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     !��4 � ,��� 1��<)eV '/g X �  i(   #�6�5��1� ,;��+  �;-  :P  � 

:[�+� !��4 �!  eV'/� X#�6�5�� 1� ,��+ �- :S  ,HZ;3 Q<� 

  �=9�	�3,�   �K��5)U9� g( .  	_ 8� !=���      ,#�=;4 �! 
;�< 

   #�6�5�� :��5 ,��� 1��<�-  :P �    #�6�5�� Q@ Q-3�-  :S    E;�� �! 

         E;�� �P+�;�5 :[�;+� 1� "�4�+ ,;�     #�6�5�� ";@ �;��5 �;-  :P  �! 

�+=����      !�;@ �;K��=7 %@�� ���� : .  �! U9;� �   ,#�;Pt 

6#�4�-   "^#=� "5 �=5�� :  ��: i m=   � �±m=     a;�<�< "5 "@ 

 W!�O�+Py Px  �Pz ,� %3� 0�� Q3� �K��5 .*��$�� �! E�� 

   ��D+ ,KHK�,�   ̂ #=� "@ ��!� �±m=    �;� z     W�;6�5�� 1� P  �! 

      "	_ 8� :���! ,��� YZ3%3�    6#�4 ,#�Pt �m# �  �;-   E;�� :

^#=� 1� �6D�5 ,��� YZ3 �! W�6�5�� 1� "^#=�� i  m= � %3�

  +��69#� E�� �� �+�3� �$+�- 0�-j �5 �+��! .   E;�� E�;e �!

   ��D+ ,KHK�,�   ̂ #=� "@ ��!� �±m=    �;� z     W�;6�5�� 1� P  �! 

�+=����!�@ ���=7 %@�� .  
  

  

(eV) 



!":  %��& ' (��)  *+� )!!!(Pb/Si.�/0 1� 2������ �� '���34 �����    ������� 	
��
 �$  
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 89
$.KHK� ,#�Pt ,"^#=� %#�4  ��: +Py Px � Pz3 Q<� �	��=9. 

  

8 .8 .@<A!.!� &$# 	� B	� ���� 3�=  
8 .8 .� .��" ��#	��-�	
�� �
� C!A�� D.
E� &  

   �T B��h=F7 �!=5 ��^��  � N1�+      ;O#�Z� �!=5 "�=< a#��� 

                 ";+=2 E;�� ";@ %;3� 0�;� {;j�5 :�;O5 �! :������ ��6��

   0��� "�=< !�=� B�O#�Z�    5 �+��2 ���_ :�  ""+=2     01��;�� "@ :�

  ���;;� B�;;OZ_ 1� :���*;;5:�=;;+ 0�;;���� � X  � ,;;9��69#�

         ,;� "67�;3 N1�;+ ��T B�=h "5 ,9�+��69#�  �+=;� .  U�D;�

    ";�T ��� :��5 ,	h�   �;�           ;�T �;�1 �;� :�� �;5 �1�;+ :; �"

P���; ��� 0�; �<� ����-    W�� "�T :,� ���5 .��P��� �;-   ���;��� :

    "H^h �! ,^	6)�x-y           :�� �;5 l�;3 Q;<� E6��2 ���_ :��5 

  "	h�� "5 �=9�	�3 YZ3d� !��! !=�� W�� "�T 1 . "	�� �I 1�

,� "5 ��=< 1�� (top) �T     Q;<� !��;6�� �! l�;3 Q;<� �I �! "@ 

 ;�T E�#���   1�;� �!��! ���;_ �=9�	�;3 (fcc) oT   Q;<� �I �! ";@ 

                1�;� � !��! ���;_ �=9�	�;3 ";�T E�;��! Q;<� !��6�� �! l�3  

(hcp) �H              ;�T E����;-t Q;<� !��;6�� �! l�3 Q<� �I �! "@ � 

�=9�	�3    !�@ 0���� !��! ���_  )U9� o( .	h��� d    ";+=2 ";5   :�

       �<� �5 !��� :���+ �< !!�2 Q�sK< ���5�- ��J��$<     !=;� �^;h  . �!

           y;��R 1� � 0�;�!�2 :1�;3 "�J� p=� 1�� "3 �� ����� E��

 �<� �	����-          ,����+ �-+I �5 "@ %3� 0�� Uh�4 ��K��R� E��   
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7.      �3 Q<� :��2 ���_ V	6)� :�-+�9�         �W�� ";�T ,;5I Q;<� �l

,� �=9�	�3 n��-t "�T 
��_ � n�! "�T ��^3 ���5.  

