

132
C

C-
e|| .                                              (1.26) 

$ #� � 
 � �  (3.2) � �  (3.4) 
 � " � �  � � � � � �  � � #� � 
 � � � � �  � � � � �  +� � � � �  	 l �  Z 

� � 
 � � 
 � � : 

��
�

�
��
�

�
-= ||

33

132
1)( e

C
C

xccl .                                          (1.27) 

. � � � � 
 � � �  � 
 � 	 � � � � � � � � � �  
 � � � � � � � � , � �  
 � �  � 
 	� 	 � � � � � & ! � � � � �  a 
 	�  

� 
 � � � � 
  � 	� � � 	� � � � � & � � #� � 
 �  	&, � 
 	� � %� � � �  � �  � 	� � � �  � � � � �  ! � � � � �  c, �  �   

� � � � � 	� � 	�  
 � � � 
 � � �  u � � � � � � � � �  � � �  � � � , � �  
 � � � � � � � �  � �  
 � � � �  

� � � � � 	� � � � & � � #� � 
 �  	&. . � � � � 
 �  � � � � " � 	� � �  
 � � � 
 � � � �  u � 	�  � 	� � � 	� � � � � & 

� � #� � 
 �  	& % 
 � � � � � � " � � �  � �  � � � � " � � � � 	 c, � � � � �  
 � � � 
 � � �  u � � � � � � % �  

� � #� � 
 �  	%�  � � � � � ! �  [68, 120]. 
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� � � � � � � � �  � � � � � �  � 
 	� �  
 � � � 
 � � � �  u 
 � � � � � � � �  � �  � 
 	� �  � � � " � �  � � ’ � � � 	�  

� �  � � � 	�  
 	"  � � 
 � . � � � " � � �  uc � � ’ � � � �  
 � � � � � � � � � ! �  � 	� 	 c � � � � � � % � � � � � � � �  

� � � � � 	� � �  
 � � � � � � " � � ! �  � � � � � � � � �  � 
 	� �  u � �  c. � � � " � � �  � � � � �  � � ’ � � � 	�  

� � � � � �  � � � � � � % 
 � �  � � #� � 
 �  	& � � � � � ! � . ' � � � � 	� � �   � � ! � , � � #� � 
 �  	�  

� � � � � � � � 	�  � � ’ � � � �  � 
 � � � � %� � � �  
 	�  � 
 � � � � 
  � 	� � � 	� � � � � & � � #� � 
 �  	& � � � � � �  	 

� � � �  � � � � � " � � � � � �  � �  � � � � � � � �  109.47° 	� � � � � � � ! �  � � � � � � � � � .  

1.4.3. Effect of deformations of electronic band structure 

' 
 � � �  � 	� � � 	� � � � � & � � #� � 
 �  	& � �  � � � � � � � � �  � � � � � � � � & � � � �  � � � 
 � � � � � �  

� � � � � " � � �  � �  � � � .1.7.  

 
3� �  

 � � #� � 
 �  	& 
3	� � � 	� � � � �  
� � #� � 
 �  	�  

8	� � � � � � � � � � �  
� � #� � 
 �  	�  

/ � � 	� � � � �  
� � #� � 
 �  	�  

 
5� � .1.7. ( � � 
 � � � � � �  
 � � � � � � � � � � � �  � 
 � � � �  � 	� � � 	� � � � � & � � # � � 
 �  	& � �  +� � � � �  � �  � � � � � � � � �  
� � � � ! � � � � � � �  � � � . 

 

3	� � � 	� � � � �  � � #� � 
 �  	�  
 � " � �  � � � � � � � � �  � �  � � 	 � � � � � � � : ! 	� � � � � � � � � � � , 

� � �  � � % 	� � � � � 
 � �  � 
 	� �  � � ’%
 � , � �  � � � � � !  (� � � � � ) 
 �  � � � 	�  � 	� 	, � � � �  � � � �  � �   


 � � � " � � � �  � � 
 � � � 	& � �  � � � � � � �  � � � � � ! � � � � � � � ! �  � 
 � � � � � � � � � . 8	� � � � � � � � � � �  

� � #� � 
 �  	�  � 
 	� � % � 	� � � � � �  
 	"  � � � � �  
 � � � 	� � � � � 	 	  � � � � � 
  � � ! �  � � � � � � � �  

� � � � � � � � �  � � �  (� � ! � � �  � �  � � " � � �  � 	� � � ). � �  � 	� � � � � �  � � � � � � % 
 	�  � � � � � � 
  	 

� 
 � � � � %� � � �  
 � �  � � � � � � 	. 5� � � � !  (� � � � � ) � � � � � "  � � � 	%& � 	� 	 
 � � � " � % � � 
 � � � 	�  
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� � � � � � � �  � �  � � � �  � 
 	� �  � � � � ! � � � � � � & � 	� � � � � 	 
 	"  � � � � � � � 
 �  � � � � � � � � 
 �  

� � � � 
 �  � 6V � �  � 1V.  

�  GaN, AlN, � �  InN � � � � � � � � �  � � �  � � �  
 	� 	
 � 
  � � � �  
 � � � 	� � � � � 	 � �  


 � � � � 
 � 
  � � � � � � � � & � � � �  � � � � � � � � � � 	 �  � � �  	 �  � � � �  3� 	� � � � � � . 3� �  � 
 	� -

� � � 	� � � � � � & � � � %
 � � 	& � � � �  
 � � ’ � � � � 	 �  s–
 � � 	� � � 
  � 1�  � �  p–
 � � 	� � � 
 �  � 6V 	 

� 1V � � � � � 
 � . � � �  � � � � � � 	 � � � � �  � � � � 	� � � 	 � �  � � � � � � � �  � � � � � 
 � � � � �  

� � � � � � � 	� � � 
  
 � � � 
  � cr=E� 6V-E� 1V. '  � � � � � � � � 	  � � � � � � & � � 
 � � � �  � � � �  

� � � � � 
 � � � � �  � 	� � � � � % � � � � � 	� � �  � � � 	� � � & � � � � � � � � � . 5� � � 	� � � � � �  � � 	 

� � � � ! � � � � � 	 � 	� � � � � 	 EAB=E� 1C-E� 6V � �  E� =E� 1C-E� 1V, � �  � 	� 
 � � 	� � � � �  

� 
 � � � � � 
   
 � � � � � � � 
  � 6V® � 1C  (� � � � � � � �  A � �  B) � �  � 1V® � 1C (� � � � � � �  � ) 

(� � � .1.5.) �  GaN � �  InN, EAB % � � � � � � �  � � � � � � � � � � & � � � � , �  AlN � � � � � �  

� � � � � � � � � � & � � � �  � 	� 
 � � 	� � % E� , � � � � � 	� � �  � 	� ’%
 � � ! �  � � � � � 
 � � � � �  

� � � � � � � 	� � � 
  
 � � � 
  [37, 45, 46], � �  
 � � ’ � � � � �  �  � � � � � � 
  � 	� � � � � � � � 
  

� 	� � � � � � � �  c/a � 	�  	� � � � � � � ! �  � � � � � � � � . , � � � � � � � � �  � � #� � 
 �  	& � 
 � � � � % � �  

� �  � � � � � �  � � � � � � � � � � & � � � �  � � �  	 � �  � � � � � � � �  � � � � � 
 � � � � �  � � � � � � � 	� � � 
  


 � � � 
 . 3� �  � 
 	� -� � � 	� � � � � � & � � � %
 � � 	&  � 	� 
 � � 	� � 	 � � � � ! 	& � 
 � � � � � � � �  

� 
 	� � 	� � � � � � � � 
 �  [68]: 

)()0()(
11 yyxxcxzzcz aaEE
CC

eeee +++= GG ,     (1.28 a) 

))(()()0()( 423166 yyxxzz DDDDEE
VV

eeee +++++= GG ,  (1.28 � ) 

)()0()( 2111 yyxxzz DDEE
VV

eeee +++= GG .    (1.28 � ) 

0� � � � � � � � 	 � � #� � 
 �  	� � 	 
 � � � �  	� � �  acz, acx, D1, D2 � � � � � � � � � � � � � �  

� 
 � � �  � �  ! 	� � � � � � � � � � � & � � �  	 � � � 	� � � � � & � � #� � 
 �  	�  � �  � � � � ! � � � � � �  � 	� � � � � �  

EAB. � � #� � 
 �  	� � 	 
 � � � �  	� � �  D3 � �  D4 � 
 � � � � � �  � 
 � � �  � � #� � 
 �  	�  � �  

� � � � � � � �  � � � � � 
 � � � � �  � � � � � � � 	� � � 
  
 � � � 
 . 0� � � ! � � � � � 	 � 	� � � � � 	 
 � " � �  

� 
 � � � � �  � 
 	� � 	� � � � � � � � 
 � : 
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)()()0()( 2121 yyxxzzyyxxzzABAB bbaaEE eeeeeee ++++++= ,   (1.29 � ) 

)()0()0()( 21 yyxxzzcrABC aaEE eeee +++D+= .   (1.29 � ) 

'  � � � � � � � � � � �  „ �  
 � � � � �  
 � � �  � 
 	� ”  � � � � � � � � � � � � � � � �  � � #� � 
 �  	� � 	 


 � � � �  	� � �  a1=acz- D1 � �  a2=acx- D2 � � �  
 	" � � � � � �  
 � � � � � � 	� . b1=- D3 � �  

b2=- D4 – � � #� � 
 �  	� � 	 
 � � � �  	� � �  � � � � � 
 � � � � �  � � � � � � � 	� � � 
  
 � � � 
 . ; � ! �  

� � � � " � 	� � �  � 	�  � � #� � 
 �  	& � � � � %� � � �  � 
 	� � 	� � � � � � � � 
 : 

)()0()( 21 yyxxzzcrcr bb eeee +--D=D .     (1.30) 

� � �  
 � � 	� � � � � �  � � � � � � � � � � �  � � � � � � � � � 	�  �  � � � 
 � � � 
 � � � � 
  � � � � � 	� � �  

� � � � � " � � � , � �  � � �  � � � � 
 � � � �  � � #� � 
 �  	� � � �  
 � � � �  	� � 	�  �  

� � � 
 � � � 
 � � � � � � � � �  � � � � �  � � � � � 	� � �  � � � � � �  � � ! � � � � �  
 � � � 
 � � � 	� , � � � � �  � �  

� � 	� � �  � � � � � � , � � � � �  � � � � � � � � �  � 	� �  � � � �  � � � � , � � � � � 	� � 	� � �  � � #� � 
 �  	&. 

' � � 	� � � � � �  � � � �  �  � � � � � � � � � 	 � � #� � 
 �  	� � � �  
 � � � �  	� � 	�  ! � � % � � � � � �  


 � � " � � �  � � � � � � � �  � �  � � � � #� � 
 � � � � � �  � � � � � �  +� � � � � . � � 	
  � � ! � , 
 � �   � � 
 �  

� � � " � %� � � � , � �  � � #� � 
 �  	�  � � � � � 	� � � , � �  � � � � � � � � � � � %� � � �  � � � � 	-� � � 	� � �  

� � � � � " � � � �  (b1=-2b2, a2-a1=b1) [71]. / � �  � � � � 	-� � � 	� � �  � � � � � " � � � �  � �  

� 
 � � � � " � %� � � �  � � �  � 	� � � � 	�  --- ! � � 
 �  [67, 68] � � � � � 	� � �  � � #� � 
 �  	& � � � � � � � � 	�  

� � � � � � " � � �  � � � 	� 	�  � � � 
 �  
 � �  � 	� � � � � � � 	 � 	� � � � � � � �  c/a � 	�  	� � � � � � � ! �  

� � � � � � � � . ) � 
 �  �  � � � 	�  � � � � � 	 
 � �  
 	� � � � 	 
 � � � 
 � � � 	�  
 � � � � � 
 � � � �  	� � �  

� � � � � � � � � � � � � � � � �  � � � 
 � � � 
 � � � � � � � 	 � � � � � � � �  � � ’%
 � � �  � � #� � 
 �  	� � � �  


 � � � �  	� � 	�  [15, 20, 65]: 

V

E
Va g

g ¶

¶
= ,                                               (1.31) 

� �  V – � � ’%
  � � � 
 � � � � � � � & � � 
 	� � � . 
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� � 	
  � 
 	� �  � � � � � �  +� � � � �  
 � �  � � #� � 
 �  	&, �  � � � 	�  � � � � � 	 � � � �  � � � � "  

� � � � � � � � �  � 
 � � �  � � � � � 	� � 	�  � � #� � 
 �  	�  � �  
 � � � � � 
 � � � �  	� � � � 	 #� � 
 -

#� � � � � �  � � � 
 	� :  

v(k,e)= v(k,0)(1+dv(e)).                                         (1.32) 

4 � � �  
 � " � � � �  
 � � � � � � � � �  � � � � � � " � 	 � 	�  � � #� � 
 �  	�  
 � � � � � 
 � � � �  	� � � , 

� � 	 �  � � � � � �  � � � � �  � � � � �  � � � � � � � � �  �  � � � � 	 � 	� � � � � ! �  (� � 
 � � � � � � , � � �  

� � ’%
 � � �  � � � � � � � 	� ),  	 
 � � � � � 
 � � � �  	� � �  
 � � � �  � � � � � 	� � , � � � �  � � � � � 
 �  

� � #� � 
 � %� � � �  
 �  � 	� � � � � � � �  � �  	� � � � � � � & � � � � � � � � � , � � 
 �  � �  #� � 
 �  


 � � � � � 
 � � � �  	� � �  v(k,0) � �  
 	� � � � �  � 	� � � & � � � � " � � � � 	 � 	�  � � � � � � � � ! �  

� � � 
 � � ! �  � � � � � � � � , �  � � " � , � �  � � � � � � � % � 
 	� �  � � � � � � � � � � �  
 � � � � � 
 � � � �  	� � � . 

� � �  � � � � � 	�  v(k,0) � �  � � � � � � % �  � � 
 � � � ! � � " � � � �  � � � � � � � � � � �  
 � � � �  	� � � � , 

� � � 	� � � �  � � � �  � � � � � � � � � � � � � � , � � � � � � � �  �  
 � � � � � � 
 � � 	� �  � � � � � �  
 � �  

� � #� � 
 �  	&. . � 
 � � � � �  dv(e) � � % 
 � � � 	� � �  � � � � " � 	� � �  
 � � � � � 
 � � � �  	� � �  � 	�  

� � � 
 � � ! �  � � � � � � � � . * �  
 � � � � � %
 �   �  � � � � " � 	� � � , � � � � � � � � � � � � � �  � � 	�  

� � � � � � �  � � � � � � � � & � � #� � 
 �  	�  Tr(e): 

( ) [ ])(1
1exp

)(
),( 42

32

1
2

0 ee Tra
aa

a
av +

-
-

=
k

k
k .                                 (1.33) 

Tr(e) � � � � � � � � � %� � � �  � � � � 
 �  � � �  � � " � � ! �  � � � 
 � , �  � � � � " � � � � 	 � 	�  � � ! �  

� � � � � � � � ! �  � � � � � � � �  [42, 43]: 

V
V

Tr
D

=)(e ,       (1.34) 

� �  V – � � ’%
  � � � � � � � � �  � � � � � � " � � �  � � � 	� 	�  � � � 	� � �  �  � � � � #� � 
 � � � � 	�  

� 
 � � �  	, � V –  � 
 	� �  � � ’%
 �  � �  � � � � � � �  � 
 	� �  � � � � � & +� � � � �  � � �  � � � � � � � � � � & 

� � � � � � �  	&. �  � � 
 � � � �  � � � � � 	� � � & � � #� � 
 �  	& 
 � " � �  � � � � � � � � � � � � � � �  

� 	� � � � � �  � 
 	� �  � � ’%
 �  � � � � ! �  � � � � � � � � . 
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 ) � � �  #� � 
 �  
 � � � � � 
 � � � �  	� � �  � � � �  � � 
 � � 
 � � � � � � �  � � � ! � � � 
  � �  

� 
 	� � � � 	� � � � � 
 �  � �  � � 
 	� � �  � � � � � � � � � � � � � � � � �  � � �  
 � � � � � � � � � �  III-V  

� � � � � 
 , � �  � � #� � 
 �  	& ! � � � � �  � � � 	� � � � � �  � � � � : � � � 
 � � � � � � � � � 	 � � � � � 	 

� � � � � � � , � � 
 � � " � � 	 � � � +� � � � �  � �  � � � � � � � 	 � � � � �  [40, 42, 43, 69].   

� � �  
 � � � � � � � � ! �  � � � � � � � � � �  � 
 � � � �  � � #� � 
 �  	�  
 � � � 
 � � � �  

#� � 
 #� � � � � 	�  a4 
 	� � � � � � � � �  � � � , � � �  � � � � 
 � � �  � � � 
 � � � 
 � � � � � � � 	 � � � � � � � �  

� � ’%
 � � �  � � #� � 
 �  	� � � �  
 � � � �  	� � 	�  [15, 65] (� � � � �  �  1.2).  

$� � � " � 	� � �  
 � � � " � � � �  � � � � ! � � � � � � �  � � �  �  � � �  	 �  � 	�  � 	� � � 	� � � � � & 

� � #� � 
 �  	& � � � � � " � � �  � �  � � � .1.8. � � � � 
 � � 	 � � 
 �  � � � � � � � � � �  � � � � �  

� � ! � � " � � � � � �  �  � � � 
 � � � 
 � � � � � � � � 
 �  � � � � 
 �  [15] � �  
 � � � � 
 � � �  � 
 � � 
 �  

� � � � � � � � � � 
 �  [68, 120]. 3	� � � 	� � � � �  � � #� � 
 �  	�  � � � � � � � � 	� �  � 
 � � � � % � �  � � � �  

�  � � � � 	 � � � � �  � , �  � � � � " � � � � 	 � 	�  � � � � �  � �  � � � � � � � �  � � #� � 
 �  	& 
 � " �  

� 
 	� � � � � �  � � � %
 � �  
 � � � " � � � �  � � � � 	�  � 6V � �  � 1V. '  	� � � �  � � � � � �  � � � �  

3� 	� � � � � �  � 
 	� � � � � � �  
 	" � � � � 	 � 	� � � � 	, 
 � � � �  � � � � � 
 � � � � �  � � �  � �  

� 	� � � � � %� � � � , � � � 	� � � �  � 	� � � 	� � � � �  � � #� � 
 �  	�  � �  
 � � � � � % 
 � � � � � � � � �  ! � � 
 �  

� � 
 � � � 	& 4
6vC . $� � � " � 	� � �  � � � � � 	� � � � ! �  
 � � � 
 � � � �  u � 	�  � � � � � � � �  � 	� � � 	� � � � � & 

� � #� � 
 �  	& �  � � � � � � � � � � �  � � � � � � �  �  
 � � � � 
 � � �  � 
 � � �  � � � � � � � � � 	�  [68, 120]. 

' � " � � � �  � 	� 
 	� � � � , � �  � � �  && � � � � � � � � � �  
 � � � � 	� � �  � � �  � 6V � �  � 1V � 
 	� � %� � � �  

� �  
 � � � � � � " � � .  
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5� � .1.8. $� � � " � 	� � �  
 � � � " � � � �  � � � � ! � � � � � � �  � 	� � 	�  �  � � �  	 �  � 	�  � � � � � � � �  � 	� � � 	� � � � � & 
� � # � � 
 �  	&: � ) AlN, � ) GaN, � ) InN.                                                                                                                                                                                                        
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1.5. Effect of temperature on electronic band structure 

9 � � � � �  � � � � � � � � � � & � � � �  � � 
 	� 
 � � � 	� � � � 	�  � � � � " � � �  � 	�  � � 
 
 � � � � � � � . 

� � �  � 	� � � � � � 	 
 � � � � 	� � 	� , 
 � �  � � 	� � � � � 	 � � 
 
 � � � � � � � , � � � � � �  � � � � � � � � � � & 

� � � �  � 
 � � � � %� � � � . � �  � � � � " � 	� � �  
 � " � �  � 
 � � � � �  � 	� � � � � � 
  ' � � � � 	 �  

� 
 
 	� � � � � 
 �  
 � � � 
 � � � � 
 �  a � �  qD [15, 72]: 

Eg(T)=Eg(0)-aT2/(T+qD).      (1.35) 

. � �  � � � � � � �  � � 
 
 � � � � � � � �   �  � � � � " � 	� � �  
 � � 
 � % � �  � 	� 	� � � &. 

� � �  
 � � � � � � � � & 	� � � � 
 � � � �  	& � � � 
 � � � 
 � � � � � � � � �  � � � � � , � � � � � 	� � �  

� � � � � � � � � � �  � 
 � � �  � � 
 
 � � � � � � �  � �  � � � � �  � � � � � � � � � , � � � 	� � � �  

� � � 
 � � � 
 � � � � � � � 	 � � 
 	� �  
 � � � � � � � � � �  
 � �  � 	� � � �  � � 
 
 � � � � � � � � . '  � � � 	�  

� � � � � 	 � � � �  � � � � � � � � �  � � 
 � � � �  � � � � � � � � � �  +� � � � �  � �  � � 
 � � � 	 � � � � � � � � �  

+� � � � � . '  � 	� 	� � � 
 �  � � � � � " � � � 	 � � � � " � 	� � �  � � � � � & +� � � � �  � 	�  � � 
 
 � � � � � � �  

� 
 � � � %� � � �  � � � � � � 
 : 

 ( ) ( ) ( )TaTa l+×= 10 ,    (1.36) 

� �  �  – � � � #	 	%� �  � � 
 � � � � ! �  � � � � � � � � � �  (� � � � �  �  1.2). ' � � � � � � � � �  � 	� � � �  

� 
 	� �  � � � � � & +� � � � �  � � � �  � �  � 	� 	� � � & � � � � " � � � � 	 � � � � � �  � � � � � � � � � � & � � � �  � 	�  

� � 
 
 � � � � � � � . 

' 
 � � �  � � 
 � � � � �  � � � � � � � �  +� � � � �  � �  � � � � � � � � � �  � � � � �  � � � � � � � � �  

� � � � 	� " � � �  � �  � � 
 � 
 � ! � �  � � � � 	& 3� � � � � -6  [9, 73]. ) � 
 � � � 	 � � � � � � � � �  


 � � � � � � � �  � �  � 
 	� �  � � � � � � � � � � ! �  # � � � � � �  (1.11): 

),(2)(),( TW

jj
jeSTS GGG -×= ,    (1.37) 

� �  Wj(G,T) – #� � � � �  � � � � � -� � � � � � � , � �  � � � � � � � � � � � % � 
 � � �  #� � � � 	�  � �  


 � �  � � �  � � � � 	� � � � � �  � �  � � 
 � � 
 	� � � � � � �  �  � � � � � � � 	 � � �  � 	� � � � 	.  

2 � � � � �  � � � � � -� � � � � � �  
 � " � �  
 � � � � � � � � � �  �  � � ! � � � 	: 
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 ( ) ( )�=
q

qj TTW
2

2
1

, GUG .    (1.38) 

< � �  � � � � � � � � � � �   �  � � 
 � , � � � � �  � � � � �  � 
 
 � 	� � � �  q-! �  � � � � � � � � �  +� � � � �  Uq. 

' � � �  % #� � �  	%�  � � 
 
 � � � � � � � . 7 �  � 	� � 
 �  [73], � � � � � � �  � � � � ! 	�  � � � � � � � � �  

� � � � � � � %� � � �  #� � 
 � � � � : 

 qqq nE w�×�
�
�

�
�
� +=

2
1

,    (1.39) 

� �  wq – � � � � � � �  � � � � � � � � � , qn  – � � � � � � % � � � � �  #� � � � 	�  � � � � ! �  � � 
 � , � �  

� � � � � � � %� � � �  � 
 	� � 	� � � � � � � � 
  3� � �  – 0� � � � � � � � : 

 

1exp

1

-��
�

�
��
�

�
=

kT

n
q

q w�
.     (1.40) 

'  � � � � � � � 	�  
 � � � � 	 	 � � � � ! 	�  
 � � � � � ! �  ! � � 
 � � 	� � � ! �  � � � � � � � � �  

� � � � � � � � � %� � � �  � �  � � 
 �  � 	� � � � � � � & � �  
 � � � �  	� � � � � & � � � � ! 	&. � � � � � � � � � 	 

� � � � � � � �  � � � � , � �  � 	� � 
 � , % � 	� � � 
 � . ) � � � 
  � � � � 
  [73]: 
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,
2

,

2

,
, ,

2

, qjqj
qj

qj
lj

j
qj

ljj UMNUMNuME w�� � === �� ,  (1.41) 

� �  j – � � 
 � �  � � � 
 �  �  � � � 
 � � � � � � 	�  � � 
 	�  	, l – � � 
 � �  � � � 
 � � � � � � � & � � 
 	� � � , 

uj,l – � 
 	� � � � �  � � � 
 �  �  
 � � � " � � � �  � 	� � � � � ! � ,  N – � 	� � � 	� � �  � � � 
 � � � � � � � �  

� � 
 	� � � . 

7 � � �  �  � � � 
 � � � � � � 	�  � � 
 	�  	 % � � � � ! �  � � � �  � � � 
  
 � � �  Mj, � �  

 
( )

qj

q

qj

q

qj NM

n

NM

E
U

ww

�2/1
2

2

,

+
== .    (1.42) 



 41 

� � � 	� � � �  � � � � � �  Uq � 	� � 
 � �  � � �  � � " � � & � 	� � �  � 
 � � � � �  � � � � � � � �  +� � � � � , � �  


 � " � � , �  
 � � �  � 
 	, � � � � �  � � � � � � � � � � �  # � � � � �  � � � � � -� � � � � � � . 

< � �  
 � � � � � � � � �  � �  � 	�  � � � �  � � � � , � � � ! � � � � 
 �  � � � � %� � � � �  
 � � � � �  �  

� � � � � � � � 
 �  � � � � � � � � � 
 �  � � �  � � 	�  � � � � �  
 � � . � � �  � � � � -� � � & � � � � � � & 


 � � � � � � �  	& �  � � � � � � � � 
 �  � � � � 
 � %
 �  

 .
3
1 222

qq UGUG =×     (1.43) 

'   	�  
 � � � � 	 � � 	 � � �  
 � � �  � � � � � " � � 	 
 � �  � � " � � 
 �  � � � � � � � 	 � � � � � � �  q, � � 
 �  

� � � � � � �  
 � � � � � � �  	& 
 � " � �  � � � � � � � �  � � � 	� � � �  �  � 	%�  � 
 � � � � , � � �  � � � �  � � � �  

� � � � ! � � � � � � 	. ' � � � � � 
 �  � � � �  � � � � � � � � �  �  � � � � � � � 
  Uq, 
 � � � � � � � � � 
  � �  G, �  

� � �  	� � � �  – �  � � � � � � � 
  Uq, 
 � � 
 � � � � � � � � � � � 
  � �  G. ) � � 	 
 � � " � � �  1/3 

� � � � � %. 

$ � � � � � � � � � � 
  � � � � � 	�  (1.38), (1.40) � �  (1.42) 
 �  � � � � 
 � %
 � : 
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d
heM
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TW

T

z
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D
kT

j

q

q

j

j

D

�

�
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�
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=

=
�
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-
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�

w

w
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ww
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  (1.44) 

� �  wD – � � � � %� � � � �  � � � � � � � , k – � � � � �  3� � �  
 � � � , q – � � 
 
 � � � � � � �  � � � � � .  

. � �  � � � � � � �  � � 
 
 � � � � � � � �  � � � � � �  
 � " �  	� � � ! � � � � � � �  % 
 � � � �  	 

� � � 
 � � � �  	� � � �  
 � � " � � �  �  
 	� 	� � � ! � � � � � � 
 �  � � � � � 	 
 � " � �  � � � � � � � � �  �  � � �  


 �  � � � 
 � � � 
  z. '  � � � � � � � � � 	 � � � � 
 � %
 � : 

 �
�
�

�
�
�
�

�

Q
--

2

22
2 3

exp~
T

kM
e

j

W G�
.   (1.45) 
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� � �  
 � � " � � �  � � � � � �  � � � � " � � �  � 	�  � � 
 
 � � � � � � � . ) � � � �  " �  � � � � � � � � �  

� � � � 
 � %� � � � , � � � �  
 � �  � � � � � � � � � �  � � � � � � � � & � � � � ! 	& � � " � � ! �  � � � � � � � � �  
 �  

� � � � � � � � � � � �  � �  � � � � � � � � �  � � � � � � � � � � � . 

. � �  � � 
 
 � � � � � � � �  � � " � �  � � � � %� � � � � & #� � 
 � � �  � � � � � � � � %� � � � . $� 
 	� � 
 � , 

� � � � � , � �  
 � �  � � 
 � �  � � � � � � �  � � 
 
 � � � � � � � �  � � � � � � � �  W 
 � � 
 � % � �  � � � � � ! �  


 � � � 	� � � ! �  � � � � � � � � . � �  � 	� � � � � %� � � �  � �  � � � � � � �  � � � � � � �  1/2 
 	�  	� � � ! � � � � 
 , 

� � � � �  � �  � � � � � � �  � � � � � � � �  � � � � � � � �  +� � � � � . 
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5� � .1.9. $� � � " � 	� � �  � � � � � �  � � � � � � � � � � & � � � �  � 	� � � � 	�  --- ! � � 
 �  � 	�  � � 
 
 � � � � � � � :  
� ) AlN, � ) GaN, � ) InN.  
1 – � � � 
 � � � 
 � � � � � � � 	 � � � � " � � � � 	 �  
 � � � 
 � � � � 
 �  �  � � � � �  	 1.2,  
2 – � � � � � � � � � �  �  � � � � � � � � � � 
  � 	� � � �  � 
 	� �  � � � � � & +� � � � � , 
3 – � � � � � � � � � �  �  � � � � � � � � � � 
  � � � � � � � �  +� � � � � . 

 

5� � � � � � � � � 	 � �  � � � 
 � � � 
 � � � � � � � 	 � � � � " � � � � 	 � � � � � �  � � � � � � � � � � & � � � �  

� 	�  � � 
 
 � � � � � � �  
 � � � � � � 	 � �  � � � .1.9. ( � � � �  � � � 
 � � � 
 � � � � � � � � �  � � 
 	� 	�  

� � 
 
 � � � � � � �  � � � � �  qD, � � �  
 � � � 	� � �  � � �  � � � � � � � � � �  	� � � ! � � � �  �  (1.35), 

	� � � � � �  � � � � � 	 � � � � 	" � � � � 	, � � 
 �  �  � � � � � � � � � � �  � � � � � � � � � � � � � � � � �  

� � � � 
 � � � � � � � 	 � � � � � � � � � 	 � � � � � � � �  � � 
 
 � � � � � � �  � � � � �  [66] (� � � � �  �  1.2). 7 �  
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� � � � � , �  ----� 	� � � � � �  � � � � � �  � � � � � � � � � � & � � � �  � 
 	� � %� � � �  
 � � � � � � � �  � �  

0.1 � '  
 � �  � 
 	� 	 � � 
 
 � � � � � � �  � �  300 � , � �  % � � � � � � � � �  � � � � � � � � �  
 � � 	� � � � �  

�  � � � � � � �  � � � � � � � � � � & � � � � . 

1.6. Electronic band structure of GaAlN, GaInN, InAlN solid 

solutions 

. � � � 	� � 	 � � � � � 	 � � � � � � �  AIIIBV � � � � � � � 	� � � � � � �  �  � � � � � � � � 	, � � �  


 � � � � � � % � � � � � � � � �  � � � � � � � � �  � � � � � � � . / � � 
 �  � 	� � � ! �  � � 
 �  (�  � � 
 � � � �  

� 	� � � � 	�  --- ! � � 
 �  – � � � 	� � � ) � � � � � � � � � � 	 �  � � � &�  
 	� ! � � �  	 � � � 
 � � � � � � � � � � , 


 � � � � � � � �  � � � � 
  � � � � 
  � � � � � � �  	� � �  � � 
 � � � 	�  � � � � � � � � . 0� � 
 � � � 
 � � � � � � � 	 

� � � � 	� " � � � �  � � � � � � � 	� � � & � � � � � � � � �   [69] 
 � � � � � � � � , � �  � � � � �  +� � � � �  

� � � � � � �  A1-xBxN � � � � " � � �  � 	� 	� � �  � 	�  � � �  � � � � �  	& (
 � � � � � �  ' � ! � � � � ): 

a(x)=aAN(1-x)+aBNx .      (1.46) 

< � �  � � � � 	� � � �  � � � � � � � � � � 	 � � � � � � & 
 	� � � � � � 
 	� � � & � � � #	! � � �  	& 

� � � 
 � � � � � � � � � � & � � � � � 
 �  
 � " � �  � � � � � � � � � � �  � � � � 	�  # � � �  	� � � � �  ! � � � � � � . 

� � �   � � ! �  � � � � � 	� � �  � � � ! � � � � � �  � � � 	� � � �  � � 
 � � � � 
 	� � � , � �  
 	� � � � �  � � � � � 	 

� � � 
 	� , � � �  � � ! �  � � �  � 
 � � � � �  � � � 
 � � � � � � � � � 	� � �  � �  � � � � � � � � �  � � 	 
 � " � � � 	 

� � � #	! � � �  	&. / � �  � � � � �  
 	� � 	�  � � 
 � ! � % � � " �  � � � � � � �  � � � � � �  � � � �  � �  

� � � � � � � � � � , � � 
 �  � � � � � � � 	 
 	� � � � �  � �  � � � � � � � �  � � � � � � �  � � � � � � 	�  � � � � � � � � �  

� �  � � � � � " � � � � � , �  � � � �  � � 	 
 � " � � � 	 � � � � � 	� � � � � � � 	 
 	� � � � � � 
 	� � 	 

� � � #	! � � �  	& � � � � � � � � � � � � �  � �  � # � � � � � � � ! �  � � � � � � � � � � , � � �  
 � % � � � �  "  

� � � � � � � 	� � �  � � � � � � � � � , � �  	 � � � � 	 � 
 � � � � � , � � �  � � � � � ! � �  � � � � � � �  	� � �  

� � 
 � � � 	� .  

1.6.1. Virtual crystal approximation (VCA) 

, � � 
 � � � � 	� � 
  �  � � � � �  	� � � � � � � � �  
 	� � � � 	�  % � � � � � " � � � �  � 	� � � � � � � � ! �  

� � � � � � � � , �  � � � 
 �  � � � � � � �  � � � � � �  
 � � � � � %� � � �  �  „ � 	� � � � � � � � � ”  � � � 
 	� , 
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 � � � �  	� � �  � � � �  � � � � � � � � �  � � 
 
 � � �  	� � � 
  � � � � � � � � � � � 
  
 � � � �  	� � 	�  

� � � � � � � �  � � � 
 	� : 

 VVCA=VAN(1-x)+VBNx .      (1.47) 

� � � � � � �  � � � � � � � � � � � �  � � � � ! �  � � � � � " � � � �  � � 
 � " � %� � � �  � 	� � � �  � � 
 �  

� � � � � � � � � � � 
 � , � � 	 � �  � � � � " � � �  � 	�  � � � � � � � � ! �  � � � � � � � � � � � �  � � � 
 	� .  

0� � 
 � � � 
 � � � � � � � 	 � � 
 
 � � �  	� � 	 � � � � " � � � � 	 � � � � � �  � � � � � � � � � � & � � � �  


 � � � � � � � � �  � � � � � �  � 	� � � � � � � �  � 	�  � 	� 	� � � ! �  � � � � � �  � �  � 
 � � � � � � � �  

� � � � � � � � � 
  � 	� � � � � � 
  �  � � � #	 	%� � � 
  
 � � ! � � �  b: 

Eg(x)=Eg1+(Eg2 -Eg1)x – bx(1-x).                                (1.48) 

0� � 
 � � � 
 � � � � � � � 	 � � � 	 � �  � � � � � � � � � �  � � � � �  � � � � � � � � � 	�  � � � � � �  

� � � � � � � � � � & � � � �  �  � � � � � � �  � � � � � � � �  � 	� � � � 	�  --- ! � � 
 �  
 � � � � � � � � � � 	 � �  

� � � .1.14 � �  � � � � �  	 1.4. 7 �  � � � � � , �  � � � � � " � � � 	 � 	� � � � � � � � ! �  � � � � � � � �  �  

� � 
 
 � � �  	� � � �  � � � � " � � � � � �  � � � � � �  � � � � � � � � � � & � � � �  
 � � � � � � 	�  � � � � � � � � �  


 � � ! � � , � 
 � � � � � � � � �  � 
 	� � �  � � � � � & +� � � � �  
 � �  #� � 
 � � � � � 	 � � � � � � ! �  

� � � � � � � . � � � 	� � � �  � � � � � � � 	 � � � � � � �  � � � � � 	� � �  � 	� � � 
 �  � � ’%
 � � 
 �  

� � #� � 
 �  	� � � 
 �  
 � � � �  	� � � 
 �  (1.31), &�  � � � � � �  � � � � � � � � � � & � � � �  
 �  � 	� � � 
 �  

� 
 	� � %� � � �  
 � �  
 � � � � � � � � 	 &�  � �  � � � � � � � � ! �  � � ’%
 � . � � � #	 	%� �  
 � � ! � � � , 

� 
 � � � � � � � � �  � � #� � 
 �  	%�  � � ’%
 � , 
 � � 
 � �  	� � � �  � 	� � �  	 � � #� � 
 �  	� � � �  


 � � � �  	� � 	�  � �  � 	� � � � � 	�  � 
 	� 	 � � � � � & +� � � � �  
 � �  #� � 
 � � � � � 	 � � � � � � ! �  

� � � � � � � : 

bVD ~ ga
a
a

D
D

.                                         (1.49) 

, � 
 � � 
 � �  
 � � ! � � �  � � � � " � � �  � 	�  � � ! � , � � �  � 
 � � � � �  � 	� � �  � � � � � � �  � �  � 
 	�  

� � ’%
 � , � � � � �  
 � % � 	� � � � �  
 �  
 � � � � �  � � ’%
 � � �  � � #� � 
 �  	� � � �  
 � � � �  	� � .  

