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١ . Tight  binding 
٢ . Orthogonal plain wave method 
٣ . Pseudo-Potential 
٤ . Energy  band  gap 



 

١٠ 

 

  

 

                                     L6�(                                                      q(  

A��)1-4( - L6�(  ��0���#
1�� �[
�� ���� �����#AlN  )��O� E�/4 	 �/�5
�		 �����#(  

q(  InN  )�/�5
�		 �����#(. [1]   

 

  �[
��� ����� �����# ���1; D�,-��  ��
��  �����#
1��  InN ���       ��� �/��5
�		 ����3 ��� ��/��?

�#� 
/4 e
�:  

L��6� ( �N���O/
� ���BT�� =�� 
� �� �����#�����)  ���TB� ��Γ  ( �����1  E��/ �����) F�� ( 	 ������B� M 

	L �#� 
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١ . Ellipsodial  Constant  Energy  Surface 
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١ .Density of  states 
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١ . Pseudo-Potential 
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	 F���������/ =��`� �� A���5���)�  ���#� F���� x
��2
� wr����  .

�����_10  D�����#��  ����*��   c���� Y����
 ���  �����2 ���� F���� x
��2
� c���� Y����
 �� ����@�� ���/� ��  

 ���10 �-
 c�� Y��
 E/ ��7� ��  �� ���<�[10] .  

  

                                                           
١ . Pseudo-Function 
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  ���#� ����O� ������O�� �� ���� 8? ����  90
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��# �/�	���C� . ����O� 8	�� �� ���0 8	
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     ����  ��� ���
:
 �� ��RO�-� �3�� �
) A���; F���10 .       ���
�� �� ��
�
��`
 ���:/� J7�#  A����; ��/�

   ������ ���� ����O� 8	�� ���0 8	
����6� ��� 
@ F4������ .   ��  9���� A����; ���/� ���
 ���5/�	
M 	� ���/� 4�

�
�  ����� F��	? q���5@ ���� ����O� 8	�� ��  ���0 8	
����6� �
����

 ���# . J��Oo� �3���� �
) A�����; �������

     ������ ��� F=����/ ���0 �,6���� 	 ��7� D���(
��[11] .     �� ��0 8	
���6� �
���

 �7�#�C� ��
��   E�/

             8	
���6� �3��� �
) A����; 	 ��0 ���  90
�� ����� �� �O���  	 |���� D��;r2� ��/�� ����#
1�� ��O�

� �� ������ ����O .  ��7��� ����0 9��
� �� F�	� A���5���) �� 'r����� D����K ���� ���0 ����  90
��� �/�
��]�

 ��� ����\�� . 

 'r����� '	� ���7

� �����P
 !���#�
� ���  ���0 8	
����6� �3���� �
) +���,��� �
���;r2� A��,< ���/� ��

�/? �� �#�� �������  E����� �� 8��4 �� ��5��	 .  �#� F�� �N���. 
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�A��  ��O� E/ 8	�� �� �0 8	
��6� �
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             . �3��� �
) A����; 4� �	� 	 ���@�� ��� ��0 8	
���6� . ��#� ��,6���� ����< ��  A���  ���O� E/ ��
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@ ��O� 8	�� .          ���  ��� 8��#�� ���O� ������ ������#�� 8	
���6� ��6��@ ����� ��  .

   fr�� D����#�� �� D���#�� �/�1     ������ ��� x	
�(�[4]  .��      ���O� 8	�� 8	
���6� �[
��� ��6�@ ��/�

      A��� |���T� �
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@ F4����� ���
�� D�
��`
 �� )2-1(     ��0� ��� ���:�� .   �� 
@ ��6��(�

 ���] ��/
��6� �	
�� E/ 
�]^
 �C
 ��O� 8	�� �� 8	
��6�F��  4� �#� D��7;[6] : 

)2-1(  ℏ	
��

��
	=	-e	|E���	|	=Fext				  

																																																																																																																																																								 

