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 ..&�	 "<��&6 *&,�

   ..&�	 G��&U "%�*�%7	 ��/7 8	 � $�!	 � 
�<� '=5)#	 ����< "�0 X��# �*^U ���0 �� ��)-0

   ��&� '�*&�%7	 X&57
 $� "S ���� WX%! �*^U ���0  \�D ��)-0  5)#	 B8�� ��� $�F �
 ��	 

	 $%n! '��
 ��)-0 
�<� �� '=5)#	 ����< "�0 G�*_ 8	 � ! 
���	 ��)-0  5)#	 ���6�� �
 �

  ��� h�	`D	 "�<�0 X��\ ��_ $�  �	�0 "�]7[ j#	*0 '	`5� $� �� $�F ��	 �=�� .���4� $# ���_ $� W

 '�5�P ����< "�0)O ( �� ��)-0  5)#	 ��� $�F .���4� .
�	
 "-�)�h��#     '=5&)#	 ��&� '�&�

  ��� "� h��#]9[. 

L ,�!+ �M�(  

    .
�	
 �
� &/� 
*���&# .+&, �
 j# X��K j#	*0 X57
 $� �*^U ���0  \�D �����*�5�

      �
 *&55p0 'P $&�5�� $&# W� &! ��`-��&< "<��6 ��� j0	 �� $%n! ��� j0	 8	 ��	 4� "+� h�FP

 X%! ..�	 �
�� ��	�� ���6��1-2  � � �`-��< �d*�	 ��� .7�K  �	�0 "� h�FP $#  �
 "� '���

� � � < j5)40 � �
 � � �*�R( � $��
 �
 $� "��FP ��� j0	 .
��P 
�<� $� ��	�� ~�S �5� �
 	

 . ��! "�  
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 X%! 1-2  : C�� ����*�5� m� �
 �d*�	 �)K *� "��*�%7	 ��� .7�K "7�-Op W(.�	�)  C�� �����*�5�n 

 (�O)]27[.  

  

 C�� h���� h�	`D	 �	*�n    '�&�`5� ����&�*�5� $%n! �
 � �
 ��� j0	 "5���< X�U  ���

       "&�0	 �8	 &�	 *&S	 ..&�	 ���*&Y � &�
 "^7�6�� C�� ��E��	 �
 .\
 ��	*��� .
�! 2���	 "��6 $�

8	 *��# � �
 "^7�6��  F �&��� 9�	*! �
 
�� "� ��r��	 W !�� ($��() '��`5� $%n! "�0	 �8	 �	  $&�

       ��&! '�&�`5� $%n&! ��&� j&0	 ��`-��&< � �
 ��� j0	 8	 �	 $rK]� X��\ 
	 +0 W"����   X&�U �

    "&^7�6�� ��&� j&0	 �5� .5D*� ~]�6	 $� $<�0 �� 9�	*! ��	 �
 .
�! 2���	 X��# ��_ $� "5���<

 &� .
�! "� �
�`D	 $%n! $� '�*�%7	  O �� m� W$��( � ����*�5� $%n! ��� j0	 � � �
  *&S	 k%U*

   �&� �&� j0	 "5���< W !�� '��`5� $%n! "�0	 �8	 �	 8	 *�S�`� ('����) � �
 "^7�6�� ��� j0	 �8	 �	

 ����*�5� $%n! �
 "�r� "� h�	`D	 � �� j0	 "-�E�� j� $� �U�� *��5� �  � 5� }� �*��# [���K	

�	 c�^6 ��	 �
 $# .�	 �*-�
 j�� $H�)� "^7�6�� G��`0 Q?� .
�! "�  .
�	
 �
�&+7	 J�D .5�

         ��&� �*&5S �8	 &�	 .
�&! �&� $&�F "S ��&�� h��&# �U��  �	�0 "� "^7�6��  K 8	 h5� h�	`D	

  $&� *�� $# "D�Y	 ��)-0 �� ��)-0  5)#	 $#  �
 "� '��� m�*�%7	��*0 � "%�*�%7	 "S ����

"�	�	*D 
�n�# 

*S "� $%n! �
 '=5)#	 ��� j0	 '=5)#	 ����< "�0 �� � ]9W26[  "S ���� �n�

 C�� �����*�5� �
) '�*�%7	 X��Kn.
�! "� (  
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1-2 -4   3(4B�0 ��4/� ����  �! ����#'�/  

 W.�	 � ! [�	 �� ��5)� �8�*�	 '� � � � 5�5( X���� .6�� �
 B8�� ��� $�F 8	 �
�:��	

���_ $� $#  &# ��*���� 8	 . ! �!P B8�� ��� $�F 8	 � � < ���
*���# �� '	���  ��! 8�� *� 
*���

 WB8�� ��� $�F ���3�+?\ �5� "%�*�%7	    &!�� "&� ���&� ��� h!�( � $rD�K ����	`�	 W����*.   �&�

�7�H� *5r� "��� �d�7�%0 
�n�� .�< ���P 8	 '	�0 "� WB8�� ��� $�F c	�6 � 
*%H�U $� $<�0 ��

 �8�*�	 .
��� �
�:��	 `5� m5��*�%7	�*D � m5��*�%7	 "� �� W���� ���
*���# W����)� W� 5!��6

   8	 "&S�`� h&E� $# �	 $��S $� .�	 �	 $�D�� $+��0 C�Y�� W;��, �
 "���� $�F 
*���#  .D*&�5(

�8�*�	 ���  �	
 "� "���� $�F .+, $+��0 '�� � 	� ]43W44.[  

�
*���# $H�< 8	        �
 �
�&� �&�	 8	 �
�:�&�	 $&� '	�&0 "&� ��&)-0  5)#	 B8�� ��� $�F ��

      �	*&� [�&+D�*�%7	 ��&� 
�*&�%7	 .6�&� �
 ���P 8	 �
�:��	 � $�	 -�� '	�U $� �� q�� � �� m5�	*�

       � ��&!�� �	*&� �
�:�&�	 
��&� 3�&+?\ W���&� � $rD�K W� 5!��6 ��� [�H� �
 �d*�	 � �*56b

� � '
*# B�( � ' �	�6 
*# ���!	 ��*-����]2 W13 W15 W16 W17 W18[ 	�	
 X57
 $� ��)-0  5)#	 .

'
��   
��&� �
*�)S ��_ $� *56	 ��� $�
 �
 "%5��*#��*0 � "%5��*#�*�%7	 W"%5��*#�0�D c	�6

� �
 $57�	 3�+7�?� . �	 $�D*S �	*\ $+7�?��(	 c	�6 
��   $&�
 �
 3�&n5#*0 ��	 "%5��*#�*�%7	 � "%5

 
��:� �  "&� �
�:��	 W �!�� ��� �*�( �� m5��*#�*�%7	 ��� �*�( .6�� �
 'P 8	 �  ! 2���	

 '�%�	 ��	 �  ��	
 "%�*�%7	 d��7� [��U	 ./0 	� ' ! �!�� � �*50 j5r0 .5H��\ �� �*�( ��	 .
�!

� '���6�� $� �
��� ��� � ��*S '	`5�  �	��� �0  %5� j�	*D '�S # �
�:��	 �	*� 	� ����
�6 �� �

  j&� � � ! �d*�	 ~*^� �
 "��< $D*, �U�� j� �� �*�( ��	 8	 �
�:��	 $�5�� �
 . # [*�# 	�

.�	 $D*, $� �
�^�\	 ��/7 8	 ]28[. 

 . �)� `5� �8�S ��� *-)K �
 
*���# �	*� "n��� ��E��	 �
�� ��	 ���H� B8�� ��� $�F

WO3  "���
� �	*� �8�S *-)K �57�	H2 "�  !�� ]22[.  B8�� $�F *S	WO3     'd�� &5� �*&+� �
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�*+� �
 "�K �� $�F ��	 . # "� 
���	 B8�� $�F "S ���� �
 �
��8 *55p0 
*5S �	*\  j# .rHs

X5n\ 8	 "���8�S NOXW H2SW NH3W H2W O2W O3  �CO  $5�0 �8�S *-)K . ��	
 "�F�� .5��)K `5�

      8�`&S	 � � &# [*&�# W95&/� [*&�# X5n\ 8	 "U��� ��� 
*���# �	�	
 ��)-0  5)#	 8	 � !

 "nH\ "�K	��� 8	 $# "�	���5� �	*� "�� ���8�S "���
� � "%!`( "��! ��5U �
 	*56	 � �� X5n��0	

 !�� "� W �*� "� >�� ���� �]20,15[ 8	 .    2�%/�&�	 Wj&# '8� $&� '	�0 "� ��*-)K ��	 3�5,�^6

  �&� $)��4� �
 '
�� .�5\ '	8�	 �5��� � F�� .5��)K � ;�*� "��-E��( � "�F�_ *�U [�_ WF��

 
*# ���!	 3�+?\ *-�
]22 W23 W24[. 