� � � 	� � � �  �  � � � � � � �  � � � � � � � �  � 	� � � � 	�  --- ! � � 
 �  � 
 � � � � �  �  
 � � � � �  � � � � � �  

+� � � � �  (� � � � � , � � �  � 	� � � � � % � � #� � 
 �  	�  � � � � � ! �  
 � �  #� � 
 � � � � � 	 � � � � � � � ) 
 � % 
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� 	� � � � �  � �  
 � � � � � 
  � � #� � 
 �  	� � � �  
 � � � �  	� � , � � �  � � 	�   � �  � � � � � � 	�  

� 
 � � � � � 	! � %� � � �  
 � � ! � �  � � � � . / � �  � � � � � � � �  
 � � ! � � �  � � � � � � � � � � �  �  

� � � � � " � � � 	 � 	� � � � � � � � ! �  � � � � � � � �  
 � � � �  � �  � � � 
 � � � 
 � � � � � � � 	 � � � � � � � �  

(� � � � �  �  1.6). 

1.6.2. Modified virtual crystal approximation (taking into account 

compositional disorder in perturbation theory) 

� � � � 	� " � � � �  � 
 � � � �  � � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	 � �  � � � � � � � � � �  

� � � � �  � � � � � � � � �  
 � � � � � � � , � �  � � � �  � � � �  � �  � 	� � � � � � �  � 	�  � � � � � " � � � �  

� 	� � � � � � � � ! �  � � � � � � � �  
 � � � � � �  0.1 � '  [74, 75]. 5� � ! � � � � 
 �  � � � � � � �  � � � � � �  

AxB1-xN. ' � � " � � � � , � �  � � � 
 �  � � � 
 � � � �  	� � � � � � 	 
 � � � " � � � �  Rj �  ! � � �  	, 


 � " � �  
 � � � � � � � � � �  
 � � � �  	� �  � 
 � � � �  � � : 

V(r)=VVC(r)+VR(r),                (1.50) 

� �  VVC – 
 � � 	� � � � � � �  
 � � � �  	� �  � 	� � � � � � � � ! �  � � � � � � � �  	 VR – � � 
 � � 	� � � � � � �  


 � � � �  	� �  � � � � � 	� � �  � 	
 	� � � & (� � 
 
 � � �  	� � � &) � � � 
 � � � � � � � � � � � � 	: 

VR(r)= �
=

-D
3

1

)(
N

j
jj Va Rr ,                  (1.51) 

� �  aj =1-x, � � � �  �  
 � � �  	& Rj � � � � � � � � � � �  � � � 
  / , � �  aj =-x, � � � �  � � � 
  ' , DV -  

� 	� � �  �  
 � � � � � 
 � � � �  	� � 	�  � � � 
 	�  /  � �  ' , N3 – � 	� � � 	� � �  � � 
 	� � �  �  � � � � � � � 	.  

7 � � �  � 	� � 
 	 � � � � � 	 � � � � � � � �  En
0(k,x), � � � � � � � � � � 	 �  � � � � � " � � � 	 

� 	� � � � � � � � ! �  � � � � � � � �  � �  � 	� 
 � � 	� � 	 � � � � � 	 #� � �  	& | n, k, x > � � �  � � � � � � ! �  

� � � � � �  � � � � � � ! �  � � � � � � �   , 
 � " � �  � � � � � � � � � � �  � 
 � � �  #� � � � � �  	�  
 � � � �  	� � �  

VR � �  � � � � �  � � � � � � � � � . ' � � " � � � � , � �  � 	� � �  �  
 � � � �  	� � 	�  � � � � ! � � �  
 � � � �  � �  

� � 
 	 � � � 
 � 	 
 � � � �  	� � � , 
 � " � �  � � � � � � � � � � �  � � � � 	�  � � � � � � � . * � " � �  
 � � � � � � � , 

� �  � 	
 	� � �  � � � 
 � � � � � � � � � 	� � �  � �  � 
 � � � � % �  
 � � � � 
 �  
 � � � � � � , � � � 	� � � �  

#� � � � � � � � �  
 � � � �  	� �  � � � � � � � � %� � � �  � �  � � � � . ) � 
 � , �  � � � ! � 
 �  
 � � � � � �  �  

� � � � � � � � � � 
  � � � 
 � � � � � � � � � � � � 	, � � � � ! 	& � � � � � �  � 	� � � 
 �  [74, 75]: 
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  (1.52) 

< � �  
 � � � � � � �  � � 
 � � � � � �  
 �  j � �  j’ , � � � � � 	� � �  � � � � �  � � � 
 � � 	�  � � � 
 	�  /  � �  '  �  

� 	� 
 � � 	� � 	�  
 	� ! � � �  	. . � � 
 � � � � 
 � , � �  � � � 
 �  /  � �  '  � � � 
 � � 	� � � 	 
 �  � � � 	� � � 	�  


 	� ! � � �  	 � 	� � � 
 	� � �  (� � � � � , 
 �  � � � � � � � %
 �  
 � " � � � 	� � �  � 
 � � � � � � � � � � �  � �  

� � � � � � � � �  � � � � � � � 	�  �  � � � 
 	�  � � � � ! �  � � 
 � ), � �  � 	� 
 � � 	� � % 	� � � � � � � 
 �  

! � 
 � ! � � � � 
 �  � 
 � � � � , � � � 	 (1.52) � 
 � � � � %� � � � :  

�
¢¢ ¢ ¢-

>¢¢D<
-+=

kn nn
nn xExE

xnVxn
xxxExE

),(),(
|,,|)(|,,|

)1(),(),( )0()0(

2
)0(

kk
kkk

kk .    (1.53) 

' � � � � � � � � � � � � �  # � � �  	� � � � � � � �  � � ! � � �  
 � � � � � 
 � � � �  	� � �  (1.19), 


 � " � �  � � ! � �  � � � � � �  � 	� � �  �  
 � � � � � 
 � � � �  	� � � � � �  #� � 
 � # � � � � � 	�  DV � � �  

� � � � -� � � �  � � � � � � �  q=k-k’  (� � � .1.10). � �  � � 
 � " � � � �  � � � � � � �  �  
 � � � � 	 

� 
 
 	� � � � � ! �  
 � � � � � 
 � � � �  	� � � , � �  
 � � � �  	� � �  � � � � � 	 � 	� � � �  � � �  � � � � � � � � � �  

� � � � � � �  q.   

 

 
5� � .1.10. 5	� � �  �  
 � � � � � 
 � � � �  	� � � � � �  # � � 
 -# � � � � � 	� : 1- VGa-VAl, 2- VGa-VIn, 3- VAl-VIn. 
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� � � 	� � � �  � 	� � �  	 
 � � � � � 
 � � � �  	� � 	�  
 � � � �  � � � � � 	 � � � � � � � �  � � �  q, � � 	 

� 	� � � 	 � �  � � � 
 	� �  � � � �  3� 	� � � � � � , 
 �  � � � � � � � � � � � � �  � � 
 �  
 �  15 � � " � 	�  

� � � � ! � � � � � � �  � � � � �  � � �  � � � � ! � � � � �  � � 	" � � � � 	. ( � 
 �  
 �  � � 	�  � � � � � �  �  � � � 	 

3� 	� � � � � �  
 � � � � � � � � � �  
 �  9 � 
 �  	� � � � � �  � � � � � �  [76].  

( � 
 �  
 �  � � 	�  
 � " � � � � �  � � � � � � � � � � �  � � � � � �  � 	� � � � � � � � ! �  � � � � � � � � , � � �  

� � � � � � � � � � � % 
 � 
 � � � � �  � � � � � 	� � �  � 	
 	� � � ! �  � � � 
 � � � � � � ,  
 � � � � � � 
 �  Sn(k, x). 

5� � � � � � � � �  Sn(k,x) 
 � � � � � � � , � �  � � 
 
 � � �  	� � �  (� 	
 	� � � ) � � � 
 � � � � � � � � � 	� � �  

� 
 � � � � � � % � � �  � � � � � � � � �  � � �  � ! � � � , �  � �  � � � �  
 � � � 	� � � � � 	 
 � � " �  � �  � 
 � � � � %, 

� � � � 
  � � � � 
 , � 
 � � � � � � �  � � � � � �  � � � � � � � � � � & � � � � , � �  � � � � �  � � ! � � " � %� � � �  �  

� � � � � � � � � � 
 �  	� � � �  � � � � � 	�  [74]. 7 �  � � � � �  �  (1.53), � � � � � � � �  
 � 
 � � � � �  � �  

� � � � � �  � � � � � � � � � � & � � � �  � � � � " � � �  � 	�  � 	� � �  	 
 � � � � � 
 � � � �  	� � 	� . 

5� � � � � � � � �  
 � � � � � � � �  (� � � .1.11), � �  
 � 
 � � � � �  � �  � � � � � �  � � � � � � � � � � & � � � �  

� � � � 	� � � �  �  InAlN � �  � � � 
 � � � �  �   GaInN. � � � � 
 � � 	 � � � � 
  � � � � 
  � � � #	 	%� � �  


 � � ! � � �  bGaAlN=0.68 � ' , bGaInN=0.45 � ' , bInAlN=2.4 � '  
 � ! � � �  � � ! � � " � � � � � �  �  

� � � 
 � � � 
 � � � � � � � � 
 �  (� � � � �  �  1.6). 
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5� � .1.11. . � 
 � � � � �  � �  � � � � � �  � � � � � � � � � � & � � � �  � � � � � � �  � � � � � � 	�  � 	� � � � 	�  --- ! � � 
 � , 
� � � � 
 � � �  �  � � � � 	& � � � � � � � . 

1.6.3. Supercell approximation 

� � �  � � � � � � � � � �  
 � 
 � � � � �  � �  � � � � � � �  � � � � � � �  � � � � ! 	�  
 �  

� � � � � � � � � � � � � � �  � � � � 	�  � � � � � � � . , � � 
 � � � � 	 "  � 	� � �  �  
 � � � � � 
 � � � �  	� � 	�  � �  % 

� � � � � � � � �  
 � � � �  
 � � 	� � � � �  �  � � 
 � 
  � � � 
 � � 
 �  
 � � � �  	� � � 
 � , � � � � � 	� � �  � � ! �  
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� � � � � � 	� � 	� � �  � � � � 
 � � � �  � � � � � � � � � 	�  � � � � � � %� � � �  
 	�  
 � � � � � � 
 . � � 	
  � � ! �  �  

� � � � � � � � � � �  � � � �  � � � � � � � � 	 � �  � � 	 � # � � � � , � �  � � � � � � � � �  �  � � � � � � �  � � � � � � � � . 

 � 
 � � �  � � ! � � " � � � �  
 � � � 	� � � �  +� � � � �  � � � � �  � � � � � � %� � � �  � � �  � � � � � �  III-V 

� � � � � � �  � � � � � � 	� , � � 
 � � � � � �  GaAlAs.  / � �  �  � � ! � � � � � 
 �  � � 
 � � � �  � � � � � 
 �  �  

� 	� � � � � " � � 
 �  � � � � 	 � �  � � � � � 	% 	� � � � � � � �  ! � � 
 � � � 	%�  +� � � � � , �  
 � % � � � �  

� � � � � � � �  � � #� � 
 � � � � � , � � �  � � � � � � � � �  � 	� � 	 � � � " � � �  � � ’ � � � 	�  � � � � � � � � �  

� � � � � � � . � � �  � � � � � � �  � � � � � � 	�  � 	� � � � 	�  --- ! � � 
 �  � � � � ! � � " � � 	� � �  � � � � � �  

+� � � � � , �  � 	� 
 � � 	� � �  	 � � � " � �  � � ’ � � � 	� , � � � � � � % � 	�  2.5% � � �  GaAlN � �  14% �  

InAlN. 0� � 
 � � � 
 � � � �  
 � � � � � � � , � �  � �  
 � � � � � � � 
 	� � � 
 �  � 	� � 	 � � � � � � �  � � � � � �  

� � � � 	! � % � � ! � � � � �  
 � � � � � � � � �  ! � � 
 �  � � � � � �  � 
 � � � �  � �  � � � � � � %� � � �  
 � � � � � �  

' � ! � � � �  � � �  � � � � � �  +� � � � �  (1.46). / � �  � �  
 	� � � � � � 
 	� � � 
 �  � 	� � 	 � � � 
 �  �  

� � � � � � 
 �  � � � � � � 	 � � � � � � � � � �  � 	�  	� � � � � � � �  
 � � � " � � � , � � �  � � �  � � � " � � �  

� � ’ � � � 	�  �  � � � � � � 
 �  � � � � � � 	 � � � � � � � �  � � � 
 � ! �  � � � " � � 
 �  � �  � 	� 
 � � 	� � � �  

� � � � � � �  �  � � � � � �  � 
 � � � � � �  (� � � � � � � � � �  � � � � � � �  	� ) [16, 39, 40, 69, 77] 

(� � � .1.12). ' 	� � � � � � � �  RAN(x) � �  RBN(x) �  A1-xBxN � 	�  	� � � � � � � �  
 � " � �  

� � � � � � � � � � � � � � � �  � � � � � � 
 	� � � 
  
 � � � 
 � � � � 
  [69]: 

e=(RBN
[AN:B] -RAN

0)/(RBN
0-RAN

0) ,               (1.54) 

� �  RBN
[AN:B]  – � � � " � � �  � � ’ � � � �  BN �  � � � � � � � 	 AN:B, RBN

0 � �  RAN
0 – � � � " � � �  

� � ’ � � � 	�  � � � � � �  � 
 � � � �  AN � �  BN. 
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5� � .1.12. ( � � 
 � � � � � �  � 
 	� �  � � � " � � �  � � ’ � � � 	�  RAN(x) � �  RBN(x) �  � � � � � � 
 �  � � � � � � 	 A1-xBxN  
�  � � � � " � � � � 	 � 	�  � � 
 
 � � �  	&. RAN

0 � �  RBN
0 – � � � " � � �  � � ’ � � � 	�  � � � � � �  � 
 � � � � . 
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, �  � � � � � 	 � � � � � � � � � 	�  
 � � � � � 
  
 � � �  � � � � � � � � �  � � �  � � � �  � � � � � � � �  

� � � � " � 	� � �  � � � #	 	%� � �  � � � � � � �  	& � � � " � �  � � ’ � � � 	�  � 	�  � � � � � � � � � � � � �  � 
 � � � � , 

� �  � � � � � � � � �  � � � � � � �  � � � � � �  [69]: 
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0

0

,                    (1.55) 

� �  fi – 	� � � 	� � �  � �  2 	� 	
 � � 
 . ' � � � � � � � � � � � � �  � � � � � � � �   fi(AlN)=0.449, 

fi(GaN)=0.5, fi(InN)=0.578 [17], � � �  � � � � � � �  � � � � � � 	�  � 	� � � � 	�  --- ! � � 
 �   � � � �  

� � � � 
 � � 	 � � � � � � � �  � � � #	 	%� � �  � � � � � � �  	& 
 =0.7÷0.8, � �  � � � � �  � � ! � � " � � � � � �  

�  � � � 
 � � � 
 � � � � � � � � 
 �  � � � � 
 �  � �  � � � � � � � � � � 
 �  �  � � � � 	& # � � �  	� � � � �  ! � � � � � �  

[77]. 

� � �  � � � � � � � � � �  � � � � �  � � � � � � � � � � � �  � � � � � � �  � � � � � � 	�  �  � � � 	�  � � � � � 	 

� � � � � � � � � � � � � � � � �  � � 
 � � � � 
 	� � � . � � � � � � � � � � �  � � � � � �  � � 
 	� � �  �  

� � � 
 � � � � � � � � � � 
  � � � � � � � � � � � � 
  � 	� � � �  � � � 	� � 	�  �  � � � 	� � � 	�  
 	� ! � � �  	 
 � " � �  

� 
 � � � � � � � � �  � � � 
 � � � � � � � � � � �  � � � � � � �  � � � � � � . . � � 	� � � � � �  
 � � � � � � � � �  � � � �  

� � 
 	� � �  �  
 � � � � � � 	, 
 � " � �  � � � � � � � � � � � �  � � � � � 
 � �  3� � � �  � �  � � � � � � � � 
  
 �  


 � � � � � 
  � � � � � 
 . � 	� � � 	� � �  
 � � � � � �  � � � � �  � 	 � � 	� � � � � � � 
  � 	� 	� � � �  � � � 
 	� 	�  

� � 
 	� � �  �  N � � � 	�  � � � � � � % �  N3 � � � 	� , �  � � �  � �  � � � � ’ � � � �  � � � � � � � � � ! �  � 	� � � � � �  

� � 	� � � � %� � � �  �  N6 � � � 	� . ) � 
 � , � � � � � � � � , � � � � � � � � � � � � � � � �  � � 
 � � � � 
 	� � �  

� � � � � � � � �  � � � 
 	� 	�  (8 � � �  16 � � � 
 	�  �  � � 
 	�  	 [37, 39, 40, 42, 78]), � � �  � � 	 �  

� � � � � � 	� � �  � 
 � � � � � � �  � � � � � � � � � � 	 � � � 
 � � � � � � � � � � �  � � � � � � � � . ' � � � � � � � � � � �  


 � � � � �  � � 
 	� � �  (4 � � � 
 � ) � � % 
 � " � � � 	� � �  � 
 � � � � � � � � �  � � � �  � 
 � � � � � � � � � 	 

� � � � � � � � � , � � � � � � � � � � 	 � � � �  � � � � � �  � 	� � 	� � � � � � � �  � 	�  � � � 
 � � � � � � � � � � �  [78]. 

5� � � � � � � � �  �  � � � � 	& # � � �  	� � � � �  ! � � � � � �  
 � � � � � � � , � �  � � � � � � � � � � � �  

� � � � � � � � �  � � � � � � 
 	� � � �  (16 � � � 
 	�  �  � � 
 	�  	) � � % � � � � � 	� � � 	 � � � � � � � � � �  
 � �  


 � � � � � � � � � 	 � � � 
 � � � � � � � � � � �  � � � � � � �  � � � � � � 	�  � � � � � � � � �   � � � � � � & 

� � 
 � � � �  (2 � � � 
 �  �  � � � 
 � � � � � � 	�  � � 
 	�  	) [37]. � � � 	� � � �  � � � � � � � � �  � � �  � � �  

� � � � � � 	� �  � �   � � � � � �  � � 
 � � � � , 
 �  � � � � � � � � � � � � � � �  � � 
 � � � � 
 	� � �  �  32 

� � � 
 � 
 �  [16, 38], � � 	 � � 
 	� � �  � � � � � � � � � � � � � � � � �  � � �  � � � � 	� " � � � �  
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� � � � � � � � � � � �  � � � � � � �  � � � � � � 	�  � 	� � � � 	�  --- ! � � 
 �  [16] � �  
 � � � � � � � � � �  

� � 
 	� � �  Mn �  GaN [41]. 

32-� � � 
 � �  AnB16-nN (A=Al � � �  In, B=Ga � � �  Al) � � 
 	� � �  � � � � � � � � �  

� � �  � � �  � 	� 
 � � 	� � % � � 	� � � � � 	�  �  2 � � � �  �  � � 	�  � � � � �  � � 
 � � 
 � � �  
 � � 
 	� � � � 	�  

� � � 
 � � � � � � 	�  � � 
 	�  	 � � �  � � � . � � �  � � � � � � ! �  � � � � �  n=0,1…16 � � � 
 	�  / , 


 � " � �  � � � � 
 � � �  � 	� � 	 � � � 
 � 	 � � � #	! � � �  	&, � �  � 	� 
 	� �  � 	�  � � � � � " � � � �  

� 	� � � � � � � � ! �  � � � � � � � � , �  � � � 
 �  � � � 
 � � � � � � � � � � �  � � � � � �  
 � � � � � %� � � �  � �  

� � 
 � 
 � ! � �  „ � 	� � � � � � � � � ”  � � � 
 	� , � � 	 % � � � � � � � � � � � 
  � � � � � � � � �  � � � � � � ! �  

� � � � � � � . � � 	
  � � ! �  �  � � � 	�  � � 
 	�  	 
 � " � �  � 
 	� � � � �  � � � 
 �  �  	� � � � � � � �  


 � � � " � � � , � � �  � � � � � � � � �  � � � � � � � � � �  � � � � � � �  	� . < � �  � �  � � � � � � � � � � � � �  

� � � � � � � � � � 	 � � 	�  
 � " � � � � �  � � � #	! � � �  	� , �  � � � 	�  � � � � � 	 � � � ! � � � � � � � �  � 	� � � �  

� � � #	! � � �  	& �  � � � 
 � � � � �  � � � � ! 	%� , � � � � � � � � 	 �  � � � � 	& # � � �  	� � � � �  

! � � � � � �  [38]. '  � 
 � � � �  � � � 
 � � � � � 
 	� � � & � 	� � � � � ! �  � � � � � 	 � � � � � � �  � � � � � �  


 � � �  � � 
 �  � � � �  � � � #	! � � �  	� . � � � #	! � � �  	& �  � � � 
 � � � � �  � � � � ! 	%�  
 � �  

� 	� � � �  � � �  � � � � �  	� �  � � � � � � � �  �  � � � � �  	 1.5. ( � 
 � � � � 
 	� � �  �  32 � � � 
 � 
 �  

� � � � � " � � �  � �  � � � .1.13.  

 
) � � � �  �  1.5. � � � # 	! � � �  	& �  � � � 
 � � � � �  � � � � ! 	%�  � � �  � 	� � � �  � � �  � � � � �  	�  � � � � � � ! �  
� � � � � � � . ( � � � � � � � �  � � � 
 � � � � � �  � � � � � " � � �  � �  � � �  � � � � � "  � � 
 � � 
 � �  [0001], � � �  � �  � � � � �  
� 	� � � �  � � � 	� � � . ' 	� 
 � � 	� � �  � � � � � � � � �  � � �  x=25% (75%) � � � � � � � �  � �  � � � .1.13. 
 

( � � � � � � � �  x, % 5� � 
 	�  � � 
 	� � �  � � � � � � � 	�  � � �  


 � � � � � � � � � �  � � � � � � � � �  
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5� � .1.13. ' 
 � � � � � � � � � �  � � � � � � � � �  AxB1-xN �  x=0.25. 2� 2� 2 � � 
 	� � �  � � �  � � �  
 	� � � � �  12 
� � � 
 	�  /  (� 	� 	 � � � � � � ), 4 � � � 
 �  '  (� � � � 	 � � � � � � ) � �  16 � � � 
 	�  � � � � �  (� 	� 	 � � � � � � ). ' � � � � � �  
� �  
 � � � � � � � �  
 � � � � � � � 
 	
 � � �  
 � � � � � � � �  ! � � � �  	 
 � � � � %� � & � �  
 � � 
 	� � � � � & � � � 
 � � � � � � � & 
� � 
 	� � � . 

 

'  
 � � � 	� � � �  � � � � � � �  � � � � � � � �  � 	� � � � 	�  --- ! � � 
 � , � � � 
  � � � � �  
 � " �  
 � � �  

� � � � � � � �  A4B4-m, � �  m=0,1,2,3,4. � � �  � � � � � � � � � �  � 
 	� �  � � � � � � � � � � �  �  

� � � � " � � � � 	 � 	�  � � � � � � � � ! �  � � � 
 � � ! �  � � � � � � � � , 
 � � � � � 
 � � � �  	� �  � � � � �  


 � � � � � � � � � �  � �  � 	� 	� � �  � � 
 � 	� �  	�  � � ! �  
 � � � � � 
 � � � �  	� � 	�  �  � � � � � �  

� 
 � � � � � �  AN � �  BN [44]: 

)(
4

4
)(

4
m

)B(AV m-4mN BNV
m

ANV NN

-
+= .                   (1.56) 

4 � � �  � � � �  � 	� 	� � �  � � 
 � 	� �  	�  
 � � � � � 
 � � � �  	� � 	�  �  � � 	� � � 	�  
 	� ! � � �  	 

� 	� � � � � " � % � � � � 	� � �  � � � � � " � � � �  � 	� � � � � � � � ! �  � � � � � � � � , 
 � � � � , � 
 � �  

� � � 
 � � � � � � � � � � ! �  � � � � � � ! �  � � � � � � �  � � � � %� � � �  � �  � � � � 
 �  � � � ! � � � 	 � � � � 
 �  

� � " � � ! �  � � � 
 � , �  � �  � �  � � � � � � � � � � 	 
 �  � � � � 
 �  � � � � � � � � . $ 	� � � ! �  � � � �  � � 	�  

� 	� 
 	� � � � , � �  � � �  � � � #	! � � �  	�  �  
 	� 	
 � � � � � �  � � � � ! 	%�  � � 	 � � � 
 �  � � � � �  �  

� � 
 � � � � 
 	�  	 
 � � � �  � � � � � � � �  � � � � � � � �  � � � � � � � � : 2 � � � 
 �  /  � �  2 � � � 
 �  '  � � �  

� � �  � � � � �  	& 50%, 1 (3) � � � 
  /  � �  3 (1) � � � 
 �  '  � � �   25% (75%). 



 52 

� � �  � � � � � � � � � �  � � � � � � � � � � & � � � � � � �  	&, 
 � � � " � � � �  � � � 
 	�  �  � � 
 � � � � 
 	�  	 

� � � � � � � � � �  � � � , � � �  � � � " � � �  � � 	�  � � ’ � � � 	�  � 	� 
 � � 	� � � �  � � � � � � � � 
  � � � � 
 � � � 
  

�  (1.55). � � �  � � " � � ! �  � � � 
 �  � � � 	� � �  � � � � � � � � � � � � � � �  � � � � � � � �  � � � � � � � � & 

� � #� � 
 �  	& (1.34) � � �  � � � � � � � � � �  
 � 
 � � � � �  � �  
 � � � � � 
 � � � �  	� � �  (1.33). 

'  � � � � � � � � � � �  � � � � � � � � � � � � � � � �  � � � � �  �  2055 
 � � � � � �  � � � � � , � �  

� 	� 
 � � 	� � % � � � � ! 	& � 	� � 	� � � � �  
 � � � � � 
 � � � �  	� � �  �  14 5	� � � � ! 	� . 5� � � � � � � � �  

� � � � � � � � � 	�  
 � � � � � � � � � � 	 �  � � � � �  	 1.6 � �  � �  � � � .1.14-16.  

 
) � � � �  �  1.6. 0� � 
 � � � 
 � � � � � � � 	 � �  � � � � � � � � � 	 � � � � � � � �  � � � # 	 	%� � �  
 � � ! � � �  � �  � � ! �  
� � � � � � � 	. 
 bVD, 

� '  

bCE, 

� '  

bSR, 

� '  

bVD+bCE+bSR,  

� '  

b, � '   

[16] 

bexpt, � '  

AlGaN 0.37 0.28 -0.21 0.44 0.71 0.6 [22, 79] 

InGaN 0.92 2.28 -0.48 2.72 1.7 2.5 [4], 1.3 [7] 

InAlN 1.84 4.04 -1.72 4.16 4.09 3 [8], 4.5 [81,82] 

 

* � � � � � � � � � �  � � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	 �  � � � � � � 
 �  � � � � � � 	 �  

� � � � � " � � � 	 � � 
 � � � � 
 	� � �  
 � � � � � � � �  � �  
 � � � �  � � � � � � � � � ! �  
 � � ! � � �  bCE, 


 � � 	� � � � �  � 	 � � � � � � � � 
  � � � � 
 � � � 
  �  � � � � � " � � � 	 � 	� � � � � � � � ! �  � � � � � � � � . . � �  

� � � � � � � � � � � 	 � � 
 � � � � 
 	� � �  � � �  
 � � � � � � � � � �  � � � � � � ! �  � � � � � � �  
 � " � �  

� � � � 
 �  � � � � 	� � � �  � � ’ � � � �  AN � �  BN. � � � 	� � � �  � � � 
 �  /  � �  '  
 � � � �  � 	� � 	 


 � � � �  	� � � , � �  � � � 
 � � 	�  � � � � � �  � � � � � "  � � ’ � � � 	�  AN � �  BN � � � �  � 	� � 	� � � � � � � . 

. � �  #� � 
 � � � � � 	 � � � � � � ! �  � � � � � � �  � � � �  � 	� � � � � � � � �  
 � � � � � � 
 � � 	�  � � � � � �  
 	"  

 � 
 �  � � ’ � � � � 
 �  [40], � �  
 � � � � � � � �  � �  
 � � � � � � � � �  � � � � � � � � � � & � � � � � & 

� � � � � � � � �  	, � 	� 
 � � 	� � � , � �  
 � � ! � � �  Eg(x).  

' � � � � � � �  bCE  
 � � 
 � �  	� � �  � 	� � �  	 
 � � � � � 
 � � � �  	� � 	�  � � � 	� � 	�  � � � � � � � � �  

� � � � � � � , � �  � � 	� � �  
 � � � � � � % � � � � � � � � � , � � � � 
 � � � �  � �  � � 
 � 
 � ! � �  � � � � 	& 

� � � � � � � , � � �  
 � �  � � � ! � � � 	 � � 
 � � � � 
 	� � �  � � � � � � � �  � � � #	 	%� � �  
 � � ! � � �  � 	� � � 	. 

. � � � " � � � �  � � 
 � � � 	& � � � � � � � � , � �  � � � � � � �  � � � � � � � � 	 � 	� � � �  � � � 
 	�  �  � � � 	� � � 	�  


 	� ! � � �  	 � � � �  � �  � � � � � 
 � � � � �  � � � . � � 	
  � � ! � , � �  � 	� 
 	� �  � 	�  
 � � � #	� � � � � � ! �  

� � � � � " � � � �  � 	� � � � � � � � ! �  � � � � � � � � , � 
 � � � � � 	! � %� � � �  � � � � � �  � � 	� � � � � � �  
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� � � � � �  � � � � � � � � & � � � �  �  � � � � � � 
 �  � � � � � � 	 (� � � .1.15-16, � � � � �  �  1.3). 

, � " � � � , � �  � � � � �  
 � 
 � � �  � � 
 � % � � � 
 � � � 
 � � � � � � � � �  � � � � � , � � 	 
 � ! � �  �  


 � � � � 	� � � �   	 � � � � � � � � � � . 
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5� � .1.14. � � 
 
 � � �  	� � 	 � � � � " � � � � 	 � � � � � �  � � � � � � � � � � & � � � �  � 	� � � � 	�  --- ! � � 
 �  
� � � � � � � � � � 	 �  � � � � � " � � � 	 � � 
 � � � � 
 	� � � :  
 � � � � � � � 	 � 	� 	& – � � � � � " � � � �  � 	� � � � � � � � ! �  � � � � � � � � ,  
 
 � � � � � � � 	 – �  � � � � � � � � � � 
  � � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	, 
 � �  	� � � 	 – �  � � � � � � � � � � 
  � � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	 � �  � � � � � � � � � � & � � � � � � �  	&. 
( � 
 � � � �  – � � � 
 � � � 
 � � � � � � � 	 � � � 	: 

GaAlN: � � � " � �  [22] (T=300K), � � � � � � � �  [79];  
GaInN: � � � � � � � � � �  [4], � � � " � �  [80];  
InAlN: � � � " � �  [81], � � � � � � � �  [82], � � � � � � � � � �  [8]. 
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' � � � � � � � � �  � � � � � � �  	& � � � " � �  � � ’ � � � 	�  � � � �  � �  � 
 	� �  � � 
 
 � � �  	� � � �  

� � � � " � � � � � �  � � � � � �  � � � � � � � � � � & � � � � . . � � ! � �  � 
 � � � � %� � � �  � �  � � � � � � � �  bSR. 

� � � 	� � � �  � � � " � � �  � � ’ � � � 	� , � � � � � � � � � � , � � � � � � � � �  � � � " � � 
 �  � �  � � � � � � �  �  

� � � � � �  � 
 � � � � � � , � � � � � � � �  � � � � � � � � �  � � #� � 
 �  	�  � 
 � � � � %� � � � , � � � � 
  � � � � 
  


 � � � � � 	� � �  � #� � � �  � � ’%
 � � & � � #� � 
 �  	&. � � 	
  � � ! �  � � � 
 � � 	�  ! � � � � � �  � � � � � �   

� � � � � "  � 	� � � �  � � ’ � � � 	�  � � � 	� � � %� � � �  	 � � � % � � � " � � 
  � �  � � � 
 � � 	� �  �  

� 	� � � � � � � � 
 �  � � � � � � � 	 (� � � . 5� � � 	�  3). ' 	� 
 � � 	� � � , � � � #	 	%� �  
 � � ! � � �  bSR % 

� 	� ’%
 � � 
  (� � � � �  �  1.6). $� � �  � � � 
 	�  �  	� � � � � � � �  
 � � � " � � � , � � � � � 	� � �  

� � � � � � �  	&, � � � �  � �  � � � � � � � � � ! �  
 � � � " � � � �  � � 
 � � � 	& � � � � � � � � , � �  


 � � � � � � %� � � �  �  � � � � � 
 � � � � 	 � � �  (� � � .1.15-16). 

0� � 
 � � � 
 � � � � � � � �  � � � � � � � � � �  � � � #	 	%� � �  
 � � ! � � �  � � � � � � � � %� � � �  

� � � � � 	� � �  � � #� � 
 �  	�  �  � � � � � � � � � � �  
 � 	� � � �  � � � � � � �  � � � � � � 	�  � � , � � � � � 	� � �  

 � � ! � , � � � � � � � 
  � � � � � � � � � � 
  � � � � � �  � � � � � � ! �  � � � � � � �  �  � � � � 
 � � � �  � � � � � � � . 

) � 
 �  � � � 
 � � � 
 � � � � � � � 	 � � � � � � � �  �  � 	� � � �  � � � � � � �  
 � " � � �  � � � � � �  

� 	� � 	� � � � � � �  (� � � � �  �  1.6). � � � � � , � �  � � � �  
 � � � � � � �  � � �  GaInN [83], 


 � � � � � � � � � �  � � � #	 	%� � 	�  
 � � ! � � �  �  � 	� � � �  � " � � � � , � � � � � � � � � �  � � #� � 
 �  	& �  

%� � � 	�  � � � 
 	, � � � �  � �  � � ! � � " � � � �  � � 	�  � 	� � 
 � �  � � � � � � � .  5� � � � � � � � �  „ �  


 � � � � �  
 � � �  � 
 	� ”  � � � #	 	%� � �  
 � � ! � � �  
 � � � � � � � � � �  �  � � � � � � �  [16, 37, 84, 

85], � � �  � � 	 � � � �  � � � � 
 � � � �  � � � � " � � 	 � � � � � � � �  � � � #	 	%� � �  
 � � ! � � � , 

� � � � � 	� � �  � � � � " � � � �  � � � � � � � �  � � � � � �  � � � � � � � � � � & � � � �  
 � �  � � � � � � � � � � �  �  

� � � � � " � � � 	 � � � � � � � � & ! � � � � � � . , � � � � � � 	 � � � � � � � � � 	 � � � 	 � � � � � � � �  �  

� � � � �  	 1.6. � � � � 
 � � 	 � � 
 �  � � � � � � � �  � � � #	 	%� � �  
 � � ! � � �  � � � � �  

� � ! � � " � � � � � �  �  � � � 
 � � � 
 � � � � � � � � 
 �  � � � � 
 �  	 % � � � � � � � � 
 �  �  � 	� � 
 � �  

� � � � � � � � � � �  � � � � � � � � � 	� . 