  

   1� �6�@mRy/bohr �   !��� ,�  !=;� .        �;5� 8;� 1� B�J;3�H� �!

67���                   �I E���;� � T�;5 G�;R�! �;� �! l�;3 Q;<� "@ ���$6� 

     0!�;@ 0!�^63� %3� 0�� 0�+�D+  Q;�� ) U9;� '( .     1� ,;��+ }��;6+

     � E6��2 �s+ �! �5 B�J3�H�       Q��;5 E6��;2 �s+ �! ���5    �K;@

E�b3�X    ��D+ ����,�     1�� "~ ��K�!�T   1�� "5 %J*+  �;�   �;P�! :

         %;3� ��!�=;7�5 :�6D;�5 ,J*;+ :������ 1� ) U9;� �( . :��;5  

(eV) (eV) 



 ������� 	
��
 ��  �������� ���� ���� � ����
 ����   !";  
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:.   �5� �67��    1� ���$6� �T�! �" �:) ���(Si Q<� � Pb  � T�;5 �! 

�����I E.  
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;. KHK�       :���! 0�;P��� ";5 %J*;+ V	6)� :�-��P��� :[�+� ,

 :[�+� E��6�@)�T.(  
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". ��+ : !=�j :  J+�� � ,    1�� 1� �T .�67��) �×� (    %3� 0�� r)D� U9� �! . � �!� E��-�<� "67�:"�=2 �! l�3  ��:1�=6� :  d?;eT� 

� ���_ 0�� 0!�! ��D+, 2����< � �+�,�-�<� :3 �	�T �=9���� W�� � , ��K+��=.  

  

  N�!       1�;� 1� �;6-5 :�F5�T   �!  U9;� �      � :!=;�j :�;�+ 

   YZ3 ,J+��)���(Pb/Si     "67�� 0���� "5 )��� (   0!�! ��D;+

%3� 0��.  

             1�;� �;	��� �p=;� �! 0�� �@� a��$< "3 �� 1� 0!�^63� �5

�T   0!�! n�
+� ��   Q�� .      �+=�� W=R "5 �=5�� }��6+Si-Pb   %3! "5 

     "J;3�H� "3 �� 1� 0��I             f;3=< 0�;� v��
;2 �;+=�� W=;R �;5 

       01��+� � U�*+�6� "J� ,<�J3�H� v�� "5 ���P�!      �,;5�
< :�;�2

  �!W��� o  0�� ���5   �+� .         ";5 �+=�� W=R �6D�5 y��=< "5 "�=< �5

     a��$< 1� 0��I %3!LDA         }��;6+ � ,��;-+ B�J3�H� �"5�
< �5 

       a��$< E�� 1� 0!�^63� �5 �I0�� n�
+� �+� .H� �+=�� W=R �! "J3�

    a��$< 1� 0��LDA          W!�;O� ,;�?67� �,;5�
< ���$� �5 ��/� %

!��! !=��.  

8 .8 .* . C!A�� &,	�� $ #�/ F��� 

   6��~ y�$H< E�� �!�-      [�+� � ��~ M5�< U�J_ 1� ,�: 9D< �   YZ;3 U

   6��~ "	�� 1� "~�-      k=Z3 �! Q-� ,��
�� :,�      :��;5 �� �K;��5

   N�6D� YZ3)���(Pb/Si   0!=;�+ "J3�H�   Q;�� .� ;�E �@ �6 �;-  �! 

O<��   
	� k=Z3 ��6�� E: ��5 : ��!�5��@ :  ;�-� �;$+ V	6)� , 

 � ���  �^,� ��+��K] �.[ .       *;+�6� "J;� v�� 1� 0!�^63� �5�  [�;+� U: 

 ��5 YZ3:T �" ��: N1�+ )���(Pb  "J;3�H�  0�;� %;3� ] gi[ .

     Q��5 E6��2 �s+ �! ���5 B�J3�H�  E�b3� �K@X    �! �;5 � ���;�

  Q��5 E6��2 �s+  E�b3� �K@X    %3� 0�� n�
+� ���� )W��� '( .