1-3    ���� ' -!�5� �# �'�������  �! "	���� -��2�$) WO3  ��&  �80

��������6 ��O*� P�'  #� 

1-3-1   ( (�'!��) Q�<R� �S<T �M� "*'�# 

           l&H�E� ��&���*S 9&��0 `�`57�*��&( �*f&�	 g�� $&� ��&)-0  5&)#	 B8�&� ��&� $�F

   ..&&�	 $&&�D*S �	*&&\ "&&��*� � .6�&&� 
��&&� 3��&&:�� ��&&�*��	��( �&&� �   � ��&&0*� $&&7�4� �&&�	 �


 '	��%��]9[    ��&� $&����W1   �&0W7         ��&� $&���� $&#  &�	 �
	
 �	*&\ "&��*� 
��&� 	�W3,W2,W1 

 �W4             . &��	 � "_�&n0�	 �&� �&/� 
��&� C�&Y�� �&� $&#  &�	 � &! $&5�0 3��&:�� �����
 �
   $&����

 ���    �&� *&r� 
��&�(W7,W6,W5)       &�	*H# ��&)-0 "&�P [�&H/� 8	)WCl6(      .&rHs �&� �&50*0 $&�

 *&&5p�� ��&&�12/0 W14/0WM  16/0  �*f&&�	 � $&&��	8 �&&� �45 [8�&&� � $H&&,�D � $&&<�
cm  23 

 ��&&�
 �
Cᵒ 250   $&&�F*�8 ��� *&&�FTO    3 &&� $&&� kf&&� �  � &&! "��&&�� $&&�F6  �
 .U�&&�

 ��&&�
Cᵒ 350      �
 � &&! $&&5�0 ��&&� $&&���� . &&�	 � &&! .&&E(8�� ���&&H� ���6�&&� ��	 &&��( �	*&&�

  ��&�
 ᵒC250            8�&D �
 � ���Hn&)� ���6�&� �	�	
 .&E( 8�&� 8	 k&( $&#  �&!	
 ~��&�P .&+5n_

   &5_ 8	 X&,�K >��&�� . � ! ��Hn�� m55H#���� lXRD      X%&! �
 �&� $&���� �&�	1-3    "&� '�&��

    ) "&&/5<*0 3�&&�< �
 "H&&,	 � 3��&&:�� $&&H\ �
 $&&#  &&�
200) � (202  � .&&�	 � &&! .&&D�� (



12  

 ���	�8ᵒ 34 Wᵒ 6 /23 ~ θ2            � &! g�	`&S >��&�� �&� $&#  &�
 "&� '�&�� 	� m&55H#���� ���6�&�

 h�	��&&%�� � "&&S	*-�� 9&&��0]25[  [�&&H/� $&&#WCl6  �&&� 	�50 � [���&&0	  &&,�
 50  �P  &&,�


��&&�
 �&&� $&&�F*�8 ��� � �
*&&# $&&5�0 *&&?4�C ᵒ 300  ..&&�	 G&&D	�0 �
 ]��&&# W &&�	 �
*&&# �*f&&�	

 8�&&D $&&�F*�8 ���6�&&� �&&� �&&���� Q&&<�	 $&&H\ �5&&���SnO2  .
�&&! "&&� .&&D�� [�&&��S	*�0 8�&&D �


         ) ��&� $&H\ 3�5&,�^6 $&� $&<�0 �&� �*&! � $&?�	� 8	 $&# �� B��H� 
�+�	200) � (202  $n&��/� (

� &&!  [� &&< �
 .&&�	1-1 ..&&�	 � ��&&�� X&&��\   �&&� B��&&H� 
�&&+�	 .&&�	 5( $&&# ��&&_ '�&&�� �

 �� $���� .��EY.�	 �
*# *55p0 [�H/� .rHs h�	`D	 ��.  

 

 X%! 1-3  : l5_ ���XRD ���
 �
 .E(8�� 8	 k( �� $����C ᵒ 350] 9[.  

  

 [� < 1 -1:  ��� $���� WO3*5p�� ��� .rHs ��) "/5<*0 �*5-��< $� $<�0 �� �� B��H� �8	 �	 W202 W( 

�*�8 �  �� $�F .��EY]9[. 
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� �
� /� m� �
 �� $���� Q?� �*�8 �5-��5� µm 5 ×mµ 5  ��-�&�
 8	 �
�:��	 �� AFM 

 ��?6 ��nm 1/0 ± �*5S �8	 �	       [� &< �
 	� 'P >��&�� $&# .&�	 � &!1-1     . &5# "&� � ��&��

 � +� $� *���^0 9��0 �� $���� �d�7�D���AFM  X%! �
1-4    *���&^0 �&�	 ..�	 � ! �
	
 '���

 $���� �
 $# .�	 ��	 � � �
 '���W5 Q?� ��d�7�D���W    &�
 "� '��� 	� .6	�%� ��� �*�`<

 X# $# 	� $���� Q?�.�	 � ��!�( � $���� .W6 
  ��� $�	
 3	�b$�!	   � �8	 &�	 � X%! �� $�	
 $#

 � �
� /� �
 ���)� �n�*4010  �0nm60 �_ $� �  ��	
 �	 � ! ;�8�0 Q?� ��� .6	�%� �  $���� �

 �W7 'P [�H/� $# 8	 ���*��5  $���F��.�	 �	
��6*�  � 5&!�( Q?�     $&� .n&)� �*�7�&-O *��&� 

 3��, $� � 
�	
 �� $����j� ��� ��� �*�`< $�!�n�	  ..�	 $�D*S �	*\  

  

 

 X%! 1-4  :0 *���^AFM 3��:�� ��� .rHs �� � ! $5�0 ��� $���� l7	 (W5) W � (W6) W� ] (W7)9[.  
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  "<�&� [�&_ � �
� /� �
 �� $���� ��	 ��nU l5_nm  1100-300   X%&! �
1-5   '�&��

"<�� [�_ � $5K�� �
 ��nU '	`5� ..�	 � ! �
	
nm  1100-400   �
� &K �
70    �5&5+0  &,�


        .5D�:&! �&�	 [�&H/� .&rHs h��&# �&� $&# .��� $�F ��	 ��6 ��5)� .5D�:! 8	 "#�K $# � !

 ��� "� h�	`D	.  ��	���D�  [� <) �� $�F .��EY h��# $�1-1 ( �
	
 .n)�  .&�	 � &! W  .��E&Y

.�	 � ! $n��/� *�8 [��*D 8	 �
�:��	 �� �� $�F ]9[.  

)1 -3(                                                                                         
( ) ( )

1 2
2 2

2 1 12 sin
d

n

λ λ
λ λ α

=
− −  

1λ  �2λ  W"7	��� � $5�# 3 ! �� ��� ��
n   ��&� $�F .)%! ��*YWO3  �α   � $&��	8

 . !�� "� ��� h��0  

 

 X%! 1-5 :  l5_ ��� ��� $���� ��nU W5,W6,W7 ]9[.  

  

�� $���� ��	�� ~�S  $# ��nU l5_ 8	 �
�:��	 ��'P  � &! $n��/� ��  .&�	  [� &< �
 W1-2 

 ..�	 � ���� X��\ ..�	 � ! �
	
 .n)� �� B��H� 
�+�	 h�	`D	 $� �� $���� ��	�� ~�S h��#  
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 [� < 1 -2  3��:�� ��� .rHs �
 � ! $5�0 ��� $���� ��	�� ~�S :]9[.  

  

1-3-2   ��O*� U��+ �M� "*'�#  

 ��)-0  �*H# '
*# XK �� ��)-0  5)#	 B8�� ��� $�F)WCl6(  �
50  � �P  ,�
50 

 .rHs �� [���0	  ,�
M 01/0 ���
 �
 ᵒC300   �*f�	 q�P ��ml/min 2W4W6   � "&S	*-�� 9��0

 '	��%��]25[ ���
 �
 � ! $5�0 ��� $���� ..�	 � ! "���� $�FCᵒ 300    �&!	
 ~���P .+5n_

���
 �
 .E(8�� 8	  +� $#C ᵒ 500 k� ���6�� ��  8�D �
 ���H�   X%&!)  &�	 � ! ��Hn�� m55H#����

1-6) ���P $�� �
 "/5<*0 � $H\ .(200���P �	 $%n! .��I � �
�� (Aᵒ  41/7a= WᵒA 63/7= b �Aᵒ  

78/7= c  !�� "�  

. 

 X%! 1-6  :l5_ ��� XRD ���
 �
 � ! $5�0 ��� $����Cᵒ 300 ) �*f�	 q�P ��1 (ml/min 2) W2( 

ml/min 4 )�3(ml/min  6 ���
 �
 �� $���� ��	 .Cᵒ 500    �	 � ! .E(8��] 25[.  
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 X%! �
 �� $�F ��	 $� x��*� ��08�� � ��nU l5_1-7  �
 ��nU '	`5� ..�	 � ! �
	
 '���

 "�*� $5K���
  
� K85-75  ..�	 �
�� *5p��  ,�
$���O � � ����   ��&08�� � ��&nU l5_ 
�! "

 �� $�F ��	 .��EY ..�	 $�!	 � "��)/� *55p0 "��! $�F q�P *55p0 �� $#  ��-�&�
 8	 �
�:��	 ��

Tencor Alpha-step profilometer .�	 � ! �*5S �8	 �	    '�&)%� j&� �&� �n�*40   
� &K �
 $&�� � 

nm150   �	 � ! g�	`S]25 W26[ .  

 $?�	� 8	 	� �� $���� �R< ��*Y �� $�F .��EY � ��nU l5_ ��� �
	
 8	 �
�:��	 �� ���P �

)2-7( � $?�	� 8	 	� �� $���� j54�)� *5s ��	�� ~�S "S�`� kf� � )2-8 ( $n��/� �	 �
*# "S�`� .

*�	*� �� $���� ��	 �	*� � ! g�	`S j54�)� *5s ��	�� ~�SeV 5/3   !�� "�]25 W26[.   