. � �  � � � � � � � � �  � � � � � 	�  � 	� � �  	 
 � � � � � 
 � � � �  	� � 	�  � � � 	� � 	�  �  � � � � � � 
 �  

� � � � � � 	 
 � " �  � 
 � � � � � 	! � � � � �  � # � � �  � � � � � 
 � � � � �  � � � � � � � � & � � � �  (� � � .1.16 � ). 

� � �  � # � � �  
 � % � � � �  "  
 � � � � � � , � �  	 � � � � � 
 � � � � �  � � � � � � � � & � � � �  
 � �  
 � � � � � � 	 

� 	�  � � � 
 � � � � � � � �  � 
 � � � �  (� � 
 � � � � � � , C, Si, Ge), � � 	 % � � � � � � � � � � 
 � ,  � �  

� 	� � � � � �  � 
 � � � �  (� � 
 � � � � � � , GaAs, ZnO, GaN), � � 	 � � � � � 	� � �  
 � � � � �  

	� � � 	� � � , � � � � � 	� � �  � 	� 
 	� � � � � 	 
 � � � �  	� � 	�  � � 	� � 	�  � �  � � � 	� � 	� . 
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5� � .1.15. $� � � �  � � � � � � � � �  � � � � � � ! �  � � � � � � �  Ga0.5Al0.5N:  
� ) � � � � � " � � � �  � 	� � � � � � � � ! �  � � � � � � � �  �  4 � � � 
 � 
 �  �  � � � 
 � � � � � � 	�  � � 
 	�  	; 
� ) � � � � � " � � � �  � 	� � � � � � � � ! �  � � � � � � � �  �  32 � � � 
 � 
 �  �  � � � 
 � � � � � � 	�  � � 
 	�  	; 
� ) �  � � � � � � � � � � 
  � � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	 � �  � � 
 � 
 � ! � �  32 � � � 
 � � & � � 
 	� � � ;  
! ) �  � � � � � � � � � � 
  � � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	 � �  � � � � � � � � � � & � � � � � � �  	&. 
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5� � .1.16. $� � � �  � � � � � � � � �  � � � � � � �  � � � � � � 	�  Ga0.5In0.5N (� ) � �  In0.5Al0.5N (� ) �  � � � � � � � � � � 
  
� � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	 � �  � � � � � � � � � � & � � � � � � �  	&.   
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Conclusions for part 1 

1. * � � � � � 
  
 � � � � � � � ! �  � 
 
 	� � � � � ! �  
 � � � � � 
 � � � �  	� � � , � � � � " � � ! �  � 	�  

� � � � � � � � �  � � #� � 
 �  	� , � � � � 	� " � � �  � 	� � � � �  --- ! � � 
 �  � �  � � � � � 	 � � � � � � �  � �  &�  

� � � � � 	. 5� � � � � � � � � 	 � � � � � � � � � 	 � � � � 	 � � � � � � � � � , � #� � � � � � 	 
 � � � , 

� � #� � 
 �  	� � 	 
 � � � �  	� � �  � �  � � 
 
 � � � � � � � 	 � � � � " � � � � 	 � � � � � �  � � � � � � � � � � & 

� � � �  � � � � �  � � ! � � " � � � � � �  �  � � � 
 � � � 
 � � � � � � � � 
 �  � � � � 
 � . 

2. . � � � � � � � �  � � � � 	�  � 	� � � �  � � � � � " � � �  
 � � � � � � � � � �  � � � 
 � � � � � � � � � � �  

� � � � � � �  � � � � � � 	� . . � � � � � � � , � �  � � � � � � � � � �  � � � � � � � � �  � � #� � 
 �  	� , 

� � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	 � �  � � � � � � � � � � �  � � � � � � �  	�  � � � �  � �  
 � � ! � � �  

� � 
 
 � � �  	� � � �  � � � � " � � � � � �  � � � � � �  � � � � � � � � � � & � � � � . � � #� � 
 �  	�  � � ’%
 �  

� � � 
 � � � � � � � & � � 
 	� � �  � 
 � � � � � � % 
 � � ! � �  Eg(x) � � � 	� �  �  � � � � � " � � � 	 

� 	� � � � � � � � ! �  � � � � � � � �  	 � � � � " � � �  � 	�  � 	� � �  	 � � � � � �  +� � � � �  � �  � � #� � 
 �  	� � � �  
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3. ' 
 � � � �  � � � � 	� " � � �  � � � � �  � 	� � � �  #� � � � � 	�  �  � � � #	 	%� �  
 � � ! � � �  

� � 
 
 � � �  	� � � �  � � � � " � � � � � �  � � � � � �  � � � � � � � � � � & � � � �  � � � � � � �  � � � � � � 	�  

� 	� � � � 	�  --- ! � � 
 � . . � � � � � � � , � �  � � � � 	� � � � �  
 � � ! � �  � 
 � � � � � � %� � � �  

� � 
 
 � � �  	� � � �  � � � 
 � � � � � � � � � 	� � � . ' � � � � �  �  
 � � ! � �  � #� � � 	�  � � #� � 
 �  	& 

� � ’%
 �  � �  � � � � � � � � � � & � � � � � � �  	& 
 � � � � � � � �  � � 
 
 � � � � � � �  � � � �  � � � � ! � , � � �  

� � ! � � � � � �  � � ! � � �  � � � � ! � � � � � � �  � 
 � � � � 	�  �  &�  � � � � � � � � � � 
  � � � � � �  

� 	� � 	� � � %� � � � .  

4. ' 
 � � � �  � � � � 	� " � � �  � 
 � � �  � � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	 � �  

� � � � � � � � � � & � � � � � � �  	& � �  � � � � � � � � � �  � � � � �  � � � � � � � � �  � � � � � � �  � � � � � � 	�  

� 	� � � � 	�  --- ! � � 
 � . . � � � � � � � � � �  � � � � � �  � � 	� � � � � � �  � � � � � �  � � � � � � � � & � � � �  
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 � � � � � 
 � , � �  
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 �  � � � � � � � � � �  � � � � � � � � � � & � � � � � & � � � � � � � � �  �  

� � � � � " � � � 	 � � 
 � � � � 
 	� � � , � � �  
 � " �  � � � �  � � � � � � � � � � �  � � �  � � � � 	� " � � � �  
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2. Optical properties of group III nitr ides 

� � � � � � �  
 � � � � �  � 
 
 	� � � � � ! �  
 � � � � � 
 � � � �  	� � � , � � � �  � � � � � � � � � � � %� � � �  

�  � � � 	�  � � � � � 	, % 
 � � 	� � � � � �  � � � � � � � � � � � �  � �  � � � 
 � � � 
 � � � � � � � �  � � 
 	� � � � �  

� 
 � � � � 	�  [9, 47]. � � � � � � � 
 �  � " � � � � � 
 �  � � � 
 � � � 
 � � � � � � � � �  � 
 � � � � 	�  % 

� 
 � � � � �  � 	� � � � � � � �  � �  � � � � 	 � � � 
 � � 	� �  � � � � ! 	� , � � � � 
 � � 	 �  #� � � � 
 	� 	&. ( 
 � � � �  

� 	� � � � � � � �  
 � " � �  � � � � 	� � � � � �  � �  � � 
 � 
 � ! � �  � � � � " � � & � 	�  � � � � ! 	& 

� � 
 
 � � � � � � & � 	� � � � � � � � � � & 
 � � � � � � � � � 	, �  � � �  � � � , � � � �  #� � � � 
 	� 	� � 	 � � � � 	 

� � � 
 � � 	� �   � � � � ! 	& 
 � " � � �  � � � �  
 � � 	� � � � 	 �  � � � � � � � � � � � 
 �  � � � � � 
 �  ! � � � � � �  

� � � � 	� .  

$ � � � � � � � � 
  � � � � 	& #� � �  	� � � � �  ! � � � � � �  (DFT) � �  � � � � � " � � � �  � � � � � � � � & 

! � � � � � �  (LDA) � � � � � � �  � � � ! �  �  � � � � 	� " � � � 	 � � � � � � � � � � ! �  � 
 � � � � �  �  

� � � � � � � 
 �  � � � � � � � � � � � �  � �  � � � � 	� " � � � 	 � � � � � � � � � � � �  
 � � � � & � � � � ! 	&. � � � � � , 

� 
 � � � � 	 � � � � 	� " � � � �  % � � " � � � � �  � � � 
 � � � 
 � � � � � � � � �  
 � � � � 	� � � �  


 � � � � � � � � � � 	 � � � � � � � � � � � �  � � � � � � � � � � �  � 
 � � � � 	� . 

� 
 � � � � 	 � 
 � � � � �  % � � � � � � 
  � 
 � � � � � 
  
 � � � � 	� � �  
 � � � � � � � � � � 	 

� � � � � � � � � 	�  � � � � � & � � � � � � � � � , � � � � �  � � � � 
 � � � �  �  � � �  	� #� � 
 �  	& 
 � �  � � � � �  

� � � � � � � � �  
 � � � � 	� � 	�  � � � � � � � � �  � � �  � � �  % � � " �  � � � � � � � � � � 
 , � � � � � 	� � �  

� � � � � � & � 	� � � � � � 	 � � � � ! � � � � � � �  � � �  � �  � � � � � � � � �  � � � � �   �  � � � 	 3� 	� � � � � � .  

� � � � � � � � �  � � � � 	�  � � � � � 	�  � � � 
 � � � 	& � �  � � � � � � � � � � � �  � 
 � � � � � �  � 
 � � � � 	�  

� 	� � � � 	�  � � � � � � & ! � � 
 � , 
 � � � � � � � � �  �  � � � 	�  � � � � � 	, � � % 
 � " � � � 	� � �  � � � � � � � � �  

� � � � � � 	 
 	" � � � � 	 
 � � � � � � � , � 	� 
 � � 	� � � � � 	 � �  � � � � � � � � � � 	 �  � 
 � � � � � �  

� 	� � � � � � � � � � & 
 � � � � � � � � � 	 	 � � � � 
  � � � � 
  � � � � 
 � � �  
 � � � � 
 � 
  	� #� � 
 �  	& �  

� � � 
 � � � 
 � � � � � � � � �  � � � � �  � � �  � � � � � � � � �  � � � � ! � � � � � � & � � � � � � � � �  � 	� � � � 	�  --- 

! � � 
 � . 

� � � � 
 � � �  � � � � �  � � ! � � " � � � �  �  � � � 
 � � � 
 � � � � 
  � � �  � 	� � � � � �  � 
 � � � �  � � % 


 � " � � � 	� � �  
 � � � � � �  � �  � � � � 	� �  � � � � � � � � � � � �  � � � � � � �  � � � � � � 	�  � �  

� � #� � 
 � � � � � �  � � � � � �  
 � 	� � � . 

5� � � � � � � � �  � � � � 	� " � � �  � � � � ! �  � � � � 	� �  � 
 � � � 	� � � � � �  �  [24]. 
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2.1. Calculation of optical properties 

2.1.1. Connection between the main optical functions 

( 
 � � � � �  � 	� � � � � � � �  � �  
 � � � � � � � � � 	 � 
 � � � � �  � 	� � � � � � � �  
 � " � � �  � � � �  

� � � � " � � 	 � � � � �  	� � 	 � � � � " � 	 � 	�  � � � � ! 	& � 
 � � � � 	 # � � �  	&. '  � � � � ! � � � � � � 
 �  

� 	� 
 � � � � 	, � �  %  	� � � � 
  � � � �  � � � � � � � � � �  � � � � � & � � � � � � � � � , � � � � � � � � �  � � � � � �  

#� � � � 	�  % � � � � ! � � �  
 � � � � 
  � �  � � � 
 	� �  � � � �  3� 	� � � � � � ,  � � 
 �  � � � � � � � � � � � �  

� � � �  
 � � 
 	 
 	" � � � � 	 
 � � � � � � � , �  � � � � � � � � �  � � � � � �  #� � � � �  	! � � � � %� � � � . 

� � 
 
 � � � � � �  � 	� � � � � � � � � �  # � � �  	� , e(w)=e1(w)+i×e2(w), � � 
 
 � � � � � � �  

� � � #	 	%� �  � � � � 
 � � � � �  N(w)=n(w)+i×k(w), � �  � � � #	 	%� � �  � 	� � � � � � � �  R(w) 	 


 � ! � � � � � � �  a(w) % � � � � 	� � �  � " � � � � � 
 �  � 
 � � � � � 
 �  #� � �  	� 
 � . =�  #	� � � � � �  

� 
 	� �  � �  � � � %
 � � � ’ � � � �  � � � 
 � � � � � � � � �  � � 
 � � � � � � �  �  � � � � � � � � & � � � � 	& 


 � � � � � � � �  � � � � � � � 
 � ! � 	� � � �  � � � � �  �  � � � � � � � � � 	, � �  
 � � � � � � � �  

� � � � � � � � � � �  � � � � 
  (� 	� � � � � �  * � � � � � � � ) [86]. 

� � �  � � � � 	� � �  
 � � � � � ! �  � � 
 � � � � , � � � �  � � � �  
 � � 	� � �  � � 	� � �  �  � � � � � 
 �  � �  


 � � � � � � �  � � � � � � ! �  � 	� �   % 
 � � � 
 � , � 	� � 
 	 � 
 	� � 	� � � � � � � �  [9, 87]: 
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� � " � , � � � � � �  � � � 	%& �  # � � �  	�  � 	� ! � � �  � � % � � � � � � � �  � � 	�  	� � � � . $� ’ � � � �  


 	"  � � 
 
 � � � � � � 
 �  
 � �  k � �  n, e1 � �  e2 � �  
 � % � � � � 	� � � � � ! �  � � ! � � � �  	 

� � � � � � � %� � � �  	� � � ! � � � � � � 
 �  � 
 	� � 	� � � � � � � � 
 �  � � � 
 � � � �  – � � � � 	! � : 
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3� � 
 � � � � � � � � �  �  � � � � � � � � � � & � � � � � & � � � � � � � � �  
 � " � �  � � � � � � � � �  

� � 
 
 � � � � � �  � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 e2(w). ' � � � � � � � � � � � � �  

� � � � � � � 	 � 
 	� � 	� � � � � � � � , 
 � " � �  � � � � � � � � �  
 � � � �  � 	� � � � � � � � � �  # � � �  	�  � �  

� � � #	 	%� �  � 	� � � � � � � � , � � � �  
 � � 	� � � � � �  �  � � 
 	� � � � 
  � � � 
 � � � 
 � � � � � � � � .  

' � 
 	� � � � � � �  � � � #	 	%� � �  � 	� � � � � � � �  % � � � � 	� � �  � � � � � � 
  
 � � � � � 
  

� � � � 	� " � � � �  � 
 � � � � � �  � � � � � � � � , � � � 	� � � �  � 	�  � �  � � � � � � � �  � �  � � � � � � �  � � � � � �  

(� �  � � � #	 	%� �  
 � ! � � � � � � � ), �  � � � � "  � �  � � � � � 	 
 � � � � � � 	 (� � � " � � �  � � � � 	 

#� � � � �  � � � � ! � � �  
 � � � �  � �  � � � 
 	� �  � � # � � � 	�  � �  
 � � � � � � 	). � � � � �  � � � � 
 � � � �  

� 
 � � � � 	�  � 	� � � � � � � �  � " �  �  � � � � � � #	� � � � � � � 
 �  � 	� 
 � � � � 	 % � � � � � � � � � � 
 , �  � � �  

� � � � � ! �  � � � � � � � � � �  	� � � �  � 
 � � � � � �  #� � �  	�  � 	 � 
 	� � 	� � � � � � �  � � � 
 � � � � -

� � � � 	! �  � � � � � 	� � �  � � � � � �  � � � #	 	%� � �  � 	� � � � � � � �  �  � � � � � � 	 � � 	�  � � � � ! 	� . � � �  

� � � � 
 � � � �  � 
 � � � � � �  � � � � � � � � � � � � �  (� � 
 � � � � � � , � 	� � � � � � � � � � & 
 � � � � � � � � � 	) 

� �  � � 
 � 
 � ! � �  � 
 	� � 	� � � � � � � �  � � � 
 � � � � -� � � � 	! �  � �  � � � � � 	 

� � � 
 � � � 
 � � � � � � � � �  � 
 � � � � 	�  (� � 
 � � � � � � , � 	� � � � � � � � ), � � 
 	� � � � �  � �  �  � � � � 
 �  

� 	� 
 � � � � 	 � � � � ! 	� , % � � � � � � � 
 �  
 � � � � � �  � � 
  [9, 10]. � � � � � � � � , � �  
 � �  w0 ®  0 

(2.4) � 
 � � � � %� � � � : 

( ) ( )
�
¥

+=
0

2
1

2
10 w

w
we

p
e d .                                         (2.8) 
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-� � �  
 � � � � � �  � � 
  � � � � : 

( ) 2

0
2 2 pd w

p
wwwe =�

¥

,                                           (2.9) 

� �  wp – � � � � � � � � � �  
 � � � 
 � � �  � � � � � � � .  

1� � � �  � � � � "  � � � � � � � � � � � � � �  
 � � 
 	 � � 
 	� �  � 	� � � � & � �  � � � � � & � � � � � �  

� 	� � � � � � � � � � & 
 � � � � � � � � � 	 �  � � 	
 � � 
 � � � 	& [53, 55]. 

2.1.2. Critical points 

� � � � �  � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 � � �  
 � � � � � � 	�  
 	"  � � �  j � � � � 
 �  


 � " �  � � � �  
 � � � � � � � � � � �  � �  	� � � ! � � �  
 �  � � � 	 3� 	� � � � � � , � �  
 	� � � � �  

� � 
 � � � � � �  
 � � � � � � � �  � � � 
 � � �  Mi j(k) � �  � � � � � � -# � � �  	� : 

( )
( )

( ) ( )( )� � --××=
ij BZ

ijij EEEM
d

Em
e

E kkk
k d

p
pe

2

322

222

2 )(
2
2

3
4 �

,          (2.10) 

� �  ( )
22

kekk jiij uuM Ñ= , u – 
 � � 	� � � � � 	 � � � � � � �  � � � � 	� � � � � �  � � � � � � � � �  

#� � �  	� ,  e -  � � � � � �  
 � � � � � � �  	& 
 � � � � � � & � � � � � � � 
 � ! � 	� � � & � � � � 	.  

� � �  
 � � � � � �  � � � � � � � 	� � � �  +� � � � �  � � 
 � � � � � �  
 � � � � � � � �  � � � 
 � � �  % 


 � � � � �  � 
 	� � � �  #� � �  	%�  	 % 
 � � " �  
 � � � 	� � � 
  � � � 	
  � � � � � � � �  � � � � � � �  

� � � � � � � � 
 � � � � � � � �  � � � � �  �  � � � 	 3� 	� � � � � � . ) � 
 �  � � � � � �  � � � � � � �  
 � � � � � � � �  

� � � 
 � � �  � �  	� � � ! � � � . � � � � 
 � � �  # � � �  	�  � � � � � � %� � � �  � � 
 � 	� � � � � � �  ! � � � � � � �  

� � � � 	� , � � � 	� � � �  � � � �  
 � � 
 � �  	� � �  � 	� � � � � � 	 � � � � 	�  � � �  
 � � � � � � 	�  
 	"  

� � � � � � � 
 �  � � � � � 
 �  � � � � � � � � & � � � 	 �  � � � � � � � � 	 � � � �  
 � � � 	� � � � � 	, � � � � 	� � � � �  

� � � � ! 	%�  Ej-Ei: 

( ) ( ) ( )( ) kkk dEEEEJ
BZ

ijij � --= d
p 3)2(
2

 .  (2.11) 

-� � � ! � � �  (2.11) 
 � " � �  � � 
 � � � � �  � �  	� � � ! � � �  
 �  
 � � � � � � 	 � � � � � & � � � � ! 	& [9]: 



 62 

( ) �
= Ñ

=
EE ij

ij

ij
E
dS

EJ
|)(|)2(

2
3 kkp

,            (2.12) 

� �  dS – � � � 
 � � �  
 � � � � � � 	 � � � � � & � � � � ! 	�  �  
 � � � � � � 	 � � � � � � � � �  � � � � � � 	� . � �  

#� � �  	�  
 � � 	� � �  � �  � � � � � � � � & ! � � � � � �  � � � � 	�  

( ) � Ñ
=

E E
dS

ED
|)(|)2(

2
3 kkp

.                              (2.13) 

� � " � , � � �  � � � � � � � � � �  � 
 � � � � � �  � 
 � � � � 	�  � � � � � 	� � �  � � � � �  E(k) �  � � 	�  � � � 	 

3� 	� � � � � � . � � � � �  
 � " � �  
 � 
 	� � � � , � �  � � � � � " � � � 	� 	 � � � � � �  �  (2.12) � �  (2.13) 


 � � ’ � � � � 	 �  � � � � � 
 �  � � � �  3� 	� � � � � � , � �  � � � 
 � � � � �  
 � � � � � � � � %� � � �  �  � � � �  

(� � � ! � � � � � � � � 	 ' � � -4 � � � ). � � �  D(E) � � � 	 � � � � � � � � � , � � � �  � � � �  
 � � � � 	 �  k-


 � � � � � � 	. � �  � � � � � � � � �  
 � " �  � � � �  � � � � � � � �  	� #� � 
 �  	�  
 � �  � � � � �  � � � � � � � � � . 

. 	� �  � � 
 � 	� � � � � � & ! � � � � � �  � � � � 	�  J(E) � � � � � � � � �  �  � � � � � �  k-
 � � � � � � � , � �  

)(kEijkÑ =0 (
 � " � �  
 � � � � � � � , � �  �  � � � � � 
 	� � � 
 �  � � 
 � � � �  Ji j(E) � � � �  � � � " � �  

� � 	� � � � � � ). � �  � 
 � � �  � � 
 � ! � % � � � � � � � � � ÑkEi=ÑkEj, � � " � , �   � �  � � � � � �  

� � � � � � � �  � � �  � � � � � � � � , � �  � � � � � � % � 	� � 	� � �  � � � � � � � � � �  � � � � � � � � �  � �  � 	� � �  �  

� � � 	 
 � � � 	� � � � � 	 � �  � � � � � � � 	�  � � � 	. 5� � � 	� � � � � �  � � � � � � � 	 � � � � �  
 � � � � ! �  

(ÑkEi=ÑkEj=0) 	 � � � ! � ! �  � � 
 �  (ÑkEi=ÑkEj¹ 0). 7 �  � � � � � , � � � � � � � � 
  � � � � � 
  


 � � � � ! �  � � 
 �  � 	� 
 � � 	� � � � �  � � � � "  � � � � � � � � � � 	 � � � � � � � � & ! � � � � � �  � � � � 	� . 

3	� �  � � � � � � � � & � � � � �  � 	� � �  �  � � � � ! 	�  
 	"  � � � � 
 �  
 � " � �  � � � � � � � � �  � �  

� � � ! � ! �  
 � � � � � �  
 �  (k-kcr): 

�
=

-+=
3

1

2)()()(
n

nijij EE crcr kkkk a .   (2.14) 

� � � � � � � 	 � � � � �  � � � � � #	� � � � � � �  �  � 	� 
 � � 	� � � � � 	 � �  � � ! �  � � 	� � � �  

� � � #	 	%� � 	�  � � � � � � � �  a i % � 	� ’%
 � � 
 �  [9, 86]. 7 � � �  � � 	 a i  � � � � � � 	, � �  � 	� � �  �  

� � � � ! 	�  Ei j  � � 	� � � � %� � � �  �  � � 	�  � � 
 � � 
 � � � , � � � � �  # � � �  	�  
 � % 
 	� 	
 � 
  �  � � �  	 

kcr, � � � �  � � � � � � � �  � � � � �  
 � � � � � � %� � � �  M0 (	� � � � �  � � � � � % � 	� � � 	� � �  � 	� ’%
 � � �  
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� � � #	 	%� � 	�  � � � � � � � � ). � � � �  � � 	 a i  � 	� ’%
 � 	, # � � �  	�  
 � % 
 � � � � 
 � 
  �  k=kcr 

(� � � � �  � 3). � � �  	� � � �  � � 
 � 	� �  	�  � � � � 	�  a i, #� � �  	�  
 � % � 	� � � � �  
 � � � � 	� � �  

(� � � � �  � 1� �  � 2). / � � � � ! 	� � � �  � � � � 	�  ! � � � � � �  � � � � 	�  
 � " � �  
 � � � � � � �  	 � � �  

� � � � � � � � � � � � � � �  � � � � ! � � � � � � �  � � � � 	�  � �  � � �  #� � � � � � �  � � � 
 � � � 	� � � �  

� � � � � � . 

0#� � � � � � � 
  � � � 
 � � � 
 � � � � � � � � 
   
 � � � � � 
  � � � � 	� " � � � �  � � � � � � � � �  � � � � �  

% 
 � � � � �  	� � �  � 
 � � � � � � � � 
 	� . -� � � � � �  � 	� � 	 
 � � � � � , 
 � � ’ � � � � 	 �  

� � � � � � � � 	� � � � � � � � 
 , 
 ’%� � � 	� � � � � � � � 
 , � � � 
 � � 	� � � � � � � � 
  � �  � � � � � � � � �  


 � � � � �  	%�  [9, 88]. . �  � � � 	 
 � � � � �  	� � 	 
 � � � � �  � � � � � � � � � �  � � � � � �  �  

� � � 
 � � � 
 � � � �  „ 
 � � 	� � 	”  � 	�  � � � #	 	%� � �  � 	� � � � � � � �  � � �  � 	�  # � � �  	& e2. 

* � � � � �  	� � �  � 
 � � � � � � � � 
 	�  � � � � � � % � 	� � 	 � � � � � � � � �  � � � � � 	� � �  � � � � � � 	� � � � � & 


 � � � � 	� � �  
 � � 	� � � & � 	� �  � � � � � � � � & � � � � � . � �  � � ! � �  � � � � � � , � � � � 	� " � � � �  

� 
 � � � � �  � � � �  � � � � " � 	� � �  � � 
 � 	� � � � � � & ! � � � � � �  � � � � 	�  � 	�  � � � � ! 	&, � � 
 � � � � � � , 

Ji jµ (E-E0)
1/2 	 && 
 � � 	� � �  
 � % � � � ! � � � � � 	� � �  � 	� �  � 0. 

' � � � � � � � � � � � � �  � 
 � � � � �  � 	� � � � � � � � , 
 � � � � �  	� � 	 � 
 � � � � �  � 	� � � � � � � � , 


 � ! � � � � � � �  � �  #� � � � 
 	� 	� � 	 � � � � 	, 
 � " � � , �  
 � � �  � 
 	, � � � � � � � � �  � � � � ! 	& � �  

� � � � �  � � � � � � � � �  � � � � � . , �  
 � � � � �  	 "  � 	� � � 	� � �  � � � � � � � � �  � � � � �  
 � " �  � � � �  

� � " �  � � � � � � � , � � 	
  � � ! �  � � � � 	�  � � � � � � � � %� � � �  � � 
  #� � � � 
 , � �  % � � � 	� � � �  

� � � , � � 	 
 � " � � �  � � � � � �  � � ! � � �  � 	� � � �  
 	" � � � � � �  
 � � � � � � 	� . � � � � �   	 

� � � 
 � � � 
 � � � � � � � 	 � � � 	 % � � � � � � � 
 �  � � 	� � � 
 �  � � � � 
 �  
 � � � � �  � 
 
 	� � � � � ! �  


 � � � � � 
 � � � �  	� � �  	 � � � � 	� , � � � �  � � � � %� � � �  � �  � � � � 	& � � � � � � � � �  � � � � � , % 

� � � � � 	� � � 
  � � �  � � � 	� � � � �  � � " � � � � �  
 	" � � � � � �  
 � � � � � � 	� , � � 	 � � � � � � � � � �  

� � 
 	� � � � � 	 � 
 � � � � � . 

2.1.3. Tetrahedra method of integration over the Brillouin zone 

� � �  � � � � � � " � � � �  	� � � ! � � � 	�  (2.12), (2.13) � � 
 �  � � � � � � � � � � � � � � � �  
 � � � �  

	� � � ! � � � � � � �  
 �  
 � � � � � � 	 � � � � � & � � � � ! 	&, � � � � � � � � � � �  � " 	� � � � 
  � �  

5� � � � � � � 
 � � � 
  [89] � � �  � � � 	� � � �  � � � � � � � 	� , 	 � � � � � � � � � � � � �  5� � � 
  � �  

2 � 	
 � � � 
  [90] � � �  ! � � � � ! � � � � � � � �  � � � � � � � 	� . * � � � �  
 � � � ! � % �  � � � � � � � 	 

� � � � 	� � � & � � � � � � �  � � � �  3� 	� � � � � �  � �  
 � � � � � � 	 � � � � � � � � � , �  
 � " � �  � � � �  



 64 


 � � � � � � 	 � � � � � & � � � � ! 	& 
 � " � �  � � � " � � �  
 � � � � � � 
 � , � � � � � 	� � �  � � ! �  
 � � � �  


 � � � � � � 	 � � � � � & � � � � ! 	& �  � � " � � 
 �  � � � � � � � � 	 � � � % � � ! � �  � � � � � � � � � � � , � � � � � �  

� � � �  � � � � � � � �  � � � � ! 	�  �  � � � � � � � �  � � � � � � � � � .  

' � � � �  �  � � 
 � 	� � � � � �  ! � � � � � �  � � � � 	�  � 	�  i-! �  � � � � � � � � � , � �  � 	� 
 � � 	� � % 


 � � � � � � � 
  
 	"  � � � � 
 �  c � �  v, 
 � " � �  
 � � � � � � � � � �  �  � � ! � � � 	: 

( )
( )

( )
( )
�

=

=
Ñ

=
EE cv

cvi

cv

Ef
E
dS

EJ
k k, ,                                      (2.15) 

� �  f(E) – 
 � � � �  
 � � � � � � 	 Ecv(k)=E �  � � � � � � � � 	. 
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Ef                             (2.16) 

� �  
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-
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×-= 3

;0
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2
1

ijj
ij

ii
i

EE

EEv
f ,                                          (2.17) 

� �  n - � � ’%
 , � �  � � � 	� � � % � � � � �  � � ’%
 � 
  � � � � � � � � � , Ei – � � � � � � � �  � � � � ! 	�  �  

� � � � � � � �  � � � � � � � � � , � 	� � � � � � � � � 	 
 �  � � � � � � � � � . $� � � � � � �  f(E) � �  � � � � " � � �  

� 	�  #� � 
 �  � � � � � � � � � .  

) � � � �  
 � � � �  
 � � � � � � % � � � � � � � � � �  � � � � ! 	�  �  � � � � ! � � �  
 � � � 	�  � 	� � � � � � 	 

� � � � � , � 	"  � � � � � 	� � �  � � �  � � � � � � � � � 	�  � �  #� � 
 � � � �  (2.11), � � �  � � � � ! � � � � �  � 	%& 

"  � � � � � � � 	. '  � � � � �  � � � � � � � � � � �  � � � � � � � �  � � � � ! 	�  � � � � � � � � � � �  � �  

� 	� � � 
 	� � 	�  � 	�  	 �  726 � � � � �  �  � � � � 	� � 	�  � � � � � � 	 � � � �  3� 	� � � � � � , �  � � � � � � � � � 	 

� � ! �  � � � � 
 � � � � � � �  3000 � � � � � � � � 	� . $� � � � � � �  
 � � � � � � � ! �  � � � 
 � � � �  �  
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� � � � � � � � 	 � � � " � � � � �  
 � � � 	� � � 
  	 � � � � � � � � � � �  � � � � � � � � � � � 
  � � � � � � �  �  

� � � � � � � �  � � � � � � � � � . 

2.1.4. Calculation of interband matrix elements for optical transitions 

� � � 	� � � �  � � � � � � � 	� � �  � � � � � � � � �  � � �  � � �  % � � 	� � � � � 
 � � � , � �  � � 	�  

� � 	� � � � � �  � � 	� � � � � 
 � � � � 	 && � 
 � � � � � �  � � � � � � � � � � � � . 7 �  � � � � �  �  (2.10) 

� � � � " � 	� � �  � 	�  
 � � � � � � �  	& 
 � � � � � � & � � � � � � � 
 � ! � 	� � � & � � � � 	 
 	� � � � � � �  �  

� � 
 � � � � � 
 �  
 � � � � � � � 
 �  � � � 
 � � � 	 Mi j. ' � " � � � 	� � �  � � � � � � � � � 	�  
 � � � � � � � �  

� � � 
 � � � 	�  �  � � 	�  � � � � � �  � � � �  3� 	� � � � � �  � � �  � � � � � � � � �  � � �  � � �  � � � �  


 � � � � � � �  �  [11, 12, 20, 24, 53, 91, 92]. 

�  
 � � � � 	 
 � � � � � 
 � � � �  	� � �  
 � � � � � � 	 � � � 
 � � � �  
 � " � � � �  � � � � � � � � � � � , 

� � � 	� � � �  � 	� � 
 	 � � � � � � � 	 #� � �  	& � � � � � � � � 	�  �  � � � � � � � 	: 

( ) rkekk 3* )()(
1

)( d
V

M
���	�V

ji
���	�

ij � YÑ×Y= .                            (2.18) 

� �  e – � � � � � �  
 � � � � � � �  	& 
 � � � � � � & � � � � � � � 
 � ! � 	� � � & � � � � 	. 

� � � 	� � � �  Y  % � � � � 	� � � � � 
 �  # � � �  	� 
 � , � �  � 	�  � 
 � � � � � � �  Ñ � �  � � �  


 � " � �  � � � � � � � � � � �  � � � � 	� � � � � : 

( ) ( )( ) ( )( )�� -×+=
���V
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ij
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ij diiCC

V
M

�� .

3*

�� .

exp
1

rkGGeGkk ,  (2.19) 

� �  Ci, Cj – � 
 
 � 	� � � �  � � � � 	� � � � � �  # � � �  	� . 

' � � � � 	� � �  
 � � 	� � � � � � � � 	 +� � � � � , 	� � � ! � � �  �  (2.19) � � � � � � % � � � � � � � � � �  

� � � � � � �  � � � �  
 � �  Gi=Gj, 
 � �   � � 
 �  
 	� 	� � � ! � � � � � � �  � � � � �  � � � 	� � � % 1, � � " � : 

( ) ( )( )eGkk ×+= � i

N

m
jmimij iCCM * .                  (2.20) 
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5� � � � � � � � � 	 � � � � 
  � � � � 
  
 � � � � � � 	 � � � 
 � � � �  �  � � � � � � � � 
 � � � � � � � �  

� � � � � �  � � � �  3� 	� � � � � �  � � � � � � � �  �  � � � � � � �  / . 7 �  � � � � � , 
 � � � � � � 	 � � � 
 � � � �   

� � � � � �  � 	� � 	� � � � � � � �  �  � 	� � � �  � � � � � �  � � � �  3� 	� � � � � � , � � 	
  � � ! �  � � �  � � ! � � � � �  


 	" � � � � � �  
 � � � � � � 	�  � � � �  � 	� � 	 � � � � , � �  � 	� 
 � � 	� � % � � � � � � � � � � � 	 
 � � � � � � 	� . 

� � � � 
 � � 	 � � 
 �  � � � � � � � � � �  � � � � �  � 	� � � � � � � � �  
 � � � � � �  � 	� � � � �  � � � � � � � � � -

! � � 
 � � � ! �  � � � � 	� �  [10, 93]  
 � � � � � � � 	 �  � � � � �  	 2.1. * �  � � � � � � � � � � � %
 �  

� � 
 � � �  	�  � � � � 	� � � �  
 � � � � � � � � � � �  � � � � � � � � �  � � �  � � �  (� � � .1.5), 

� � 
 � � 
 � � � � � � �  5� � � � �  [94]. 

 
 

) � � � �  �  2.1. � � 
 � � � � 	 
 � � � � � �  � 	� � � � �  � � �  � � � � � � � � �  � � �  � � � . , � � � � � � �  
 � � �  � � 
 � � 	�  
� � � � 	� � � �  
 � � � � � � � � � � � , 
 � � � � � � �  
 	"  � � � 
 �  � � � � � � � � 	. 
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� � � 	� � � �  � � � 	 	 � 	 "  
 � � � � � � �  
 � " � � �  � � � �  � � � � � � � � � 
 �  �  � � � 	�  


 � � � � � � �  	& 	 � � � � � � � � � � 
 �  �  	� � 	� , � 	� � � 	� � � , 
 � � � " � � � �  � �  	� � � � � � � � 	� � �  


 	� 	�  � 
 	� � %� � � �  �  � � � � " � � � � 	 � 	�  
 � � � � � � �  	&. � � 	
  � � ! � , � � � � � � � � � �  


 � � � � � � � �  � � � 
 � � � 	�  � � � �  � �  � � � � � � ! �  
 � � � " � � � �  � � � � � � � �  � 	� � � � � � � � � � & 


 � � � � � � � � � 	 �  � � � � � � 	 � � � � � � �  � � � � ! 	� . 



