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S�3	��4)  A7�� (   �37H��7�� ?� 9!�:<H� �4uFTIR    "25��? S�� 

                � 1��32- ��<G�2H I�82H�Q� �24 ��3<4 "= %H� 9!��T O���� ��

         1! J��2K I��2��d6 A72� 1��3- L�M S��[6    �! �� �2��<7#�

  1�5��3#T9�:;  !�= S��[6 ��! .         x32:- W�� "���� �4 �� f�H� S�� �4

              � 1��32- ��<G�2H I�82H�Q� p�2
-� � .���G "�;�- �! �/-3�-T

            U2�?36 U4�6 S��[6 .� �! .4�
6 w��<- �4 I�8H�Q� w��<- ",��$�

____________________________________________
.� Fukuda

.& Takahashi

.� Fourier Transform Infra Red

22�;�- �! �22/-3�-T "225�/4�224 � .���22G ��,22=�  " �!��T %22H!

,� "�;�- S�� �! %,7� ���- I����d6 .l-3lmO�<.

             �2� "2<��M �j- �! I�3R S�� "4 %,7� ���- U�?36 W��

  ��3�! �]H "=�            ��2�- "2= %2H� "26����� 1�5��3#T A��� 9�:; 

    ��8��$6 �T %,7���/�.�  ���4]�)[      ��32�! y�E ����� �4 � �

    1�/-3�-T %j	� �9�:;−3
4PO       "
�<- �! � "<��� ����� 1x3:- 

    ���= %,7� ���-.��4�� .        .F2#�G�- �24 �25��3#T %,7� ���-

     ��!��2; I�:,� 1�/-3�)o/� .2� �2��4 .      U2�?36 1��24 S���4�254

  1�/-3�−3
4PO            ��2� "2<��M �2j- �! .2H��M U2�?36 U4�6 �� 

            �24 9�2:; �]H ?� %,7� ���- "= I�3R S��4a��/( = r  ?� 

  ���$���/�             AV��2; ���2$� "24 .2H��M %�[4�6 �� �4 )o/�  �! 

        %2�[4�6 S��� �4 h~H � "<��� ���= I�:,� 1�/-3� x3:- y�E

              �T "5�B2�4 ���2$� "4 .���G � .	G�! ��,=� "�;�- ?�� �6��/�

)ao/(= r ( �����.��4�� . .	G�! ��,=� "�;�- �! %,7� ���-

 �4��4 � %4����/�%H� 9�� "<��M �j- �!  .

       78� ?� "�#�� W3	H �� I�8H�Q� p�
-� 1��4   .2�3M �� "

     "<��M �j- �! �5��3#T.�   �T =�� �! 9�:; �� "= 1�3D "4 !3�

���4 .     "78� �� "�#�� W3	H S�� 1��4)(×)( � �� ���<G� 9�M 

    �! W3,=�� Ii!�[�&)((   "<,,M �T "]$-   �2� 1?�H .  ���2$�

                ?� �2� �2� �! "2<:M ��2� W�� f�H� �4 ���<7#� 1! J��K

   9�M z�$-     1�� 1��M PH3<� �4o((     "24 �T L��D� "]$-   %2H!

  "4 � ��T"4 I�8H�Q� W3D �! %4�� �3D   �2� "2<��M ��2= .  p�2M

�4 �4��4 .-��? W3Q6a/c (�/(  "2<��M �2j- �!    I�82H�Q� � �2�

  1��4�(&o × &)�   �� p�
-� .-��? p�M .      I��2V J2�6�6 S��24

����

����	 ����   

����� ����

ab
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�5  ������� 	
�� �$

  81#.        �! �5��3#T 1�3- �3	4 1@�-� L�M ���d6 ��!3�-    1�<H�� XΓ

)(a�� 1��4 TE )b ( �� 1��4.TM

          2]$- �! S�24 h-�2=�� Le<G� �� � ��7:6�      k2�D �! .#�32<� 

 �4��4 "��3�cπ&a/ω(((���/(.� ���4.

 1�<22H�� �! �225��3#T 1�322- �322	4 1��322- L�22MΓΧ 1��224 

9�:;    1�/E�[� �4 1��a��/(   �6 ao/(       �2� �! 1��24 TE   � TM

 ��!�M "8H�Q� .      9!�! �24 y8]5� "8H�Q� !�3� z�$-    .24�
6 1�2�

 �� \�+<-�]�)[ .       x3:- y�E \�+<-� �4 I�8H�Q� S��a&)/(   �26 

a�&/(      �� �! �� 1��4 TE   � TM    �2� p�2
-�  .     �! "2-3�- 1��24

A7�) &(a  � )&(b9!�! 4 .4�
6 1�� 24 .6�8H�Q� w��<- 9���� " "

 x3:- y�E �4 9��T %H!a&n/( �  a�/(  1���2� 1��4 J�6�6 "4 

TE � TM%H� 9�� 9!�! ��B-  .