  

 

 X%! 1-7  3��:�� �*f�	 q�P �� � ! $5�0 ��� $���� �	*� ��08�� � ��nU l5_ :]25[.  

 

  3	*&55p0 $# .�	 'P 8	 "#�K 3��:�� �*f�	 q�P �� � !  57�0 ��� $���� �	*� � �P .� � >����

$� "%5�(	 � ����6�� c	�6 �
 "�<�0 X��\  �P "�� 
�<��%7 W  $�	
 �8	 �	 �*f�	 q�P h�	`D	 ��

 ��� $���� �	*� $# ���_ $� W ��� "� h��# ��1 W2  �3  �*! [��*D 8	 �� $�	
 �8	 �	 �50*0 $�810 

 W570  WᵒA530 �5�E0 ..�	 � ! �
8 
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1-3-3  -�.�/�0 �# �%6��# �M� "*'�#WO3 

 '	��%�� � ���	
 g�	`S *� ��]11[        g�� $&� � &! "��&�� $&�F ��&)-0  5&)#	 B8�� $�F

  ��&�
 �
 $&�5! $�F *�8 �� 2�5���P 3��)-0 [�H/� 8	 �
�:��	 �� `�`57�*��( �*f�	ᵒC  400   $&����)

S0 ( �����
 �
 .E(8�� 3�5H�U ./0ᵒC  450  �ᵒC  500   3 � $�2  .U��.D*S �	*\  ��� $����)

S1 � S2(.  *���^0AFM  8	 � +� $�  X%&! �
 ��)-0  5)#	 B8�� ��� $�F1-8    � &! �
	
 '�&��

..�	   

 

 X%! 1-8 ) .E(8�� 8	 Xn\ �� $���� � +� $� "D	*S�(�0 :S0 ���
 �
 � ! .E(8�� W(ᵒC 450 )S1 � (ᵒC  

500 )S2( ]11[ .  

*���^0 ��	   Q?&� �*�8 8	 �5��� �  !�� "� .E(8�� 8	  +� � ��� $%n! ��� $�!� *-����

 Q?� � � ! $���# $����..�	 � ! *0 .6	�%� .E(8�� 8	 k(    8	 �
�:�&�	 �&� �� $���� Q?� �*�8
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�	`D	 2*� )PGI-IMIX PTS( $n��/�  [� < ..�	 � !1-3 . �
 "� '��� 	� � �P .�
 $� >����  

 [� < 1 -3  � $���� Q?� �*�8 :WO3  �
 � ! "���� $�F���
ᵒC  400  �����
 �
 � ! .E(8�� �450 

 �ᵒC  500 ]11[.  

  

l5_ >���� ��� XRD  X%!)1-9    �&� $&�F ���6�&� "��� 0 *55p0 � � �
 '��� �� $���� (

 !�� "�W $# ���_ $� ) 
	 ��	 �
 $���� $� *� "/5<*0 � $H\200 � �
�&� (     .&E(8�� '� &� $&����

g�S .�	� ���6�� �	�	
 �  �����
 �
 � ! .E(8�� ��� $����ᵒC  450  �ᵒC  500  �	�	
 �50*0 $�

���6����� . !�� "� "!�S $� � "H5� m0  

 

 X%! 1-9 l5_ : ��� XRD  B8�� ��� $�F �
WO3 $�F *�8 ���
 �
 C ᵒ 400 )a(  W(.E(8�� '� �)

�
 � ! .E(8��C ᵒ 450 )b� (C ᵒ 500 )c( ]11[.  
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�
 �544/� ��	 g�	`S Gn_   8	 k&( ��&08�� � ��&nU ��� l5_ X��! �� $���� "%5�(	 c	�6 


 "��)/� *55p0 .E(8��l5_ �  � $���� ��nU l5_ �
 �`5O�� h�	`D	 94D ..�	 � �� � ����c 

) }*� �*D � �*�)S �
71 �*�)S ��	 �
 �� $���� $�� ��08�� l5_ �5��� � .�	 � ! g�	`S (%

) �n�*4025. !�� "� (%  �	
��� �
 �� �
	
 X5H/02)αhν�)K *� (hν     � &�P .&� � *�
�4� "��5��*� �

*�	 $5K�� �
d�� F�� �  �*5S �8	 �	 $� $<�0 �� . # "� �55+0 	� j54�)� ��	�� ~�S "S�`� "4D	 ��/�

.E(8�� ���
 h�	`D	 �� ��	�� ~�S � �P .� � ���  8	eV 67/2     $&� .&E(8�� 8	 X&n\ 9�	*! �
eV 

25/3  �eV 30/3  � ! .E(8�� ��� $���� �
 �50*0 $�.�	 $�D�� h�	`D	  [� <)1-4 (.   �&�	 >����

 3�n��/� X%! �
1-10 . !�� "� � ���� X��\  

 [� < 1 -4 ��� $���� ��	�� ~�S *� .E(8�� *5I�0 :WO3 ]11[.  

  

 

 X%! 1-10 3	*55p0 :2)αhν �)K *� (hν ) .E(8�� 8	 Xn\a(�
 � ! .E(8�� � W  �����
450 )b( �C ᵒ 

500 )c( ]11[.  

 C�� �� $���� ��	 "S ���� "%�*�%7	 ��� �*5S �8	 �	 G�*_ 8	 �5���n ..�	 � ! g�	`S  
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1-3-4 "$��)�� �M� "*'�# Li  -�.�/�0 �#WO3  

 '	��%�� � '�� ��#]10[  B8�� ��� $�FWO3i7�6 )PW(١    *&� 	� j5&�57 �� $�D�� h�FP �

 $�F *�8 ���ITO     � ����6�&� ��&� "&S=�� ���P . �
*# "���� $�F `�`57�*��( �*f�	 k7�( g�� $�

h�FP *5I�0 � $�D�� h�FP 3�n5#*0 ��	 "%5�(	 Li    ) "&�8� ��� &,�
 �&� 	�wt% 5-1  "&S=�� ��� (

 B8�� ��� $�F ���WO3  . �	 �
	
 �	*\ "��*� 
��� �
�( 8	 �#*� "7�H/� 8	 �
�:��	 �� �� $���� ��	

WCl6  �LiCl )wt% 5 -1 (   8	 "_�&HE� �
 $&#ml 300   � *&?4� �P ml 100   [�&H/�NH3  �

	
� Kml  10 WHCl .�	 � ! $5�0. $�F*�8 ���
C ᵒ 400    � $H&,�D �
 � .&��I 3��, $� [8�� � 

cm35 ..�	 � ! $�!	
 $-�  

l5_ ��� XRD  ��� $�FWO3   �&� $�D�� h�FP � i7�6Li )wt% 5-1  X%&! �
 (1-11 

 '���  ) "&/5<*0 �*&5-��< �� m5n����0��	 8�D �	�	
 i7�6 � $���� ..�	 � ! �
	
200  .&��I � (

 �	 $%n! ���Aᵒ 41/7= a WAᵒ 57/7b= �A ᵒ 76/7c=  !�� "�.  

 l5_ >���� $� $<�0 �� ���XRD    ���&�	� �
 "&/5<*0 � $H\ $# 
�! "� � ���� t�Y� $�

) � $/:,200 �
 $# ( WO3 
�	
 
�<� i7�6�� $�D�� h�FP ��� $���� �
  Li  � � &!  � (�� ]��#

) 3�/:, ����	� �
 *-�
 � $H\ �
311) � (421 ���	�8 �
 (ᵒ 22/60  Wᵒ 06/45  *���. �	 � !  $H\

) �	*� � $/:, ����	� �
 $�D�� h�FP ��� $���� �	*� "/5<*0211..�	 � ! � ���� (  

                                                 
1 Pure-WO3 
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 X%! 1-11: l5_ ��� XRD  ��� $�FWO3  �� $�D�� h�FP � i7�6Li )wt% 5  -1 (]10[.  

 

 X%!1-12  	� $&�D�� h�FP � i7�6 ��� $���� �	*� �� B��H� �8	 �	 "S�`� 3	*55p0   8	 $&#

 $n��/� �*! [��*D� ! /5<*0 .�< $� .n)�) "211. �
 "� '��� (    �&� B��&H� � �8	 �	  �	*&�


� K i7�6 � $����nm  92 .�	 �  Wh�FP j#	*0 h�	`D	 �� h�FP ��� $���� �	*� � � ! *�%O�#

 
� K �
 $�D��21  �0 nm23 .�	 *5p�� ]10[.. 

 

 X%! 1-12  : ��� $�F � �� B��H� �8	 �	WO3  �� $�D�� h�FP � i7�6Li )wt% 5  -1 (]10[.  
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 X%!1-13  *���^0SEM  ��� $����WO3  �� $�D�� h�FP � i7�6Li   &� '�&�� 	�  . &�
 "


�! "� � ���� $# ��?����  Q?�$����  i7�6WO3    $&�F Q?&� �
 	� X%! "n+%� 3	�b �
	 +0

  �
 "� '����� $#    $%n&! ��&� $�!� 3��, $� � $�D��  !� $�5! $�F*�8 ��� *� $# "Hn\ *���^0

��� $!�6 � �	  .�	 3��:��  �	 � ! g�	`S �	�
]19 W25 W36[.  �� $�D�� h�FP � $���� *��^0Li 

 � � �
 '��� t�Y� $�W.6	�%� ]��# Q?� $# .�	 'P ..�	 �*D � XH6 8	 "7�6 � �	���  

 

 X%! 1-13 :  *���^0SEM  ��� jH5DWO3  i7�6)l7	(  �� $�D�� h�FP �Li )wt% 1 ((�) ]10[.  