 67 

2.2. Optical properties of binary GaN, AlN, InN 

2.2.1. Density of states in GaN, AlN, InN 

0� � 
 � � � 
 � � � � � � � 	 � � � 	 
 �  #� � � � 
 	� 	& % � � � � � � � 
  � " � � � � � 
  	� #� � 
 �  	& 


 � �  � � � � � � � � �  � � � � � � � � & � � � � , �  � � �  � � �  � �  � 
 � � � � 	 #� � �  	& � � � � �  

	� #� � 
 �  	�  � � � �  
 � �  � � � 
 � � 	�  � � � � ! � � � � � � �  � � � � 	�  �  � 	� 
 � � 	� � � �  � 	� � �  � �  

� � � � ! 	� , �  � �  
 � �  � � � �  
 � � � 	� � � � � 	. $ � � � 
 � � � 
 � � � � � � � � �  � � � � � �  ! � � � � � �  

� � � � 	�  � � ! � �  � � � � � � � � �  � � � � � �  � � � � � � � & � � � � � � � � & � � � �  � �  � � � � � �  

! � � � � � 
 � � � � � � & � 	� � � � , � � �  � � � � 	� � % � � � � � �  � �  � � " � �  � � � � � � � 	 � � � � . 

8� � � � � 
 � � � � � �  � 	� � � �  � ’ � � � � %� � � �  �  	� � � � -� � � � � � � � � � �  � � � � � � � � � , � � � � � 	� � �  

� 	� � �  	 
 � � � �  	� � 	�  � � � 
 	� , � �  #� � 
 � � � �  � 
 � � � � � , 	 
 � " �  � � � " � � �  
 	� � �  

	� � � � � � 	 � 
 � � � � �  [95]. '  III-� 	� � � � � �  � � " � �  � � � � � � � �  � � � �  #� � 
 � %� � � �  2S 

� � � � � 
 �  � � � � � .  

5� � � � � � � � � �  �  (2.13) ! � � � � � �  � � � � 	�  � � �  GaN, AlN � �  InN � � � � � " � � �  � �  

� � � .2.1. ' � 	 � � �  � 
 � � � � �  
 � � � �  � � � � � � � 	 � � � � � � � � � 	 � � � � : � �  � � � � �  � � � � � � � � & 

� � � �  � 
 � � � � � 	! � � � � � �  
 	� �  ! � � � � � �  � � � � 	� , � � � � � � � � 	 � � � � � � � � & � � � �  ! � � � � � �  

� � � � 	�  
 � � � � . � � �  � � � �  
 � � � 	� � � � � 	 � � � � � � � � � � � %� � � �  � � " �  � � � � � � �  

! � � � � � � �  � � � � 	� ,  �  
 � � ’ � � � � �  �  � � 
 , � �  � � � � �  �  � � � � �  � � � � ! 	%�  	� � � � � �  

� � � �  �  � � � � � � � � 
 �  � � ’%
 	 #� � � � � ! �  
 � � � � � � � , � � � � � � �  � � � � �  � , � � � 	 ! � � � � � �  

� � � � 	�  � � � � � � %, � � � 	� � � �  � ’ � � � � � � � � �  � � � � �  �  � � � � �  � � � � ! 	%�  �  	� � � �  � � � � � �  

� � � �  3� 	� � � � � � . '  � � � � � � 	 2-3 � '  � � �  � � � 
  � � � �  
 � � � 	� � � � � 	 � 
 � � � � � 	! � %� � � �  

� 
 � � � � � � �  ! � � � � � �  � � � � 	� . $ � � � � 	� �  � � � � � & � � � � � � � � �  (� � � .1.5) � � � � � , � �  � � 	 

� � " � 	 � � � �  
 � � � 	� � � � � 	 � 	� � � � � 
 � � � 	 � 	�  � � � � �  � � � . � �  � � � � "  
 � � � � � � %� � � �  	 

�  � 
 � � � � � �  � � � � � � � � � � � �  – 
 	� � �  
 � � � � & ! � � 
 �  
 	� 	�  �  � � � � � � 	 5-10 � ' , 

� 
 � � � � � 	! � %� � � �  
 � � � � �  �  � � � � � � � 	 � � � � � & � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 

(� � � .2.3, 2.6, 2.8). ) � � �  
 � � � � 	� � �  % � � � � � � � � � � �  � � �  � � 	�  
 � � � � 	� � 	�  

� � � � � � � � �  � � �  � � �  [9, 12, 96]. 
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� )  

� )  

� )  

 
5� � .2.1. 8� � � � � �  � � � � 	�  � ) AlN, � ) GaN, � ) InN:  
� � � � �  � � � � �  – � � �  � � � � � � � � � � , 

 � � � � � � � �  � � � � �  – � � � � � � � � � �  
 � � � � � 
  LMTO-LDA [97], 
" � � � �  � � � � �  – � � � 
 � � � 
 � � �  [62]. 
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2.2.2. Imaginary part of GaN dielectric function  

0� � 
 � � � 
 � � � � � � � �  � 	� � � � � � � � � �  # � � �  	�  GaN � � � �  � � � � 	� " � � �  
 � � � � � 
  

� 
 � � � � � � � � 
 	� � � & � � 	
 � � 
 � � � 	& �  � � � � � � �  [3, 53, 55]. � � � � 
 � � 	 

� � � 
 � � � 
 � � � � � � � 	 � � � � " � � � � 	 � 	� 
 � � 	� � � � �  XY-
 � � � � � � �  	& 
 � � � � � � & 

� � � � � � � 
 � ! � 	� � � & � � � � 	 (ê c). '  � � � � � � 	 � � � � ! 	�  � �  10 � '  � � � 
 � � � 
 � � � �  

� � � � � � � � �  � � �  � � � � � � 	 
 	� � , � � 	 
 � � � � � � � � �  E1, E2 � �  � 3, 
 � �  � � � � ! 	� �  7 � ' , 

7.9 � '  � �  9 � ' , � 	� 
 � � 	� � �  (� � � .2.2). '  � � � � � 	 [55] � � � � "  � � � �  � � 
 	� � � 	 


 � � � � �  	� � 	 � 
 � � � � � . 

7 �  	 � � �  	� � � �  
 � � � � 	� � 	�  � � � � � � � � �  � � �  � � �  (CdS, CdSe) [98], 

� 	� � � � � � � � � �  # � � �  	�  GaN 
 � % � 	� � � �  � � � � � � � � � � � � , � 	"  � 	� 
 � � 	� � �  # � � �  	�  

� � �  � � � 	� � � & 
 � � � #	� �  	& � � � � ! �  
 � � � � 	� � �  [55]. � �  
 � � ’ � � � � �  �  � � 
 , � �  

� � � � � � � � �  � � �  � � �  
 � % � � " � �  � � 
 � � � 	� , � 	� 
 � � 	� � �  � � � �  3� 	� � � � � �  (� � � .1.3) 


 � % � 	� � � �  � � � � � � � � 
 � � � � � � � �  � � � � � , � � 	 
 � " � � �  � � � �  � � � � � � � � 
 �  	 � � � � � �  

� � � � �  �  � � � � � � � � � � 	 � � � � � & � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	. , �  

� � � � � � � � � , � �  � � � 	�  � � � � � � � � � � 	 
 � " � � �  � 	� 
 � � 	� � � �  � � � � � � 	 � �  � � � � ! 	%�  

� 
 � � � � 	 
 � � � � � � �  �  � 	� � � �  � � � � � � � � �  � � � � � � . � � 	
  � � ! �  �  � � � 
 � � � � � � 	�  

� � 
 	�  	 � � � � � � � � �  � � �  � � �  
 	� � � � � � �  4 � � � 
 � , � �  � � � �  � �  	� � � � � � � �  8 

� � � � � � � � �  � � � , �  � �  4, � �  �  � � � � � � � � 	  � � � � � � & � � 
 � � � �  [9, 47]. ) � 
 �  

� � � � � � � � � �  � � � � � � � � � �  
 � � � � � �  
 	� 	�  � � � � � & � � � � � � �  � 	� � � � � � � � � � & 


 � � � � � � � � � 	 � � " �  � � � � � � � � � � . 
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5� � .2.2. � � � � �  � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 GaN  
a) � � �  
 � � � � � � �  	& ê c, � ) � � �  
 � � � � � � �  	& e||c:  
" � � � �  � � � � �  – � � � 
 � � � 
 � � �  [53],  
� �  	� � � �  � � � � �  � � � � �  – � � �  � � � � � � � � � � ,  

 � � � � � � � �  � � � � �  – � � � � � � � � � �  
 � � � � � 
  LMTO-LDA [12]. 
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5� � � � � � � � �  � � � � � & � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 GaN 
 � � � � � � � � �  �  

� � � � � � �  [10-12, 20, 53, 91, 92, 99, 100]. 5� � � � � � � � �  � 	� � � �  � � � � � � � � � 	�  � � � � � �  

� 	� � 	� � � � � � � �  � �  
 � � � " � � � � 
  
 	� 	� , � �  
 � � ’ � � � � �  �  � � 
 , � �  � � � �  


 � � � � � � � � � �  �  � � � � � " � � � 	 � � � � � � � � & ! � � � � � � , � � �  � � � � � 
 � � � � � �  � � � � " � % 

� � � � ! 	& 
 	" � � � � � �  � 	� � � � � � . '  � � 	�  � ! � � � � � �  � � � � � � �  � � � � � �  
 � � � � �  � � � � �  


 	� 	�  � � � � � � % 
 �  
 	� 	 � � � � � � � � �  &�  � � � � ! 	� , � � � 	 � �  �  � � � 
 � � � 
 � � � � � � � � �  

� 
 � � � � � �  � 
 � � � � � 	! � %� � � �  � 
 � � � � � � . � � ! � � " � � � �  �  � � � 
 � � � 
 � � � � 
  � � � � � � �  

� � � � 
 � � �  � � � �  � � � � � � � � � �  � � � � � � � � 	 � # � � � �  [53, 100]. 3� �  � � � � � � � � � �  

� � � � � � � 	�  �  [100] � � � �  � � � � 
 � � 	 � � � � � � � � � �  � � � " 	 � �  [10-12].  

' 	� � 
 � , � �  � � � � � � � �  � � � � � �  � 
 � � � � � � �  � �  � 
 � � � � 	 # � � �  	& � 	� �  � � � �  

#� � � � 
 � � � � � � � � ! �  
 � ! � � � � � � � , �  �  	� � � � �  � � � � � � � � � � � �  � � 
 	� 
 � � � 	� � � � � �  – 

	 �  � � � � � � 	 � 	� � � � �  � � � � ! 	�  [11]. 7 �  
 � � � � � % � � � � � � � � �  � � � � 	�  [10-12], � � �  

� � � � � � � � � �  � � � � � � � 	�  � � � � � � � � � � 	 � 	� � � � � � � � � � & 
 � � � � � � � � � 	 � � 
 � � � � � 	 

� � � � � � � � �  � � � � � � 
 �  � � � � � � � 
 �  � � � � � � �  � � � � � � � � �  � � � � � , �  � � � �  � � � �  
 � � " �  


 � � � � � � � � 	. ' � � � � � � � � �  � � � � � � � 	�  � � � �  � �  � � � � � � ! �  � � � � � � � � �  
 � � � � � � � �  

� � � 
 � � � 	�  �  
 � � � 
 �  � � � � 	 � � � � � � � � �  � � � � � , � � � 	� � � � , � � � �  � � 
  � � � �  � 	� � � �  


 � � � � � � � � 	 (� � � � � � � �  	 � 	� � �  
 � � � �  � � � � � � � 	 � � � � � � � � 	), � �  � � � � � � � �  � �  � 	� � �  

� � � � � 	� �  � � � %
 � � 	� � � , � � � � � 	� � �  � 	� � � � ! �  
 � � � � � � � � �  &�  � � � � � � � � � � � �  

� � � � � � � � �  #� � �  	� . � � " � , � � � � � � � �  
 � � � � � � � �  � � � 
 � � � 	�  % � 	� � �  � � � � � � � �  

� �  
 � � � � � � � � � � � 	 � � � , � 	"  � � 
 � 	� � � � � �  ! � � � � � �  � � � � 	� , � �  � � � � � � � � �  


 	� � � � � % � � � � � � � 	 � � � � � . ' � � � � � � � � �  � � � � � � � 	�  % � � " � � � � 
  � � �  � 	� � � 	� � � ! �  

� � ! � � " � � � �  �  � � � 
 � � � 
 � � � � 
 , � � � � �  � � � �  � �  � � � �  � �  � 
 	� �  
 � � � " � � � �  
 	� 	� , 

� � 
 �  % � �  � � � � %� � 
  � � �  
 � � � � 	� � �  
 � � � � � � � � � � 	 � � � � 
 � � � & � � � � � & � � � � � � � � �  

[11]. 

$ � � � 
 � � � 
 � � � � � � � � �  � � � � �  � � 
 � " � � � �  � � � � � � � � �  
 � � � � " � � � �  
 	� 	� , �  


 � " � �  � � � �  � � � � � � � � �  &�  � � � � ! 	� , � � 
 �  � � � � 	�  � � � � 
 � � � �  

� � � 
 � � � 
 � � � � � � � � �  � � � � �  
 � � � � � � � � � �  � �  � � � � � 	 	� � � � � � �  � � � � � � � � � � �  

� � � � � � � � � 	� . '  � � � � � 	 [55] � � � �  � � � � � � � �  � 
 � � � �  	� � � � � #	� � � � � �  � � � � � � � 	 

� � � � � , � � 	 � � � � �  � � � � �  �  � � � � � � 	 � � � � � � � � � � 	 � � � 
 � � � 
 � � � � � � � � �  � 
 � � � � 	�  � �  

� � � � � 	 � � � � �  � � � � � � � � � � �  � � � � � � � � � 	�  [20, 99]. � � � � � � � 	� � 	 � � � � � � � � �  



 71 

� � �  � � �  � �   � � � � � � & � � 
 � � � �  � � " �  � � � � � � 	, � � � 
 �  
 � � � �  � � � � � � � �  � � � � � � � �  

�  
 � � � 	�  � �  � � � ! 	�  � � � � � � � �  	� � 	�  � #� � 	, � � 
 �  � � � � � �  � � � 
 � � � 	& � � � � � "  

� � � � � �  � � 
 � � 
 � 	�  �  � � � � �  3� 	� � � � � �  � � �  � � �  � �   � � � � � � & � � 
 � � � �  % � � " �  

� � � " � 
 � . '  
 � � � � 	� � � �  � � � 	� � � & � � � � � � � � �  
 	� , � �  
 � � ’ � � � � � �  �  
 � � � � � � � 
 �   

�  � � 
 � � 
 � �  <111> (G-L-L) 
 � � � � � � � � �  E1. 7 � � �  � � � 	� � � � �  � � � � � � � �   � � � � � � & 

� � 
 � � � �  � �  � � �  � � �  � � � , � � �  
 � � � � � �  �  ! � � � � ! � � � � � � � 
  
 � � � � � � � � 
  � � � 
 	�  

� � � �  
 � � � � � � � � 	, � �  � � �  	 L � � � �  3� 	� � � � � �   � � � � � � & � � 
 � � � �  � � � �  

� 	� 
 � � 	� � � �  � � � � �  U � � � �  3� 	� � � � � �  � � � � � � � � �  � � �  � � � , � � �  � � " � � �  � �  

� 	� � � � � 	 2/3 � 	�  M � �  L. � � " � , � � � 	
 � � 	� � 	� � , 
 � � � � �  
 	�  � � 
 � � � � � � �  


 � � � � � � � 
 �  � �  � � � � 	 M-U-L. � �  
 	� � � � � � " � %� � � �  � � � � "  	 � � 
 , � �  
 � � � " � � � �  


 � � � � �  
 	� 	�  � � � � � & � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 � � � 	� � � & � �  

! � � � � ! � � � � � � � & � � � � � � � �  
 � � " �  � 
 	� 
 � � � � � � , � � 	
  � � ! � , � � � � ! 	& 
 � � � � � � 	�  

L24v- L13c, M4v- M1c, M4v- M3c (� � � .1.5) �  � 	� � � �  � � � � � � � � � � �  � � � � � � � � � � �  [20, 

99] � � " � � �  �  � � � � � � 	 6.7- 7.4 � ' . , �  � � � � � 	  � �  " �  � � � � � � � � � � �  � � � � � � � � � 	�  �  

[55] 
 � � 
 � � � %� � � �  � � � � � 
 � �  
 � � � � � � � �  
 � � � � � �  
 � � � � � � � �  
 	� 	� :  

E2 (7.9 � ' ) – 
 � � � � � � �  H3v- H3c, M2v- M1c �  � � � � ! 	� 
 �  �  � � � � � � 	 8.4-8.8 � ' , 

� 3 (9 � ' ) – 
 � � � � � � �  K3v- K2c, K2v- K2c �  � � � � ! 	� 
 �  �  � � � � � � 	 8.7-9.5 � ' . 

� � � � �  �  [55] � �  � � � �  � � � � � � � � � , � �  � � � 	� � � �  � � � � � � � � � � 	 � � � � � � � � � 	 

� � � � � � � � � �  
 � � � � � � � � � �  „ �  
 � � � � �  
 � � �  � 
 	� ” , � � � �  � � � � � 
 � � � � � �  

� � � � " � � � �  � � � � � � � �  � � 	�  
 	" � � � � � �  � 	� � � � � � , � � � � � 
 �  �  � � � � � 	 [20] 


 � � � " � � � �  
 	� 	�  � � � � � � � � � � � & � � � � � & � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 

� � � � � � 	 
 � � � � � � � �  � �  1 � '  �  � � � � � � �  
 � � � � �  � � � � ! 	�  
 � � 	� � � � �  �  

� � � 
 � � � 
 � � � � 
 , � � 	
  � � ! �  � � � � 	�  
 � � � � " � � � �   � �  
 	� 	�  � 	� � 	� � � %� � � �  � 	�  


 � � � � � � � � ! �  �  [55]. $ � � � � 	� �  
 � � � � � � � �  � � � 
 � � � 	�  � � � � "  � � � � � , � �  
 � � � � � � �  

M4v- M1c � �  K2v- K2c % � � � � � � � � � � 
 �  � � �  XY-
 � � � � � � �  	& (� � � � �  �  2.1, 

� � � � � � �  / ).  

� � � � � � � � �  � � � � � � � � � � �  � � � � 	�  
 � � � � " � � � �  
 	� 	�  � 	� � � � � � � � � � & 


 � � � � � � � � � 	 GaN � �  CdSe � � � � � � � � �  � � �  � � �  � � � �  
 � � � � � � � �  �  [10, 12] � �  

� � � � � 	 � � � � 	� " � � � �  
 � �  	� � � � � �  � � � � � 	�  � 	�  
 � � � � � � 	�  
 	"  � � � � 
 � 
 �  � � � � 
 � .  
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5� � .2.3. ' � � � � �  
 � � � � � � 	�  
 	"  � � � � 
 � 
 �  � � � � 
 �  �  � � � � �  � � � � � � �  � 	� � � � � � � � � � & 

 � � � � � � � � � 	 GaN: a) � � �  
 � � � � � � �  	& ê c, � ) � � �  
 � � � � � � �  	& e||c. 
  

'  � � � 	�  � � � � � 	 
 � � � � � � � �  � � � � � ! 	� � � �  � � � � 	�  � � �  GaN, AlN � �  InN. , �  

� � � .2.3. � � � � � " � � �  � � � � � � �  � � � � � & � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 GaN � �  

� � � � � � � 	 � 	�  � � � � 
 � �  � � � . � � �  � � � � � � � � 	, � � � � � � � �  � � � �  � � 
 
 � � � � � � , � � 	 


 � 
 	� � �  � 
 � � � � � � �  � �  � � ! � � � � � �  � � ! � � �  e2(� ) �  � � � � � � 	 � �  10 � ' . , � 
 � � �  	�  

� � �  � � � � � � � �  
 �  
 	� 	 � � � � � � � � �  � � � � ! 	&, � � �  � �  � � � �  v8 – � � � � � � �  � � � � � � � �  

� � � � , � � � �  	 1 – � � � � � " � �  � � � �  
 � � � 	� � � � � 	. 

� � �  � � � � � � " � � � �  
 � � � " � � � �  �  � � � 	 3� 	� � � � � �  � � � � � � � � & � � � � � , � � �  

� 
 � � � � � � % 
 	� , � � � � � 	� � �  
 � � � � � � � � �  � 	� ! � � 
 �  � 	� � �  �  � � � � ! 	�  
 	"  � � � � �  


 � � � 	� � � � � 	 � �  � � � � � � � � �  � � � � �  (� � � .2.4). � � � 	� � � �  � � � � � � � 	 � � � � �  

� � � � � � � � �  �  
 	�  � � , � �  � � � � � � � �  � � � �  � �  � � � �  
 � � � 	� � � � � 	 
 � � � � � � � � 	, � �  

� � � .2.4 &
  � � � � � �  � 	� 
 � � 	� � � �  ! � � � � � � � � � � � 	 � 	� � � � �  � � �  � � � � � � 
 � 
 � . � � " � , 

� � � � � 	� � �  � � � � � �  � � � 	 � � � � � � 	 �  � � � � ! 	%�  
 	� �  � �  � � � � 	� , � �  � 	� 
 � � 	� � % 

� � � ! � � � � � � � 	�  
 � � 	 � � � . ( � 	�  � 	� 
 	� � � � , � �  � �  � � 	 � � � � � � 
 � 
 �  � � � � � �  � �  
 � � � �  


 	� 	� , � � � 	� � � �  � �  � � 	 
 � � � � � � �  % � � � � � � � � � 
 � . - � � � 
 � � � , � � �  � � � � � � & � � � � ! 	& 


 	� �  � �  
 � � �  � � � , 
 � " �  	� � � � � � �  � � � 	� � � �  � 	� � � � � , � �  � � � �  
 � � � � � � � � 	, � � �  � �  

� � � � ’ � � � � � �  � � 	 � � � �  � � � � �  � � � � �  �  
 	� . ) � 
 �  � � �  � � " � � & � � � � � � � � & � � � � � � � � & 

� � � � �  � � � � � 	� � �  � � 	� � � � � �  �  
 � � � � � � 
 �  � 	� � � � �  (� � � � �  �  2.1, � � � � � � �  / , 

� � � .1.5) � � �  � � � � � � � � � � � � �  � � � � � � � � �  � � � � �  � 	�  � � & �  e2(E). 

$� � � � � � 	 � � � � 
  � � � � 
  � � � � � , � 	� 
 	� � � 	 � �  � � � .2.4. '  � � � � �  	 2.2 

� � � ! � � � � � � �  � � � � 	�  
 � � � � " � � � �  
 	� 	�  � � � � � & � � � � � � �  � 	� � � � � � � � � � & 
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 � � � � � � � � � 	. � � � 	� � � �  � � � �  	 � �  "  � � � �  �  � 	� � � �  � � � � � �  � � � �  3� 	� � � � � �  
 � " �  

� 	� 
 � � 	� � � �  � 	� � � 
  � � 
 � � � 
  � � � � 	� � � �  
 � � � � � � � � � � � , 	 � � � 
 � � � , � 	� � 	 � � � �  


 � " � � �  
 � � �  � � � � � � � � �  � � 
 � �  � � � � 	� � � ! �  
 � � � � � � � � � � � �  (� � � .1.5), 

�  � � � � �  	 2.2 � � �  � � � � � � � � 	 � � � � � � � �  � � � � "  � � 
 � � �  � � � , 
 � � � � � � �  
 	"  � � � 
 �  


 � � � � � � � � �  � �  
 	� 	�  e2(� ). '  � � � � �  	 2.2 � � � � � � � �  � � � � "  
 	" � � � � 	 � � � � ! � � � � � 	 

� 	� � � � � 	 �  � � � � � � � � �  � � � � � � , � � � � � , � � � 	� � � �  
 � � � � � � �  � 	� � � � � � � � � �  � �  

� 	� � � �  �  � � � � � � � 	�  � � �  	, �  �  �  && � � � � 	, 
 � � � " � � � �  
 	� �  
 � " �  � � � �  � � � � � � �  � �  

0.1-0.2 � '  �  � � � � " � � � � 	 � 	�  � � ! � , 
 � � � � 
 � 
 , 
 	� 	
 � 
  � �  ! � � � � � � � � � � � �  

� 	� � � � �  � 	� 
 � � 	� � %  	�  � � �  	 � �  � � � .2.4.  
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5� � .2.4. 0� � � ! � � � � � 	 � 	� � �  	 
 	"  � � � � 
 �  � � � � � "  � � � � � � � � 
 � � � � � � � �  � � 
 � � 
 � 	�  � � �  GaN. 
( �  	� � � 	 � � � � 	 – 
 � � � � � � �  �  � � � � � " � �  � � � �  
 � � � 	� � � � � 	 (	 1), � � � � � � � 	 – �  � � � ! �  � � � �  

 � � � 	� � � � � 	 (c2), 
 � � � � � � � 	 – �  � � � � �  (c3), � � � � � -
 � � � � � � � 	 – �  � � � � � � � �  (c4) 
3	� 	 � � � " � �  – 
 � � � � � � � , � � 	 � � � � �  
 � 
 	� � � �  � � � � �  �  � � � � � � � � �  e2(E) � � �  
 � � � � � � �  	& ê c, 
� � � � 	 � � � " � �  –� � �  
 � � � � � � �  	& e||c, � 	� 	 � � � " � �  – � � �  � � � �  
 � � � � � � �  	� . 

 

'  � � � � � � � � � � �  � � � � � & � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 � � � ! � � � � � � � �  


 � � � � � � �  �  8 � � � � � � � � �  � � �  �  12 � � � � � " � � �  � � �  
 � � � 	� � � � � 	. 7 �  
 � � � � � �  

� � � � 	� , � � ! � � �  � � � � � & � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 �  � � � � 
 �  � 	� 
 � � � � 	 

� � � � ! 	�  
 � � " �  
 � � � 	� � �  � � � � � � � %� � � �  
 � � � � � � � 
 �  �  � � � � � 	�  � � � � � � � �  
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� � � � � � � � �  � � �  (v5 – v8) �  � � " � 	 5 � � �  
 � � � 	� � � � � 	 (	 1 – c5). � � �  
 � � � � � � �  	& 

e||	  
 � � � � � � �  �  � � � �  � � � � � 	�  � � � � � � � � �  � � �  �  � � 	 � � " � 	 � � � �  
 � � � 	� � � � � 	 


 � � � 	� � �  � 
 � � � � � �  � � 	 � � � � � � � � � � 	 � 	� � � � � � � � � � & 
 � � � � � � � � � 	 �  � � � � � � 	 � �  

10 � ' . 7 �  � � � � �  �  � � � .2.4 
 � � � � � � �  �  � � � � �  � � � �  
 � � � 	� � � � � 	 (c3) 


 � � � � � � � � � �  
 � �  � � � � ! 	& 8.5 � '  �  � � � � 	 � � � � �  � . � � � � � , � � � 	� � � �   	 
 � � � � � � �  

% � � � � � � � � � � 
 �  
 � � � � � � 
 �  � 	� � � � � , � � � � �  
 � � � � � � 	�  �  � � � �  c3 
 � � � � � � %� � � �  

� � � �  � � � �  10 � '  – �   	�  � � � � � � 	 � � � � ! 	�  � � � � � � � � �  
 � � � � � � �  �  � � � � 	 � � � � �  L 

� �  � . 

 

) � � � �  �  2.2. ( 
 	� � � � � � � � � �  � � � � � � � � � � � �  � � � � � & � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 GaN 
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ê c e||c 
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[53, 

55],  

� � � 
  

ê c  
( � 
 � � � 	�  , � 
 � � �  � � �  

0� � � ! 	� , 

� '  ( � 
 � � � 	�  , � 
 � � �  

� � �  

0� � � ! 	�   

� '  

� 0 3.4 � 6v-� 1c v7,8-c1 3.5 � 1v-� 1c v6-c1 3.5 
A  � 5v-� 3c 

� 5,6v-� 1,3c 
v5-c2 
v5,6,7,8-c1,2 

6.14 
6.26 

   

E1 7.1 U4v-U3c v8-c1 7.2 U3v-U3c v7,8-c1 7.2 
E2 8 L1,3v-L1,3c 

L2,4v-L1,3c 
M4v-M3c 
R1,3v-R1,3c 

H3v-H3c 

v8-c1,2 
v6-c1 
v8-c2 
v8-c2 
v7,8-c1,2 

7.8 
8 
8.11 
8.3 
8.47 

L1,3v-L1,3c 
R1,3v-R1,3c 

S’1v-S’1c 
H3v-H3c 

v8-c1 
v7,8-c1,2 
v8-c1 
v7,8-c1,2 

7.8 
8.2-8.3 
8.4 
8.47 

E3 9.1 M2v-M1c 

U2v-U1c 

R2v-R1c 

v6-c1 
v6-c1,2 
v6-c2 

8.85 
8.95 
9.2 

   

E4 10-11 K3v-K2c 
A5,6v-A5,6c 

L2,4,1,3v-
L1,3c 
U3,4v-U1,3c 

v8-c1 
v5,6,7,8-c3,4 
v5,6,7,8-c3,4 
 
v7,8-c3,4 

10.16 
10.3-10.6 
10-10.7 
 
10.3-10.5 

K2v-K2c 
M1v-M1c 
M3v-M3c 
U1v-U1c 
 
 

v7,8-c1 
v5-c1 
v7-c2 
v5-c1 
 
 

10.2 
10.6 
11.4 
10.2 
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� � �  
 � � � � � � �  	& ê 	  
 � � � � � � 	�  �  � � � � �  � � � � � � � � �  � � �  �  � � 	 � � � �  


 � � � 	� � � � � 	 � � �  � �  � � � � � � � � � � �  � � �  � 
 � � �  � � � � � � � � � � 	 � 	� �  6 � ' , � � �  


 � � ’ � � � � �  �  
 � � � � � � � 
 �  � 5v-� 3c � �  � 5,6v-� 1,3c (� � � .1.5) �  � � � � � � � � �  � � �  v4, v5. 

4 � � �   �  � � � � � � � 	� � �  � � " �  � � � � � �  	 � �  
 � 
 	� � �  �  � � � 
 � � � 
 � � � � � , � � � � �  


 � � � � �  	� � 	 � 
 � � � � �  [55] 
 	� � � � � � " � � � �  && 	� � � � � � � � , � � � �  � � � � "  
 � � � � � � �  �  

	� � � �  � � � � � � � � � � �  [10-12]. =& � 
 � � � � � � �  � � � � 	�  � �  � � �  � � 
 � � � � � �  

� � � � � � � � � 
 �  � #� � � � 
 � , � � 	 
 	� � � � � � � �  � � � 	 
 � � � � � � �  � �  � � � � � � �  


 � � � � � � � � � �  � � � � � � � �  
 �  � � � � ! 	& 
 � � � � � � 	� , � � 	 � 	� � � � � � � � � �  � � �  � � � � � � � � -

� 	� � � � � & � � � %
 � � 	& [11, 53]. 

'  
 � � � � � � �  	& ê c 
 	�  � 1 �  � � � � ! 	%�  7 � '  �  � � � � � � � 
 �  � 
 � � � � � � � � �  


 � � � � � � � 
 �  
 	"  � � � � 
 �  v8-	 1 (� � � .2.3). 7 �  � � � � �  �  � � � .2.4, �  � � � � � � 	  � �  

� � � � ! 	�  
 � � � � � � 	 � � � � � � � 	 � � � � �  U � �  � . � � �  � � � � & 
 � � � � � � �  	& � � � � � � � � � 
 �  

% 
 � � � � � � �  U4v-U3c. / � � � 	�  � � � � � & � � � � � � � � �  (� � � .2.4) 
 � � � � � %, � �  �   	�  � � �  	 

� � � � 	 � 	� � �  	 � � � � ! 	�  � � ! � � � 	 � ! � � �  �  � � 
 � � 
 � �  M-L, � �  � � � �  �  


 � � 
 � � � � � � � � � � � 
 �  � � 
 � � 
 � �  (D-U), � � " �   �  % � 	� � � � �  � � � � �  � � 
 �  M1, � � �  � � % 

� 	� � � �  
 	� . � � � 	� � � �  � � � �  �  � � � 	� � 	�  � � � � � �  M � �  L 
 � � " �  
 � � � � � � � � 	 �  

� � � � 
 �  �  � � 
 � � 
 � 	� , � � � � � � �  � � � � �  U 
 � � � � � � �  � � � � � �  � � � � � � �  � �  � � � �   


 � � � � � � � � 	, � � � � 
  � � � � 
  � � 	� � %� � � �  � � � � � �  
 	� � � � � � � �  
 � � � � � � � �  � � � 
 � � � 	�  

 � �  
 � � � � � � 	� , � � � � � 	� � �  � � � � � � � � � �  � # � � � 	� , � �  
 	� � � � � � " � %� � � �  

� � � � � � � � � � 
 �  [53, 100]. 

� � �  
 � � � � � � �  	& e||c 
 � � � � �  
 	�  � � 
 � � � � � � �  
 � � � � � � � 
 �  
 	"  � � � � 
 �  

v7,8- 	 1 (� � � .2.3), � �  � 	� 
 � � 	� � % � � � � � � � � � 
  
 � � � � � � � 
  U3v-U3c. � � 
  


 � � � � � � � 
  � �  � 	� ! � � 
 	 
 	" � � � � � �  � � � � ! 	�  � � � � "  � 	� 
 � � 	� � %  � 	� � � � �  � � � � �  � �  

� � � � � � � , � �  � � � �  
 � � � � � � � � 	 (�  � � 
 � � 
 � �  � -� ), �  � � " �  	 � � � � � �  
 	� � � � � � � �  � �  

� � � � � � �  � � � � � � � 	� . 

, � � � 	� � � � �  � � � � �  �  
 	�  � 2 �  � � � � ! 	%�  8 � '  �  
 � � � � � � �  	& ê c 
 � � � � � � �  

� 	�  
 � � � � � � 	�  
 	"  � � � � 
 �  v8-	 2. � � �  
 � � � � � � 	�  M4v-M3c � 
 � � � � � 	! � %� � � �  

� 	� � � � �  � � � � �  � � 
 �  � 2 � �  � 	� ! � � 
 	 � 	� � �  �  � � � � ! 	� . , � � � � � �  � � & � � � � "  


 � � � � � � �  � � � � � � �  � �  � � � �  
 � � � � � � � � 	, � � �  � � � 	� � � �   �  � � � � �  � � 
 �  � 2, �  � �  � 1, 

� �  � � � �  � �  � � � �  
 	� � � � � � �  � � � � � � � � � 
 �  � #� � � � 
 �  [12]. . � 
 	� � � �  � � � � �  �   � �  
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 	�  � � � � �  � � � � "  
 � � � � � � �  �  � � � � � �  L, H � �  R (A-L). � � �  
 � � � � � � �  	& e||c � � 	  	 


 � � � � � � �  % � � � � � � � � � � 
 � , � � 	
  
 � � � � � � 	�  H3-H3. � � � 	� � � �  
 	�  � � 
 � � � � � � �  

� � ! � � � 
 �  
 � � � � � � � 
 � , � � ! �  � � � � � �  � 	� � � �  � �  	� � 	. 

. 	�  � 3 �  � � � � ! 	%�  9 � '  �  
 � � � � � � �  	& ê c 
 � � � � � � �  � 	�  
 � � � � � � 	�  
 	"  

� � � � 
 �  v6-c1,2 (� � � .2.3). '  � � � � � � 	 9 � '  � �  � � � .2.4. 
 � " � �  � 	� 
 	� � � �  � � � � � �  

� � � � � � � , � �  � � � �  
 � � � � � � � � 	, � � �  
 � � � � � ! � %� � � �  � 	�  � � � � �  �  � �  U, � �  � � % 

� 	� � � �  
 	�  �  e2(E). . � 
 	� � � �  � � � � �  �   � �  
 	�  � � � � �  � � � � "  
 � � � � � � �  �  � � �  	 R. 

� 	 � � � � � � � 	 � � � � �  � � 
 �  � 2, � � 
 �  
 	� � � � � � � �  &�  � � � � � � � � 
 �  � �  � � 	� � %� � � � . 

. � � � � � � �  � 2v-� 1c, U2v-U1c % � � � � � � � � � � 
 �  � � �  
 � � � � � � �  	& e||c � � 
 �  
 	� �  � � 
  

� 	� � � � � 	. 

