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

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

� � �� � � � � � 	 � �� � � 	  � �  � �� � � �� !�" # $%� & � � 	 � � � � �� �� �� � � �

� � � �  �(' )� *+ � , +.- - + � /0 1' � � 	 � � � � � �� � � � �� � � �� �� 	 � � �

�� � �� � � 1 2 � � 3 � � � � 4 � � � � � � � � � � �� � �� � � � � �� � � � � � ���

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

5 � 	 � 1
6 7 � � � 	  � � � � � � � �� 	� � � �  � � �� � � �� �� � � � � � �� � � � � � 	 	  �

� � �� � � � 5 �� � � � ��  � �� � � � � 5' 1



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

�� � � � � !�" # $% � � �� � � � � � & � � � � � � � 	 �� 	  � � �� ' � � �  7 1

2 � � � � � 	 � �� � �� � � 	 � � � � � � �� � � 	 �� � � � � � � �  � � � � � � � � �� � � �

� � �� � � � 	 �� � � � � � � � � � � �� � � � � �� � � ) � � �0 1

6 � � � � � � � � � � � � � � � � � �� ��

6 	 � � � � �� ��

6 
 � � � � 	 	  � � �� )��  0

6 
 � � � �� � � � � � � � )  � � � � �� �� � �� � � � � �� �� 0



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

�� �� 	 �� � � �' �� � 5  � 	 �� � � � 5 ��� � �� �� � � �� � � � � �� � � �

� � � � � � � � � �  � � �� � 	 � � � � � � � � � � � � 5  � 	 �� � � �� 5� � � 1

6 �� � � � � � � � � � � � � � � � � � � � � 	 � 	� �

6 
 � � � 	 � � �� � �  �

6 � � � �� � 	 	  � � ��

6 � �� � � � � � � 5� � � � � � � � � 	� � � � � �� �� 	 �� � � � � & � �

�� � � � � � � �� � � �  � � � �  	 	 � � � 5  � 2 � �� � � � � �� � �� � � 5� �

�� ��� � � � � �� �� �� )� �� �0 1



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

6 3  � � 	 � �� � � � �� � � � �� � � � � � � � �� � � � � �� �� ��

6
 � � � � � � 5� 	 ��

6 �  � 5 � 	 �� � )  � �� � � �  � � � �� �� 0

6 �� � 	� �� � � � � � � 	 � �� � � 	 � � � � � �� 	 � � � �� � � � �� ��

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

6
 � � � � � �� � �� � � � � � � �  �

6 � � �  � � � 5� 	 �� )  � �� � � � �� � � � 	 � �� � � � 0

6 � � � & � � � � �� 	� � � � � � � �� � � �� � ��  � � � � 	 �� � ��

6 �� � 	� �� � � � � � 	 � � � � 	 �� � � � � �� � �



2 � � 2�  � � � 3� � �� �  ) 2 30 �� � �� � 	 � � � �� � � � �� � � � � � �� � � �

� 5 � � � �� � � � � �� &� �� � � � 	 � �� � � 	 & � � � 5  � 	 �� � � !�" # $%� �  �

� � � � �� � � � �� �  � �� � �� � � � � � � � � 5 � � 	 �� � � �� � ��� 1

Valence Orbitals of  Si, C

|S> |Px> |Py> |Pz>



1
exp(iaKx)

exp(iaKy)

exp(iaKz)

Linear Combination of Atomic Orbitals



2 � � 2 3 �� � �� � � � �  �' ) ��� �0 � � & �� � �� � ��

' � �� �� ��� � � !�� $% ��� �0 ! � � #
	 ' � $ � ) ��� �0 + )� 0

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

�� � � � � �� � � � � � 1' � $ �� � �� � � � � �  � �� � � �  � � & � � 	 � � � � � � � �

� � � � � � � � !�" # $% 1 � �� ! � � #�� � � � � � � � � � � � � 	 �� � � �� � ��� �

! � � # � / � �
����� *�
� �� !� � � #+

� $% ) ��� �0 � � � � / � � / � � � �� � & � � 	 � � � �� � � �� �  � � � � �

� � � � 1 )� 0 	 � � � � � � � & � �� � � � � �� � �� � � � � � � � � � � �

� � � 5 	 � � � � � �� � ��� �� � � � � � � � �� � � �� �� � � � � �� � �� � � � �  � 1



6 2 3 � � � � , �� ��� �� � � � 5 �� �� � �� � � � � � � � � � � � � � 	 � � � �

� / � � / � $% � � �  	 � � �� � � � �� �� �  � � �� � � �� � � � � � / � � � /

� $%� � 5� �� � � � � � � � � � � � � � � � � � � & � � � � �� � � 1

6 3 � � � � � � � � �� �� � �� � �� � � � � � � �� � 	� � �� � � 	 �� � � �

) �� � � � � �  �� � ��  � ��� � 0 � � � & � � � � � � � � � � �� � ��� � � �� � � � � �

� � � � � ��� 1 4 � 	 � �� � � �� � �� �  �� � �� � 5  � 	 �� � � � 5 �� � � � � 	 � �

5� �� � � � � � 	 � �
' � � � ) �0 � � � � ) �0 !�� $% !