 

 X%!1-14  � +� $� *���^0 � � �
 '���AFM  ��� $���� 8	WO3 ) i7�6A  h&�FP � (

 �� $�D��Li wt%)  1( (B)      � $&5K�� �
 	� "%O�&# ��&� � &H� � "�)( "��6 $� *���^0 ��	 ..�	

. �
 "� '��� $+7�?� 
���  

 

 X%! 1-14  :*���^0  � +� $�AFM  ��� jH5DWO3  i7�6)l7	(  �� $�D�� h�FP �Li )wt% 1((�) 

]10[.  
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 B8�� ��� jH5D ��nU l5_WO3  �� $�D�� h�FP � i7�6Li  X%! �
1-15    � &! �
	
 '�&��

.�	]10[.  jH5D ��nU l5_ $# 
�! "� � ����WO3   8	 i7�&640  �&0 %70   � "&�*� � $&5K�� �
 %

80 ..�	 *5p�� }*��*D � $5K�� �
 % $� $���� ��	 �
 �5��( ��nU ��*Y Q?� �5� �
 ��� "S #	*(

 X%! "n+%� 3	�b ��aK � 3	�b� ! �
	
 '���  *��^0 �
SEM )X%!1-13 A(   � &! �
	
 .n)�

F ��nU '	`5� 3	*55p0 � � �
 '��� $�5�Y X%! ..�	      8	 k&( � h&�FP '� &� 9�	*&! �
 �&� $�

 ��� [�_ �
 	� h�FPnm 550    ' &! $D�&Y	 �� $# .�	 'P *-��5� � �P .� � >���� . �
 "� '���

        �
�&�8  &K �&0 h�	`&D	 �&�	 . &��� "&� h�	`D	 "�<�0 X��\ �	 4� $� �� $�F .5D�:! �
�� $� h�FP

 
� K �
 `56 � .D	 �� \ �� "-�� � �
�� h�FP '	`5� 8	 X4�)�95     �&� �&� $&�D�� �&�	 . !�� "� %

544/� *-�
 >���� �]37 W39[ . !�� "� GD	�0 �
 (	 ��nU h�	`D	 h&�FP '
*# 
�	� �� "%5�   8	 "&!��

 �� $�F .��EY h��#.�	 � ! g�	`S]38 W40[.  

 

 X%! 1-15  : ��� $�F ��nU l5_WO3  �� $�D�� h�FP � i7�6Li )wt% 5  -1.(  '	`5� $�5�Y �	
���

 �� $���� ��nU 	���� [�_ �
nm  550  �
 "� '���]10[.  
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 [� < 1 -5  :j54�)� *5s � j54�)� ��	�� ~�S � �8	 �	 � .��EY]10[. 

  

 �*5S �8	 �	 �� $�F .��EY 'P �	 4� $# .�	 'P *-����  8	 �
�:�&�	 �&� $# profiler from 

Ambios Technology Inc XP–1 surface   .&�	 � &! �*5S �8	 �	  8	10  �&0nm  89   *&55p0  �
*&#

.�	 �� $���� ��	 ( j54�)� *5s � j54�)�) ��	�� ~�S �5��� . $#    �&��P ��&nU l&5_ 8	 �
�:��	 ��

 � ! $n��/�.�	  [� < �
1-5 � ��r� ��	 �	*� � ! $�D*S ��# $� X5H/0 ! �
 X%1-16   '�&��

.�	 $�D�� h�	`D	 "^7�6�� '
*# 
�	� �� ��	�� ~�S 
�! "� � ���� $# ��_ '��� ..�	 � ! �
	
  .

 3	*55p0 ��	 "!��$�  � �� B��H� 
�+�	 h��#C�\� $�5�� �
    "��&��	�# .�
� &/� � � � (  .n&)�

 .�	 � ! �
	
]10[.  

 

 X%! 1-16  B8�� ��� jH5D j54�)� � j54�)� *5s ��	�� ~�S "/� :WO3  �� $�D�� h�FP � i7�6Li 

]10[.  

1-3-5  -�'W���� �M� "*'�#)CuO(  ���� ���  �! "	���� F��) �#WO3   

 ��� ��  '	��%�� � ��]21[      ���6�&����� ��� *&� `�`57�*��&( �*f&�	 g�� $� 	� 
�6 3�454/0

 ���WO3   ) k&�  5&)#	 3	�b ���� �� $�D�� h�FP � i7�6CuO      ��&� "&S=�� �&��P . &�
	
 2�&��	 (
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 $�D�� h�FP 3�n5#*0 ��	 Q?� �d�7�D��� � ����6��	�  ./0 3	�b ���� h�FP *5I�0CuO    &,�
 ��

 "�8� ���wt%)5/0-0      �&� $&���� �&�	 $&5�0 �	*&� �
�:��	 
��� [�H/� . �	 �
	
 �	*\ "��*� 
��� (

��!     '
*&# X&K �&� *&r� 
��� [�H/� ..�	 �
�� k�  5)#	 3	�b ���� � $�P >( 3��)-0 2�5���P X

 W$�P >( 3��)-0 2�5���P �
�(.5H2O)5(NH4)20.12WO3(  .&rHs �� *?4� �P �
M  01/0   $&5�0

 kf� � � !.��U� �� k�  5)#	 3	�b ����  ,�
  "�8� ���0  �05/0 [�H/� $�  ..�	 � �
*S $D�Y	

%! X1-17  *���^0FE-SEM �� $���� . �
 "� '��� 	� �544/� ��	 g�	`S $�  "/?� �d�7�D���

WO3  3��, $� i7�6 
� K *?\ �� "��� $H5�����5  �0nm20  [�_ �
� K 30  �0nm50   !�� "�. 

���� h�FP ��     �
 W.&�	 $&�D�� h�	`&D	 '�*%5� 
� K �0 � � ! *�S�`� �� $H5� *?\ k�  5)#	 3	�b

 *���^0 . ��	
 X%! �+%� [�%!	 $�D�� h�FP ��� $���� $# "7�KSEM    h&�FP � $&���� $� x��*�

 �� $�D��33/0  X%! �
 "�8�  ,�
)1-17_d,c ( ..�	 � ! �
	
 '���  

 

 X%! 1-17  : *���^0SEM  �TEM  ��� $�FWO3 i7�6  *���^0)a  �b(  �� $�D�� h�FP �CuO )wt% 

33/0( ) *���^0c  �d 3��:�� ��� ��54� ��( ]21[.  

 l5_ >����XRD  X%!)1-18 $/:, 
	 ��	 �
 "/5<*0 � $H\ .�	 'P 8	 "#�K �� $���� (
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) �200 �� � $���� �
 � �
�� ( h�FP33/0 �	
��6*� �*��5� 3 ! 8	 "�8�  ,�
 � !    �&�	 ..&�	

   �	 $%n&! ��&� .��I �� m55H#���� ���6�� �
 �
�� $#  �
 "� '��� l5_3/7 = a W5/7= b �Aᵒ  

6/7= c      5&)#	 $&� x�&�*� $H\ $�D�� h�FP ��� $���� �
 $%�P $<�0 �7�< � $�%� ..�	 $�D��  !�

..�	 � �� *��� k�  

 

 X%! 1-18 :  l5_XRD  "��*� ./0 ��� $����]21[. 

  

 X%!1-19 i7�6 � $���� $� x��*� "�R< l5_ WO3  �� $�D�� h�FP �33/0  "�8�  ,�


  "&^7�6�� h�	`D	 �� $���� "�R< l5_ 
�n�� � � �
 '��� X%! ��	 . �
 "� '��� 	� k�  5)#	

..�	  

 

 X%! 1-19 i7�6 � $���� "�R< l5_ : WO3  �� $�D�� h�FP �33/0  k�  5)#	 "�8�  ,�
]21[.  



 

27 

        ��������� دوم� دوم� دوم� دوم ٢٢٢٢
            * * * * 'Cور'Cور'Cور'Cور_ __ __ __ _����± یییی�ÚÂÛÖ �ÚÂÛÖ �ÚÂÛÖ �ÚÂÛÖ     ****روروروروشششش + + + +     ± ± ±����    ÍÍÍÍÌÌÌÌ    ++++****     .¸� ºز� .¸� ºز� .¸� ºز� .¸� ºز�####����    

?ÉmÊ�¡?ÉmÊ�¡?ÉmÊ�¡?ÉmÊ�¡
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2-1   ��5� 

 8�� .D*�5( �
 
	�� ��� "S=�� "��*� '�%�	   '� &� 3	`&5��0 � 2�HU *��5� $O *� � '�`D	

 '�%�	 "��� $^E�� ��� m5%0 � 3	`5��0 8	 �
�:��	 �� .5H��\ ��	 �8�*�	 ..�	 $�!	
 "�	`)� h4�

  .&� � c	�6 � "�*�0 ���*��	��( �5� x�n0�	 ��D�� [�n�
 $� '	*-���=( 8	 ���5)� ..�	 � ! *�R(

*���# ��r� $� B8�� ��� $�F 8	 � �P. !�� "� �� ���6�� ��	 ' ! *0 �
  
   $&� $&H�< 'P 8	 $# .!	
 j5�	�6 "��� $^E�� ��� g�� 8	 "6*� *� ���*� �� X^D ��	 �


 "���� "��*�%7	 N�%��*%5�*I	 "�	 5�1k%�	 �0*( g	*( W2   ���&� ���&-� l&5_ W3   "��&� $&^E�� W

"%�*�%7	)I_V(4 mn5� *I	 �5 .
*# j5�	�6 ���!	  