8� � 
 �  
 	� 	�  �  � � � � � � 	 11 � ' , � � �  	� � � 	 
 � � � � � � � � �  � 4, � � 
 � � � � � �  


 � � � � � � � 
 �  �  � � � � � �  A, L, U �  � � � � �  (c3) � �  � � � � � � � �  (c4) � � � �  
 � � � 	� � � � � 	 

(� � � .2.4). 

� � � � 
 � � 	 � � 
 �  � � � � � � � � � �  (� � � .2.2) � � � � �  � � ! � � " � � � � � �  �  

� � � 
 � � � 
 � � � � 
  � �  
 � � � " � � � � 
  
 	� 	�  � �  % � � " �  � � � " � 
 �  � �  � � � � � � � � � �  

� � � � � � � � � 	�  „ �  
 � � � � �  
 � � �  � 
 	� ” , � � � � 
 � � 	 �  [10-12]. , � �  � � � � 	�  


 � � � � " � � � �  
 	� 	�  (� � � .2.3, 2.4) � � � � �  � � ! � � " � %� � � �  �  � � � � 	� � 
 , 
 � � � � � � � � 
  �  

[10, 12], � 	� � � � � �  � � � � � � � � � � � �  � � � � ! 	�  
 � � � � � � 	�  �  � � � � � � � � �  � � � � � �  � � � � "  

� � � " �  � �  [20]. ' � � � � � � �  � � � � � � � � 	 
 � � � � � � � , � �  � � � � �  
 � 
 	� � 	 � � � � � �  �  
 	� �  

(�  � � � � � �  R � �  U), � � 	 � �  � � � �  � 	� 
 	� � � 	 � � � 	� � . � � � � � � � �  � 	� 
 	� � 	� � �  � � � � & 

� � � � � �  � 	�  [10, 12] % � � � � � � �  � � � � �  � � � � �  �  �  
 	�  � 2, � � � � � � � �  � � �  


 � � � � � � �  	& e||c. '  [10, 12] � � � ! � � 	 � �  
 � � � � � � � � �  � � � � 	�  � 	� � �  �  � � � � ! 	�  �   	�  

� � �  	, � � �  � �  ! � � #	� �  � � � � � �  � 	�  
 � � � � � � 	�  v8- 	 1 
 � � � � � � 	�  � � � �  � � � �  
 	�  � 	�  

� � � � �  U. � � � � �  �  � � � � �  � � � � � � � � � � �  
 � � � � � � 	 � � � 
 � � � �   � �  
 � � � � � � 	�  

� � � � � � � � �  � � � � � 	 (� � � � � � �  / ), � � 	
  � � ! �  �  � � � � 	� 	 � � �  CdS, CdSe [9, 47, 96] � �  

GaN [20] � � � �  � � � " � � � � � �  � 	� 
 � � 	� � � � � � 
 �  � �  
 � � � � " � � � �  
 	� 	� . / � � � 	�  

� � � � � �  � � � � � � � �  
 � � � � � � , � �   	 � � � � 	" � � � � 	 � � 
 � � � � � 	 � 	� � � �  #� � 
 � �  � � �  �  

� � � � 	 � � � � �  H. '  [10] � � � � ! � � � � � �  � 	� � � � � �  
 	"  � � � � 
 �  �  � � �  	 �  � � � � � � % 

10 � ' , �  � � �  	 "  – 9.3 � ' , �  � � � � �  � � � � � � � � � � �  -  8.5 � '  � �  10.2 � ' , 

� 	� 
 � � 	� � � . ) � � � 
  � � � � 
 , �  � � � � �  � � � � � � � � � � �  
 � � � � � � �  �  � � �  	 �  � �  � � � .2.4 
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� � � � � � � � � � �  � � " � �  � 	"  �  � � �  	 " , 	 �  � � �  	 �  � 
 � � � � � 	! � %� � � �  
 	� 	
 � 
 . � � � � � , 

� �  
 � � � � � � �  � � � 	 � � � � � � � � � �  � � �  AlN, 
 � �  � 
 	� 	 � 	� � � � � � ! �  
 � � � " � � � �  

� � � � ! 	�  
 � � � � � � 	�  �  �  � �  " ,  � �  
 	� 	
 � 
  
 � " �  � � � � � � � �   �  � � �  	 �  	 � ’ � � � � � � �  

� �  � � � � � �  A-H � �  H-K. , � " � � � , � � 
  � �  � 	� � 
 	 � � � 
 � � � 
 � � � � � � � 	 � � 
 	� �  

� 	� � � � � � � � � � & 
 � � � � � � � � � 	 � � �  
 � � � � � � �  	& e||c, � � 	 �  
 � � � � � � � �   �  

� � � 	� 
 � � 	� � 	� � � . 

2.2.3. Imaginary part of AlN dielectric function 

0� � 
 � � � 
 � � � � � � � �  � 
 � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 AlN � � � �  

� � � � 	� " � � �  ! � � 
 � �  � � � � � � �  [53, 54] � � �  
 � � � � � � �  	& ê c. ' � � � � �  � �  � 	� � 	� � �  


 	� 	�  � � � � � �  � � � � " � � �  � 	�  � � � � � 	 
 � � � � � � 	 � � � � � � , � � �  � � ! � � � � �  � � � � � � �  

� � � � � � � �  � � �  � � 	�  � � � � � 	� : �  � � � � � � 	 � � � � ! 	�  � 	�  7 � �  10 � '  � 
 � � � � � 	! � � � � � �  


 	� �  E1, E2, E3, � � � � � �  � � � �  � 
 � � � % 
 �  
 	� 	 � � � � � � � � �  � � � � ! 	&, � � � � � ! 	� � �  � �  

GaN. � �  � � % 
 	� � � � � �  � 
 � � 	� � � � � � , � �  � �  
 � � � � " � � � �  
 	� 	�  � 	� 
 � � 	� � � � �  � 	 

� � 
 	 
 � � � � � � � , � �  	 �  GaN, 	 &�  � � � %
 � �  � � � � � � � � � � � �  � �  � � � � 	 � � � � ! 	�  � �  

� 
 	� � � � � � . . � � 	� � � � � �  � � � � � � � � � � �  � 
 � � � � 	�  � 	� � � �  � 
 � � � �  � � � � � � � � �  

� � �  � � �  (GaN, CdS, CdSe, ZnS) [9, 10, 47] 
 � � � � � %, � �  � �  
 	� �  � 	� � � � � � � � � � & 


 � � � � � � � � � 	 � 	� 
 � � 	� � � � �  � � � 	 	 � 	 "  
 � � � � � � � , � � ! �  	 � � 	�  � � 	� � � � � � , � � � 	� � � �  


 � � � � � �  � 	� � � � �  � � � � � � � � �  � � � �  � � 
 � � � 	%�  � � � � � � � � .  
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5� � .2.5. � � � � �  � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 AlN � � �  
 � � � � � � �  	& ê c (� ) � �  e||c (� ). 
> � � � �  � � � � �  – � � � 
 � � � 
 � � �  [54],  � �  	� � � �  � � � � �  – � � �  � � � � � � � � � � , � � � � � � � �  � � � � �  – 
� � � � � � � � � �  
 � � � � � 
  LMTO-LDA [92], 
 � � � � � � � �  � � � � �  – � � � � � � � � � �  
 � � � � � 
  LMTO-
LDA �  � � � � � � � � � � 
  � � � � � � � � -� 	� � � � � & � � � %
 � � 	& [53]. 
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� � � � � , � �  
 � � � � � % � � � � 	� , 
 � � � � � � � � �  � � 
 �  � �  �  [12], 	� � � � � � � � 	� � �  
 	� 	�  

� � � � � �  � � � � " � � �  � 	�  � � � %
 � � ! �  � � � � � � � � � � � �  � � � � ! 	�  
 	" � � � � � �  
 � � � � � � 	�  	, 

� 	� 
 � � 	� � � , #� � 
 �  � � � ; � � � � � 
 � , 
 � � � � � � 	 � � � 
 � � � �   � � � � � �  � � � � � � � � � �  


 � � � � � � 
 �  � 	� � � � �  
 � � � � � � 	�  
 � " � � �  � � � �  � � � � � � � 
 �  � �  � � � � . 

) � � � � � � � � � �  � � � � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 AlN 
 � � � � � � � � �  �  

[20, 53, 91, 92], 
 � � � �  � � ! � � " � � � �  �  � � � 
 � � � 
 � � � � 
   � � � � � � �  � � � � 
 � � �  � � � �  

� � � � � � � � � �  � � � � � � � � -� 	� � � � �  � � � %
 � � 	�  [53]. , � � 	 � � � � � � � � � �  � � � � �  

� � � � � � � � � �  � � " �  � � � " 	 � �  � � � � � � � � � �  	� � � 
 �  
 � � � � � 
 �  [20, 91, 92]: � � �  

� � � � � � � � � �  � � � � � � � 	�  � �  � � � %� � � �  � � � � 
 � � �  � � � 	� �  � � 	� � � ! �  � � ! � � " � � � �  �  

� � � 
 � � � 
 � � � � 
  (� � � .2.5). / � � � � ! 	� � �  � � � � �  	�  � 
 � � � � � 	! � � � � �  � � �  CaF2 

� � � � � � � � �  � � �  � � �  (Eg=8 � ' ) [100]: � � �  � � � � � � � � � �  � � � � � � � 	�  �  � 
 � � � � 	 

� � � � � & � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 
 � � � � � � � � �  � � � �  
 	�  E3, �  

� � � � � � � � � � 
  � � � � � � � 	�   � �  
 	�  � � � � � %, 
 � � � �  � ’ � � � � � � � � �  � � �  � � � � �  
 	� �  (E1, 

E2) �  � � � � � � 	 
 � � � � �  � � � � ! 	� . ' 	� � 
 � , � �  � � � � � � � � 	 � #� � � �  � � � � � 	� �  


 � � � � � � � � � � �  �  � 	� � �  	� � � � �  � �  � � � � � � � � � � � �  
 � � � � 	� � � �  [11], � �  


 	� � � � � � " � %� � � �  � � � � 
 �  � � � � � � � � � � 
 �  – � � �  GaN (Eg=3.5 � ' ) 

� 
 � � � � � 	! � %� � � �  � � � � � � � �  � � � � 	" � 	� � �  �  � � � 
 � � � 
 � � � � 
  �  � � � � � 	 
 	� 	� , � � �  AlN 

(Eg=6.2 � ' ) � � � � 	 
 	� �  � � � ! � � 	 � � � � � � � � . � � � � � , �  � � � � � � � � � � � 
 �  � 
 � � � � 	 

� � � � � & � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 AlN � 
 � � � � � 	! � � � � � �  � � � � � � � � � � 	, 

� � 	 � � � � �  � � ! � � " � � � � � �  �  
 	� � 
 �  � �  � � � 
 � � � 
 � � � � � � � � �  � 
 � � � � � �  
 �  


 � � � " � � � �  � �  � � � � 	 � � � � ! 	&: � 	� � �  � � � � � � � � �  e2 �  � � � � � � 	 8 � ' , 
 � � � �  �  � � � � 	 

9.5 � ' , 
 	�  �  � � � � 	 10 � ' , � �  ! � � 
 �  
 	� 	�  �  � � � � 	 11-12 � ' . 

7 �  
 � � � � � �  � � �  � � � � 	�  e2 � �  � � � � � 	 � � � � � � � �  � �  � � � � � �  � 	�  � � � � 
 � �  � � �  

(� � � .2.6),  	 � � � � � � � � � � 	 � 
 � � � � � � � 	 � � 
 �  "  
 � � � � � � � 
 � , � �  	 
 	� �  �  GaN. 

5� � � � � � � � �  � � � � 	� �  � � � � � � � �  �  � � � � �  	 2.3. 7 �  	 � � �  GaN, � � 	 � � � � � � � � � � 	 

� 
 � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 �  � � � � � � 	 � �  11 � '  
 � � � � � � �  � 	�  � 
 � � � � � �  


 � � � � � � 	�  �  � � � �  � � � � � 	�  � � � � � � � � �  � � �  �  � � 	 � � " � 	 � � � �  
 � � � 	� � � � � 	. 
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5� � .2.6. ' � � � � �  
 � � � � � � 	�  
 	"  � � � � 
 � 
 �  � � � � 
 �  �  � � � � �  � � � � � � �  � 	� � � � � � � � � � & 

 � � � � � � � � � 	 AlN � � �  
 � � � � � � �  	& ê c (� ) � �  e||c (� ). 

 

� � � 	� � � �  AlN 
 � % � � � � � � � � �  � � �  � � � , 
 � � � � � �  � 	� � � � �  � � �  
 	" � � � � � �  


 � � � � � � 	�  � � � � � � � � � � �  � � � � 
 �  " , � �  	 �  GaN, � � " � , 	� � � � � � � � 	� � �  
 	� 	�  � � � �  

� � � � � � � � � � �  � � 
 � 	� � � � � � �  ! � � � � � � �  � � � � 	� . � � � � � , � � 
 � � � ! 	�  � � �  
 � " �  � � � �  

� 
 	� � � � � � , 
 � �   � � 
 �  
 � " � � �  � � � � � � � � �  � � � 	 
 	� �  � � 
 � 	� � � � � � & ! � � � � � �  

� � � � 	�  (� � � � � � 
 � 
 �  � �  � � � .2.7). �  GaN 
 	�  � 1 � � � � � � � � � � �  � �  � 	� � � � � 	 3.5 � '  

� 	�  � � � �  � 
 � � � � � ! �  
 � ! � � � � � � � , �  AlN – � �  � 	� � � � � 	 2 � ' . � � � 	� � � �  


 � � � � " � � � �   � � ! �  
 	� �  % � � � � � � � � 
  � � �  � � � �  
 � � � � 	� � 	� , #� � 
 �  � � � � ! � � � � � � �  

� � �  �  � � �  
 � � � � � �  � 	� � 	� � � � � � � . , � � � 	� � �  
 � 
 	� � �   	 � 	� 
 	� � � � � 	 � � � � � "  

� � 
 � � 
 � 	�  M-S-G � �  K-#-G (� � � .2.4, � � � .2.7): � � �  AlN �  � � � � 	 � � � � �  S, 

� � � � � � � � �  � � � � � � 
 � 
 � , � � 	 � � � � � �  � �  
 � � � �  
 	� 	�  e2 (� � � .2.6), � � 	� � � � � � � �  

� 	� � �  �  
 	"  � � � � ! 	� 
 �  
 � � � � � � 	�  K3v-K2c � �  K2v-K2c, � � 	 � 	� 
 � � 	� � � � �  � �  
 	� �  e2 

�  � 	� � � �  
 � � � � � � �  	� � , �  � � �  	 �  � � � � � � 
 � 
  � � � � � %� � � �  �  � 	�  � � � � �  � . ) � � � "  

� ’ � � � � %� � � �  � � � � � � 
 � 
  �  � � � � 	 � � � � �  � , � �  � 	� 
 � � 	� � % 
 � � � � � � � 
  �  � � � � � � � & 

� � � � � � � � & � � � �  �  � � � � � " � �  � � � �  
 � � � 	� � � � � 	, � � � � �   �  � �  � � � �  � �  
 � � � �  
 	� �  

e2, � � � 	� � � �  � � � 	 
 � � � � � � �  � � � � � � � � � 	 
 � � � � � � 
 �  � 	� � � � � . $
 	� � � � � �  � � � � "  

� � � � ! 	�  
 � � � � � � 	�  �  � � �  	 R (A-L), �  AlN  	 
 � � � � � � �  � � � � �  � � � � �  �  
 	�  E3, �  � �  

� 2, � �  �  GaN.  

) � � 	 � 	� 
 	� � � � � 	 �  � � � � � �  � � � � � � � � � �  � � � � � �  � �  � 	� 
 	� � � � � � �  �  � 
 � � � � � �  

� 
 � � � � � � . $� � � � 
 � , �  AlN � 	� � � � � 	�  
 	�  �  
 � � � �  
 	� � 
  � 1. � �  
 � � ’ � � � � �  �  � � 
 , 
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� �  � � � � ! 	�  
 � � � � � � 	�  � 5v-� 3c � �  � 5,6v-� 1,3c � � " � � �  �  � � � � 	 9 � ' , � � � � �  � � � �  � 1, 

� �  
 	� � � � � � " � %� � � �  � � � � � � � � � � 
 �  �  
 � � � � �  
 � � �  � 
 	�  [20, 97].  
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5� � .2.7. 0� � � ! � � � � � 	 � 	� � �  	 
 	"  � � � � 
 �  � � � � � "  � � � � � � � � 
 � � � � � � � �  � � 
 � � 
 � 	�  � � �  AlN.  
( �  	� � � 	 � � � � 	 – 
 � � � � � � �  �  
 � � � �  � � � �  
 � � � 	� � � � � 	 (c1), � � � � � � � 	 – �  � � � ! �  � � � �  

 � � � 	� � � � � 	 (c2), 
 � � � � � � � 	 – �  � � � � �  (c3), � � � � � -
 � � � � � � � 	 – �  � � � � � � � �  (c4). 
3	� 	 � � � " � �  – 
 � � � � � � � , � � 	 � � � � �  
 � 
 	� � � �  � � � � �  �  � � � � � � � � �  e2(E) � � �  
 � � � � � � �  	& ê c, 
� � � � 	 � � � " � �  –� � �  
 � � � � � � �  	& e||c, � 	� 	 � � � " � �  – � � �  � � � �  
 � � � � � � �  	� . 

 

� � � � �  � � � � � � 	 � � � � � � � � � � 	 � 
 � � � � �  e2 AlN 
 � � ’ � � � � 	 �  � � 
 �  "  


 	" � � � � � 
 �  
 � � � � � � � 
 � , � �  	 �  GaN. 5	� � �  � � � � � � � � �  e2 �  � � � � 	 8 � '  (� � � .2.6), 

� � �  � 	� 
 � � 	� � % � � � 
 � � � 
 � � � � � � � � 
 �  
 	� �  E1, 
 � � � � � � �  � 	�  
 � � � � � � 	�  U4v-U3c � �  

U3v-U3c, � � �  ê c � �  e||c, � 	� 
 � � 	� � � . � � 	� � %� � � �  � � � � � �  
 	� � � � � � � �   � �  


 � � � � � � 	�  � � � � � � � � 
 � . . � 
 	� � � �  � � � � �  �   �  � � � � � � � 	� � �  � � �  
 � � � � � � �  	& e||c 

� � � � �  � � � � "  
 � � � � � � �  S2v-S1c. 

. � �  9 � '  �  � � � 
 � � � 
 � � � � � � � � �  � � � � �  � 
 � � � � � 	! � %� � � �  
 	�  � 2, � � � � �  �  

� � � � �  � � � � � � � � � � �  �   	�  � � � � � � 	 � � � � ! 	�  
 � 
 	� � �  � � � �  � � � � � �  
 � � � � . / � � � 	�  

� � � � � � � � �  � � � � � 	�  � 	�  � � � � 
 � �  � � �  � � � � � � � % � � � � � � � � �  � � ! �  
 � � � � " � � � � . 7 �  	 

� � �  GaN,  �  � � � � � � � 	� � �  � � 
 � � � � � �  
 � � � � � � � 
 �  M4v-M3c. � � � � � , � �  � 	� 
 	� �  

� 	�  GaN, �   �  � � � � � � � 	� � �  � �  � � � � �  
 � 
 	� � � ! �  � � � � � �  
 � � � � � � �  L1,3v-L1,3c, � � � �  
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� � � �  	 
 � � � �  � 	� 
 � � 	� � �  � � � � ! 	� . . � � � � � � � � � �   � � ! �  
 	� �  � � � � "  � � 
 � � � � � �  

� � 
 , � �  �  AlN 
 � � � � � � �  R1,3v-R1,3c � � � � �  � � � � �  �  
 	�  E3, �  � �  � 2, � �  �  GaN.  

'  � � � � 	 10 � '  �  � � � � � � � � � � � �  � 
 � � � � � �  � 
 � � � � � 	! � %� � � �  � � � � 	� � � � �  
 	� , 

� � � �  � 	� 
 � � 	� � % � � � 
 � � � 
 � � � � � � � � 
 �  
 	� �  � 3. / � � � 	�  
 � � � � � �  (� � � .2.6), � �   � �  

	 �  GaN � 	�  
 � � � � � � �  �  � � � � � � � 
 �  � 	�  
 	" � � � � � �  
 � � � � � � 	�  �  � � � � � �  M, U, H, 

R. � � 	
  � � ! � , 
 � 
 	� � � �  � � � � �  �   � �  
 	�  � � � � �  � � � � "  
 � � � � � � �  �  � � � � 	 � � � � �  

" , � � 	 � 	� � � � � � � � �  � �  � 4 �  GaN, � �  
 � � � � � � �  �  � � �  	 S. 

 
) � � � �  �  2.3. ( 
 	� � � � � � � � � �  � � � � � � � � � � � �  � � � � � & � � � � � � �   � 	� � � � � � � � � � & 
 � � � � � � � � � 	 AlN 

 	" � � � � � 
  
 � � � � � � � 
 . 
 

, � �  � � � � � � � � � �  

ê c e||c 

. � � � � 	�  . � � � � 	�  

�
��

��
��

	�
��

 

[53],  

� � � 
 .  

ê c  

( � 
 � � � 	�  , � 
 � � �  � � �  

0� � �

! 	� , 

� '  

( � 
 � � � 	�  , � 
 � � �  

� � �  

0� � � ! 	� , 

� '  

� 0 6.2 � 6v-� 1c v6,7-	 1 6.26 � 1v-� 1c v8-	 1 6.04 
E1 8 U4v-U3c v8-	 1 8.04 U3v-U3c 

S2v-S1c 
v7,8-	 1 
v7,8-	 1 

8.1 
8.3 

E2 9 M4v-M3c v8-	 2 9.38 L1,3v-L1,3c  
M4v-M3c 

S’1v-S’1c 

v8-	 1 
v8-	 2 
v8-	 1 

8.75 
9.38 
9.5 

E3 10 M2v-M1c 

R2v-R1c 

U2v-U1c 

H3v-H3c 

K3v-K2c 

S2v-S1c 

v6-	 1 
v6-	 2 
v6-	 1,2 
v7,8-	 1,2 
v8-	 1 
v6-	 1 

9.53 
9.64 
9.67 
9.8 
9.9 
10 

H3v-H3c 
K2v-K2c 

v7,8-	 1,2 
v7,8-	 1 

9.8 
10.15 

 

 2.2.4. Imaginary part of InN dielectric function 

0� � 
 � � � 
 � � � � � � � �  � 
 � � � � 	 # � � �  	& InN � � � �  � � � � 	� " � � �  �  [57, 58]. '  

� � � �  � � ! � � � � � �  � � � � � � �  � 
 � � � � � 	! � %� � � �  � � 	 ! � � 
 �  
 	� 	�  �  � � � � � � 	 4- 7 � '  � �  

8- 10 � '  � 	� 
 � � 	� � � , 
 � � � � , � 
 � � � � � 	! � � � � � �  � � � � 	 � 	� 
 	� � � � � 	 �  � � � � � � � � 	 
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 � � � � & ! � � 
 � . ) � � � � � � � � �  � 	� � � � � � � � � �  # � � �  	�  InN � � � � 	� " � � � � � � �  �  [20, 

57, 58, 91] 
 � � � � � 
 �  „ �  
 � � � � �  
 � � �  � 
 	� ” . � � � � 
 � � 	 � � � � � � � � � �  

� 	� � 	� � � � � � � �  � � � �  � 	�  � � � � ! �  � �  
 � � � " � � � � 
  
 	� 	� , � � 	
  � � ! �  �  � � �  

� 
 � � � � � 	! � %� � � �  � 	� � � �  
 	� 	�  �  
 � � � 	�  ! � � 
 	 � 	"  �  � � � 
 � � � 
 � � � � � � � � �  � � � � � . 

$! � � � � 	 � � � �  � � � 
 � � � 
 � � � �  
 � � � � � � � � � �  � �  � � � � � � �  �  Eg=2 � ' , � � � � �  � � � � � � 	 

� � � � � �  [4-8] 
 � � � � � � � � , � �  � � � 
 � � � � 	 � � � � � �  � � � � � � � � � � & � � � �  InN � � � � � � % 

0.7 � '  	 && � � � � � � � � �  �  
 � 
 � � � � � 	�  � � 
 	� � �  � � � �  
 � � ’ � � � � �  �  � � � � � � � � � � 	� � �  

� � � � � 	� , � � � � � 
 �  � � � � � � � � 	 �  � � �  � � � � � . ) � � � 
  � � � � 
 , � � 	� � %� � � � , � �  � 
 � � � � 	 

� � � � � � � � � � 	 � � � � �  � � � � � 	�  � � � � � �  � � � � � �  � 	� � 	� � � � � � �  � 	�  
 � 
 � � � � � 	� , 
 � � � �  

� � � 	 � � 
 	� �  � �  � � � � �  
 � 
 � � �  � �  � �  
 � � � � � � � � � � . 

'  � � � 	�  � � � � � 	 � � � �  
 � � � � � � � �  � � � � � � � � � �  � � � � � & � � � � � � �  � 	� � � � � � � � � � & 


 � � � � � � � � � 	 InN � �  � � � � � 	 
 � � � � � 
 � � � �  	� � 	� , � � 	 � � � � � � � � � � � � � � � � �  �  

� � � � � � � � � � �  � � � � � & � � � � � � � � �  �  Eg=0.7 � ' . � � �  InN � � � �  
 � � � � � � � �  � � � � �  " �  

� � � � 	�  
 � � � � " � � � �  
 	� 	�  � � � � � & � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	, � �  	 � � �  

GaN � �  AlN (� � � .2.8, 2.9, � � � � �  �  2.4). 7 �  
 � � � � � �  � � � � 	� , 
 � � � � " � � � �  
 	� 	�  

InN % � � � � 
  " �  � �  	 �  GaN (� � � .2.3, 2.4, 2.8, 2.9), 
 � � � � 
 �  � 	� � � � � �  
 � � � " � � � �  

� � � � ! 	�  
 	" � � � � � �  
 � � � � � � 	�  � �  � 
 	� � � � � � . � � � 	� � � �   � � � � � �  � � � � � � � � � � & 

� � � �  InN � � � � � � � � , � � � � � � � � � �  � � � � � � � � � �  � #� � � 	�  � �  
 � � � � � �  � � � � � �  

� 
 	� � � �  � � � � 
 � � 	 � � � � � � � � � � .  
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5� � .2.8. � � � � �  � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 InN � �  � � � � � �  �  � � & � 	�  
 � � � � � � 	�  
 	"  
� � � � 
 � 
 �  � � � � 
 �  � � �  
 � � � � � � �  	& ê c (� ) � �  e||c (� ). 
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5� � .2.9. 0� � � ! � � � � � 	 � 	� � �  	 
 	"  � � � � 
 �  � � � � � "  � � � � � � � � 
 � � � � � � � �  � � 
 � � 
 � 	�  � � �  InN.  
( �  	� � � 	 � � � � 	 – 
 � � � � � � �  �  
 � � � �  � � � �  
 � � � 	� � � � � 	 (	 1), � � � � � � � 	 – �  � � � ! �  � � � �  

 � � � 	� � � � � 	 (	 2), 
 � � � � � � � 	 – �  � � � � �  (	 3), � � � � � -
 � � � � � � � 	 – �  � � � � � � � �  (c4) 
3	� 	 � � � " � �  – 
 � � � � � � � , � � 	 � � � � �  
 � 
 	� � � �  � � � � �  �  � � � � � � � � �  e2(E) � � �  
 � � � � � � �  	& ê c, 
� � � � 	 � � � " � �  –� � �  
 � � � � � � �  	& e||c, � 	� 	 � � � " � �  – � � �  � � � �  
 � � � � � � �  	� . 

 

, � � 	 � � � � � � � � � �  � � � " 	 � �  � � � � � � � � � � , � � � � 
 � � 	 �  � � � � � � � � � � �  „ �  
 � � � � �  


 � � �  � 
 	� ”  [20]. '  � 
 � � � � 	 � 	� � � � � � � � � � & 
 � � � � � � � � � 	 InN � 
 � � � � � 	! � %� � � �  3 


 	� �  �  � � � � � � 	 � � � � ! 	�  4-7 � ' . � � � 	� � � �  � � � �  
 � � � �  � � � �  "  
 � � � � " � � � � , � �  	 


 	� �  �  GaN, 
 �  
 � � � � � � %
 �  &�  � � � � � ! 	� � � : E1, E2, E3. � � � � � � � 
 �  

� 	� 
 	� � � � � � 
 �  � 
 � � � � 	�  InN � �  GaN % � 	� � � � � 	� � �  �  InN 
 	� �  A, � � � 	� � � �  

� � � � ! 	& 
 � � � � � � 	�  � 5v-� 3c � �  � 5,6v-� 1,3c, � � 	 � 	� 
 � � 	� � � � �  � �  � � � ! � , � � � � � � 	 � �  

� � � � ! 	& 
 � � � � � � �  U4v-U3c, � � � � 
  � � � � 
  
 	� �  �  � �  � 1 � � � � � � � � � �  �  � � � � . < �  

� � � �  � 	� 
 	� � 	� � �  �  � � 
 � , � �  
 � � � � � � �  K3v-K2c � � � � �  � � � � �  �  
 	�  E3, �  � �  �  � 4, 

� �  �  GaN, � � � �  
 � � � " � � � �   � � ! �  
 � � � � � � �  � �  � � � � 	 � � � � ! 	�  � 	� � � � � �  	� � � �  

� �  � 
 	� � � � � � . 



 84 

) � � � �  �  2.4. ( 
 	� � � � � � � � � �  � � � � � � � � � � � �  � � � � � & � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 InN 

 	" � � � � � 
  
 � � � � � � � 
 . 

, � �  � � � � � � � � � �  

ê c e||c 

. � � � � 	�  . � � � � 	�  
�

��
��

��
	�

��
 

( � 
 � � � 	�  , � 
 � � �  � � �  

0� � � ! 	� , 

� '  ( � 
 � � � 	�  , � 
 � � �  

� � �  

0� � � ! 	� , 

� '  

� 0 � 6v-� 1c v7,8-c1 0.69 � 1v-� 1c v6-c1 0.73 
E1 � 5v-� 3c 

� 5,6v-� 1,3c 
U4v-U3c 

v5-c2 
v5,6,7,8-c1,2 
v8-c1 

4.03 
3.89 
4.36 

U3v-U3c v7,8-c1 4.4 

E2 L1,3,2,4v-L1,3c 
M4v-M3c 
R1,3v-R1,3c 

H3v-H3c 

v6,7,8-c1,2 
v8-c2 
v8-c2 
v7,8-c1,2 

5.17 
5.2 
5.63 
5.93 

L1,3v-L1,3c 
R1,3v-R1,3c 

S’1v-S’1c 
H3v-H3c 

v8-c1 
v7,8-
c1,2 
v8-c1 
v7,8-
c1,2 

5.17 
5.63 
5.8 
5.93 

E3 M2v-M1c 

U2v-U1c 

R2v-R1c 

K3v-K2c 
 

v6-c1 
v6-c1,2 
v6-c2 
v8-c1 
 

6.28 
6.13 
6.6 
6.84 
 

K2v-K2c 
 

v7,8-c1 
 

7.1 
 

 

2.3. Optical properties of ternary GaAlN, GaInN, InAlN solid 

solutions 

'  
 � � � � 
 �  � � � � 	� 	 � � � �  
 � � � � � � � , � �  � � � � � � � � � �  � 
 � � � � � �  � # � � � 	�  � � � �  

� �  � 	� � � � � � � �  � 	�  � 	� 	� � � ! �  � � � � � �  � � 
 
 � � �  	� � � �  � � � � " � � � � � �  � � � � � �  

� � � � � � � � � � & � � � � . ) � � � & "  
 � � � � 	� � �  � � 	�  � � 	� � � � � �  � � �  � � 	�  
 	" � � � � � �  

� 	� � � � � � . � � � � 
 � � � �  � � � � � ! �  � � ! � � " � � � �  �  � � � 
 � � � 
 � � � � 
  � � 
 
 � � �  	� � � �  

� � � � " � � � � � �  � � � � � �  � � � � � � � � � � & � � � �  GaAlN, GaInN, InAlN, �  � � � � "  

� 
 � � � � � �  � � � � � � � � � � � �  � � � � � �  � 	� � � � � �  � 
 � � � �  GaN, AlN, InN, � � % 
 	� � � � � �  

� 
 � � 	� � � � � �  � �  
 � � � � � � � �  � 
 � � � � � �  � 
 � � � �  � 
 � � � � � �  � # � � � 	�  � �  � 
 � � � � 	 

� � � � � � � � � � 	 � � � � � � �  � � � � � � 	� .  
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, �  � � � .2.10 � � � � � " � � �  � � � � � � � � � � 	 � � 
 
 � � �  	� � 	 � � � � " � � � � 	 � � � � ! 	�  E0, 

E1, E2, E3 �  � � � � � � �  � � � � � � � �  GaAlN, GaInN, InAlN. , � 
  � 	� � 
 �  � 	� � � �  � � � �  

� � � � � � , �  � � 	�  � � � � 	� " � � � � � � �  � 	� � � � � � � � � �  # � � �  	�  Ga1-xAlxN � � �  � 	� � � �  

� � 
 
 � � �  	�    [3]. 7 �  � � � � �  �  � � � � � � � , � � �  GaAlN � � � � 
 � � �  � � � � �  � � ! � � " � � � �  

�  � � � 
 � � � 
 � � � � 
 : � � 
 
 � � �  	� � �  � � � � " � 	� � �  � � � � � �  � � � � � � � � � � & � � � �  


 � � � � � � % 
 � � ! � � , �  � � �  � � �  � �  � � 
 
 � � �  	� � 	 � � � � " � � � � 	 E1, E2, E3 %  
 � � " �  

� 	� 	� � � 
 � , � � ! �  	 � � 	�  � � � �  � � 	� � � � � � , � � � 	� � � �  � � � � ! � � � � � 	 � � � �  �  � � �  	 �  % 

� 	� � �  � � � � � � � 
 �  � �  � � #� � 
 �  	�  � �  	� � � �  
 � � � � � � �  � � 
 � � � 	& � � � � � � � �  � 	"  

� � � �  �  	� � � �  � � � � � �  � � � �  3� 	� � � � � � . '  GaInN � �  InAlN � � � � ! � � " � � � �  � � � � � �  

! � � � � �  � 	� � � � � �  � 
 � � � �  � � � � ! � � �  � 	� � � � , � 	"  �  GaAlN. � �  � � � �  � �  
 � � � �  


 � � ! � � �  �  � � 
 
 � � �  	� � � �  � � � � " � � � � � �  	 	� � � �  
 	" � � � � � �  � 	� � � � � � , � � � � �  

� � � � � � � �  
 � � ! � � �  � � �  � � �  
 � � � �  � 	"  � � �  � � � � � �  � � � � � � � � � � & � � � � . 
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5� � .2.10. 5� � � � � � � � � 	 � � 
 
 � � �  	� � 	 � � � � " � � � � 	 
 	� 	�  � � � � � & � � � � � � �  � 	� � � � � � � � � � �  
# � � �  	�  � � � � � � �  � � � � � � 	�  GaAlN (� ), GaInN (� ) � �  InAlN (� ): 
� � � � � � � 	 � � � � 	 – � � � � � " � � � �  � 	� � � � � � � � ! �  � � � � � � � � ,  

 � � � � � � � 	 � � � � 	 – �  � � � � � � � � � � 
  � � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	,  
� �  	� � � 	 � � � � 	 – �  � � � � � � � � � � 
  � � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	 � �  � � � � � � � � � � & 
� � � � � � �  	&. 
( � 
 � � � �  – � � � 
 � � � 
 � � � � � � � 	 � � � 	 [3]. 

 

$ � � � .2.10 � � � � � , � �  � � � #	 	%� �  
 � � ! � � �  � � �  � 	� � � �  � 
 � � � � � �  
 	� 	�  

� 	� � � � . � �  
 � � ’ � � � � �  �  � � 
 , � �  � � " � �  
 	�  � � 
 � � � � � � �  
 � � � � � � � 
 �  � �  �  � � � 	� , 
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�  �  � � � 	� � � � �  � � � � � �  � � � �  3� 	� � � � � � , 	 � � � � � � � � � �  � � � 
 � � � � � � � � � � � � 	 
 �  

� 	� � � 
 �  � 
 � � � � % � �  � � " � �  
 � � � � 	� . , � � � 	� � � � �  
 � � ! � �  � 
 � � � � � 	! � %� � � �  �  

� � 
 
 � � �  	� � � �  � � � � " � � � � � �  � � � � ! 	& � 
 � � � � � �  
 	� 	�  � � �  InAlN, � � � 	� � � �  

� � � � ! � � " � � 	� � �  � � � � � �  ! � � � � �   � � �   � � ! �  � � � � � � ! �  � � � � � � �  � � � � 	� � � � . 