              w��2<- L��2Q-� I�2[4�� >32�
� "25�/4 U2�?36 S��[6 1��4

  81$.           x3:- y�E "4 %8,- .6�8H�Q� � .4�
6 w��<- ���[� L��Q-� 

 I�:,� 1�/-3�)(a�� �!  TE )b ( �! ��TM)    J,2; �24 x3:- y�E

	R���9�:; S�4 %H� 9�� S��[6 ��.(

        1��4 .4�+<-� 1��x3:- y�E p��6 1��4 .4�
6 w��<- � .6�8H�Q�

 �22� �! �22�TE � TM ��3225E "224 �T �^22� � �22�!�M "822H�Q� 

      �! J�6�6 "4 ���[� L��Q-�A7�) �(a   � )�(b      9�2� 9!�! ��B2- 

%H� .   9���B� "7-�5m.� ��[� L��Q-� !3��� �! �� 1��4 �TE

  �TM  ��28��$6 ��<�� x3:- y�E ���d6 "4 %8,-    ��B2- �� .-�,27� 

.���! .             �2� 1��24 �<����2� S2�� ���2$� "m �MTM    !��2; �(

     �� ?� �<�= �R�!TE        w��<- �</4 y��36 9�5�! ��B- S�� � %H�

       1��24 �T ���2$� .#� �%H� �� S�� �! .4�
6 w��<- �4 I�8H�Q�

 1����TE �  TM"4   x32:- y2�E �! J�6�6 a&n/( �  a�/(  "24 

 !3G ���$� S��<�=.��H� .
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 ������� 	
�� �� ��� ������ ���� � �����
 �������� �������� ���� !";

  817.      �� �! 1��3- ��<G�H TE        I�:,2� 1�2/-3� .H��M U�?36 �4 

)(a      9�2:; >�[� �! a��/() b (    9�2:; >�[2� �!a&n/()c (  >�[2� �!

 9�:;ao/( .

 �36 �42  <- "4 "2 R�; w��2       �24 �.2H��4 S2�� ?� A     S<��2M �2j- �! 

 "5�/4 ���$� �4 �4��4 x3:- y�E a&n/( �  a�/(<G�H �2- ��2 1��3

-2        �2� �! �2� 1��4 1�3TE   � TM         �24 1�32- 1�2��3	4 1��24 

[�2 :; 1�/E�2  9�a��/(  �a&n/(   � ao/(  ��!�M "8H�Q�  . w��2<-

  81:.       �� �! 1��3- ��<G�H TM  -3� .H��M U�?36 �4   I�:,2� 1�/

)(a      9�2:; >�[� �! a��/() b (    9�2:; >�[2� �!a&n/()c (  >�[2� �!

 9�:;ao/(.

� 1���� 1��4 I�8H�Q� S�TE �  TM   �! J2�6�6 "24 	72� 1�/

)o (  �)) (  9��!.� !32� .             >�[2� ���2�� �24 �2� �! �2� 1��24

9�:;      ��!�2$� p��6 1�?� "4 .��[6�� �� �! "	R�� ���k 2��  ���

.�     �� �! Le<G� S�� "= �4��TE ��l�B2m  %2H� �6 .���  S�25
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 .� 9��!     �2� 1��24 "= !3�TM 24    ��!�2$� p�2�6 1�?� "r  L�2M �

A��= 1��3-)Full band gap (.�- 9��! �2� 1��4 .#� �!3�TE

 >�[22� �!ao/( h-�22=�� ?� �22���4 A22��= 1��322- L�22M �22� 

 cπ&a/ωo��/( �6 cπ&a/ωo��/(.� 9���B� !!�M.

= .:��4>?���
      9!�! 9���� "4 1�3- 1��3- ��<G�H I�8H�Q�   .��� .4�
6 1��

   [#�]� � .H��4 1��4�        1�2��3	4 �! �2/7��<7#� 1! ��<G�H y�V! 

    O���� �� 1�3-.�!��T .   2
-� I�82H�Q�2  �2� p�     ?� 9!�:<2H� �24 9

 86�� q���N   ��B- .� 4 %V! �4 q�� S�� "= ��!2 S��[6 �! i�

"8# - 1��2         �3	4 %,7� ���- J�=�6 �! �m3= I����d6 "4 ����3

 ��= 1�3-2�e   f�,; .�          I�82H�Q� AV��2; �24 S���4�254 � ���4

      <G�H y�V! S��[6 �! .43G ���,4 ��362    1�3- 1���3	4 1��3- ��

!��! 1�[4 �!.
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