2-2   "����� X�4� "
#�' "���(	�� Y�	*��	��)FESEM( 

   q&:0) "H5&)S ��� '�*�%7	 'P $%���� ;n� $# "���� "��*�%7	 ��� N�%��*%5� ~]6 *�

  ��&� N�%��*%5� �
 
�! "� X,�K "�)-0 $�!� �� '��]5D �
 "�����*S X5)S *I	 *� ("��*�%7	

 "���� "��*�%7	*I	 	 '	 5� m� [��U	 8	 "�	 5�     *&� "&�n� "&��*�%7	 �&0*(  57�0 �	*� ��\ "%�*�%7


�! "� �
�:��	 "�8 X��0 � � � (  X%!)2-1 �n� `HD Q?� *� ��\ "%�*�%7	 '	 5� m� [��U	 .(

 �50*0 �� � . ��� "� h�	`D	 `HD Q?� 8	 "�8 X��0 [���K	 � � ! '�*�%7	 X5)���(  � C�:0�	 h��#

 "� j�	*D �� '�*�%7	 8	 "S�`� ��!        '	 &5� "&S�`� $&� � &! X5&)S ��&� �	 &4�  �	*D ��	 �
 .

*S

    '�&�*<  &57�0 �	*&� *��5� $O *� �*�� '
��P .� � �	*� F��+� .
�	
 "-�)� � ! [��U	 "%�*�%7	

 ]6 $� `HD B�� ' !  5)#	 8	 �*5S�H< �	*� � 
*# �
�:��	 `50 B�� �� �`HD 8	 .�	 28F "%�*�%7	

 ..�	 8�5� F�� ��5)�  

                                                 
1
 Field Effect Scanning Electron Microscope (FESEM) 

2
 X-ray Diffraction (XRD) 

3
 Optical spectrophotometry 

4Electrical Charactrization  
5
 Seebeck Effect 



 

29 

            `&7 $&� 2�&���) "&)5_�p� ��&� '	 &5� m&�# $&� '	�&0 "&� 	� � &! 
���	 ��� '�*�%7	

  �
�&� �� "��*�%7	 $%���� 
��6*� *I	 *� .
*#  57�0 "n��� "��*�%7	 $%���� � �
*# "����# (")5_�p�

      &! � &#	*( k&( ��&� '�*&�%7	 $����I ��� '�*�%7	 *� ��]U . ��! "�  57�0 $����I ��� '�*�%7	 �

      ���&K W ��&! "&� X5&)S Q?&� "%�
`� 8	 $# $����I ��� '�*�%7	 �0*( . ��	
 
�<� `5� ("��S8��)

 k( ��� '�*�%7	 �0*( $# "0��, �
 . �)� $���� Q?� "D	*S�(�0 �� "/?� 3�^E�� 8	 "0�U]_	

  !�� "� �
�� "��5�5! �5#*0 �� $?�	� �
 "0�U]_	 ���K � ! � #	*(]32[.  

� �
��P �
       ]&_ d�&57P �&� W]&_ W��*&# 8	 "#8�&� $�F �� 	� $���� Q?� F��+� ������� 
	�� �8�

     �
 .
�&! �	*&\*� "&%�*�%7	 [�&^0	 W$��( � $���� �5�  ��� $# .�	 'P *�	 ��	 .HU . �
 "� h!�(

  . ��&! m&�6 ]��# � � ! hE( ����� B8�� $�F m� ��� *� ���P 	 ��	  ��� ��
�( "��� $���� 
��� 

      ��&� $&�F � "&7P � &# B�&( ��� [�H/� W�P *5r� F�� ��E� ���D �� "0�+��� 8	 ���U  ��� �� $����

. !�� � ��� "\�� "s��  

 ……. 

X%!  2-1 :)a(  "���� "��*�%7	 N�%��*%5� 8	 "����*I	 "�	 5� )FESEM ; Hitachi S-4160 ( ��%�

) .'	*�0 ��-��	
 �
 � ! $�D*Sb$���� Q?� �0 $%���� ��nU *5)� "H6	
 �	`<	 8	 m50��! *��^0 (]42[. 
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2-3  ) Z	�� �0�6 P��6XRD( 

 g	*&&(�&&0*( X $&&+7�?� �	*&&� "&&� �
�:�&&�	 ���&&H� 
	�&&� ���6�&&� �  �&&0*( .
�&&!X  l&&5_ �


�
� /� �
 k5_�p��*�%7	  �0*( �5� γ "� ":5_ � $5K�� ��	 8	 �
�:��	 �� .
�	
 �	*\ h:�	*D �  '	�0

 �55+0 `5� � �
�� k< W���6�� c�^6 �
 "0�U]_	  � &! X5%�0 "%5�(	 ���H� ���8�D   .&�
 $&�

�P
� . �0*( g	*( ��-7	 Wi7�6 �
�� m� �	*�X      '�&# �&0 ..&�	 �
�&� 'P �	*&� .�-�	 *I	  ���� W

h5� g	*( ��-7	 8	 75000 0;�< "7P � "� +� �5#*  �
	
 ��&-��( ��	 8	 �
�:��	 �� ..�	 � ! ���P 

 $� 2����JCPDS1 "� G5n?0 � ���)< g�� m�# �� � .
��� iE�� 	� �
�� *� �5#*0 '	�0 

�� $�F "%5�(	 � "%�*�%7	 c	�6  �
��8  K �0       "&� �	*&\ �&� $&�F ���&H� .&+5n_ *5I�0 ./0

. �*5S  �0*( g	*(X   �5&)� � $H5&��        �
 $&# W.&�����H� �
 �&��0	 h&�	�P $&+7�?� �	*&� � &�P��# �

[��1912  [�� �
 � l�# ��F '�D 9��01913    �	*&� �	*&� k����7 2�5H�� � �*� 2�5H�� 9��0

. ! $�D*S ��# $� ����H� "��*�    ��&��0*( ��&� [�_ $# .�	 'P 2`H�)� h�	�P ��	 "�# "��*�X 

*( g�� $# $��( '���\ m� . !�� 2�H+� '���\ ..�	 �	*� '���\ W
�! "� X��! 	� ����6�� `57��P g	

  �&0*( � � 5&!	*( ��� $%���� ��*6 'P �
 $# .�	 "?�	*! � � # �55+0 �	*�X     '�&%�	 ��&H� 8	

��	 .
�	
  $+!	 "<�� [�_ c	�6 $��( *� g��X ..�	 �	���	     8	 �	 $&U���� m&� ���&H� � $%n!

. �
 "� X5%�0 	� �8	�� 3�/:, �    �	*&�  &��0 "&� 3�/:, 8	 �	 �
	���6 $� �
�*D ��� $# "��-

 8	 ��	 4� *� �	8	 $� �	� $�P h��08�� �� $/:, ��	 8	 m�*�θ   �&� j0	 "��� ���`p� . �D	 "� J�:0	

 "7	��� 3�/:, �5�� h4� $#  �	 $�D*S �	*\ *-� %� 8	 (2�*�)-�P  O) "�# $H,�D �
 ��H� m� �


   �	�&�	 *&-�	*�� �� � �8�� X6	 0 $� *�� "7	��� 3�/:, ��	 8	 k%�	 �0*( h��08�� . # "� �8�� 	�

 X%!) � �8�� X6	 0 .7�K �
 .
�! "�2-2 () $?�	� W�	*� [��*D 8	 �
�:��	 ��2-1 $H,�D '	�0 "� (


��P .� � 	� ���H� 3�/:,]33[.  

                                                 
1 Joint Committee of Powder Diffraction Society. 
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X%!  2-2 : �0*( "S #	*(X  � $H,�D �� ���H� 3�/:, 8	d ]33[.  

)2 -1(                                                                                                    λdhkl sin (θ) = n 2  

 'P �
 $#dhkl  ����	� �
 "7	��� � �8	�� 3�/:, �5� � $H,�Dhkl) ( Wλ   ��&� �0*( ��� [�_

 W�
�*Dn  � (Q5/, 
 U) g	*( � $n0*�θ �	 �	*� � $��	8 ' ! 2�H+� �� '�#	 ..d   �
�:�&�	 �� �

$# *�8 ��� $?�	� 8	 ) "!�S h! ������6�� �	*�2-2� ( ) "n+%�2-3  '	�&0 "� 
�! "� l�*+0 (

 .D�� 	� $%n! .��I]31[.  