$� ! � � � 
  " � , � � � � � � � �  � � � #	 	%� � �  
 � � ! � � �  � 
 � � � � � �  
 	� 	�  � � �  � � 	�  

� � � ! � � � � � � �  � � � � � � �  � � � � � � 	�  
 � � � � � � � �  �  2 � � � �  
 � � � �  � �  � � � #	 	%� �  


 � � ! � � �  � � � � � �  � � � � � � � � � � & � � � � . ' 
 � � �  � � 
 
 � � �  	� � � & � �  
 � � �  	� � � & 

� � � 
 � � � � � � � � � � � � � �  � �  � 
 � � � � 	 
 	� �  
 � � � � � � %� � � �  � � �  " � , � �  	 � �  � � � � � �  

� � � � � � � � � � & � � � � : � � � � 	� � � � �  � � � � �  �  � � � #	 	%� �  
 � � ! � � �  � � % � � 
 
 � � �  	� � �  

� � � 
 � � � � � � � � � 	� � � , � 
 � � �  
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	 
 � � " �  � � 
 
 � � � � % 

� 
 � � �  � #� � � �  � � #� � 
 �  	& � � ’%
 �  � � � 
 � � � � � � � & � � 
 	� � � . 

$ � � � 
 � � � 
 � � � � � � � � �  � � � � �  [3] � � � � � , � �  �  � � � � � � 
 �  � � � � � � 	 GaAlN 


 � � � � � � 	 � 	 "  
 	� � , � �  	 �  � � � � � �  � 
 � � � � � �  GaN � �  AlN, 	 &�  � 	� � � � � �  


 � � � " � � � �  � �  � 
 	� � %� � � � . � �  
 	� � � � � � " � % � � �  #� � � , � �  � � � � � � 	 
 	� �  � 	� � � �  

� 
 � � � �  � 	� � � � 	�  --- ! � � 
 �  � � 
 � � � � � 	 � � � � 
 �  	 � � 
 �  "  
 	" � � � � � 
 �  


 � � � � � � � 
 � . '  � � � � �  � � � � � � � � � � �  (� � � .2.10) � � � � 
 � � �  � � � � � ! 	� � 	 � � � � � � � � � � , 


 � � � �  
 � �  
 � � � � � � 	 � 	�  GaN � �  AlN � �  � 	�  GaN � �  InN � 
 � � � � � 	! � %� � � �  � � � � � �  


 	� 	�  A � �  � 1, � � ! � , � � � � � , � �  
 � 
 	� � �  �  � � � 
 � � � 
 � � � � � � � � �  � � � � � , � � � � � 	� � �  

� � � � � � � � 	 
 	� �  � . 

2.4. Optical properties of group III nitride thin films 

, 	� � � � �  --- ! � � 
 �  � � � � � �  � � � � � � � � � � � � � � � �  � � �  � � � � � � � � �  � 	� � � �  

� 
 � � � � � � � � � � � � �  
 � � � � � 	� : � � 	� � � � 	� � 	� , � � � � � 	� , � � � ! 	� � � � � �  � � #� � � � � � 	�  [1, 

3, 14]. ' � 	 � � � �  � � � � � � � � � � �  � �  � � � � � 	 � � � � � �  
 � 	� � �  � �  ! � � � � � � � � � � � � � . 7 �  

� � � �  � 	� 
 	� � � �  �  
 � � � � 
 �  � � � � 	� 	, � � 	 
 	� � � � � � � , � � 	 � � � � � � � � � � � � � � � �  � � �  

� � � � � � � � � � �  
 � 	� � �  � 	� � � � 	�  --- ! � � 
 � , 
 � � � �  � � � � �  +� � � � � , � � �  � � � � � �  

� 	� � 	� � � %� � � �  � 	�  � � � � � & +� � � � �  GaN, AlN, InN. � � �  � 
 � � � � � � �  � � #� � 
 �  	� , 

� � 	 � � � � � � � � �  �  
 � 	� � � � , � � � � � � � � � � � � � �  � � � � � 	 � � #� � � 	 � � � � , �  � � � � � � � 
 �  

GaN, 
 � � � � , � � � 	� �  � �  � � � � �  � 
 � �  � � � � � � � � � � �  �  
 � 	�  	 � � � � � � � � �  � 	� � � 	� � � � 	 

� � #� � 
 �  	& � � � � � � � � �  � �  10% (�  � � 
 � � � �  InN � �  
 	� � � � �  	 GaN). 7 �  � � � �  
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 � � � � � � �  �  
 � � � � 
 �  � � � � 	� 	, � 	� � � 	� � � � 	 � � #� � 
 �  	& � � � � � �  � 
 � � � � � � �  � �  

� � � � � �  � � � � � � � � � � & � � � �  � 	� � � � 	�  --- ! � � 
 � . ) � 
 �  � � 	�  � � 	� � � � � �  � � � � � � ! �  

� 
 � � � �  � 	� � � 	� � � � � & � � #� � 
 �  	& 	 � �  	� � 	 
 	" � � � � 	 � 	� � � � 	, 	, � 	� 
 � � 	� � � , � �  

� 
 � � � � 	 � � � � � � � � � � 	 � � ! � � � 
 , � �  % � � " � � � � 
  
 � �  � � � � � � � � 	 � 
 � � � � � � � � � � � � �  


 � � � � � 	� . , �  � � � .2.11 � � � � � " � � �  � � � � " � 	� � �  � � � � ! 	�  � � � � � � � �  � 
 � � � � � �  
 	� 	�  

� 	�  � � � � � �  � � � � � �  
 � � � � � 
 � � #� � �  
 � 	� � �  � 	� � � � 	�  --- ! � � 
 �  � �  
 	� � � � �  	 GaN. 
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5� � .2.11. � � 
 
 � � �  	� � 	 � � � � " � � � � 	 � � � � ! 	�  
 	� 	�  E1, E2, E3  � � � � � � �  � � � � � � 	�  GaAlN (� ), 
GaInN (� ) � �  InAlN (� ): 
c�  	� � � 	 � � � � 	 – � � ’ %
 � 	 � � � � � � , 
 � � � � � � � 	 � � � � 	 – 
 � � � � � 
 � � # � 	 
 � 	� � �  � �  
 	� � � � �  	 GaN. 

 

( � � � �  +� � � � �  AlN (3.11 Å) 
 � � � �  � �  � � � � �  +� � � � �  GaN (3.19 Å), � � 
 �  � � �  


 � 	� � �  GaAlN � �  
 	� � � � �  	 GaN � � � � � � � �  � 	� � � 	� � � � � & � � #� � 
 �  	& � � � � � ! �  

� � � � � � % � 	 � � 	� � � � � � � 
  � 
 	� � �  Al, � � � � ! � � � �  � � � � 	� � � � ! �  � � � � � � � �  2.5%. 

. � �   � � 
 �  � 
 � � � � � 	! � %� � � �  � 
 � � � � � � �  � � � � ! 	�  
 	" � � � � � �  
 � � � � � � 	� , � �  � � � �  

� �  � � � � �  
 	� 	�  e2 �  � 	�  
 � � � � �  � � � � ! 	� . 

( � � � �  +� � � � �  InN (3.53 Å) � 	� � � �  � �  � � � � �  +� � � � �  GaN, � � 
 �  �  
 � 	� � � �  

GaInN � �  
 	� � � � �  	 GaN 
 � � � � � � �  � 	� � � 	� � � � �  � � #� � 
 �  	�  � � � � � � , � � �  � � � �  � �  

� � 	� � � � � � �  
 	" � � � � � �  � 	� � � � � � . � � � 	� � � �  � � � � � � � �  � � #� � 
 �  	& � � � � ! � % 10%, 

� � � �  � 
 � � � � � �  
 	� 	�  % � � � � ! � � �  � 	� � � � 
  � 	"  � � �  GaAlN. 
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) � � � � � �  � � � � � �  Al1-xInxN 
 � % � � � �  "  � � � � �  +� � � � � , � �  	 GaN, 
 � �  x=0.17. 

� � " � , 
 � 	� � �  � � � � ! �  � � � � � �  � �  
 	� � � � �  	 GaN � �  � � � �  � � #� � 
 � � � � � �  	 � � � �  


 � � �  � � � 	 "  � � � � � � � � � � 	, � �  	 � � ’%
 � � �  � � � � � � . , �  � � � .2.11.�  � � 
 
 � � �  	� � 	 

� � � � " � � � � 	 � � � � ! 	�  
 	� 	�  E1, E2, E3 
 � 	� � �  � �  � � ’%
 � � ! �  � � � � � �  
 � � � � � � � � � � � �  


 � �  x=0.17, �  � � � � � � 	 � � 
 � � � �  AlN � �  GaN � �  InN � �  GaN � " �  � � � �  � � � ! � � � � � 	 

� � � � . 

'  � � � � � 	 [24] � � � �  � � � � 	� " � � �  � 
 � � � �  � 	� � � � � � � �  � � � � � �  


 � � � � � � � � � � 	� � � �  
 � 	� � �  Ga0,9Al0,1N � � � � � � � �  5 
 � 
  � � �  
 � � � � � � �  	& ê c. '  

� � � � � � 	 4-5 � '  � 
 � � � � � 	! � � � � �  
 	� �  (� � � .2.12.� ), � � 	 � �  � � � �  
 � 
 	� � � 	 �  

� � ’%
 � � �  � � � � � � � .  ' � 
 	� �  
 � � � � �  	� � � �  � 
 � � � � 	�  � � � #	 	%� � �  � 	� � � � � � � �  

(� � � .2.12.� ) 
 	� � � � � � � � �  � � � � � 	� � �  � � � � � � � � � � � �  �   	�  � � � � � � 	 � � � � ! 	� .  
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5� � .2.12. 0� � 
 � � � 
 � � � � � � � 	 � 
 � � � � �  � 	� � � � � � � �  � � � � � & 
 � 	� � �  Ga0,9Al0,1N: 
� ) � 
 � � � �  � � � # 	 	%� � �  � 	� � � � � � � �  R, 

� ) l -
 � � � � �  	� � � �  � 
 � � � �  
dE
dR

R
1

. 

 

, �  � � � .2.13 � � � � � " � � �  � � � � � � � � � � � �  � 
 � � � �  � � � � � & � � � � � � �  

� 	� � � � � � � � � � & 
 � � � � � � � � � 	 Ga0,9Al0,1N. 7 �  � � � � �  �  � � � � � � � , � � � � � � � � � �  

� 	� � � 	� � � � � & � � #� � 
 �  	& � � � �  � �  � � � � �  � 
 � � � � �  �  � � � � � � �  
 � � � � �  � � � � ! 	� , �  

� � � � "  � �  
 � � � �  � � � � � � � � � � ! �  
 � � � � 
 � 
 �  �  � � � � � � 	 4.5 � ' . , � � � � 	� � �  

� 	� � � 	� � � � � & � � #� � 
 �  	& � � � �  � �  � 
 	� �  
 	" � � � � � �  � � � � ! � � � � � � �  � 	� � � � � � �  � �  
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� 
 	� �  � � � %
 � � ! �  � � � � � � � � � � � �  � � �  � 6V �  � 1V (� � � .1.8), � �  � 
 � � � � � � % 

� � � � � � � � � �  � � � � � � � � � ! �  
 	� � , � � 
 � � � � � � ! �  
 � � � � � � � 
 �  � 6V–� 1C. 

3,5 4,0 4,5 5,0 5,5 6,0
0

1

2

e 2

2

1

E,eB  
5� � .2.13. 5� � � � � � � � � � �  � 
 � � � �  � � � � � & � � � � � � �  � 	� � � � � � � � � � & 
 � � � � � � � � � 	 Ga0,9Al0,1N � � �  

 � � � � � � �  	& ê 	   � � �  � � � � � � � � � �  � � # � � 
 �  	�  (� � � � �  1) � �  �  � � � � � � � � � � 
  � 	� � � 	� � � � � & 
� � # � � 
 �  	& e=4% (� � � � �  2). 
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Conclusions for part 2 

1. 5� � � � � � � � � �  � 	� � � � � � � � � 	 # � � �  	& � 	� � � � � �  � 
 � � � �  GaN, AlN � �  InN. 

. � � � � � � �  � � � � � 	� � 	� � �  � � � � � � � � � �  
 � � � � � � � �  � � � 
 � � � 	�  
 � �  

� � � � � � � � � � �  � 
 � � � � � �  � � � � � � � � � � � �  � 	� � � � 	�  --- ! � � 
 �  � �  � � � � � �  

� 	� 
 	� � 	� � �  � 
 � � � � 	�  � � �  � 	� � � �  � � 
 � � 
 � 	�  
 � � � � � � �  	&. 5� � � � � � � � � 	 


 � � � � � � 	 � � � 
 � � � �  � � � � �  � 	� � � � � � � � �  
 � � � � � �  � 	� � � � � , � � � � 
 � � 	 �  

� � � � � � � � � -! � � 
 � � � ! �  � � � � 	� � . 

2. ' 
 � � � �  
 � � � � � � � �  � � � � � � � � �  � � � � 	�  
 � � � � " � � � �  
 	� 	�  � � � � � & � � � � � � �  

� 	� � � � � � � � � � & 
 � � � � � � � � � 	 � 	� � � � 	�  --- ! � � 
 �  � � � � � � � � �  � � �  � � � , � �  

� � � � � � � � �  � � � � 
 � � �  � 	� � �  
 � � � �  	� #� � 
 �  	�  
 � �  � � � � �  � � � � � � � � �  

� � � � �  
 � � � � 	� � 	� . 

3. � � �  � 	� � � 	� � � ! �  � � ! � � " � � � �  �  � � � 
 � � � 
 � � � � 
 , 
 � �  � � � � � � � � � �  

� 
 � � � � � �  #� � �  	�  � � � � � 	� � �  � � � � � � � � � � �  � � � � � � � � 	 � # � � � � . 

4. ' 
 � � � �  � � � � 	� " � � �  � 
 � � �  � � 
 
 � � �  	� � � & � �  
 � � �  	� � � & 

� � � 
 � � � � � � � � � � � � � �  � �  
 � � ! � �  � � 
 
 � � �  	� � � �  � � � � " � � � � � �  � 
 � � � � � �  


 	� 	�  E1, E2, E3. 
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 � � � � � � � � � � & 
 � � � � � & � � � � 	 

rkGk )(

1
,

jn)(
1 +

=
�=Y i

N

j
jn

cell

kn eC
V

,                          (3.2) 

� � � 	 � �  
 � � � �  ! � � � � � �  � � � � � �  � � � � � � � %� � � �  � � 
 � �  
 �  � � 	�  � � � � � � � � �  � � � � � :  

�=
n

n )()( rr rr .                                                (3.3) 

� � �  � 
 � � � � � � �  
 � �  � � � � �  � � 
 � � � � � �  
 �  � � 	�  � � � � � �  �  � � � 	 3� 	� � � � � �  �  

(3.1) � � � � � � � � � �  � 	� � 	 
 � � � � � , �  � � � �  � � 
 � � � � � �  
 � � � � � � � � � �  
 �  � � � � � � � 	�  

� 	� � � � � � 	 � � � � � . ' � � � � 	� � �  � � 
 � � � 	&, 	� � � ! � � �  
 �  � � � 	 3� 	� � � � � �  � 	�  


 � � 	� � � � � � & #� � �  	& 
 � " � �  
 � � � � � � � � � �  � �  � � 
 �  � � � � � � �   	%& #� � �  	& �  


 � � � � �  � 
 �  	� � � � � �  � � � � � � , 
 � � � � 
 �  � � � � 	� � �  � � � � 
 � � � ! �  � � � � � � � �  � � � � " � � �  
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� 	�  � 	� � � � � � 	 � 
 �  	� � � � � �  � � � � � . � � �  � � � 	� � � �  � � � � � � � 	� � � �  � � � � � � � �  

� � � � � � � � �  � � � � 	 � � � � � � � � � �  � � � � �  � � � � � � � � � �  � " �  �  � � � 	�  � 
 �  	� � � � 	�  � � �  	 

(� � �  	 � � � � � � � � ! �  � � � � � � � � ) [106]. , � � � � �  � 
 �  	� � � � � �  � � � � �  � � �  � � � � � � � � �  

� � �  � � �  � �  
 � �  � � � � �  &�  � � � � 
 � � � �  � 
 � � � � �  �  [76, 107]: � 
 � � � � � �  � � � � � %� � � �  

� � � �  � 
 �  	� � � � �  � � � � � , � � � � � 
 � 	 � � � � � �  � � � � �  � � � � 
 � � � � � �  � � � � � 
  

� � � � � � � � �  � �  � � � 	%& � � � � �  � �  � 	%�  � � 	�  � 
 � � �  	�  � � � � � � � & ! � � 
 �  � � � � � � � 	� � � & 

+� � � � �  � �  � � & �  � � 
 � 	� �  	& �  
 � 
 � � � � � � � �  
 � � " � � � �  � � � � � . ( � � " �  


 � �  � � � � � , � � �  � � �  � � � � 
 � � � �  � 	� � �  � 
 �  	� � � � � �  � � � � �  � 	� � � 
 	� � �  

� � � 
 � � 	� � � � �  
 �  � � � 	 3� 	� � � � � � ,  � � 
 � � 
 � � � � � � �  * � � � � � � � � 
  	 . � � � 
  [108]. 

, � � 	 � � � � � � � � � �  
 � � � � � � � , � �  � � � � � � � � � � � �  � � � � �  � 
 �  	� � � � � �  � � � � �   

k=(2p/a)(kx, ky,(a/c)kz) [76]:  

k1=(2/9, 0, 1/4), k2=(4/5, 0, 1/4), k3=(5/9, 3/9, 1/4)  

� � % � � � � � � � �  
 � � � � & � � � � � � � � & ! � � � � � � , � � �  � 	� � 	� � � %� � � �  � 	�  � � � � � � � �  

� � � � 
 � � � ! �  � �  � � 
 � 
 � ! � �  12 � 
 �  	� � � � � �  � � � � �  [76] � �  � 	� � � � , � 	"  � �  3%. 

. � � � �  � � � 
 �  	� � � ! � � � � � � �  
 �  � 
 �  	� � � � � �  � � � � � �  � �  � � % 
 � " � � � � � � 	 � � � � 
 � � �  

� � � � � 	� � � 	 � � � � � � � � � �  
 � �  � � � ! � � � 	 ! � � � � � �  � � � � � �  � � � � 
 � �  � � � � � � � � �  � � � . 

� �   
 � � ’ � � � � �  �  � � 
 , � �  � � � �  � � � � ! � � � � � �  � � � � � � � � �  % � � � � � � � � �  � � � � � � � � �  

�  � � " � 	�  � � � � 	� � 	�  � � � � � � 	 � � � 	 3� 	� � � � � � , � � � � � � � 	 # � � �  	& "  �  � � �  

� 	� � 	� � � � � � � � . � � � � 
 � � �  � � � � � � � 	 # � � �  	& �  � � 	�  � � � 	 3� 	� � � � � �  � �  � � � � � 	 

� 	� � 
 � �  � � � � � � �  �  � � � 	�  � � � � 	� � 	�  � � � � � � 	 
 � " � �  � � � � � � � � � �  � 
 � � �  � �  � � �  

� 
 � � �  	�  
 � � � � � � � , 	� � � � � 	& � �  � � � � � � � � � � ! �  � 	� � � � � � � �  [50]. '  � � � 	�  � � � � � 	 

	� � � ! � � � � � � �  
 �  � � � 	 3� 	� � � � � �  
 � � � � � � � � � �  
 �  � 	�  	 �  512 � � � � �  �  � � 	�  � � � 	 

3� 	� � � � � � .  

5� � � � � � � � �  � � � � � � � � � 	�  � � � � � � � �  � �  � � � . 3.1-3.9. ' � � � � � � � � � � � � �  

� � � � � � � 	 #� � �  	& 8� � 
 � � � -( � 	� 
 � � �  [109] 
 � " � �  
 � � � � � � � , � �  90% � � � � � � � �  

� � � � � � � � 	�  � � � � � � � � � � �  � � � � � � � � 	 � # � � �  � � � 
 	� � 
  
 � � � � � � � �  10-15% � 	� � � � � 	 

� 	�  � � � 	� � �  � �  � � 	� � � . ) � � � 
  � � � � 
  
 � " � �  � � � " � � � , � �  � � � � 
 � � 	 � � 
 �  


 � � � � � � � � � � � � 	 # � � �  	& � � � � � � � � �  � � � � �  � 
 � � � � � �  � � � 
 � � 	�  � � � � � � � � �  

� � � � � � � � 	�  �  � � � � � � � 	.  
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5� � .3.1. $� � � � � � �  ! � � � � � �  GaN �  
 � � � � � 	 (1110): � � � �  v1 (� � � � � " � �  � � � � � � � �  � � � � ) � �  v3. 
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5� � .3.2. $� � � � � � �  ! � � � � � �  GaN �  
 � � � � � 	 (1110): � � � �  v4 � �  v5. 
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5� � .3.3. $� � � � � � �  ! � � � � � �  GaN �  
 � � � � � 	 (1110): � � � �  v6 � �  v7. 
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5� � .3.4. $� � � � � � �  ! � � � � � �  GaN �  
 � � � � � 	 (1110): � � � �  v8 (� � � � � � �  � � � � � � � � ) � �  	 1 
(� � � � � " � �  � � � �  
 � � � 	� � � � � 	). 
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5� � .3.5. . � � � �  � � � � � � � �  ! � � � � � �  GaN �  
 � � � � � � �  (1110) � �  (0001) (�  � � � � �  � �  
 /� � 
 	� � � ). 

 

'  � � � � � � � � 	 � � �  � � �  �  � � � 
 � � � � � � 	�  � � 
 	�  	 
 	� � � � � � �  4 � � � 
 � , � � " �  

� � � � ! �  % 8 � � � � � � � � �  � � � . , �  � � � .3.1-3.4 � � � � � " � � �  ! � � � � � �  � � � � � �  � � �  

� � � � � � � � �  � � �  v1, v3, v4, v5, v6, v7, v8 GaN �  
 � � � � � 	 (1110). , �  � � � .3.4 � � � � "  

� � � � � " � � �  ! 	
 � � � � � � � �  � � � � �  	� , �  � � 	�  � � � �  
 � � � 	� � � � � 	 c1 
 � � � 	� � �  

� � 
 � � � � � �  � � � � � � � � � 
 � . 7 �  � � � � � , � � � � � � � � �  
 � � � 	� � � � � 	 � � � � � � � " � � 	 �  

� � � � � � � 
 �  � �  � � 	� � 	. $� � �  v1 � �  v2 
 � � � �  � � � � � � �  � � � � " � � � �  s-� � � � � � � � , �  

� � � � � � � � � 	�  „ �  
 � � � � �  
 � � �  � 
 	� ”  � 	� � 
 � , � �  � � � �  � #� � 
 � � � � 	  s-� � � � � 
 �  

� � � � � , �  � � �  � � �  � �  	� � 	 � � � �  
 � � � �  p-
 � � 	� � � �  � � � � � � � � . $� � � � 
 �  � � � �   v6 


 � % pxy-� � 
 � � � 	� , � � � �  v8 – pz. $� � �  v5, v7 � � � � � 	� � �  sp3
  � � 
 � � � 	%� , 	� � 	 � � � �  


 � � � �  � 
 	� � � � �  � � � � � � � � .  
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� � �  � � � � 
 � � � �  	� #� � 
 �  	& 
 � �  � � � 
 � � 	�  ! � � � � � �  � � � � � �  �  � � � � �  � � 
 	� � �  

� �  � � � .3.5 � � � � � " � � �  
 � � � �  � � � � � � � �  ! � � � � � �  �  � 	� � � �  
 � � � � � � � : 
 � � � � � �  

(1110) 
 � � � � � � � � �  � 	� 	 	  � � �  � � � , 
 � � � � � �  (0001), �  � � 	�  � � � � � � � � � � �  � 	� � � �  

� � � 
 �  � � � � � ,  
 � � 
 � � � � � � � � � � �  � 	� 	 	  � � �  � � � , � � � 
 �  � � � 	� � 	�  � � " � � �  �  


 � � � � � 	 (0001) � � � � � � 	�  � �  � � � � � � � �  u � 	� � � � � �  
 � � � � � �  � � � � � " � � � & � �  

� � � .3.5. $  � �  � � � � � � 	�  
 � " � �  
 � 
 	� � � �  � � � 
 � � � 	�  �  � � � 
 � � 	� 	 � � � � � �  � � � � � "  

� 	� � � �  � � ’ � � � 	� . , �  � � ’ � � � � �  �  
 � � � � � 	 xy � � � � � � � " � � �  � �  2-3% � 	� � � �  � � � � � �  

� 	"  � �  � � ’ � � � � �  �  � � 
 � � 
 � �  � 	� 	 z. / � � � � ! 	� � �  � � � � �  	�  � 
 � � � � � 	! � %� � � �  	 � � �  

AlN (� � � .3.7) � �  InN (� � � .3.9). ) � � �  
 � � � � 	� � �  � �  � � � � � : �  � � � � � � � � 	  � � � � � � & 

� � 
 � � � �  � � � � � � � �  � � 	�  � � ’ � � � 	�  % � � � � � � � � 
 , � � � � �  � � �   � � � � � � � � �  � � �  � � �  

 �  � �  � � � . 7 � � �  
 � � � � � � � � �  � � � � � "  � � ’ � � � �  �  � � 
 � � 
 � �  z, � � 	 � � � 
 � , � �  

� 
 � � � � � � �  � �   � �  � � ’ � � � �  � � � � � � � � � � 	 � � 
 � � � � � � �  �  
 � � � � � � �  


 � � 
 � � � � � � � � � � � �  z. 7 � � �  "  � � � � � � � �  � � � � � "  � � ’ � � � �  � �  �  z-� � 
 � � 
 � � , 

� 
 � � � � � 	! � %� � � �  � � � 
 � � � � � � �  � � � � � � � � � � � �  � � � 
 	� . ) � � �  � � � 
 � � � � � � 	� � �  �  

� � � 
 � � 	� 	 � � � � � �  % � 	� 
 � � 	� � � � � � �  � �   � � � � � � � � � �  
 � � � � � � �  	& � �  � � � � � 	� � �  �  

� � � � � � � �  
 � � � � ! �  � � 
 � � � � � ! �  
 � 
 � � � � . $  � 
  � � � � "  
 � � ’ � � � � �  � 	� � � � � � � �  

� � � � � � � � �  � � � � � � � �  � 	�  	� � � � � � � ! �  � 
 	� � 	� � � � � � � �  c/a � � �  � � �  � � �  – 

� � � � � 	� � �  
 � � � � � � �  	& � � � �  � �   � 
 	� �  
 � � � " � � � �  � � � 
 	�  � �  � � � � � � � � 	�  � � � , � � �  

� � � � ! � � � �  
 	� 	
 � 
 �  � � � � ! 	& . 

, �  � � � .3.6-3.9 � � � � � " � � �  � � � 
 � � 	�  � � � � � �  � � � � � � � � �  � � � � � � � � 	�  AlN � �  

InN.  $ 
 � � 	� � � � � �  � � � � � � 	�  3.5, 3.7, 3.9 � � � � � , � �  �  AlN � �  InN � � � � �  

� � � � � 	� � � � � � �  � � � " � �  � �  � � 	� � � , �  ! � � � � � �  � � � � � �  � �  � � � 	� � 	 � �  �  
 � � � � � � 	 


 	"  � � � 
 � 
 �  
 � � � � . . � �   � � 
 �  �  AlN � � � � �  � � � � � � � " � � � �  �  � � � � � � � 
 �  � �  

� � ’ � � � � , �  � �  � � 
 � 
 �  � � 	� � 	 ! � � � � � �  � � � � � �  
 � � � �  � 	"  �  GaN, �  InN � � � 
 � � �  – 


 � � � � 
 � 
  ! � � � � � �  � � � � � �  � � � � � � � � � � �  
 � � " �  � �  � � 
 � 
 �  � � 	� � 	. 

5� � 
 � � 	�  � � � � � �  � � � � 
 � �  � � �  AlN � �  InN � � " �  � � � " � �  � �  � � � 
 � � 	�  �  GaN, 

� � 
 �  � �  � � � � � � � �  � � � � � � � �  � � � �  � � � � , ! � � � � � �  � � � � � �  � � � �  
 � 
 	� � �  

� 	� � 	� � � � � � � �  � 	�  GaN. � � � � � � � �  � 	� 
 	� � 	� � �  % � � , � �  �  AlN � �  InN � � � �  v3, 

v8 
 � � � �  � 	� � �  � � � � " � � � �  pz-� � � � � � � � , �  � � � �  v4 � 	� � �  � � � � " � � � �  pxy-

� � � � � � � � . 
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5� � .3.6. $� � � � � � �  ! � � � � � �  AlN �  
 � � � � � 	 (1110): � � � �  v4 � �  v8. 

 

5

5

10

15

20

25

30

35

40

10
15

10

15

20

25

30

35

40
45

45

50

50

55

55

60

60

55

55

50

50

65

65

35

35

70

70

-2 -1 0 1 2

-1

0

1

2

3

Al

N

Al

N
N

N

Al

Al

x, A

z,
 A

10

10

10

15

15

20

20

25

25

30

30

35

35

40

40

45

45

50

50

10

10

10

15

15

5 5

15

15

20

20

10

15

20

25

30

35

40

45

50

55

55

55

5

5

55

55

55

50

50

50

-1 0 1 2 3 4

-1

0

1

2

3

N

N

N

Al

Al

Al

x, A

y,
 A

 
5� � .3.7. . � � � �  � � � � � � � �  ! � � � � � �  AlN �  
 � � � � � � �  (1110) � �  (0001) (�  � � � � �  � �  
 /� � 
 	� � � ). 

 

� � 	
  � � ! �  �  InN 
 	� � %� � � �  
 	�  � 
 �  � � 
 � � � 	�  � � �  v7 � �  v8: v7 
 � % pz-

� � 
 � � � 	� , v8 – sp3. $� ! � � � 
 , 
 � " � �  � 	� 
 	� � � � , � �  � � � � �  � � �  v3-v8 � 	� � �  

� 	� � � 
 	� � �  � � � 
 � � 	� � � � �  �  
 � � � � � � 	 �  GaN � �  InN, �  �  AlN � � � �  � � � � � � � � � �  

� � � " � �  � �  � � 	� � � . . � � � �  �  InN � � � � �  � � � � � " � � �  s-
 � � 	� � � �  � � � � 	�  (� � � �  v1 � �  

v2) � � � � � 	� � � � � � �  �  � � " �  
 � � � 
 �  � � ’%
 	 � � � � � � �  � � � 
 	�  � � � � � , � �  � � � �  � �  

� � � � �  
 � � � � 
 � 
 �  
 � � � � & � � � � � � � � & ! � � � � � �  � �  � � 	� � � . 
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5� � .3.8. $� � � � � � �  ! � � � � � �  InN �  
 � � � � � 	 (1110): � � � �  v4 � �  v7. 
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5� � .3.9. . � � � �  � � � � � � � �  ! � � � � � �  InN �  
 � � � � � � �  (1110) � �  (0001) (�  � � � � �  � �  
 /� � 
 	� � � ). 

 

$ � � � � ! �  � � � �  
 � � � � � , � � 	 � � � ! � � � � % � � � � � � � � #	� � � � , � � � �  
 � � � � � �  � � �  

� � 
 � 	� �  % # � � � � 
 � � � � � � � � 
 : � � 
 �  
 � � � 	 � 
 � � � � �  � � � � � � � 	� � � � � � �  �  
 � � � � �  

� � � � � � � 	� � � �  � � � � � � � � � � ? 0
 
 	� � � � �  � � � � � � � � � � � , � �  
 � ! � � � � � 
 , 

� � � 
 � � � 	� � 	� � � , #� � � � � � � � � � � � 	� � �  � �  � � 
 	� 
 � � � 	� � 	� � �  � � � � � � � � �  �  � � � � �  

� � � � � � � � � �  	 % � 	� � � � � 	
 �  �  	� � � � . -� � � % � � ! � � �  � � 	� � � �  
 � � � � � � � , � � �  � �  


 � � � � �  	 � � � �  � �  
 � � � � � � � � � 	, � � � 	� � � �  � �  � � � � �  � 	� � � �  � 	� � � 	� � � �  


 � � � � � � � � � � . $� � � � � � � , 
 � � � �  � � 
 , � �  � � � ! � � � � � �  � 	� � 	 
 � � 	� � 	 � � � � � � � � � � 	, 

� � � � � 	� � �  � 
 � � � � � �  � � � � � 
 	� �  � � � � � �  
 � � � � � �  � � � � � � � 	� � � & � � � � � � � � � .  

� �  
 � � � � � 
 �  
 � " � �  � � � ! � � � � � �  �  � � � � �  � � � �  � 	
 	� � � ! �  � � ’ � � � �  �  

� � � � � � � � �  ANB8-N, � � 	 
 � " � � �  � � � �  � � � � � � - � � �  � � � � � -� � � � � � � � � � � � 
 � . '  
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� � � � � � -� � � � � � � � � � � � �  � � � � � � � � � , s-p � � � � � � � 	 � � � � � � � � �  
 � � � 	� � �  

! 	� � � � � � � � � � 	 � �  � � � � � � � � �  sp3 � � 
 � � 
 � � � 	 � � � � � � � 	 � � � 	� � � 	. '  � � � � � -

� � � � � � � � � � � � �  � � � � � � � � � , � � � 
 �  � � � � ! � � �  � � � " � 	 � �  	� � � � & ! � � � �  	, 	 


 	" � � � 
 � 	 � � � �  � �  � � � � � � � � � � � � � � � ! �  � � 
 �  � � � � ! � � �  � � � � � 	. '  � � � � � � � � � 	 s 	 

p3 � �  ! 	� � � � � � � � � � , 	 � � � � � � � 
 �  � � � 	� � � � 
 �  % px, py, pz. ) � 
 �  �  	� � � 	�  ! � � � �  	 

� � � � � � " � 	 � � � 	� �  � � � � � � � � � � 	 � � � � � "  � � � � � � 	� � � � � � �  � � � �  � � � � � � � � � , 	 � � � 
 �  

%  � � � � � -� � � � � � � � � � � � 
 � . 

$ � � � � � � � � � � � ! �  � �  � � ! � � � �  � � � 
 � � 	� �  ! � � � � � �  � � � � � �  �  � � � ! � � � � � � � � �  

� 
 � � � � � �  
 � " � �  � � � � � � �  � � � � � � � � , � �  AlN � �  InN � � � � � � � � �  � � �  � � �  % 

� 	� � �  	� � � � 
 �  
 � � � � 	� � � 
 �  � 	"  GaN. 

3.2. Ionicity scales 

� � �  � � � � 	� " � � � �  � � � � � � 
 	� � � � � � �  � 	
 	� � � ! �  � � ’ � � � � , � �  � � � � � � � � � � � � , � � 	 

�  � � 
  
 � � ’ � � � � 	, � � �  � � ! � � � � �  
 � � � � 	� � 	� , � � � � � 	� � �  
 � � �  
 � � � 
 � � � , � � � �  � �  

� � � � � � � �  � � � � � � � � � � � � � �  � 	
 	� � � �  � � ’ � � � � . '  � 	� � � �  
 	� � � � � �  � � �   � � ! �  

� � � � � � � � � � � � � �  � � � 	 � 
 
 	� � � � 	 � � � � � � � �  � �  	� � � � �  � � � 	� � , 

� � � � � � � � � ! � � � � � 	� � � , 	� � � 	� � � , � � � �  � � 
 � � 
 �  
 � � ’ � � � � 	 �  � � � � � � � � � 
  

� 	
 	� � � ! �  � � ’ � � � �  	 � � 
 �  � � � � �  
 � " � � � 	� � �  � 
 � � � � �  	 � � � � � #	� � � � � �  � � � � � �  

� 	� � � 	� � �  � � � � � � �  � � � � � � � � � � � �  
 � � � � � �  � �  � � � � � � �  � 	� . $� � � � � � �  � � ! � � �  

� 
 � � �  
 � � ’ � � � � �  
 � � � � � � � 
 	� � 	 � �  � � � � � � � 	 � � � � � � 
 	� � � � � 	 �  

� � � � � � 
 	� � � � � � 
 �  �  	� � � � � � 	. $  � �  
 � � �  	�  � � 
 	� � �  � 
 � � � � �  � � ! � � �  

� � � � � � � � � � � � : � � � � 	 � � � � � � � � � , 
 � � � �  	� � �  	� � 	� �  	&, � � � 	� 	� � 	 � 
 � � � � 	 

� � � � � � � � � � 	, � � 
 � � � �  � � � � � � � � �  � �  � � � � ! 	& � � ! � � 	&, 
 	" � � � 
 � 	 � � � � , � # � � � � � � 	 

� � � � � � , � � � � ! 	& � � 
 	� � �  � �  	� � 	 [17-19].   