�
� � ) �0 #

� �� � � � & � � & � 	 � � 	 � � � � �  	 � �� � � � �� � � � � � �� � � $% ) ��� �0 1



σ
ss

σ
sp

σ
pp π

pp

F o u r B a s i c I n t e r a c t i o n s



2 � � � � �� � � � � & � �� � �� � 	 � �� � � 	 � � � � �  	 �� �  � 2 3 � � � � � �

6 2 � � � � � 	 � � � � � � � � � � �� �� 2 3 � � � � � � 	 �  �� � � � � 	 � � � �� �

� �� �� 	 � � �� � �� & � � � 5  � 	 �� � � � � � )�� 0 � � � � � � ��  � �� ' � �� ) �0

� � 	 1 �� � �� 	� �� � � � �  � � � 1 � � �� � � ��� 5� & � � � � � � � � � � � �

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

& � � � 1
6 3  � � � � � � �� �� � � � 	 � � 	 � � �  � � 	� � �� � �� �� � � � � � �� � � �

� 5 �� � � � � � � � � � 	 	  � � �� 1 2 � � 5  � � � � � � � � � �� �� � � � � �� � �

� � � � � �� � � � � � � & �� � � � �� � � � � � 	 �� � � �� � ��� 1



6 2 � � � � � 	 �� � � � � � � � �� 	 �� 2 3 � � � � � � � �� � � � �� � �� 	� �� � � �

� � )�� 0 � �� � � � � � �� � � � � �� � � �� � � � �� � � � � � �� � � � � � � � �� � �

� 5 � ��  � � � � � �� � � �� 1 2 � � ' � �� ) �0 � � 	 1 � �� � � �� � �� � � �� � 	 � � � �

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

� �� � � � �� � � 5 �� � � � � � �� � � � �� � � � � � 	 � � 	  � � �� � � � 1

6 �� � � � � � �� � � & � � � � � � 5 � � � � � � � � �� � � �� � �� � 	 � � � � � �

� 	 	  � � �� � � � � � � � � 5� � � � � � � � � � � 	 �  � � � � 	 � � � � �  	 �� � 1

3  � 5 �� � � � � 	 � � �� &� �� � � �� 	 � � � � � 	 � � � � � � � � � �� 5 �

� � � �  � � � � � 5 5 �� � � � � � � � �� �� � � � � � � �� �� &� � � � 	 	  �� 5� �

� � 	 � � � � � � � � � �� �� � �  � � � � � 5 � � �� � � �� � � � �� �� 1



6 2 � � �� � � � � �� � �� � �� � �� � � � � � & �  	 � �� � � � � � � 	 � �

� �� �� 	 � �  �� � � � � �� � � �� �  � � � � � �� � � � � � �� & � � � � 	 	  � � 	 � 1

6 �  � �� �� � � � �  � � � � � � �� � � � � � �� � � � �� � � � �  � �� �

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

� � � � � � � � � � � � � 	 � 	� � 1

6 3  � � � 	 � �� � � � �� � � � �� � � � 2 3 � � � � �� �  � � �  � � � � 5 �� �

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

� � & � �� � � � �� � �� �  � � � �� � � �� � � 1 2 � � � � � � �� �� � � � � �

	 � �� 5  � � � � � � � � � � � � 1



6 2 � � � � �� � � � � � � � � � � � � � � � � 2 3 � � � � � 5� � �  �� � ) �� 0

� � � � � � � � � � � � � � � � � � )� � �� 0 � �� � � � � �� � �� � � �� � � � � �

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

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

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

� � � � �� �   � � � � � � � � 5� � � �� �� � � 1

6 � �� � � � � �� � �� � 	 �� � � 5� � �  �� � � �� � � � � � � � �� � � 	 �� � � � � ��

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

� 	 �� � � � � 1



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

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

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

� � 	 1
� � � � �� � � �� � � �  � � � �� � �  � � � � � 	 � � � �� � � � � � � � � � � �

g=2 

g=2 

i           j          j’