�T��� 4� )2-1( '�
&��� 8��4 J5@
� �
�3  9��  ��:  

)2-2(      k( t ) = k(0 )+  
	��	|�	|�

ℏ
  

		 ��  �#�� �:��� 4� F��R�#� ��
� �3����) �T��� . F��?E-K  �<
3 
\� �� 
/4 �
< �� 8��
 �� ��[6] :  

)2 -3(  E(k) = A . cos (ak)  

 �T��� �/� �� � a 	 ��7� 
�����) )k(ε  �#� ��O� �� �0 8	
��6� �[
�� �T��� . 
��
� F	
3 �;
# �/�
����

 �� �#�:  

)2 -4(  
  �g	(k)= ١

ℏ

!�

!�
  

k(")  
RK ��  9/
�3 �� 
\��� . ��� �� F��� 
/4 �T����� 8	
��6� 8��� �6��(� �/��� ��:  

)2-5(  x(t) =∫	�g	( k(t))dt = - 
$%ℏ

�	|�	|
 cos(	

	�%�	|�	|�

ℏ
	)  

                                                           
١ .Bloch Oscillation 
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 ���#
1�� '? F�/� ��O� E/ 8	�� �� �6�1;� ��/
��6� 8���� 
�]^
 �C
 8	
��6� fr� D���#��[11] .  

            ����� 8	
���6� �3��� �
) ��;�� ������
 ��� ��  ������ ���*	 ���/=�< ��0���/?
< ���#
1�� E/��. 

          ������ 
\������ F���� +����	 ���/
��6� 8����� D���� ��� �&��5� �0��/?
< �/� .    E�/ ��  ����&�0

   �/���� ��6�@ ��� k'     ���� ��� A/��7
 .

�#� F�
�  �3�� �
) 8��4 D�� .  

                                                           
١ . Collision Parameters   
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����6�

#�� � 
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�           �T�# '���
< ��  ��#� �4Z w����1; 8	
���6� �
���

 D�7�#�C� �� �3��� �
) p��0? 8�
  ���	 ��


    DZ���@ ���� 8? �� ���/	�4 �&��5��	 	 �3���� �
) A�  Y�TB� 'k 	k    9����  v-��� �� .  Y��TB� �T�#

 �3�� �
)S(k,k' ) ��
< �/r2 F�;�� !�#�
� w���1;1
 ��� �� �7#�C�   [11]  .  

)2-6(  
  

   ��/� �� ��    ��O1* ��T���2  > | k'Ψ|u∆<Ψk|   |      	 A�7� c��� Y����
 ���� ��5/

�� 
�,�;   4� ��(�

�#� �3�� �
) .E ∆  �/�=�<�)+ (  �0��  ��/)- (        �
��3 '�
�&���	 F���� 8	
���6� �
���

 ��2 �� �[
���

   ���� ��� ���:�� �/��� ��0 �6�@ ��1
 �	�.   ��T��� ��)2-6 (       ���B� A�K� ���7� a�
�/� ����6� Y���


���#� �[
����. G(k,k') 	 �/������� ����0 ���6�@ fr��� q	������ Y�����
 ����� �������"10 '�
��&���  �/�����

 ���#� .   �
��� ���� ���*�
 ���� A���� ��1���# �[
���� ����0���� ����(/. +���� ���6�@ c���� Y�����
 ��
���

     ��#� ��@�	 
���
� w��B��� ������"10 '�
&��� . c�� Y���
 Q��:���  .      8���� ��1��# 
��o ��  ����&�0

����� ����<
3
\��� ���0���� ��&��� .	 ���#� ���@�	 4� 
���1  �����10 �������"10 '�
  D����K ���� wZ���1(�

 4� �(���
   . �[
��� ������ ��1���#
�o J/�
�M α   ���� ���0��� . .  ���� �������"10 '�
�&��� ���6�@ ���/� ��

 ��� �� L/
(

/4 �O  �
<[11]  :  