)2-2(                                                                                 
2 2 2

2 2 2

1 4

3hkl

h kh k l

d a c

 + += + 
 

  

)2-3(                                                                                                                                        2

222

2

1

a

lkh

dhkl

++=
  

 ) X%!2-3 *r� 
��� X/� �
 "��*� 
��� ��� $�F . �
 "� '��� 	� �
�:��	 
��� ��-��
 *��^0 (

 h��0 96 �� "��0*( � $�D*S �	*\CuKα ��� [�_ �� *�	*�A˚ 5406/1  8	 . �P "� 
�*D $���� Q?� $�

 ) �	 $&��	8 �
� /� �
  �	�0 "� �
�*D �0*( W.�	 h6*O X��\ $�F � ��	 �-� $# ���Pᵒ 70- ᵒ10= 

θ2. # ����< 	� B8�� $�F Q?� (  �� B��H� 
�+�	 9����)D(     �*&! [�&�*D 8	 �
�:�&�	 ��  �	�0 "�


�! $n��/�  $?�	�)2-4 (]11[.  
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)2-4(                                                                                                                                                     θβ
λ

cos

9.0=D
  

 'P �
 $#λ  � k%�	 �0*( ��� [�_β ) $5�5� $�5� �
 ��( 2��0 "S�`�FWHM(1  �θ   g	*&( $��	8

..�	 �	*�  

            

X%!  2-3 :)a �0*( g	*( ��-��
 8	 �*��^0 (X  [ �Bruker – AXS '�p�	
 ��-��	
 �
.)b �	*\ X/� (

.$���� ��D*S  

  

   ) h�*&#  &��� �*&-�
 ��� .5�# '	�0 "� W �� $���� ����6�� `57��P $� x��*� >���� 8	ε � (

) "-�D� �
 "7�-Oδ) h�*# .5�# . 
*# $n��/� 	� (ε $�5� �
 ��( 2��0 "S�`� 8	 $# (   $&H\ $5&�5�

 l5_ $� GH+�� ���XRD )� $?�	� ��  �P "� .� � �� $����2-5 
�! "� '�5� (]41[.  

)2 -5(                                                                                                                           
4

cosθβε =  

 "7�-O �5���) �� "-�D��
δ    ��&H� j&�K  &K	� *� �� "-�D� �
 x�?6 [�_ '	�U $� $# (

) � $?�	� 8	 
�! "� l�*+02-6 'P �
 $#  �P "� .� � (D  .�	 $���� B��H� 
�+�	 W]41[.  

                                                 
1 Full Width at Half Maximum. 
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)2-6(                                                                                                                                                            2

1

D
δ =

  

2-4  ("	�(6� "#��  $%
�) �'�.� �'�B� K�[  

2-4 -1    ,\�#��� �'�B� K�[–  "]��–  ���� ^�*���UV- Vis -NIR )(1  

 ..�	 $���� m� ��08�� � ��nU l5_ �*5S �8	 �	 .�< �	 �
�� ��n)� ��-��
 ���� ��-� l5_

 X%! �
 �� �
�:��	 
��� ��-��
2-4  �	*� "%� W ��-��< �
 X��! ��-��
 ��	 ..�	 � ! �
	
 '���

  "<�&� [�&_ �*�)S �
 ("���0 $� $�F*�8)  ��! �	*� �*-�
 � (;<*�) � ! "���� $�F $���� nm 

1100-300  ��� 2�S ��1       � ���&nU ��	*&Y W��-�&�
 W�&� �
	
 g8	
*&( 8	 k( . !�� "� �*������

  �
 "� .� �  ��! $���� $� .n)� 	� ;<*� $���� "��08��  

 

X%!  2-4  : [ � *���0�D�*�%f�	 ��-��
Shimadzo (UV-Vis , 1800) 
�*��! ��-��	
 )a ��-��< .(

*� ��� $���� �*5S �	*\ ������nU ��*Y �55+0 �	*�  ��! � ;< )b.(  

 

��  3�5,�^6 "6*� '	�0 "� �� $���� ��08�� � ��nU l5_ ��� �
	
 8	 �
�:��	 "%�`5D  X&5n\ 8	 �
��

 �R< ��*Y.
*# $n��/� 	� �
�� ��	�� ~�S �  

2-4 -2  L7� G��_ 3��`0  

   "&� ��&nU j)< 8	 �0*( 8	 "�E� W # "� 
��6*� j)< $� ")5_�p��*�%7	 �0*( $# "��-�

                                                 
1 Ultraviolet-visible-Near Infra Red 
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�R< ��*Y �55+0 �	*� .
�! "� �
�� �R< $54� � � ! ��08�� "�E� W # )α (�
 m�  B8��  $�F

 $?�	� 8	 '	�0 "�3*n�F  
*# �
�:��	]11[.  

)2-7(                                                                                                                                                
( )













 −=
21

ln
1

T

R

d
α  

 'P �
 $#d ) $�F .��EYcm W(T  �R . �
 "� '��� 	� $���� ��08�� � ��nU ��	*Y �50*0 $�  

2-4 -3  �'��� a��  

 �d*�	 ��S*�) �
�*D '�0�Dhν       �	�&� 8	 �&� '�*&�%7	 W &!�� *&�	*� �&� *��5� ��	�� ~�S �d*�	 8	 (

*S	 ��	 W
�! "� �R< �d*�	 ��	 � � ! $�E5-�	*� h���� �	�� �
 "7�6 ��� .7�K $� .5D*�   �d*&�	

# "� ��nU �
�� 8	  !��  K ��	 8	 *��# ����0�D  �	�&� ~�&S C�� $� ������*�5� �
 �R<  �P*D . � 

) �R< ��*Y $?�	� W"��� ��	�� ���6�� �	*� .
�	
 "-�)� �
�� (j54�)�*5s �� j54�)�)α ~�S �� (

) [��*D Gn_ �
�� ��	��2-8
�! "� '�5� (]11[.  

) 2-8(                                                                                 m
gEhAh )()( −= ννα  

 'P �
 $#A      W &!�� j54�&)� *&r� 
��&� $�F ��	�� ~�S $# "0��, �
 � .��I ��	 4�m=0.5  �
 �

 W'
�� j54�)� *5s 3��,m=2      "&/� j&�� �&� '	�&0 "� $7
�+� ��	 m�# $� .
��  �	�6m)hνα (

) �)K*�hν "4D	 ��/� �� F�� ��� �d*�	 �
 �� �
	
 � ! "��5��*� .5+\�� �55+0 � ()αhν=0( �	 4� W

 
��P .�
 $� $���� *� �	*� 	� ��	�� ~�S]11[. 

     $&� '	�&0 "&� $&H�< 'P 8	  ��	R-� *5I�0 ����*�5� �
�� ��	�� ~�S*�  �	�0 "� "��S���S X�	�U

��	�� $7�n�
 � "����	�# .�
� /� ��� � � (    �
 .
*&# ���&!	 ���H� ���5��	��� � ��5^7�6�� 8	 "!��

.j5�6	
*( �� � � ( ��	 "D*+� $� ��^�6	 $� $�	
	  

K��- "��(���/ ����R�  
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  $&�F � �
 X5%�0 3	�b 
�+�	 $# .�	 � ���� X��\ "��-� 
	�� �
 "����	�# .�
� /� *I	

 X��\ �� '�*�%7	 $� $�)�	� ��*��
 ��� [�_ �8	 �	 ��      
�&+�	 �&�	 �
 
	�&� $&# "��&-� . !�� $)��4�

    &��	
 �	 $&f# 
	�� $� .n)� "���	 3��:0 ���P "%�*�%7	 � "%5�(	 c	�6 W �)� mO�#]56.[   �&�

 8	 *�%O�# ��54� �
 ��U�� W
�+�	 h��#50     $�&))S ��&�8	*0 $&� X� n0 $���5( �d*�	 l5_ W*������

�)�	� $# ��	�� ~�S $�5�� �
 � � ! �d*�	 ��	�� ~�S $� .n)�  !�� "� .7�K ��	 �
 ��b 
�+�	 $� $

 X%!)  ��� "� h�	`D	 �	 $f# �
��2-5   ��&� [�&_ *55p0 $� *�� 3	�b 
�+�	 h��# �50*0 �� � .(

.

*S "� ("�P ��� $� [�4��	) *���0�# ��� ��� [�_ ��� $� ("H5)S �� �) "�R<  

 

 X%! 2-5  : .�
� /� *I	 8	 "!�� ���� � �	 $f# ��� ��54� �
 
	�� ��	�� $n7 �
 �5� �d*�	 ���8	*0 $)��4�

 "����	�#]56[.  

L- �'��� ���  .� ���� X�	
0 ������ � ���� ������0  

 �&��< "�0) "0	b i\	�� 3��, $� .�	 �%�� $# 
�	
 
�<� "��� "H��#�� "+\	� ��H� m� �
W 


�( i\	��-�	 $?4�1"��5�5! ��� "^7�6��) "0	b*5s ��� "H��#�� �� � �
�� (...�1  ���&H� ���6�� �
 (

                                                 
1Anti-site Defeects 
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   .

*&S "&� �
�� ��	�� ~�S �
 �d*�	 ���8	*0 
���	 �n� �� "H��#�� � �� "^7�6�� 
�<� . ��! 
�	�


 � �U $� 	� "��*�%7	 � �*5S �� � �
 ���8	*0 h4�  �	�0 "� ��8	*0 ��	. !�� $�!	 

 �d*�	 ���8	*0 Ea) .5D*� �	�� $n7 8	 (� �*�R( h��� �d*�	)EV �d*�	 8	*0 � (Ed h��� �d*�	 W

$n7 8	 W� �E� �	��Ec  
�! "� �*5S �8	 �	]57[    "&� F�&� ��&� j#	*0  K �
 "���8	*0 �5O 
�<� .