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



6 � � � � � �� � � � �  � � � � �� �� � � � � � � � 	 � � � �� � � � � �� � �

� �� �� �� � � � �� �  � � � � � & � � � � 1 ��� � � � � 	 � � � � � �  � � � � �� �

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

� �� � � & � � 	 � � �  � � � 	 � � �� � � 	 �� � � � � � ��� 1 2 � � 	 � � � �� � � �� � �

�  � � � � � � � 5 � �� � �� �� � � % � � � �� � � �� � �� � 	 �� � � � �  � ��

� � � �
� 	� ��
 �

�  � �� +

& � � � �  � �� � �� � � � � � �  � � 	 �� � � � �  5 � 	 �� � � � � & � � � � � � � � 1

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

� � 	 � � � � � �  � � � �� 1



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

5 � 	 �� � � � � & � � � � �� �� � � � � � 	 �  � � � �

 � �
� � � � �

�������
�

�
� 	� �+ �

� * �� �
�������

�
� � ,

�����
�

� � � 	 � � �� � �

� ����
	

� 
� ������


� ������
	

+

� �
� �

� �

Rij
i

j

k

Sij ~ 0

j

Sij ~ 1

� �
� �

� � Rij

i

k



6 � � � � � � � � � � � � �  � � � � �� � �� ��� � � � 2 3 � � �� � �� � � ��

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

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

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

� � � � � � � � � � � �� 1

6 �  � � � �� 	 � � � � � � �� � � � � � � � � � � �  � & � � 	 � 5  � � �� � � 	� � ��

� � 3 � � �� � � 	 �� � � � � 	 �� � � � � � � � � �� � � � � � 3� � � �� 	 �� � � � �  

� 5 � � � � � �� � � 	 �� � � � � � 3 � � � � � � 5 �� � � � � �� �� � � � � � � � �

�� � � �� � � � � � �  � � � 5 �  �� � � � � �  �� 3 � � � � �� � � � � � �� �

� � � � 	 �� �� 	 � � � � �� &� � � � � � � 1 � � � � � �� � � � � � � � & � �� � � � �

� � � 2 3 � � � � � � � � � � � �� � � � � �� � � � 5 � � � � � � � � � �� �� 1



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

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

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

6 � � �  � � � � � �� � � � � �� � ) �� � 	 � � � � � �0 � � � �- ��

6 �� � �� � ) &  � �� �� 0 � � � � � � � �� � �� � � � � � �- � 

6 � � � � � � �  	 �  �� � � � � - � 

6 �� �� � � �  	 �  � � � � �� � �- � �� � � � � - � �

6 � � �� � �� �� � � �  	 �  �� � �� �� � � 5 � � � � �

6 � � � � � � �  	 �  �� � � � � �- � �

� � �



6 �� � � � � � � � � 5� 	 � 	 � � �   � � �� � � � � � � � � � � � � � � �� � 	 � � �� �

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

6 �  � � � �  � �� � 	 � � � � � � � � 	 � � �   � � �� � � �


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

6 � � � 	 � �� � � 	 � � � � � � �  	 �  �� �

6 	 � � �� � � � � � � �  ��� � � � �  � � 	  � � � �

6 � � �� �� 	 	 � � � � � � ��

6 5 �� � � � � � � � � � � � � �  � ��

6� � � � � 5 �� � � � � � � � � 5� 	 � 5� � � � �� � � � � � �  � ��



2 � � �� �  � �� � �� 	 � � 	� � � �  �� � � � �� � � �� � � � �� � � � � �� � �

�  � �� � � � � � � � 	 �� 	  � � �� � � � & � � � � � � � � � � � � � � � 1 �� 	 � � �

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

�� � � � � & � �� &� �� � �  1

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

� � � � � �� �  � �  � �� �� �� �� � � �  � � � � 2 3 � � � � � �� �� �

5 � �� � � � 5 � � �  � � � � � � � � �� � � 1

2 � � � � �� �  �� � 	  � �� � �� � � �  � � �  � �  � 	 � � �� � � �� � � � � ��

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

�� � �� � �  	 � � � � �� � �� � � �� � 2 � �� � � � � �� � �� � � 1



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

5

10

15

20

25
E

ne
rg

y 
(e

V
)

Comparison between TB(solid line) and LDA(dot) band for 3C_0 structure.