5� � ! � � � � 
 �  � 	� � 	 
 � � � � � , � �  � � � � � � � � � � � � � � � � �  � � �  � � � � � � � � � �   � �  

� 
 
 	� � � � � �  
 � � � 
 � � � 	�  � �  
 � � � � � 	 � � ! � � � � �  � � � 	� . . � � 	� !  [102] � � 
 � � 
 � � � � � �  

� � � � � � � � � � �  � � � 
 � � 	
 	� � 	 � � ! � 
 � � � �  � � �  � � � � � � � � � �  	� � � � ! �  � � � � � � � � �  


 � � � � � � � � � � �  � � ’ � � � 	�  	 � � � � � � � �  � � � � �  � � � � � � � � � ! � � � � � � � � 	 $ � � �  

� � � 
 � � � 	� , � � � � � � � � �  � �  � � ’ � � � �  
 	"  � � � � ! 	%�  � � � � � � � � �  D � � �  / / , ' '  	 / '  

� � ’ � � � 	�  	 � 	� � �  � �  � � � � � � � � � ! � � � � � � � � � �  � � � 
 	�  /  � �  '  



 101 

 ( ) ( ) ( ){ } ( )221 BA XXCBBDAADABD --+= ,   (3.4) 

� �  �  – � � � � � � � � � , � �  
 � % � � � 
 	� � 	� � �  � � � � ! 	&. 9 � � � �  	� � � � � � 	 . � � 	� ! �  

� � � � %� � � �  � �  � 	� � �  	 � � � � � � � � � ! � � � � � � � � � �  � � � � � � � � �  � 
 � � � � � : 

 �
�
�

�
�
� ---=

2

4
1

exp1 BA XX
M
N

i  ,    (3.5) 

� �  N/M – 
 � 
 � � � � �  � � �  � � � � � � � 	� , � �  � 	� � � � � " � % � � � � � � � � �  	� � � � � � 	 � � ’ � � � �  

� � � � � � � � � �  � � ’ � � � 	� , � � 	 � � � � � � � � � , � � � �  � � � � � � � �  � � � � � � � 	� � �  N 
 � � � �  � 	"  

� � � � � � � �  	� � �  � � � � �  M [102]. 

-� � � � � � � �  
 � � � � � �  	� � � � � � 	 
 � � ’ � � � � � � � � �  �  � 	� � � 	� � �  � � � � � �  

� � � � � � � " � � � ! �  � �  � � " � � 
 �  � � � 
 	 (� #� � � � � � � �  � � � � � ). � � � � �  � � � 	� �  � � � �  
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 � � � � � � �  � 	�  � � � ! � � � �  � � � 
 � � 	� 	�  � � � � � �  � �  � � � � ! 	�  � � ’ � � � 	� , � � 	 
 � " � �  

� � � � � � � � �  � � � 
 � � � 
 � � � � � � � �  �  � � 
 � � � �  � � � � � � � � � . '  � � � � � 	 [91] � � �  

� � � � � � " � � � �  � � � � � � � � ! �  � � � � � � � � �  	� � � � � � 	 (FIC) � � � �  � � � � � � � � � � �  

� 
 	� � 	� � � � � � � � : 
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 � � 	� � � , � � � � � �  

� � 
 � � 
 � � � � � � �  � � � � � 
 � �  � � � 
 �  � � � � � � � � � � . � � �  � � � � � � " � � � �  � #� � � � � � � �  

� � � � � 	� , � � � � � � � � �  � � � 
 � � 	�  � � � � � � � � & ! � � � � � �  � � � � � "  � � ’ � � � �  � �  �  
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 � � 
 � � � � � � �  � 	� � � � � � � � � �  
 � � � � �  � 	
 	� � � ! �  � � ’ � � � �  �  

� � � � � � � � �  ANB8-N [17]. � � � 	� � � �  � 	� � � � � � � � � �  #� � �  	�  � 
 � � � % � � � � � 	� � �  

#� � � � � � ! �  
 � � �  
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 � � � � � � � � � 	 e1(0) �  � 	� � � � � � � � � � �  # � � �  	%� , 

� � � � � � � � � � � �  � �  � � 
 � 
 � ! � �  
 � � � � 	 . � � � � , 
 � " � �  � � � � � � � � �  � � � � � � �  

� � � � ! � � � � � �  � 	� � � � � �  
 	"  � � � � � � � � �  � � � � �  � �  � � � � �  
 � � � 	� � � � � 	 (
 	"  

� � ’ � � � � � � 
 �  � �  � � � � � � ’ � � � � � � 
 �  � � � � � 
 � ) gE , � � �  
 � " � �  � � � � 	� � � �  � �  

� � � � � � � � � �  � �  	� � � �  � � � � � � � : 

 222 CEE hg += .     (3.7) 
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 � � 
 � � � � � �  � � � � ! � � � � � �  � 	� � � �  Eh 
 � " � �  	� � � � 
 � � � � � � � � , � �  

� 
 � � � � � � � �  � � 
 � � � � � � � �  � � � � � � � �  
 � � � � ! �  
 � � � �  	� � �  (VA+VB)/2, �  � � �  � � � , 

� �  	� � � �  � � � � ! � � � � � �  � 	� � � �  �  � 
 � � � � � � � �  � 	%�  � � � � � � 
 � � � � � � � & � � � � � � �  

(VA-VB)/2. 

. � � 
 � � � � � � � , � �  ! � 
 � � 
 � � � � � �  � 	� � � �  Eh � � � � " � � �  � � � �  � 	�  � � � � � & 

+� � � � �  � , � �  � � � ! � � � � � � �  Eh � � � 	& � � � � � � � � � � �  
 � � � � 	� � 	� , � � � � 
 � %� � � �  

� 
 	� � 	� � � � � � � �  � � �  � � � � � � � � � �   	%& � � � � � � � �  � � �  � � � � -� � � ! �  
 � � � � 	� � � : 
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� �  d – � � � " � � �  � � ’ � � � �  �  � � ! � � � � 
 � � . -� � � �  � � � � � � �  �  
 � " � �  � � � � � � � � �  �  

(3.7), � � � � � �  Eh � � gE . � � �  � � ! � � � � �  
 � � � � 	� � 	�  � 
 � � � � " � %� � � �  � 
 
 	� � � � �  

� 
 	� � 	� � � � � � � � : 

� (AB) =b[ZA/rA - ZB/rB]e
-ksR,     (3.9) 

� �  1.4<b<1.5 – � 
 
 	� � � � � �  
 � � � 
 � � � ,  ZA,, ZB – � � � � � �  � � � 	� � �  � �  � � 	� � � , rA, rB – 

� � � 
 � 	 � � � 	� � � ,  ks – #� � � � �  � � � � � � � � � � �  ) � 
 � � � -2 � � 
 	, R – � � � � � � � � � � �  

� � � 
 � � �  � � � 	� � . 
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 � � 
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 � � � � 
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$� � � � 
 � , �  � � � � 	& 
 � � � � � � � � � � �  � � � 	� � � � �  [103] � � 
 � " � � � �  � � � � � � � � �  

� 
 	� � � � � � �  � � � � 	�  �  � � � � � � � 	�  � � � 	 � �  � � � 	 
 � � � 	� � � � � 	 �  d-� � � � � 
 � , � �  � � � �   

� �  
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 � � � � � � � � � � �  � � � 	� � � � � , �  �  – � � � " �  � �  � 	� � �  	 � � � � � � � � � ! � � � � � � � � � �  XA-XB 

� � � � �  . � � 	� ! � , � � �  � �  � 	� 
 	� �  � 	�  � � � � � � � � &, && � � 
 � " � � � �  
 � � � � � � � � � �  � �  

� 	� � �  �  � � � �  � � � � 	� , � � � �  �  � � � �  � � � � " � � �  � 	� � � �  � 	�  A, �  � � � ! � �  � 	� � � �  � 	�  

B. 

) � � 
 � � 	
 	� � �  � � � � �  . � � 	� ! �  [102] � �  � � � � 	�  
 � � � � � � � � � � �  � � � 	� � � � �  

[103] � � � � � � � � � �  � � � �  	� � � �  � � � � � � � �  � � �  � 
 � � �  � 	
 	� � � ! �  � � ’ � � � � . 
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 � � 
 � � � � � � �  1 � � 	� � � � � � � 
  [95], � � �  

� � � � � � � � � � � % � �  
 	� �  	� � � � � � 	 � � � � � �  � 	� � � �  
 	"  � � � 
 �  � � � � � � � � 
 �  
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� � � � 
 � , � � �  � � � � � � % � � � � � 	� � �  � � � � � � � � 	 � � � 
 	�  � 	� � � ! �  � � 
 �  �  ! � � �  	. � � � � �  

� �  � � � � �  � � � 
 � �  � � " � �  � � � � 	� " � � � � �  � � � � � � 
 	� � � � � 	 �  � � � 	 � 
 � � � �  �  � 	� � � �  

� � � � � �  +� � � � � . � � � � � � � �  � 	� 
 	� � 	� � �  � � � � �  2 	� 	
 � �  � 	�  
 � 
 � � � � � 	�  �  � � 
 � , 

� �  � � � �  � � 
 � � � � � � �  � � � � � � % � � � � � � � � � �  � �  	� � � �  � � � � ! 	�  	 �   � � 
 �  && 


 � � � � � ! �  � � �  � 
 � � �  � � � 
 � ! �  � 	� � � � & � 	� � � � � � 	 
 � � � � 	� � 	� . $� � � � 
 � , 	� � � % 

� � � � � � � �  � � � � � � � �  	� � � � � � 	 f	 =0.785, � � �  � 	� � 	� � % � � � � � � -� � � � � � � � � � � 	 

� 
 � � � � �  (f� < f	 ) � 	�  � � � � � -� � � � � � � � � � � � �  (f� > f	 ).  

4 � � � 	� � �  [104] � � � � � � � �  
 � � � � � � �  � � � � � � � -5� � � � -( � � � � � �  [103], �  

� � � � � � � � � � �  
 � � � � � 
  � 	� 	� � � & � � 
 � 	� �  	& � � � 
 � � �  � � � 	� � � � �  (: � / � ), � � � 
 	� �  

	� � � � � � 	, � � �  � � � � � � � � �  � �  � 	� � �  �  	
 � � 	� � � � � � �  � � � � � � " � � � �  � � � � � � � � �  � �  

� � � 	� � 	 � �  � � 	� � 	, 
 � � ’ � � � � �  �  � � � � � � � 
 �  � � � � � � � � 
 �  
 � � � � �  : � / � , � � � � ! 	%�  

	� � � � ! �  � � ’ � � � �  V3 � �  � � � � ! 	%�  � � � � � � � � � � ! �  � � ’ � � � �  V2: 
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 � � � � �  � � �  4 � � � � -� " � � � �  [113], � � �  � � � � %� � � �  � �  � � � � � � � � � 	 

� � � �  � � � �  
 � � � � �  #� � 
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 � � � � � 
  


 � � � � � 
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«

     (3.12) 

/ � � � � ! 	� � �  
 � " � �  � � � � � � � �  	� � � 	� � �  � �  2 	� 	
 � � 
  � � � � �  
 � � � 
 � � � �  


 � � � � �  
 � � � � � 
 � � � �  	� � �  [17].  

' � � � � � � � � � � � � �  
 � � � � �  4 � � � � -� " � � � �  
 � " � �  � � � � "  � � 	� � �  �  	� � � �  

� 	� � 	 � � � � � � � � � � 	 
 � � � � 	� � 	� : � # � � � � � � 	 � � � � � � , 
 � � " � 	 � � � � � � � � � , � � � � ! 	& 
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� � 
 	� � �  � �  	� � 	 [17-19]. . � �   � � 
 �  � � � � 
 � � � � � �  
 � � � � 	 � � � � 	� � � � 	 � � � � � � , �  

� � 	 � � � � � � �  � � � � � � � �  

 
)111(

)111(
S

A

V

V
p -= .     (3.13) 

3.3. Charge asymmetry coefficient  

( � 	�  � 	� 
 	� � � � , � �  � � � �  
 	� � � � �  � �  � � � � � � � � � �  	� � � � � � 	, � � 
 � � 
 � � � � � � 	 

. � � 	� ! � 
  [102] � �  2 	� � 	
 � � 
  [17], � � � � �  � � � �  � � � � � � 
 � � � � � � � � , � � � � �  � � � �  

� � 
 � ! � � � �  � � � � � �  � 
 
 	� � � � � �  
 � � � 
 � � � 	� , � � � � �  � �  � � � � ! 	�  � � � � � � � � �  � � ’ � � � �  

� �  � 	� � � � � � � � � 	 � � � � � � � � �  � � � � � � ! �  � 	� � . ) � � � 	�  "  
 � � � � � � � � � � �  � � � 	� � � � �  

� � � � � � �  [103] � �  4 � � � 	� � � �  [104] � � � � %� � � �  � �  
 � � � � � 	 � #� � � � � � � ! �  � � � � � �  

� � � 
 � , � � �  � � � � � � � � � �  � � � ! �  � �  	� � � % � � � � � � � � � �  � � � � � � � � � & 
 � �  � � � � � .  

'  
 � � � � 	 
 � � � � � 
 � � � �  	� � �  �  � � � � � 	 
 � � � 
 � � � � , � �  � � � � � � � � � � � % 	� � � 	� � �  

� 	
 	� � � ! �  � � ’ � � � � , 
 � " � �  � � � � � � � � � � � � � � �  
 � � � � � 	� � �  (3.13). � � � � �  
 � � � � � �  


 � � � � � � � � 	 � � � � � � % � � � � � 	� � �  � � � � � � � � � � � �  � � " �  ! � � � � & 
 � � � � 	, � � �  

� � � � %� � � �  � �  � � � � � � � 	 #� � 
 #� � � � � 	�  � � � �  �  � � � 	�  � � �  	 � � � � � � � � ! �  
 � � � � � � � . 

$� � � � � � �  #� � 
 # � � � � � 	�  �   	�  � � �  	 � � � � � �  � � � � " � � �  � 	�  � � � � � � � �  � � � � � �  


 � � � � � �  � � � � � , 
 � � � � �  
 	� � � � �  
 � � � �  	� � 	�  � �  	� � � �  #� � � � � 	�  	 
 � " �  � � " �  

� � � � � �  � 	� � 	� � � � � � �  �  � 	� � � �  � � � � � � � , � �  
 �  � � � � � � � 	 � � �  	 
 �  

� � � � � � 
 	� � � � � � 
 , � �  � 
 � � � � � 	! � � � � � �  � � �  � � � �  � � � � � � �  [22, 24, 46, 48, 49, 

119]. ) � � � 
  � � � � 
   �  � � � � � � � �  � �  
 � " �  � � � � �  � � � � � � � � � � � � � � �  

� � � � � � 
 	� � � � � 	 � 	
 	� � � ! �  � � ’ � � � �   	 � � � � � � � � � � � %� � � �  � � � �  � � �  �  	� � �  

� � � � � � � , � �  
 � � ’ � � � � 	 �  	� � � 	� � � , � � �  
 � � � � � � � � �  � � � � � � � �  � � � � � � � � � 	�  [19]. 

� � 	
  � � ! � , 
 � � � � � 	� � � , � � �  � � � � " � � �  � � � �  � 	�  � 	� � � � � � � �  #� � 
 #� � � � � 	� , � �  


 	� � � � �  � 	� � � & 	� #� � 
 �  	& 
 � �  � � � � � � � � �  � � � � � � � � . $� � � � 
 � , � � � � �  
 	� � 	�  � �  


 � " �  � � � � � � � � �  � 
 � � �  � � 
 
 � � �  	� � � & � �  
 � � �  	� � � & � � � 
 � � � � � � � � � � � � � �  �  

� � � � � � �  � � � � � � � � , � �  � � � �  � �  � 	� 	� � � & � � � � " � � � � 	 
 � � � � � � � � 	 (3.13) � 	�  

� � � � � �  � � � � � � � . 
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'  � � ’ � � � �  �   � 
  8� � � 	�  � �  � � � � � 
  [105] � � � �  � � 
 � � 
 � � � � � � �  � � � � �  

	� � � � � � 	 � �  � � � � � 	 � � � � � � � � � 	�  „ �  
 � � � � �  
 � � �  � 
 	� ” . $� 
 	� � �  � 
 � � �  

� � � � 	� � � �  
 � � � � �  � � � � �  � �  � #� � � � � � 	 � � � � � �  � � � � 
 � �  � � � 
 	�  � � � � � � �  � � � ! �  

� � � � � � � " � � �  � �  � � ! � � � � 	�  � � � 
 � � � 	& � � � 
 � � 	� �  � � � � � � � � ! �  � � � � � � , � �  
 � � 
 �  


 	� �  	� � � � ! �  � � � � � � � � �  � � ’ � � � � .  

 

� ) � )   
 

� )  
5� � .3.10. . � � � �  ! � � � � � �  � � � � � �  � � � � � � � � �  � � � � � � � � 	�  AlN (� ), GaN (� ) � �  InN (� ) � � � � � "  
� � ’ � � � �  (� �  	� � � 	 � � � � 	) � �  && � � 
 � � � � � � 	 r S (� � � � � � � 	 � � � � 	) �  � � � � � � 
 � � � � � � 	 r A 
(
 � � � � � � � 	 � � � � 	) � � 
 
 � � � � � � . 

 

, �  � � �  3.10. 
 � � � � � � �  � � � � � � � �  ! � � � � � �  � � � � � � � � �  � � � � � � � � 	�  AlN, GaN 

� �  InN � � � � � "  � � ’ � � � � . 3	� � �  	� � � � �  � � � " � %� � � �  � 
 � � � � � , �  � � � & 
 � � � � 
 � 
  

� � � � � � � � & ! � � � � � �  � � � � �  � �  � � � � � � � �  � � � " � �  � �  � � 	� � � . , �  � � � � � � �  � � � � "  


 � � � � � � � �  � � � � � � �  � � � � � � � � & ! � � � � � �  � �  � � 
 � � � � � � �  � �  � � � � � � 
 � � � � � � �  

� � 
 
 � � � � � � , � � 	 � � � � � � � � � � � �  � � � � � 
 � � 
  � � � � 
 : 
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( ) ( ) ( )[ ]

( ) ( ) ( )[ ],
2
1

,
2
1

rrr

rrr

--=

-+=

rrr

rrr

A

S

    (3.14) 

� �  
 � � � � � �  � � � � � � � � �  � � � � � � � �  
 � � � � � � � � 	 
 	"  � � 	� � � 
  � �  � � � 	� � � 
 , � � �  � � �  

� � � 
 �  � � � 	� � 	�  � �  � � 	� � 	�  
 	� � � � � �  
 	�  � 
 �  
 � �  	� � � � � 	&. / � � � � � 
 � � � � � � �  � �  

� � 
 � � � � � � �  � � 
 
 � � � � � �  � � � � � � � � & ! � � � � � �   
 � " � �  
 � � 	� � � � �  �  	� � � � �  � �  

� � � � � � � � � � �  � � � � ! 	� 
 �  �  
 � � � � 	 2 	� 	
 � � . 1� 
  � 	� � � � �  � � � � �  

� � � � � � 
 � � � � � � � & � � � � � � �  �  
 � � � �  � � � � � � � �  ! � � � � � � , � � 
  � 	� � � �  	� � � 	� � � . � � �  

� 	� � � 	� � � ! �  � � � � � � � � � �   � � ! �  � � � � � �  � � � � � � � � 
 �  � � � � � � � �  ! � � � � � �  �  � � �  

2 � � ’% 

 ( ) ( )�=
G

ieGrGr rr     (3.15) 

� �  � #� � 
 � %
 �  # � � ’%-� � 
 
 � � � � � �  r S � �  r A: 

 
( ) ( ) ( )[ ]

( ) ( ) ( )[ ].
2
1

,
2
1

*
,

*

GGG

GGG

rrr

rrr

-=

+=

A

S

    (3.16) 

( � � � � � � � � %
 �  	� � � ! � � � � � 	 � � � � � � � � , � � 	 � � � � � � � � � �  � � � � � �  � � 
 � � � � � � � & � �  

� � � � � � 
 � � � � � � � & � � 
 
 � � � � �  
 �  � � 	�  � � � 
 � � � � � � 	�  � � 
 	�  	 � � ’%
 � 
  %, �  � �  

� 	� � � �  � � � � � "  � � ’ � � � � : 

 

( ) ( )

( ) ( ) .
1

,
1

22

22
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� �

W

W

W
==

W
==

rrG

rrG

dS

dS

A
G

AA

G
SSS

rr

rr

   (3.17) 

� � � #	 	%� �  � � � � � � � � & � � � 
 � � � 	& � � � � � � � %� � � �  � �  
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S

A

S
S

g = .      (3.18) 

: � ! � �  � � � � � � , � �  #	� � � � �  � � 
 � " � � � �  r (r)>0 � � � � � � � % � 
 � � �  0<g<1.  

'  � � � � �  	 3.1 � � � � � � � �  	� � � � � � 	 � � � � � � � � � � 	 �  � 	� � 	 
 	� � � � � � . 7 �  � � � � � , 

� � � � � � � �  � 	� 
 	� � 	� � �  � � � #	 	%� � �  � � � � � � � � & � � � 
 � � � 	& g � 	�  	� � � �  
 	� � � � 	�  % 

� � , � �  	� � � 	� � �  AlN � � � � � � %� � � �  � 	� � � � �  � 	"  GaN. � �  � � � � � ! 	� � � ! �  � � � � � � � �  


 �  
 � � � � � �  � � � 	� �  � � � ! � � � � � � �  � � � 
 � � 	�  ! � � � � � �  � � � � � � . 

 
) � � � �  �  3.1. -� � � 	� � �  � �  . � � 	� ! � 
  fP, 
 � � � � � 	� � �  � �  4 � � 	� � � � 
  ?p, 	� � � 	� � �  � �  2 	� 	
 � � 
  f i, 
� � � # 	 	%� �  � � � � � � � � & � � � 
 � � � 	& g 8� � � 	� -� � � � � . 
 

g  fP 

[102] 

?p  

[104] 

fi 

[17] [16] [110] [105] , � �  � � � � � � � � � �  

AlN 0.56 0.58 0.449 0.46 0.8 0.775 0.61 

GaN 0.55 0.6 0.500 - 0.78 0.770 0.52 

InN 0.5 0.69 0.578 - - 0.859 0.64 

 

'  [105] � � � �  
 � � � � � � � �  � � � � � � � � � �  � � � #	 	%� � �  � � � � � � � � & � � � 
 � � � 	& � � �  

� � � � � � & � 	� � � � � � 	 
 � � � � 	� � 	�  � �  � � � � � � � � � � � � - � � �  	 � � � � � -� � � � � � � � � � � � � . 

( 
 � � � � � 	! � %� � � �  � 	� � �  � 	� 
 � � 	� � 	� � �  
 	"  g � �  	� � � 	� � �  � �  2 	� 	
 � � 
  fi � � �  


 � � � � 	� � 	� , � �  � �  
 	� � � � �  � � � 
 � � � 	�  � � � ! � ! �  � � � � , �  � � �  � � �  � �  � � �  BN, SiC, 

AlN, GaN, InN, BP, BAs � � � #	 	%� �  g � 	� � � � �  � �  fi. 4 � � � � � � � � �  � � � �  � � � 
 	�  

B, C � �  N – � 	� � � � � 	� � �  p-� � � � 	�  �  � � � � � 	. � �  � � � �  � �  � � " �  � � � � � � ! �  

p- 
 � � � � � 
 � � � �  	� � �  
 � � � � ! � � � �  � �  � � � � � � & � � � � � � � � � ! � � � � � � � � 	, 	, � �   

� � � � 	� � � , � � � � � � ! �  � � � #	 	%� � �  � � � � � � � � & � � � 
 � � � 	&. � � 	
  � � ! �  
 � � � � 	� � �  �  

� � � 
 � � � � 
 �  � � � ! � ! �  � � � �  
 � � � �  � � � � � � � � �  
 � � � �  � � ’%
  � � 
 	� � � , � �  � � � �  � �  

� � � � � � � � �  � � � � � � � �  ! � 
 � � 
 � � � � � � & � � � � ! 	& Eh (3.8), � 	� 
 � � 	� � �  � � � � � � � �  

	� � � � � � 	 fi � � � � " � � � � � � .  

. 	� � � � � � " � � � � 
  � � � � � � � � � � � � � 	 � � � � �  2 	� 	
 � �  % 	 � � , � �  � � � � � � � �  fi � � �  

� 
 � � � �  �  
 � � � �  � � � " � � � �  � � ’ � � � 	�  � �  � 
 � � � � � � � �  �  � � � � 	 � � � � � � � � � 	 
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� � � � � � 
 	� � � � � 	. $� � � � 
 � , 	� � � % � � ’ � � � �  
 	"  � � � � � � � � �  	� � � � � � 	  [111] � �  

� � 
 � 
  � � � � � � � � �  (b-� � � � �  � �  � � 
 ’ � � � & � � � 	), �  � � �  
 � � � � � � � � �  � � � � � � � � � � � � -

� � � � � � � � � � � �  � 
 � � � � �  
 	�  � � � � � 
 . 3� � �  
 � � � � � � � , � �  � 	� � � 	 � � � � � � � �  fi 

� 	� � � � � " � � � �  
 � � � � � ! �  
 � � � � � � �  �  � � � � � � � � �  � � 
 ’ � � � & � � � 	, �  
 � � � 	 – � �  

b- � � � � � . ( 
 � � � � �  �  � � � � � � � 
 �  � � ’ � � � � 
 �  (BN, SiC, AlN, GaN, BP, BAs) � �  

� 
 � � � � � � � �  �   �  � � � � � � 
 	� � 	� � � . $� � � � � 
 	� � 	� � �  � 	� � � � � � %� � � � , � � � �  

� � 
 	� � �  fi � � � � � � � � � � � � � � �  g [105]. 

7 �  � � � �  � 	� � � � � � � �  2 	� 	
 � � 
  [17] � � � � � 
  � � � � � 	 � � � � �  	� � � � � � 	 % && 

� � � � � 	� � �  � � � � 	� � � �  � � � � � � -� � � � � � � � � � � 	 � 
 � � � � �  � 	�  � � � � � -� � � � � � � � � � � � � , 

	 � � � � �  � �  � � � � � 	 � � � #	 	%� � �  � � � � � � � � & � � � 
 � � � 	& � � % � � � �  
 � " � � � 	� � �  [105]. 

1� � 	� � � � � � � 
  [111] � � � �  
 � � � � � � � , � �  � � � �  # � � � � � ! �  
 � � � � � � �  � 	�  

� � � � � � � � � � � � -� � � � � � � � � � � � & � �  � � � � � -� � � � � � � � � � � � & � � � � � � � � �  � � � � � � � �  


 � � 
 � �  	� � �  � �  	� � � � � � 	. '  [20] � � � �  � � � � � � � � � � �  � � � � � , 
 � �  � � � �  � 	� � � � �  


 � � � � � � � � �  �  � � � � � � � � �  � � �  � � �  � �  � � � � � � � � �  � � 
 ’ � � � & � � � 	, � � � �  � � � � � � � � � : 

PGaN=51.8 8. � , PAlN=16.6 8. � , PInN=21.6 8. � , � �  
 	� � � � � � " � %, � �  	� � � 	� � �  

AlN � 	� � � �  � �  GaN (� �  � � � �  # � � � � � ! �  
 � � � � � � �  � � � � "  � 
 � � � � % � � � � � 	� � �  

d- � � � � 	�  �  � � � 	� � � , � �  
 � " �  
 � � � � � � �  � 
 	� � 	� � � � � � � �  PAlN � �  PInN, 
 � � � �   � �  

� #� � �  � �  � � � � 	� � � �  � � � � � � � , � � �  
 � � � � � � �  � � � �  � � � � � �  � 	� � �  �  
 	"  PAlN � �  

PGaN).  

� � " �  � � � #	 	%� �  � � � � � � � � & � � � 
 � � � 	& g � 	� � �  � � � � � � � �  � 
 � � � % 

� � � � � � 
 	� � � � � 	 �  � � � � � � � � � � � �  � � 
 	� 
 � � � 	� � � � 	� , � � � � � 
 �  � 	� � � � 	�  � � � 
 � � � 	�  

� � � � � � & ! � � 
 � , � 	"  	� � � 	� � �  � �  2 	� 	
 � � 
 . . � �  � � � � �  � � � � � � � � � �  � � � #	 	%� � �  

� � � � � � � � & � � � 
 � � � 	& % � 	� � �  � � � � � � � � � �  	 � � � � � � � � � � �  � �  � � � � � � % � � � �  


 � � � �  ! � � � � � �  � � � � � �  � � � � � � � � �  � � � � � � � � 	� , � � �  
 � " �  � � � �  � � � � � � � � �  � �  

� � � 
 � � � 
 � � � � � � � �  �  � � #� � �  	& � � � � ! � � 	� � � � � �  
 � � 
 � � 	� , � � �  	 � � � � � � � � � � �  „ �  


 � � � � �  
 � � �  � 
 	� ” .  

, �  � � � .3.11 � � � � � " � � �  � � � � " � 	� � �  � � � #	 	%� � �  � � � � � � � � & � � � 
 � � � 	& � 	�  

� � � � � �  � � � � � � �  � � � � � � 	�  GaAlN, GaInN, InAlN. 7 �  � � � � � , �   � �  � � � � " � � � � � �  

� 
 � � � � � 	! � %� � � �  � � � � � � �  
 � � ! � �  � �  � � � � � � �  � 
 � � �  � 
 � � � � � �  � # � � � 	� . 
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5� � .3.11. $� � � " � 	� � �  � � � # 	 	%� � �  � � � � � � � � & � � � 
 � � � 	& � 	�  � � � � � �  � � � � � � �  � � � � � � 	�  
GaAlN (� ), GaInN (� ) � �  InAlN (� ): 

 � � � � � � � 	 � � � � 	 – � � � � � " � � � �  � 	� � � � � � � � ! �  � � � � � � � � , 
� � � � � � � 	 � � � � 	 – �  � � � � � � � � � � 
  � � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	, 
� �  	� � � 	 � � � � 	 – �  � � � � � � � � � � 
  � � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	 � �  � � � � � � � � � � & 
� � � � � � �  	&. 

 

' 	� � � � � � � �  � � � � " � � � � � �  	� � � � � � 	 � � � � � � �  � � � � � � 	�  � 	�  � 	� 	� � � ! �  � � � � � �  


 	� � � � � � " � %� � � �  � � � � "  � 	� 
 	� � � � �  �  
 � � � � 
 �  � � � � 	� 	 � � � � � � �  � 
 	� � �  

� � � � � �  � � � � � � � � �  � � �  	 � � � 
 � � � � � � � & � 	� � � �  
 	"  � � 
 � , � � � , � �  � " �  � � � �  

� 	� 
 	� � � �  [111], 
 � " �  � � � " � � �  
 	� � �  	� � � � � � 	 � 
 � � � � � : � � � � � � � � � �  

� � 
 
 � � �  	� � � & � �  
 � � �  	� � � & � � � 
 � � � � � � � � � � � � � �  � � � �  � �  � � � � � � ! �  

� 
 � � � � � � �  � � � 
 � � � � � � � & � 	� � � �  
 � �  � � � � � � 	�  � � � � � � �  � � � � � � 	� , 
 � � 	� � � � �  �  

� � � � � " � � � � 
  � 	� � � � � � � � ! �  � � � � � � � � . 

5� � ! � � � � 
 �  � �  
 � � � � � � 	 GaInN � �  � 	� � � � � %� � � �  
 � � � � � � � � �  � 	
 	� � � ! �  

� � ’ � � � �  �  � � � � � � �  � � � � � � � � , � �  � �  � �  � � & � 
 � � � � � � �  � 
 � � � � 	 � # � � � � . , �  

� � � .3.12�  � � � � � " � � �  � � � 
 � � 	�  ! � � � � � �  � � � � � �  �  � � � � � �  � � � � 
 � � " � � � �  GaN � �  

InN. * � � � � 
 � 
  � � � � � � � � & ! � � � � � �  InN � � � � �  	 � � � � � � � � � � �  � � � " � �  � �  � � 	� � �  

� 	"  �  GaN, � �  � 	� 
 � � 	� � % � 	� � � 	�  	� � � � � � 	 InN. � � �  
 � � 	� � � � � �  � �  � � 	�  

� � � � � � � �  � � � � � � � �  ! � � � � � �  � � � � � � , � � � � � � � � � � �  �  � � � � � " � � � 	 � 	� � � � � � � � ! �  

� � � � � � � � . 7 �  � � � � �  �  � � � .3.12� , � � � � � " � � � �  � 	� � � � � � � � ! �  � � � � � � � �  � �  % 

� � � � � � 	
  
 	"  � � � � � 
 �  GaN � �  InN, � � � 	� � � �  � � � �  � � � � � � � % � #� � �  � � #� � 
 �  	& 

� � ’%
 � . 
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5� � .3.12. ' 
 � � �  � 
 � � � � � �  � # � � � 	�  � �  
 � � � � � � 
 � � 	�  � � � � � �  
 	"  � 	� � � 
 �  � � ’ � � � � 
 �  �  
� � � � � � 
 �  � � � � � � 	: 
� ) � � � � 	 � 
 � � � � �  GaN � �  InN, 
� ) GaN � �  InN 
 � � � � � � � 	 � �  � � � � � & +� � � � �  Ga0.5In0.5N, 
� ) ! � � � � � �  � � � � � �  � � � � � "  � � ’ � � � 	�  Ga-N � �  In-N �  � � � � � � 
 �  � � � � � � 	 Ga0.5In0.5N � � � � 
 � � 	 �  

� � � � � � � � � � 
  � � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	, 
! ) ! � � � � � �  � � � � � �  � � � � � "  � � ’ � � � 	�  Ga-N � �  In-N �  � � � � � � 
 �  � � � � � � 	 Ga0.5In0.5N � � � � 
 � � 	 �  

� � � � � � � � � � 
  � � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	 � �  � � � � � � � � � � & � � � � � � �  	&. 
( �  	� � � 	 � � � � 	 – ! � � � � � �  � � � � � �  � � � � � "  � � ’ � � � �  Ga-N, 
� � � � � � � 	 � � � � 	 – ! � � � � � �  � � � � � �  � � � � � "  � � ’ � � � �  In-N, 

 � � � � � � � 	 � � � � 	 – ! � � � � � �  � � � � � �  � � � � � � � � � � �  �  � � � � � " � � � 	 � 	� � � � � � � � ! �  � � � � � � � � . 