 �
 ��	�� ~�S h��# $�5�� �
 � ��	�� $7�n�
 �*5S X%! $� *��  �	�0.
�! ����*�5�  

  

b- �'���  ��.�2 a'��+ ������*�I�� '  

�	*�      ��&� �d*&�	 �  &�	 $�&��5( �
�� *�	*� �
 "��*�%7	 ��� ;�	�0 ����� �]��# $%n! m�

   . &��	
 �	*&\  ��! "� 	 < *-� %� 8	 C��� �d*�	 ��� ~�S �� $# "5+� �d*�	 ����	�� �
 ���P 8���

���0�# ���0 �� X5)���( *S	    "\�&� 
�&6 3�\ $� 8�� ��	�� *��^0  !�� �	*\*� W~���P 
	��  ��� W�	

       ~��&�P 
	�&� �
 j&r� �&�	 � 
�&! "&� X,�K 
*� ��0�# jr� 8	 '�*�%7	 *� � �U *5I�0 	*�8 W ��� "�

 .n5s "7� . # "� 
���	 C��� � 8��� �d*�	 ����	�� j� 8�� "+Y�� ���0 ��	 .
�	
 
�<� '����

 H� jr�         
��P "&� �
 $&7�n�
 3��&, $&� �  &# "&� �&�( 	� ���	�� ��� $n7 $# 
�	
 	� *I	 ��	 W
*�

X%!)2-6 (]58[.  

  

                                                                                                                                               
1 Chemical impurities 
2Band tail 
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 X%! 2-6  :~���P 3	 ��< �
 ��	�� $7�n�
 t*_ h���� ]58[.  

2-5   ��  ��I� "c�* ���%_  

 �� $���� .��EY �*5S �8	 �	 �	*��	*� . ! �
�:��	 m5��*0��� >� �*�8 ��-��
 8	  �
�:��	

  Q?&� �
 `50 $H( m� �� $�F*�8 � � ! "���� $�F .�)\ X��! $���� Q?� .�	 28F ��-��
 ��	 8	

  $&� C�*! $�F*�8 Q?� 8	 "���0 ��_ $� ��*( B�� W$�F*�8 ��� *� ��-��
 ��*( '
	
 �	*\ �� . !��

50 $H( �
 � �
*# .#*K �
	
 . # "� �*5S �8	 �	 	� C�:0�	 ~]�6	 ($�F *�8 � $�F B*��� Q?�) `

 W$_��*� �	
��� X��D�*( 8	 �
�:��	 �� � `57��P ��-��
 �	`D	 2*� 8	 �
�:��	 �� W�*5S �8	 �	 8	 X,�K ���

 .\
 �� 	� $�F .��EY '	�0 "�nm 20   X%! .
��� �55+02-7 . �
 "� '��� 	� *r� 
��� ��-��
  

  

 

X%!  2-7 : .
�*��! ��-��	
 �
 �� $���� .��EY �*5S �8	 �	 ��-��
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2-6    "	��(	�� "#��  $%
�  

2-6-1   "	��(	�� ����5�  

 ~*_ �
 ' ��!�( ��$����  $# ���_ $� �*4� �)O ��$�F 8	 "/?�  $� 
�&+�	 2cm1×1   "7�&6

�  ���� kf�  B8�� j5� �
 [�^0	 X%! G��?� ")�2-8 '	�0 "�  `HD [�^0	 m�–  ����*�5�$�6�� 

.!�n�	�*�%7	 ��-��
 8	 �
�:��	 �� 'P � $H5�� $� �  X%!)2-9(  ���� �	*\ "��*� 
��� 	� $���� "S


	
.  

 

X%!  2-8  : `HD [�^0	– �� $���� "S ���� �*5S �8	 �	 �	*� ����*�5�  

  

  � $H�< 8	 ":H�E� ��� � X��! ��-��
 ��	CV  WCPC  WCHC     ��&# �
 �&�  &!�� "�......�

  � 8	 
�6CV     8	 �	 �
� &/� m&� 	 &��	 $# .�	 3��, ��	 $� ��-��
 3��5r0 .j�	 �
*# �
�:��	

 X5)���(E1  �0E2  � �
*# iE�� 	�  X5&)���( � $6*O ��	 �	*%0 3�+D
 � h��� ��	 ��� 2�S 
	 +0

  �&� $+?\ "<�*6 ��� $����( $� ��-��
 "%�*�%7	 3F�^0	 '
*# X^�� �� $�	
	 �
 .j5# "� �55+0 	�

   .j5&# "&� �*5S �8	 �	 	� 
�6 � $���� 8	 ���nU '��*< '	`5� WiE�� � �8�� m� �
 d��7� [��U	

 3	*55p0 8	 '	�0 "�I  �)K *�V  'P ("S ��&! �)%� �� "��	 ���D�) "%�*�%7	 ���D� ��   � .&D���
 	�

�	 $\�� .���4� �	 4� )□/Ω(  $?�	� 8	2-9 �=�� .���4� � )cm.Ω(   $&?�	� 8	2-10    *&� �	8	 $&� 	�

 .
��P .� � d��7�  
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s

V
R

I
=                                                                                                         ( 2 -9 ) 

sR tρ =                                                                                                      ( 2 -10 ) 

  

 

X%!  2-9 : [ � ) .!�n�	�*�%7	 ��-��
 *��^0BHP 2063 + (��=( $� .#*!  �
 � ! $�D*S ��# $�


�*��! ��-��	
 ��-����8P  

2-6-2  �.�* �M�  

  # "� ���D� G��U m�  ��� �n�*40 F�� ��5)� "/?� .���4� ��!	
 X57
 $� ��)-0  5)#	

$+7�?� 
��� *��# m�*�%7	��*0 � "%�*�%7	 ��/7 8	 X57
 �5�� $�  $� hE� ��	 �
 ..�	 $�D*S �	*\

     �8�*&�	 3�&454/0 �
 $&# mn5&� *I	 "+� ��)-0  5)#	 m�*�%7	��*0 ��� "S=�� 8	 "%� "��*�

.j�8	
*( "� .�	 � ! $�6	
*( '	 � *��#  

 [�� �
 (��
 ~]�6	 $� .n)� d��7� *55p0 j54�)� $?�	�) m�*�%7	��*0 *I	 �� mn5� *I	1821 

n5� '�< ����0 9��0  �&� `HD m� �����	 �
 �
 "���
 '��
	*S m� *S	 $# .D���
 �� . ! l�# m

"%�*�%7	 '	 5� m� ��-�P j5# 
���	 .�	 $�D*S �	*\ $�)� �	 � m� �
 $# ����*�5�  $+?\ *� �
 �


.
�! "� 
���	  X%!2-10    
�&��	 "&%�*�%7	 X5)���( ~]�6	 'P [�n�
 $� � '	 5� ��	 X5%�0 ��/�

�
 	� � !  C�� �����*�5� �
n  C�� �p . �
 "� '���  
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X%!  2-10 : C�� �������*�5� �
 mn5� *I	 �
 �
	
 }� j)5��%�n  �p ]46[.  

  

) '	 5� ��	 "S�`�E) $���� *� �
 �
 *Y�K "���
 '��
	*S � (T∇ $?�	� 9��0 ()2-11( ]45[ : 

)2-11(                                                                                                                                                       E S T= ∇  

 'P �
 $#  ��! "� x��*� j� $�S  '	�0 "� mn5� *I	 8	 ����	 ..�	 2���� mn5� ��*Y $�

  X%&! ..)< 
�� $+?\ m� �
 .�*�#	 ��� X��K C�� �55+0 �	*�2-11     ��&/� 8	 "%50��&! t*&_

 �
 "� '��� ��-����8P �
 	� >� .7� m� $� $���� 3F�^0	 ]46, 47[.  

 

X%!  2-11 : mn5� *I	 8	 "%50��! t*_]46[.  
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        ��������� 3)م� 3)م� 3)م� 3)م ����
Ô�Ô�Ô�Ô�#�#�#�#ت�تتت    �����    ����'������C'�C'�C'�C >ز`� >ز`� >ز`� >ز`����زº و �T) �زº و �T) �زº و �T) �زº و �ÍÍÍÍÌÌÌÌ    ++++****     (T    ****    ��������    ر�Ü و �ر�Ü و �ر�Ü و �ر�Ü و �����        

ر+vËر+¹vËر+¹vËر+¹vË¹****     .¸� .¸� .¸� .¸�####����     G G G G��������� � � � روشششش � ?ÉmÊ�¡رو � ?ÉmÊ�¡رو � ?ÉmÊ�¡رو � ?ÉmÊ�¡ * * * *    ÷÷÷  x x x x����tttt وووو����    ����÷
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3-1   ��5�  

    
�&6 $&� 	� m&�`5D $5�8 �
 3�454/0 8	 �	 � �U hE� �����6�� ���� � B8�� ��� $�F  !�

. �
 "� c�^�6	      J�&D ��&�
*���# X&57
 $&� m�`5D jHU 8	 hE� ��	 $� '	 ���	
 *5r� "� $<�0

   ..&�	 �
�&� *�� "S �8 .D*�5( �
 'P *�R(�� ��%�	 *I	 � �
�+7	     B8�&� ��&� $&�F  &!� ��&� g��  �

 ���_ $� �
�� �� $�F ��	 .5:5# � c	�6 *� *I�� � � 5H# X�	�U $H�< 8	 'P [*�# � �����6������

�D��� $#WQ?� �d�7    "&� �	*&\ *5I�0 ./0 	� �� $�F ��	 "%�*�%7	 � "%5�(	 c	�6 W����6�� c	�6