 )2-7(  

  

 8?�� ��� u  ���#� �[
���� ����0���� ���6�@ 	� ����� c���� Y����
 . ���/� �� ����  ���/
\�  |��72 ���6�@1 

 ��� �� F��#
/4 D��K �� �����"10 '�
&���[13]  :  

                                                           
١ . Fermi's golden rule 



��� F�� �7#�C� 
/4 D��K ��[15]   : 
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) ��O  p��0? 8���
 ��� .��� ���O(� ������"10 '�
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�&��� �����
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١
 . Kane's theory 
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/4 D��K ��

4� �#� D��7; �����"10 '�
&��� �/�
����:  
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 ��� .��� ���O(� ������"10 '�
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    �3��� �
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� ��� �/	�4

��0 ��1   ck 	ak 

)2 -9(  

4� �#� D��7; �����"10 '�
&��� �/�
����

)2 -10(  

 

� ���	          �3��� �
) ��O  p��0? 8���
 ��� .��� ���O(� ������"10 '�
�&��

    �3��� �
) Y�TB� �T�#

9/��� :  

)2 -11(  

  

 �T��� �/��� � V �#� ��O� 9:@

 

 

  



 

٢٣ 

 

2-4   �3�� �
) ��0��/?
< n����  

�  ���O� �����#             �� �O����; F����10 �
�/4 ������ ��1� A���  ���O� 9�/��� �� 	
�# ����? ��� ��(��	 ��
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) ��0���/?
< �O ���2 ���

  �5��� 
/4 F�1; F	
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3 - ����O� ��0 �O�� �� 4� ���  

 �#� F�� ��<
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\��� ��7� D���(
�� 	 F=���/ ��0 �,6���� 4� ���� D�
]� tB< ��0	})��  �/� ��

�� ���#
1�� ��0��O� ��� �[�6���
 F4	
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/4 	 +�O� 	 �#� F�� 90�
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0 �<
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) 9�0��� 
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     ����� ��� ��(��	 ���0��O� ��	���
 A�5���) 	 ��7� .         v����� n����� ��� 8���
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 L6�  ( �� �TB� v���� :            8�����0�� ��� ���5� ��  ���� ��� ���R3 ����O� �����O�� �� 4� �� ���#� ���

         ��� ��� ����O� ��7�� �� 9�
� E���  	 �0����� ����(
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 ��/�
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�

)������� ����� ����� 	 �/���:��
 (	 ���
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���� v��B� . ������� ����� . ��������* . �/���:��
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A��)2-2 (q - A��� �T� v����: �� �76 �&�<��� )Z��( ��_�) �&�<��� .)��/�) (.  
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١.Inpolar Scattering  
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Abstract  

In this thesis, the electron transport properties in InN and AlN compound semiconductors 

under an applied weak electric field (١٠٤ V/cm) have been studied .Iterative technique was 

used to solve Boltzmann transport equation. Our results show that in the weak electrical 

field, the central valley electrons are contributed in the transport of electrons and the  inter 

valley and interband transitions do not exist , while in the strong electric fields, the 

electrons in the adjacent valleys are contributed in transport and inter valley and interband 

transitions exist . 

In fact, when the electric field is strong, the central valley electrons can gain enough energy 

to go to the other valleys. The Kane's theory has been used in order to investigate the band 

structure and its effect on electron transport properties. The scattering from the acoustic and 

polar optical phonons, deformation potential of the lattice, piezoelectric effect and also 

from ionized impurities have been studied. Moreover, dependence of the electron mobility 

in terms of temperature and electron concentration in InN and AlN semiconductor systems 

have been investigated. 

 

Keywords: the electron transport , Boltzmann equation , iterative technique , Kane's theory 

, scattering from the acoustic and polar optical phonons , scattering from deformation 

potential of the lattice , scattering from piezoelectric effect, scattering from ionized 

impurities, the electron mobility , inter valley transitions , interband transitions . 
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