 

, �  � � � .3.12 �  � � � � � " � � �  ! � � � � � �  � � � � � �  GaN � �  InN, 
 � � � � � � � � �  � �  

� � � � � & +� � � � �  Ga0.5In0.5N. 7 �  � � � � � , ! � � � � � �  � � � � � � , � � � � � � � � � � �  �  � � � � � " � � � 	 

� 	� � � � � � � � ! �  � � � � � � � �  � 	� � �  � � � � � � � � � � 
 �  � � � � � � � �  � � #� � 
 � � � � � �  GaN � �  

InN. � � 	
  � � ! � , � � � � � , � �  � � � 
 � � 	�  � � � � � �  � � � � � "  � � ’ � � � 	�  � � � � � �  � 
 	� � � � �  


 	�  � � #� � 
 �  	%�  (� � � � �  +� � � � �  InN � 	� � � � , � 	"  �  GaN). * � � � � 
 � 
  ! � � � � � �  

� � � � � �  � � � � � "  � � ’ � � � �  �  GaN � � 	� , � �  � 	� 
 � � 	� � % � � � � � � � � �  	� � � � � � 	, �  �  InN – 
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� 
 � � � � � � � , 
 � � � �  	� � � 	� � �  � � #� � 
 � � � � � ! �  GaN � � �  � �  � � � � %� � � �  
 � � � � �  � �  

	� � � 	� � �  � � #� � 
 � � � � � ! �  InN. � � �  � � � � 	� �  � 
 � � � �  � � � � �  � �  	� � � 	� � �  � � 
 �  � � � �  

� � � � � � � � � � 	 � � � � � � � �  dg/dlnV � � �  AlN, GaN � �  InN, � � 	 � � � � � � � � �  0.16, 0.4 � �  

0.2, � 	� 
 � � 	� � � . � � " � , � � � #	 	%� �  � � � � � � � � & � � � 
 � � � 	& � 
 � � � % �  � � � � � 
 , � �  


 	� � � � � � " � %� � � �  � � � 
 � � � 
 � � � � � � � � 
 �  � � 
 	� � 
 �  [112] � �  � � � � � � � � � � 
 �  

� � � � � � � � � � 
 �  „ �  
 � � � � �  
 � � �  � 
 	� ”  [67, 68] � 
 � � � �  � � � � �  � �  
 � 
 � � � � � � �  

� � � � � , � � � �  
 � " � �  
 � � ’ � � � � �  �  	� � � 	� � � . 
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	� � � � ! �  InN [40], � � � � 
  � � � � 
  � 	� � �  �  ! � � � � �  � � � � � �  
 	"  � 	� � � 
 �  � � ’ � � � � 
 �  

� 
 � � � � %� � � � , � �  � � � �  � �  � � 	� � � � � � �  � � � � � 	� � � � � 	 � � � � � � ! �  � � � � � � �  	 

� 	� 
 � � 	� � �  � 
 � � � � � � �  
 � � � � & � � � � ! 	& � � � � � 
 � . . � � � �  � � �  � � � � ! � � � � �  
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 � 
 �  � � � � ! 	& � � � � � 	� � � , � � �  � 	� � � � � � �  � � � � � � �  	�  � � � " � �  � � ’ � � � 	�  

(� � � .3.12 ! ), 
 � �   � � 
 �  � 	� � � � � %� � � �  
 � � � � � � � �  
 � � � � � � 
 � � 	�  � � � � � �  � � � , � �  
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 � 
 �  ! � � � � � �  � � � � � �  � � � � � "  � 	� � � �  � � ’ � � � 	�  
 � � " �  � � 	� � � � � � � � , � � � � 
  

� � � � 
  ! � � � � � �  � � � � � �  � � � % 
 � � � � 
 � � � � �  
 � " � � � �  
 � � 	� � � �  � �  � � � 
 � � 	� �  

� � � � � � , � � � � 
 � � � ! �  �  � � � � � " � � � 	 � 	� � � � � � � � ! �  � � � � � � � � . 

 

3.4. Effective charges 

7 �  � " �  � � � �  � 	� 
 	� � � � , � �  	� � � % � � � � � � � � � � ! �  � � � � � � � � � �  � � � � � � , 


 � � ’ � � � � � ! �  �  � � � � 
 � 
  � � � 
 � 
 . . � � � � , �  � � � � #� � 
 � � � � � 
 �  � � � � � � � 	 % 


 � " � � � 	� � �  � � � � � � � � � �  � � � � � � � �  � � 
 � � � � � ! �  
 � 
 � � � � , � �  � � � � � � % 
 � �  

� 
 	� � � � 	 � � � 
 	� . � � �  � � 
 � � � � � �  
 � 
 � � � , 
 � � 	� � � � �  � �  � � � � � � � �  � � � � � , 

� � � � � � � % � #� � � � � � � �  � � � � � , � � � �  
 � " � �  � � 
 	� � � �  � � � 
 � � � 
 � � � � � � � � .  
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 � � ’ � � � � 	 �  � 
 � � � � � 
 �  
 � � � 
 �  � � � � � � � �  
 � �  k=0. ( � � � �  	�  � � � � � 	 
 � � � � �  � � �  

� � � � �  � � � 	� � � �  � � � � � � � 	�  ANB8-N. @ � � �  � � � � � � � � � �  
 � � � , � � 	 � 
 � � � � � � � �  


 � � " � � 
 �  � � � � � � � � � 
 � , 	 � � �  � 
 � � � � � �  
 � � � , � � 	 �  � � � �  
 � 
 � � � � � 	 	 � � � �  


 � � � � � " � � . $�  � 	� � � � � � � � 	 � � � � � � � 	� � � �  � � �  
 � � � � � " � 	 � �  
 � 
 � � � � � 	 � 
 � � � � 	 

� � � � � � �  &TO � �  &LO  � � � � � �  � � � � � " � � � 
 �  
 � �  k=0, � � � 	� � � �  � � �  

� � � � � � � � 	� � � �  � � �  
 � � �  % � � � � � � 	� � � 
 � 
 � . � � � � �  � 	� � � � � � �  � � � �  � 	� ’%
 � � - 

� �  � � � � � � � � -� � � � � " � � � �  � � � 
 	�  
 � � � � � � � �  � �  
 � � � �  � � � � � � � � & ! � � � � � �  


 � � � � � � �  	&, � � �  �  � � � �  � � � ! �  � � � � � � � % � � � � 
 � � � � � �  � � � � � �  � �  
 � � � �  

� � � � � � � � � & 
 � � " � � � � 	 � � �  
 � � � � � " � 	�  � � � � � , � �  � 	� 
 	� �  � 	�  
 � 
 � � � � � � � , � �  

� � � �  � �  � � � � � 
 � � � � �  LO 	 TO 
 � �  
 � �  k=0. 

5� � ! � � � � � � �  � � � � � � � � �  	� � 	�  � � � � � "  � � 
 � � 
 � �  � � � 
 � � � � � " � � � � , 	 

� � � " � � � � , � �  � � � 
 �  � � � � ! �  � � � � �  
 � � � �  #	� � � � � � � �  � � � � �  eT* , �  � � � 
 �  

	� � � ! �  � � � � �  
 � � � �  � � � � �  
 � � � � � � " � � ! �  � � � � � , 
 � " � �  � � � � � � � � �  � � � � � � � � �  

� � 
 � � � � � �  
 � 
 � � �  � �  
 � � �  	� � 	� , � 
 	� � � � �  � � � �  � 	� � � � � �  � � � � ! �  � �  

� � � � � � � �  x: 

pT=eT*x .      (3.19) 

$ � � � � � � � �  ! � � � � � �  
 � � � � � � �  	& 
 � " � �  � � � � � �  � � � � , � �  � 	� � �  � �  � � � 
 �  

� �  � � � � � � �  � � � � � � � � . '  � � � � � � � � � 	, � � � � � � � �  � � � � � 
 � � � � �  [17, 104] 
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O ,       (3.20) 

� �  M – 
 � � � � %� �  
 � � � � � � � �  � � � 
 � �  
 � � � , % – � � ’%
  � �  � � � �  � � � 
 , e0 – 

� 	� � � � � � � � � �  
 � � � � � � 	� � � . 

5� � � � 
 � � � � �  � 
 � � � � � �  
 � �  � � � � � � � � � � � %� � � �  � � �  � � � � � � � � � �  


 � 
 � � � � � � ! �  
 � � � � � � � 
 	� � � ! �  � � � � � �  eT* , � � � �  � � � � � � � %� � � �  � � � � 
  � � � � 
 , 

� � �  � � � �  
 � � � � � � � 	 � � � � � � � �  � � � � � � � � & 
 � � � � � � �  	& (3.19), � �  � � � � � � % 
 � �  
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� 	� � � � � � 
 �  � � � � 	 � � � 
 	� . � � 	
  � � ! �  � � � � � � � �  
 � 
 � � � � � � ! �  � # � � � � � � � ! �  

� � � � � �  eT*  � �  � #� � � � � � � ! �  � � � 
 � � ! �  � � � � � �  Z*  � � � � � �  � 	� � 	� � � � � � � �  � �  

� � � � � � �  „ � � � � 
 	� � � � ”  � � � � � 	� , � � 	 � � � � � � � � �  � � � � � 	� � �  
 � � � � � � 
 � � 	� �  

� � � � � �  
 � �  � � � � 	 � � � 
 	� . . � � � � � �  eT*  � � � �  � � � � � � �  3� � � � 
 , � � 
 �  eT*  � � � � �  

� � � � � � � � �  � #� � � � � � � 
  � � � � � � 
  3� � � � , � � �  � � � � 
 	� � � 
  � #� � � � � � � 
  � � � � � � 
 , 

�  � � �  � � �  � �  Z*  - � � � � � � � � 
 .  

* � � � � � � �  � � � � � � � � � �  � � � � 
 	� � � ! �  
 � 
 � � � � � � ! �  � # � � � � � � � ! �  � � � � � �  �  


 � � � � 	 
 � � � � � 
 � � � �  	� � �  � � � �  � � 
 � � 
 � � � � � � �  2 � ! � � 
  [19]. * � � � �  � � � � %� � � �  

� �  � � � � " � � � 	 eT*  � � � � �  
 	� � � � � � 
 	� � �  � 	� � � � � � � � � �  # � � �  	�  e--1, � � � � �  � �  

� � � � � � � � � � � � � �   
 � � 
 �  	� � � � � 	�  e. , � � � � � � �  
 � 
 � � � � � 
 �  

� � � � ! � � � � 	� �  	� � � & � 	� � � , � �  
 � � � 
 � � � �  � � � � �  	� � � � �  � � � � � 	�  Za=+n � � �  

� � � 
 � � � 	�  �   n –! �  � � � � 
  �  
 � � 	� � � � � � & � � � � � 
 � , � � � � 
 � %� � � �  � 
 	� � 	� � � � � � � �  

[19]: 
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(3.21) 

� �  W - � � ’%
  � � � 
 � � � � � � � & � � 
 	� � � , qnk=1, � � � �  n – � � � �  �  � � � � � � � � �  � � � , 

	� � � � �  qnk=0, p – � 
 � � � � � �  	
 
 � � � � � , <nk| - � � � � � � � �  # � � �  	�  � � � � � � � � �  �  

� � � 	 n �  � � � � 	� � � � � � � � 
  � � � � � � � 
  k, Va(G) – 
 � � � � � 
 � � � �  	� � � � 	 

#� � 
 #� � � � � �  � � � 
 �  � � � � �  a, tttt aaaa - � � � � � � , � �  � � � � % 
 � � � " � � � �  � � � 
 �  �  

� � � 
 � � � � � � 	�  � � 
 	�  	 �  
 � � 
 � 
 �  
 � � � � � � 	. 

* � " � �  � � 	� � �  �  	� � � �  � � � � � � � �  eT* , � � � � � � � � � � � � � �  � � � � � ! � � � � �  


 � � � � �  � � �  4 � � � � -� " � � � �  [113], 
 � �   � � 
 �  � � � � 
 � %� � � �  
 � � � � � �  

� � � � 	� � � � � �  � � � � � : 
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1
1

44
2

*
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pp
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D

-= ,     (3.22) 
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� �  p � � � � � � � %� � � �  � 	� � � � � � � � 
  #� � 
 #� � � � � 	�  (3.13), DZ – � 	� � �  �  � � � � � 	�  

� � � 	� � �  � �  � � 	� � � .  

� 	� � � �  � � � � "  �  	� � � �  � � � � � � � �  � � � � � � � � ! �  � #� � � � � � � ! �  � � � � � � . � � �  

 � � ! �  
 � " � �  � � � � � � � � � � �  � � � � � � � � � �  4 � � � 	� � � �  [104] � �  � � � � � 	 
 � � � � � � � � � �  

�  � � � � �  	 3.1:  

)1(
3
8

** 2
ppTeZ aa --= .     (3.23) 

� � � � 
 � � 	 � � � � � � � � � �  � � � � �  � � ! � � " � � � � � �  �  � � � � � 
 � � 
 �  

� � � 
 � � � 
 � � � � � � � � 
 �  � � � � 
 �  (� � � � �  	 3.2, 3.3). . � � � � , � �  � � � �  � 	� 
 	� � � �  �  

[19], (3.21) � � � �  � � � � �  	� � % � � � � � � � �  
 � 
 � � � � � � ! �  � #� � � � � � � ! �  � � � � � �  �  


 � � � � 	 � 
 
 	� � � � � ! �  
 � � � � � 
 � � � �  	� � �  (� � � � � � � �  � � �  III-V � 
 � � � � ), � � � 	� � � �  �  

 � � 
 �  
 � � � � 	 � � 
 � " � � � �  � � � � � � � � �  � � � � � � � �  � � � � � � � � � � � � �  � � � � � �  

� � � � � � � � �  � � � � � � � � 	�  �  � � � � � � 	 � � � � � � . 

 
) � � � �  �  3.2. . � 
 � � � � � � �  (� � � � 
 	� � � � ) � #� � � � � � � �  � � � � � . 
 

eT*  (3.22)  eT*  
: � / �  
[104] 

[119] 
 

� � � �  
� � � � � �  

eT*  DFT  eT*  
(3.21) 
� � � �  

� � � � � �  

eT*  � � � 
 . 

AlN 

GaN 

InN 

2.36 

2.43 

2.73 

- 

2.52 

2.35 

2.99 

2.92 

2.77 

2.65[114], 2.58[115] 

2.67[114], 2.64[110] 

3.1[114]  

2.2 

2.4 

2.63 

2.75[116], 2.57[112] 

3.2[116], 2.71[117] 

- 

 

7 �  � � � � � , #� � 
 � � �  (3.22) � � % � � " �  � � � � � �  
 � � � � � �  	 
 � " �  � � � �  

� � � � � � � �  � � � �  � � �  
 � � 	� � � � � �  
 � � � � 	� � 	� , � � 	 � � � � � �  � 	� � 	� � � � � � � �  � �  

� � � � � � � � � � � 
 � , � � 
 � � � � � �  II-VI � �  III-V [19], 
 � � � �  �  � � � 	& � � � � � � � �  � �  

� � � � � � � � � � � 
 �  
 � � � � 	� � 	� , �  � � � � 
 �  � � 
 � � � �  �  ----� 	� � � � � � , � � � �  
 � " �  

� 
 � � � � � � � �  � � � 	� �  � � 	� � 	 � 
 	� � 	� � � � � � � � .  
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) � � � �  �  3.3. ( � � � � � � � �  � # � � � � � � � �  � � � � �  � 	� � � � � �  � 
 � � � �  AlN, GaN,  InN. 
 

Z*   Q* (3.6) 

[91] [104] [118] � � �  � � � � � � � � � �  

AlN 

GaN 

InN 

1.88 

1.02 

1.17 

1.33 

1.41 

1.76 

1.04 

1.06 

1.76 

1.17 

1.38 

1.67 

 

� � 	
  � � ! � , � � � � � � � � � � � � � �  (3.22) � � �  � � � � � � �  � � � � � � 	�  � � 
 � " � � � �  

� � � � 
 � � �  
 � � ! � �  � � 
 
 � � �  	� � � �  � � � � " � � � � � �  
 � 
 � � � � � � ! �  � # � � � � � � � ! �  

� � � � � � , � � � 	� � � �  � � � � ! �  
 � � ! � � �  � �  � � � � � � %� � � �  �  � � 
 � �  � � � � � � � � �  


 � � � � � � � � 	 p. '  [119] � 
 � � �  � � � 
 � � � � � � � � � � � � 	 �  � � � � � � 
 �  � � � � � � 	 � � � �  

� � � � � � � � �  � �  � � 
 � 
 � ! � �  � � � � � � � � � ! �  � 
 
 	� � � � � ! �  
 � � � 
 � � � � , � � � �  	
 	� � % 

� 
 � � �  � � � 
 � � � � � � � � � � � � 	 � �  
 � � � � � 
 � � � �  	� � , �  � � � � � � � � � 	 � � � �  
 � � � � � � � , � �  

� � � 
 � � � � � � � � � 	� � �  � � � �  � �  
 � � ! � � �  � � 
 
 � � �  	� � � �  � � � � " � � � � � �  � # � � � � � � � ! �  

� � � � � �  � �  
 � � " � � �  � � � � � � � � . '  � � � 	�  � � � � � 	 � #� � �  � � � 
 � � � � � � � � � � � � 	 � � � �  

� � � � � � � � �  � �  � � 
 � 
 � ! � �  32-� � � 
 � � & � � � 
 � � � � � � � & � � 
 	� � �  � �  #� � 
 � � �  (3.21), 

�  � � �  � � � � � � �  � � � �  � � � � ! � � � � � �  � � � � � � � � �  � �  
 � � � " � � � �  � � � 
 	�  �  � � 
 	�  	. 
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5� � .3.13. . � 
 � � � � � � �  (� � � � 
 	� � � � ) � # � � � � � � � �  � � � � �  � �  # � � �  	�  � � � � � �  x � � � � � � �  
� � � � � � 	�  Ga1-xAlxN (� �  	� � � �  � � � � � ), Ga1-xInxN (� � � � � � � �  � � � � � ) � �  Al1-xInxN (
 � � � � � � � �  
� � � � � ). 
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7 �  	 �  � � � � � � � � � � �  � � � � � �  � � � � � � � � � � & � � � � , � � � � � � � � � �  � � 
 
 � � �  	� � � & 

� � � 
 � � � � � � � � � � � � 	 � �  � � � � � � � � � � & � � � � � � �  	& � � � �  � �  
 � � � �  � � � � � � ! �  
 � � ! � � �  

� � 
 
 � � �  	� � � �  � � � � " � � � � � �  
 � 
 � � � � � � ! �  � #� � � � � � � ! �  � � � � � �   (� � � .3.13),  � �  


 	� � � � � � " � %� � � �  � � � � � � � � � � 
 �  [119]. � � � � 
 � � 	 � � � � " � � � � 	 
 � " � �  

� 
 � � � � � 
 � � � � �  � � � � � � � � � � � 
 �  � 	� � � � � � 
 � : 

 

eT* (Ga1-xAl xN)=2.2x+2.4(1-x)-0.1x(1-x), 

eT* (Ga1-xInxN)=2.63x+2.4(1-x)-0.3x(1-x),   (3.24) 

eT* (Al1-xInxN)=2.63x+2.2(1-x)-0.4x(1-x). 
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5� � .3.14. ( � � � � � � � �  � # � � � � � � � �  � � � � �  � �  # � � �  	�  � � � � � �  x � � � � � � �  � � � � � � 	�  Ga1-xAlxN 
(� �  	� � � �  � � � � � ), Ga1-xInxN (� � � � � � � �  � � � � � ) � �  Al1-xInxN (
 � � � � � � � �  � � � � � ). 

 

� � 
 
 � � �  	� � 	 � � � � " � � � � 	 � � � � � � � � ! �  � # � � � � � � � ! �  � � � � � �   (� � � .3.14) 


 � � � � � � � � �  � � � � � � � � � � 	 
 � 
 � � � � � � ! �  � � � � � � , � � � 	� � � �  
 � � � � � 	� � �  ap 

� � � � " � � �  � 	�  � � � � � �  � � � � � � �  � 	� 	� � � . / 
 � � � � � 
 � � � �  � � � � 
 � � 	 � � � � " � � � � 	 

� � � � � � � � � � � 
  � 	� � � � � � 
 , � � � � 
 � %
 � : 

 

Z*(Ga1-xAl xN)=1.17x+1.38(1-x)-0.11x(1-x), 

Z*(Ga1-xInxN)=1.67x+1.38(1-x)-0.35x(1-x),   (3.25) 

Z*(Al1-xInxN)=1.67x+1.17(1-x)-0.48x(1-x). 

 



 118 

( � � � � � � � �  � �  � � � � 
 	� � � �  � #� � � � � � 	 � � � � � �  � � � � � � � � �  �  � � � � � 
  � � � 
 � � & 

� � ! �  � � � 	� � � , � � � � �  � �  
 � � � � � � � � �  � � � � � � 
 	� � � � � 	 � � � #	 	%� � �  � � � � � � � � & 

� � � 
 � � � 	&, � �  
 � " � �  � � � �  �  � � � � � �  �  #� � 
 � � �  (3.22). '  [110, 115] � �  � � � � � 	 

� � � � � � � � � 	�  � � �  � � � 	& III-V 
 � � � � 	� � 	�  � � � �  � 	� 
 	� � � � , � �  � � ’ � � � �  � � � #	 	%� � �  

� � � � � � � � & � � � 
 � � � 	& � �  
 � 
 � � � � � � ! �  � # � � � � � � � ! �  � � � � � �  � � � % � 	� � �  

� � � � " � � � 
 , � � � �  � � � � � � � � � � � � � � �  � � � � � � � � � � �  � # � � � � � � � �  � � � � �  

)(/*e*e TscrT ¥= e , � � � �  
 � � ’ � � � � � �  �  g � 	� 	� � � �  � � � � " � 	� � � . $� � � � � � �  

eT* scr(AlN)=1.21, eT* scr(GaN)=1.14 [110] 
 � � � � � � � � �  � � � � � � 
 	� � � � � 	 �  

� � � � � � � � �  � � � #	 	%� � �  � � � � � � � � & � � � 
 � � � 	& (� � � � �  �  3.1) � �  
 	� � � � � � " � � � � , 

� �  AlN % � 	� � �  	� � � � �  � 
 � � � � � � , � 	"  GaN. 
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 �  � 
 � � 	 
 � � � � � � � � � ! �  

� � � 
 � � 	� �  � � � � � � , �  � �  
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 � � � 
 � � � 	� , � 
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2. ' 
 � � � �  
 � � � � � � � �  � � � � 	�  
 � � � � � � � � �  � 	
 	� � � ! �  � � ’ � � � �  
 � �  � � � � � � � � 	 

� � � � � � �  � � � � � � 	�  � 	� � � � 	�  --- ! � � 
 � . . � � � � � � � , � �  � � 
 
 � � �  	� � �  

� � � 
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 � � � � � � � � �  � � � � � � � � � � �  � � � � � �  � � � � � � � � , 
 � � 	� � � � �  �  

� � � � � � � � � � 
 � , � � � � 
 � � � 
 �  �  � � � � � " � � � 	 � 	� � � � � � � � ! �  � � � � � � � � . 
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 � � �  	� � � �  � � � � " � � � � � �  � # � � � � � � � �  � � � � � 	�  � �  	� � � � � � � �  

� 	� � � � 	�  --- ! � � 
 � , � � � � � 
 � , � � � #	 	%� �  � � � � � � � � & � � � 
 � � � 	& InAlN 
 � �  


 � � � � �  � � � � � � �  � � � � � � �  � � � % 
 � � � � 
  � 	"  �  � � � � � �  � 
 � � � � � �  InN � �  

AlN. 
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 � � � � � , 

� 
 � � � � � �  � � � � � � � � � � � �  	 � 	
 	� � � ! �  � � ’ � � � �  � 	� � � � 	�  --- ! � � 
 �  � �  � � ’%
 � � �  	 


 � 	� � � � � �  
 � � � 	� � � �  � � � � � � �  � � � � � � 	�  � �  &�  � � � � � 	. , � " � �  � #� � 
 � � � � � � � 	 

� � � � � � 	 � � � � � � � � � �  � � � � � � . 

1. * � � � � � 
  
 � � � � � � � ! �  
 � � � � � 
 � � � �  	� � �  � � � � " � � ! �  � 	�  � � � � � � � � �  

� � #� � 
 �  	�  � � � � 	� " � � �  � � � � � � � � � 	 �  � 
 � � � � 	 � � � � � � � � � � 	 � 	� � � � 	�  --- ! � � 
 � . 

' � � � � � � � � � � �  #� � �  	� � � � � � � & #� � 
 �  
 � � � �  	� � �  	 � � ! �  � � � � " � 	� � �  � 	�  

� � � � � � � � ! �  � � � � � � � �   � � � � � � � � �  � � � � � � � �  � 
 � � � � �  � 
 � � �  � � #� � 
 �  	�  � �  

� � � � � � � � � 	 � 
 � � � � � . ) � �  �  %� � � � 
 �  
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 � � � � � � � � �  � � � � " � � � � � �  � � � � � �  � � � � � � � � � � & � � � �  

� 	� � � � � �  � 
 � � � �  GaN, AlN � �  InN �  � � � 
 � � � 
 � � � � � � � � 
 �  � � � � 
 � .  

2. �  � � � � � " � � � 	 32-� � � 
 � � �  � � 
 � � � � 
 	� � �  � � � � 	� " � � �  � 
 � � �  

� � 
 
 � � �  	� � � & � � � 
 � � � � � � � � � � � � 	 � �  � � � � � � � � � � & � � � � � � �  	& � �  � � � � � � � � � � 	 

� � � � � � �  � � � � � � 	�  � 	� � � � 	�  --- ! � � 
 �  Ga1-xAlxN, Ga1-xInxN � �  In1-xAlxN. 
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 � � ! � �  � � 
 � � � � � � �  
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3. ' 
 � � � �  
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 � � � � " � � � �  
 	� 	�  � � � � � & � � � � � � �  

� 	� � � � � � � � � � & 
 � � � � � � � � � 	 � 	� � � � 	�  --- ! � � 
 �  � � � � � � � � �  � � �  � � � , � �  

� � � � � � � � �  � 	� � �  � � � � � � � �  � � � � � � �  &�  � � � � � � � � � �  � � � � �  � � � � � � � � � . . � � � � � � � , 

� �  � � 
 � � � � 	 
 � � � � � � 	 � � � 
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 	" � � � � � �  
 � � � � � � 	�  � � � � � �  � 	� � 	� � � � � � � �  �  
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 � � 
 � 	�  
 � � � � � � �  	&, � � 
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� � � � � � � � � �  � � � � � 	� � �  � � �  � � ! � � " � � � �  � � � � � � � � � � �  � 
 � � � � � �  � 
 � � � � 	�  �   

� � � 
 � � � 
 � � � � � � � � 
 � . 

4. ' � � � � � � � � �  � 	� � � 	� � � � � �  � � #� � 
 �  	�  � � � � � � � � �  
 � � � � � � �  � � � � � � � � � � 	 

� � � 
 � � � 
 � � � � � � � � �  � 
 � � � � 	�  � 	� � � � � � � �  � � � � � �  
 � 	� � �  Ga1-xAlxN �  � � � � 	 

4.5 � ' , � � 	 � � � �  
 	� � � � � � " � � 	 � � � � "  
 � � � � �  	� � � 
 �  � 
 � � � � � 
 � . , � � � � 	� � �  

� 	� � � 	� � � � � & � � #� � 
 �  	& � � � �  � �  � 
 	� �  
 	" � � � � � �  � � � � ! � � � � � � �  � 	� � � � � � �  � �  

� 
 	� �  � � � %
 � � ! �  � � � � � � � � � � � �  � � �  � 6V �  � 1V, � �  � 
 � � � � � � % � � � � � � � � � �  

� � � � � � � � � ! �  
 	� � , � � 
 � � � � � � ! �  
 � � � � � � � 
 �  � 6V–� 1C. 

5. ' � � � � � � � � � � , � �  � � � #	 	%� �  � � � � � � � � & � � � 
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 � � � % 

� � � � � � 
 	� � � � � 	 � 	
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 � , 
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 � � � � � 
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 � � � � � � � � � 
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 � � 	� 	 � � � � � � . 
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 � � �  � � 
 � � � � 
 	� � �  
 � � � � � � �  � � � � � �  

� 	� 
 	� � 	� � �  �  � � � 
 � � 	� 	 ! � � � � � �  � � � � � �  � � � � � "  � 	� � � �  � � ’ � � � 	�  �  � � � � � � �  

� � � � � � � � , � �  
 � � � � � � � �  � �  
 � � � � � � � � �  � � � � � � � � � � �  � � � � � �  � � � � � � � �  	 
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Appendix 

Appendix / . Calculated matrix elements end the corresponding energies of interband optical 
transitions in GaN in a highly symmetric points of  Brillouin zone for different polarizations 
(� � � �  
 � � � � 
 � � � � � � 	 
 �  � � � � � � � � �  � � � � ! 	&, v8 – � � � � � � �  � � � � � � � �  � � � � , c1 – � � � � � " � �  
� � � �  
 � � � 	� � � � � 	). 
� � � � �  �  
      � � � � � �  � � �    Mxy     Mz    E,  � 	  

 � � � � � 
  v    c    
� 3v- � 1c   3   1      . 0      . 0    11. 14 
� 3v- � 3c   3   2      . 0     3. 4    12. 84 
� 3v- � 6c   3   3      . 0      . 0    16. 59 
� 3v- � 6c   3   4      . 0      . 0    16. 59 
� 3v- �  c   3   5      . 0      . 0    17. 45 
� 5v- � 1c   4   1      . 0      . 0     5. 27 
� 5v- � 3c   4   2     7. 5      . 0     6. 97 
� 5v- � 6c   4   3     1. 5      . 0    10. 72 
� 5v- � 6c   4   4    49. 5      . 0    10. 72 
� 5v- �  c   4   5      . 0      . 0    11. 58 
� 5v- � 1c   5   1      . 0      . 0     5. 27 
� 5v- � 3c   5   2    67. 5      . 0     6. 97 
� 5v- � 6c   5   3    49. 5      . 0    10. 72 
� 5v- � 6c   5   4     1. 5      . 0    10. 72 
� 5v- �  c   5   5      . 0      . 0    11. 58 
� 1v- � 1c   6   1      . 0    36. 3     3. 70 
� 1v- � 3c   6   2      . 0      . 0     5. 41 
� 1v- � 6c   6   3     3. 8      . 0     9. 15 
� 1v- � 6c   6   4      . 4      . 0     9. 15 
� 1v- �  c   6   5      . 0    36. 0    10. 02 
� 6v- � 1c   7   1    42. 1      . 0     3. 66 
� 6v- � 3c   7   2      . 0      . 0     5. 37 
� 6v- � 6c   7   3      . 0      . 8     9. 11 
� 6v- � 6c   7   4      . 0      . 1     9. 11 
� 6v- �  c   7   5    16. 6      . 0     9. 98 
� 6v- � 1c   8   1    15. 6      . 0     3. 66 
� 6v- � 3c   8   2      . 0      . 0     5. 37 
� 6v- � 6c   8   3      . 0      . 1     9. 11 
� 6v- � 6c   8   4      . 0      . 8     9. 11 
� 6v- �  c   8   5     6. 2      . 0     9. 98 

� � � � �  �  
� � � � � �  � � �    Mxy      Mz    E,  � 	  
   v    c    
   3   1      . 0     1. 9    10. 67 
   3   2      . 0      . 0    10. 73 
   3   3      . 5      . 0    14. 10 
   3   4     2. 2      . 0    14. 10 
   3   5      . 0      . 0    14. 18 
   4   1      . 0      . 0    10. 55 
   4   2      . 0     1. 9    10. 60 
   4   3      . 0      . 0    13. 98 
   4   4      . 0      . 0    13. 98 
   4   5     2. 5      . 0    14. 06 
   5   1    65. 0      . 0     6. 81 
   5   2      . 0      . 0     6. 86 
   5   3      . 0     1. 2    10. 24 
   5   4      . 0     2. 0    10. 24 
   5   5    48. 0      . 0    10. 32 
   6   1     4. 7      . 0     6. 81 
   6   2      . 0      . 0     6. 86 
   6   3      . 0     2. 0    10. 24 
   6   4      . 0     1. 2    10. 24 
   6   5     1. 3      . 0    10. 32 
   7   1      . 0      . 0     6. 76 
   7   2    52. 6      . 0     6. 82 
   7   3    20. 3      . 0    10. 19 
   7   4    28. 6      . 0    10. 19 
   7   5      . 0     3. 0    10. 28 
   8   1      . 0      . 0     6. 76 
   8   2    16. 7      . 0     6. 82 
   8   3    28. 6      . 0    10. 19 
   8   4    20. 3      . 0    10. 19 
   8   5      . 0      . 1    10. 28 
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� � � � �  �  
� � � � � �  � � �    Mxy      Mz    E,  � 	  
   v    c    
   4   1     2. 1      . 9    12. 50 
   4   2      . 1      . 0    12. 51 
   4   3      . 3      . 0    16. 03 
   4   4     4. 3      . 0    16. 22 
   4   5      . 5      . 0    20. 50 
   5   1      . 0      . 0    10. 28 
   5   2      . 2      . 0    10. 28 
   5   3      . 1     9. 9    13. 81 
   5   4      . 0      . 0    13. 99 
   5   5     5. 0     1. 6    18. 27 
   6   1      . 1      . 0    10. 27 
   6   2      . 0      . 0    10. 28 
   6   3      . 0      . 0    13. 80 
   6   4      . 1     9. 3    13. 98 
   6   5      . 4      . 0    18. 26 
   7   1      . 9      . 0     7. 56 
   7   2    13. 6    46. 6     7. 56 
   7   3    10. 9      . 0    11. 09 
   7   4      . 8      . 0    11. 27 
   7   5     5. 7      . 0    15. 55 
   8   1    14. 7    46. 2     7. 50 
   8   2      . 9      . 0     7. 51 
   8   3      . 9      . 0    11. 03 
   8   4    10. 1      . 0    11. 21 
   8   5      . 7      . 0    15. 49 

� � � � �  	  
� � � � � �  � � �    Mxy      Mz    E,  � 	  
   v    c    
   4   1      . 0      . 0    11. 57 
   4   2      . 2     6. 8    15. 93 
   4   3      . 0      . 0    15. 99 
   4   4     9. 0      . 0    17. 38 
   4   5     4. 5      . 5    17. 92 
   5   1      . 0      . 0    11. 16 
   5   2     2. 3      . 0    15. 52 
   5   3      . 3      . 0    15. 58 
   5   4     1. 8      . 4    16. 97 
   5   5      . 1      . 1    17. 51 
   6   1    27. 6      . 1     9. 60 
   6   2      . 4      . 0    13. 97 
   6   3     6. 6     1. 1    14. 03 
   6   4      . 1      . 0    15. 42 
   6   5      . 2      . 0    15. 96 
   7   1     2. 0      . 0     9. 42 
   7   2     7. 4     1. 7    13. 78 
   7   3      . 5      . 0    13. 84 
   7   4     2. 1     1. 7    15. 23 
   7   5      . 2    10. 6    15. 77 
   8   1      . 0    28. 0     8. 94 
   8   2      . 2      . 0    13. 30 
   8   3     1. 9      . 0    13. 36 
   8   4      . 0      . 0    14. 75 
   8   5      . 1      . 0    15. 29 

� � � � �  L 
� � � � � �  � � �    Mxy     Mz    E,  � 	  
   v    c    
   3   1     3. 9      . 6    11. 63 
   3   2      . 3     1. 0    11. 75 
   3   3      . 3      . 2    15. 46 
   3   4      . 5      . 1    15. 55 
   3   5      . 5      . 0    19. 20 
   4   1      . 3     1. 1    11. 59 
   4   2     3. 6      . 7    11. 71 
   4   3      . 6      . 1    15. 42 
   4   4      . 2      . 2    15. 51 
   4   5      . 9      . 0    19. 16 
   5   1      . 7      . 0     7. 00 
   5   2    21. 2      . 0     7. 12 
   5   3    33. 8      . 0    10. 83 
   5   4     2. 6      . 0    10. 92 
   5   5      . 1     2. 1    14. 57 
   6   1    21. 4      . 0     6. 97 
   6   2      . 7      . 0     7. 09 
   6   3     2. 6      . 0    10. 80 
   6   4    33. 8      . 0    10. 88 
   6   5      . 0    10. 8    14. 54 
   7   1     8. 9     3. 3     6. 90 
   7   2      . 8    16. 8     7. 03 
   7   3     1. 0    15. 2    10. 74 
   7   4     5. 8     3. 7    10. 82 
   7   5      . 8      . 0    14. 48 
   8   1      . 7    17. 2     6. 76 
   8   2     8. 8     3. 4     6. 88 
   8   3     5. 8     3. 5    10. 59 
   8   4     1. 0    15. 3    10. 68 
   8   5    10. 2      . 0    14. 33 

� � � � �  M 
� � � � � �  � � �    Mxy      Mz    E,  � 	  
   v    c    
   3   1      . 0      . 8    12. 33 
   3   2     2. 2      . 0    12. 48 
   3   3      . 0      . 0    15. 23 
   3   4      . 2      . 0    16. 09 
   3   5      . 3      . 0    18. 83 
   4   1     2. 9      . 0    11. 41 
   4   2      . 0     3. 6    11. 56 
   4   3      . 0      . 0    14. 31 
   4   4      . 0     6. 1    15. 17 
   4   5      . 0     1. 8    17. 91 
   5   1      . 0     1. 3    10. 51 
   5   2     5. 8      . 0    10. 66 
   5   3      . 0      . 0    13. 40 
   5   4     9. 9      . 0    14. 26 
   5   5      . 8      . 1    17. 01 
   6   1    55. 9      . 0     8. 88 
   6   2      . 1      . 0     9. 02 
   6   3      . 0      . 0    11. 77 
   6   4      . 0      . 0    12. 63 
   6   5      . 0      . 0    15. 37 
   7   1     1. 5      . 0     8. 24 
   7   2      . 0     2. 4     8. 38 
   7   3    21. 2      . 0    11. 13 
   7   4      . 0     6. 1    11. 99 
   7   5      . 1    15. 1    14. 73 
   8   1      . 0      . 0     6. 79 
   8   2    33. 3      . 0     6. 94 
   8   3      . 0    29. 0     9. 69 
   8   4    15. 8      . 0    10. 55 
   8   5    13. 4      . 0    13. 29 

 