   ��@ M5�<φ �@ �� [�+� "K:  ��5 n1T :    E67�3 S��7 �   ���;69#� 8

         4�+ ���! "5 � YZ3 1� S��7 "5 �=	5 1��� ?7 | ,�     1� ";@ ���5

Z5���) � (   %3! "5,� I�� . 9D< :[�+��    �;4�� :�1� ";5 YZ;3 U  

      �<= 

      �<= 



!""  %��& ' (��)  *+� )!!!(Pb/Si.�/0 1� 2������ �� '���34 �����    ������� 	
��
 �$  

  

  

  

 5���:. J3�H� �< :[�+� � ��@ M5�< 9D�%4�*� �4�� :�1� "5 N�6D� YZ3 U 

"J3�H� d=+  ��@ M5�< eV)(   [�+�:9D< � U)eV�1� "5 : YZ3 � "67�)���((   

Q��5 ���5 E�b3� �K@X ����  ��/o  '�/i  

Q��5 �5 E�b3� �K@X ����  'o/o  '�/i 

�5 ���5Q� b3� �K@�EX *+�6� "J� v�� "5 �����U] '[  X  o�/i 
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>. KHK� ,�Pt #,5�� %#�4 ��-#�6: S � P��5 :l�3 Q<� .  
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?.KHK� ,#�Pt ,"^#=� %#�4  ��: +Py Px � Pz l�3 Q<�. 

  

  %4�*�fE         2 U9;� :[�;+� 1� %3� B��Jj "@ � ;��:   YZ;3 

Pb/Si �   Z5�� 1��   %3! "5 ��1 ,�    �I �! ";@ �;�IslabE  :[�;+� 

  �"67�� �5� U@ PbN  �bulk
PbE  �SiN   � bulk

SiE      !��;O< a;�<�< "5 

�<��-         �<� !��;O< �l�;3 0=;J+� :[�+� �l�3 : �;-    � �=9�	�;3 :

     �=9�	�;3 0=J+� :[�+� ,;�  �;��5 .      �=9�	�;3 %;#�4 �!) l�;3 (

r#�7 i=PbN)i=SiN (,�       :[�+� ���� p=� %��@ � !=�

 �=9�	�3 YZ3)l�3 (%3�.  

)�(         .( )bulk
SiSi

bulk
Pbpb

slabf ENENEE −−=
2
1  

  

8 .8 .8 . �	
�� �
� 7=�? ����� ��	�)���(Pb/Si  
#�Pt, 6#�4 �-: 5�� �#�6�-: S   � P      �! l�;3 Q<�  U9;� �   Q;3� 

  0��%3�. �$� �*� #�Pt ��-   ��D+ ,�   5�� "@ ��!�  W�6S  �3 Q<�  l

 [�+� �!��-: ̂K� , 5 ��6D:     6+ �! � !��! ���_ � �� "
�
P�0�  �;+�< .

 	_ !=��� < �  !
+ �! 
�9, [�+� : ��� , ��5 : 5�� �  W�6P �  ;�   �Q;<� E

 � �$+��+=:   � �+�3� �  ;� 5�� E�   5 �� W�;6 ;�  �� ,;�  �;K@ .�$� ;�*� 

#�Pt,  "^#=� %#�4   ��: i=m   � �±m=        W!�;O� a;�<�< ";5 "@ 

+Py Px   � Pz ,�    �! ��K��5U9� .   ��D+ ,�         ";5 ";�=< �;5 �;�!

 	_ !=��� < �  5�� �! 
�  W�6Pz    ��=+ G�2 !=�� � :  � �! � 5�� E�  W�;6

��   5�� 1� "^#=� E�  W�6P  � �! �  �<� �5 �+=�-: Si   %3� 0!�@ %@��  .

     ;��� YZ;3 ��� MZ_,   ;^#=� �! � x   � y 5�� �   W�;6P     n�;j 0�=;2 

 � %@��� 5�� E�#�6�-  � �! � %3� �+= .#�Pt, #�4 6�-: 5�� �#�6�-: S 

  �P  HZ3 Q<� , Si   �! U9� �i     5�� %@�;� 0�K�! ��D+ �   W�;6P 

 � �!�  �<� �5 �+=�-:   l�3 %3� .#�Pt, 6#�4 �-: "^#=�    �;�: x  � 

y 5�� �  W�6P  HZ3 Q<� , Si  ̂ #=� �5 � z 5�� �  W�6P �  ;�      �! ";@ Q;<� E  

E-EF (eV) 
 E-EF (eV)  



 ������� 	
��
 ��  �������� ���� ���� � ����
 ����   !">  
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!@.      :�-#�6�5�� %#�4 ,#�Pt ,KHK� S   � P       ,HZ;3 Q;<� :��;5   

Si �! )���(Pb/Si.  