5 6 7 8 9 10 11 12 13 14
−6.5

−6

−5.5

−5

−4.5

−4

−3.5

−3
SiC cohesive energies (solid line: LDA, dash line: TB)

eV

volume per atom (A3)



5 6 7 8 9 10 11 12 13 14
−6.5

−6

−5.5

−5

−4.5

−4

−3.5

−3
SiC cohesive energies of Tersoff potential (circles) compared with LDA (solid lines)

en
er

gy
/a

to
m

 [e
V

]

volume/atom [A3]

3C,2H

3C,2H LDA

NaCl LDA

NiAs LDA

anti−NiAs LDA

NiAs,anti−NiAs

NaCl

CsCl LDA

CsCl



2 � � � � � � � � � �� � ��  � � � � �� � 
 �� � � � �� ��

2 � �  � � � � � �� �  � � 2 3 �� � 1 � � �� �

� �
�

� � � 1 � � � 1 �

' � � � �� 
 � �� 1 � � � � 1�

� � �
 � � � � � 1� �� 1�

� * * � � * , � �
 � � �� � �� � 1 

� � � � � �
 � � � � � 1 � �� 1 �

2 4 )�� 0 � � � 
 � � � 1 � � � 1 �

� 4 )�� 0 � � � 
 � � � � � �

� � )�� 0 � � � 
 � �� 1 � � 1 �

� 4 )�� 0 � � � 
 � � � � 1� �  1�

2 � )�� 0 � � � 
 � � � 1 � �� 1 �

2 4 )�� 0 � � � 
 � � � 1� � � 1 �



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

2 � �  � � � � � � ��  � � 2 3 �� � 1 � � �� �


 �� �� 
 � � 1 �  1 �


 � �� 
 � � 1 � � � 1�

�� � �� 
 � � 1 � �� 1 �

� � � �� 
 � � 1 � � � 1 �

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

2 � �  � � � � � �� �  � � 2 3 � � � 1 � � �� �

�� � � � � � � 
 � � � 1 � � � �

� � � � � � � � � � 
 � � � � 1 � � 1 �

�� �� � � � � � � � � 
 � � � � 1� �  1 �

�� �� � � �� �� � � � 
 �   � 1 � � � 1�

� �� �� �� � � � � � � 
 � � � � 1 � � � 1 �



6 �� � � � � � �� � � � 	 � �� �� �  � �� � � �� � � �� � � �
�+ � )� 0 �

� �
�+ � ) �� 0 � � � � 	 � �� � � &� � � � � & 5 �� � �� �� � � & � � 	 � � �� � � �

� �+ � )� 0 � � � � � & � �� � �+ � ) �� 0 �  	 � �� � � � � � �� � ��  � � �

�� � 	 � � � 1 3 � �� � � �� � �� �� � � � �� � � � � � � 	 � � � �� � � � � � 1

6 2 � � � � � � � �� �� 5� � �  � �� � 5 �� � � � �� 	 �� � 	 � � � � 	 �� �  �� �� �

� 2 3 � � � � � � � � � �� �  � �� � �

' � � ' 	 �
�

/ �� + � � � � )� � � �0 )� � � �0 ) �0

�� �� � �� � �� � � � �  �' � & � � ��

� � � �� � � �
����� *

����� � � � ! � � #���� ,

� � �� � 7  � �� � � � 	 � � �  � � � � �� �� 	� � �� � 1



6 �� ) �0 � �� �  � � �� �  � � � �� � � � � � � )� � � �0 , � � � � � �� �

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

	 � � �  � � � � � � 5� � 1 � � � � 5 � � 5 �� � �� �� � �� � � �  � � � �

�� �� �� � � � � � � �
� � � �

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

� � � � � � � � � � � � � �  � � 1 � � � � � �� � � � �� � �� � � �� � � � � � �  � �

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

� � �� � � � �� � � �  � � �� � �� � �� � �� 1

6 �� � �  � � � � � � � � �� � � � � � � � �� 5� �� � � � � � � �� �� �� 1



4 � � 	 � � � � � & 5 �� � ) �0 �� � ��

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

/ �� + � � � � )� � � �0 )� � � �0 + ) �0

& � � � � �� � � � & � � � 	 � �� � � 	 � � �� � �� � � � � � $% � ) ��� �0 � � 	�  � ��

�  � � � � � �� � � � 7 � � � �  �  � � �� � �� � � � � � �� �� �  � � ���

� � � � !�� $% � !� � � # � � � � � !�� $% !� � � #	 / �� � � � )� � � �0 + ) �0

&� �� � � �  � � �  �� � � � �� �� 	 � � � � �� � � � 1

� � � � ) �� �0 �� �  	 � � � � � � � � � � � � � �� � � �� � � � �� &� �� �� �

� � � � 	 � � �  � � �� � � �  � �  � �� �� �� �� � � � � � 1