  
  89
!!. KHK� , #�Pt ,  "^#=� %#�4  ��: +Py Px   �Pz  Q;<�    ,HZ;3

Si �! )���(Pb/Si.  

  

U9� ��   + �%3� 0�� 0!�! ��D+ �  %@�;� 0�=2 l�3 Q<� �K+�� 


^#=�� z � � 5�� E�  � �! W�6� %3� �+= .��  < U9� E>���:   6+ �;5 � ;
� 

 �)5 �7I)�.g.g (+� 
,� ���5.  

  

G .3H!
� &	!I  
}��6+ =5��[�+� "5 �:��1�� U@ : ��D+ V	6)� ,�   1�;� "@ �K�!

�T   1�� "5 %J*+ ��   [�+� 1� �P�! :: �� ��E �<:   %;3� ��!�=7�5  .

 � �m#�  �� �1�� E��<����    1�;� E ,;�     T �! � �;��5 ;�  +�D;+ ", �<�  �;- 

��<�  Y,�    � �! "@ �K�!�   �� �5 1�� E:�<� �-:1 �T �� D;K5 "��KK. 

        ,;5�
< B����D;� �5 "
�6+ E��]g� � gg[      ,<�J;3�H� }��;6+ � 

         y;��=< �! U�*+�6� "J� v�� "5 �P�! %;3� ]o � g�[ .   E;�� �!

 �� %#�4� �+=�� ��   !�1I :Si   d�J�� ,� !=�.       �;5 E6��;2 �s+ �!

Q�  E�b3� �K@X              !�;$� �! Q;@ ���;$� ";5 ���;@ {;j�5 ����� �

      9D;< :[�+� � ��@ M5�< �:[�+��         B�J;3�H� ";5 %J*;+ �YZ;3 U

    Y�HF< E�� ���5,� !=� .�! U9� �g KHK� , #�Pt ,   BT�;4 

      �$� "J3�H� d=+ �! �� �! U@ ;�  0�;� "*         0�;K�! ��D;+ ";@ ��;+�

`<��  #�Pt Q@ B��,      "J;3�H� d=;+ �! �;� �! BT�4  ,;�  �;��5 .

Q��5  b3� �K@�EX  Z5�� ����� $6*� ��,   �6+�=@ !�j �5 , l !��!  .  
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!#. KHK� , #�Pt ,      5 %#�4 �! �! U@ %#�4  Q��5 �  3� �K@�EX

���� � Q��5 ���5 b3� �K@�EX  �! ����)���(Pb/Si.  

  

5���#�6�-: d    ���! "@ l�3 Q<� :  �6+�=@ !�j ,   ��
5 l ,�  �K��5

     � � �+�3� �! � 0!=5 ���+ %@�� �+= ,;�    � �;C� �m;# � �;KK@ ;� E

5���#�6�-   +��69#� c�=7 �! ,  *5 l�3 �   Q@ ��,� ���5 .6+ �!� ;
 "

(eV) (eV) 

(eV) 



!"?  %��& ' (��)  *+� )!!!(Pb/Si.�/0 1� 2������ �� '���34 �����    ������� 	
��
 �$  

  

  

�� Q��5 E  < �K@>C� 1 ��!�:  ̀ < �! �� #�Pt �,    �@ � BT�;4 �6 �;-: 

 � V	6)��
�9, ! � !���+ �P .    "^#=� %@�� "5 "�=< �5   �;�: z  ;� �

�±m=  5�� 1� �#�6�-: P �<� �-: HZ3 ,    ;3 � l�3 �	�   �! � �=9

  � E6��! �s+�  �63�� "@ E:   �=H� z      YZ;3 �;5 !=;�j  ,;�   ��;��5

5���#�6�-: Pz 1�    	J�! �3 �! ,  +��=b�� !=7 U9� ,  �m;# � �+��! 

�� �+=Si-Pb d=+ 1� σ ,� ���5 .  

  

&#�5���J� 
          6���4 �R�;7 ";5 ��-^;h� 0�PD+�! ,	���< B?�FH< 1� �;- ��

Q���
P3�b3.  
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