. �
   F "��&�� $&�F ��� *��	��( �
 *55p0 
���	 �� '	�0 "� '�)%� "���� $�F ��� g�� �
 "�K  $&�

c	�6 �� "��� "%�`5D .
*#  57�0 3��:��   $&� 	� "���� $�F 3��:�� ��� g�� X^D ��	 �
 &^�6	�� 

 t*!�
	
  $� kf� �"D*+�  `�`57�*��( �*f�	 g�� "+� $��� '���( ��	 �
 �
�:��	 
��� g�� `5� �

.j�8	
*( "� �� $����  !� � �8�� �
��P XK	*� 3�5@`<  

3-2    ��� P�' � �(�*3(4B�0 ��4/� ���� ���  �! �&'  

� �U g�� .�	 �	���	 "��5�5! � "%�`5D ��n� �
 *� B8�� ��� $�F .6�� ���  X%!)3-

1.(  Wg�� *� �
 3��:�� B8�� $�F 9�	*! � .5:5#�
�� �     9�	*&! � B8�&� $&�F 
*���# C�� $� $�)�

.
*5S "� �	*\ �
�:��	 
��� lH�E� ��� g�� W*r� 
���     ��&^�6	 $&� ��&!�� ��	 8	 m� *� $�	
	 �


+�:  ��! "� "D* 

3-2-1   "	���� ��� P�'  

 "�
 h!�( g�� ��*0 "�� \$�F  [�� �
 $# .�	 "%�`5D g�� WB8�� ���1857   9&��0

g�� �
 X��! g�� ��	 ..D*S 2���	 �`HD '��]5D m� *5En0 �� �
	��D :8	  0��nU $#  !�� "�  
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g�� �*5En01 g�(� # �� h#	*( �2.  

  

 

 X%! 3-1 "%�`5D � "��5�5!  !� ��� g�� :]29[.  

  

 - ���%.0 P�'  : *r� 
��� �
�� g�� ��	 �
 $0�� m� X6	
 �
 �	 $r:/� '��
  ]&6 9�	*! �


 iE��3�	*K [��U	 �� kf� 
*5S "� �	*\ �
��  $&�F*�8 ��� *� X,�K ��E� � � ! *5En0   ��&��

��	RS  ��	 �
 .
�! "� 3�5,�^6 � "�
 h!�( .U*� ��� � # 2*S '��]5D X%! � C�� Wg��

  .&\
 "�)��� '��]5D ��E��	 �
 .
�	RS "� *5I�0 � ! X5%�0 $�F .&!	
      '�&�]5D ��&E� ��&�D $&#

 ��E� ���D 8	 "�)���~ �  *5En0 2�-� $� �0  !�� *��5� *r� 
���~ � *&5En0 'P �� �	*�� '��]5D W 

                                                 
1 Evaporation 
2 Sputtering 

 "���� $�F ��� g��
"��5�5!

[�H/�

 "�
 h!�(
��� $_�s

 "�
 h!�(
"�6*O

X�-[d
 ��O*�

���������6

�8�S 8�D

 $�F �� "��	�P��
"�0	

 "���� $�F
"��5�5!��E�

 "���� $�F ��� g��
"%�`5D

��`57 h���
 �0*( �� "��	�P��

"7�%7��
g�(� #

 "0�	*K *5En0
"%�`5D
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.
���  

-� ��/ P�' P�6  :�
 ��	 � 
��6*� g��'�S�P X�� *I	 "� � �5-� ��� '�  '	 5� m� �
 $#

 ����0	 ' # �U�� W �	 �
*# 	 5( ���! "%�*�%7	~ �  "� ]6 $r:/� '��
 'P *5En0 � Q?� 8	

 W$�F*�8 Q?� ��� *� � ! � #	*( ��� j0	 ��	 kf� .
�!��	RS ����  g�� ��	 �
 . ��! "�

� W$r:/� ���D "� � X%! � C�� W���nU '��*< � d��7~ � '�5� $H,�D � $�F*�8 "/?� 9�	*! W

~ � . !�� "� "���� $�F �	RS*5I�0 � j�� X�	�U $H�< 8	 $�F*�8 �  

3-2-2  "���I�& ��� P�'  

  �&� g�� ��	 8	 
���  O .
�! "� 2���	 [�H/� � �8�S 8�D �
 �
 "��5�5! "���� $�F g��

 X� : 8	  0��nU– d $�`� j# � �
�� �� m5%0 ��	 $O *S	 W... � `�`57�*��( �*f�	 W"0�	*K *5En0 W[

  g�� �&�	 *� 
�	� ��� 
	*�	 8	 '	�0 "� 	� "���� $�F ���*��	��( *� ���� [*�# '�%�	 2 U ��	 W �	

 �&� $�F $5�0 �	*� g�� ��	 3�5@`< � `�`57�*��( �*f�	 g�� "D*+� $� $�	
	 �
 ..)�	
 �� B8�&� � 

.j�8	
*( "�  

3-3   ���������6 ��O*� ��B(*  

      � "&K	*_ '�S�&��S ��&� ���6�&����� � B8�&� ��� $�F $5�0 $H�< 8	 "D	 �	 ��r� $� ��-��
 ��	

      �&�	 .
�&! "&� �
�:�&�	 "��5�5&! [�H/� 8	 B8�� $�F $5�0 �	*� j�)5� ��	 �
 ..�	 � ! $�6��

     &� 	� 9�	*&! �&� $&�F*�8 �*&5S �	*\ X/� $# �	
 $/:, m� ��� *� F�� 3�	*K 
���	 �� ��-��
 �	*

 X%!) 
8�� "� j�	*D � ! �*f�	 [�H/� "��5�5! $�`�03-2.(   � &! $�D*S ��# $� �
�� �d�7�%0

    � $�&!	 � ]&6 $&� �8�&5� $# �
�� '	8�	 "!�� W"%�`5D ��� g�� *-�
 �� $)��4� �
 ��-��
 ��	 �
 

.
8�� "� j�	*D 	� ��`� t�?� �
 "���� $�F '�%�	  
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 X%! 3-2  : �*f�	 ��-��
 (l7	)`�`57�*��( )Spray Coating System.S.C.S.86(  W
�*��! ��-��	
 �


.`�`57�*��( �*f�	 ��-��
 8	 m50��! t*_ (�)  

  

: .�	 *�8 t*! $� ���P ��*���� $# .�	 � ! X5%�0 ":H�E� ��� hE� 8	 ��-��
 ��	 

 (K����%� Q�<R�:  [�H/� $# .�	 "�`E��*f�	  �� 	�j�K . �
 "� ��< 
�6 �
 �5+�  

 ����/ e�S�0 (LX��� ��� '�
�: 5r0 �	*� �	 $H5��.X��K 8�S ���D j  

��O*� Q��� (b:  ./0 [�H/� � $�D*S �	*\ $57�	 [�H/� �	 $�	���	 '`E� *�8 �
 �45\
 �*f�	 [8��

8 Q?� ��� *� �
�( 3��, $� X/� ��	 8	 ���D .
�! "� �*f�	 $�F *�  

 ��<�  R\2 (�f�:  .�	 $�F*�8 ���
 '��� $# $/:, ��	 ���
�	 4� G�*_ 8	   "&%�*�%7	 '��*<

    $/:&, �&�	 *&� ��]U .

*S "� j5r0 $/:, ��	 ��*�8 .�)\ �
 � ! $5n+0 ��� .�7	 8	 ���nU

. !�� "� *r� 
��� �	 $��	8 .U*� �� h6*O X��\ *r� 
���  
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! 8	 Xn\ �0 
*# `5�0 ]��# [���0	 � '���	 9��0 	� [8�� $���
 � �	
 � $/:,  ��� �*f�	 C�*

.
�	R-� *5I�0 $�F ��� *� "Hn\ ��� h���8P $� x��*� 3	�b  

3-3-1    �!��� ���* ���+  

       �	 $&��S $&�  &��� W &# "&� X&�U B8�� $�F "%5��%� � ��	 �-� '	�U $� $�F*�8 $# ���P 8	

	 $# 
�! ��E��	       � $&�F B*�&�� Q?&� $&%�P j&�� $&�%� . !�� �	
��6*� "D�# "%5��%� .��4��	 8

. !�� "^7�6�� � "S
�7P 8	 ���U "�)��� W$�F*�8  

 8	 �� G54/0 ��	 �
  
�+�	 �� $�5!mm31˟25˟75 j�	 �
*# �
�:��	 $�F*�8 '	�U $� .   &�P*D

 	 ��	 :.�	 � ! 2���	 *�8 t*! $� �� $�F*�8 '
*# `5�0   "��&�D*� ;��&� � *?4� �P �� 	� �� $�F*�8

 � �
	
 �	*\ '�!�< *?4� �P �
 	� �� $�5! kf� .j�
��P g�< $� [�H/� �5�� �
 kf� � $�)!

 [�H/� �
 	� �� $�F*�8 'P [�n�
 $�60  � [���0	  ,�
40   $&�F*�8 2���	*� � �
	
 �	*\ '���	  ,�


 3 � $� m5���	*�7P ��-��
 �
 ��16 45\
.j�
*# m�6 'd�*�5� *I	 "� 8�S �� � �
	
 �	*\ $   

3-3-2  ��  ��I�  �80 ���# ���� '�� Q�<R�  �80  

       2�&5���P 3��&)-0 [�&H/� 8	 W��&)-0  5&)#	 B8�&� ��&� $�F $5�0 �	*� )(NH4)2WO4( 

     �&�	 �
 ��&)-0  5&)#	 ��&� ���6�� ���� � B8�� ��� $�F  !� .�< 28F $57�	 
	�� . ! �
�:��	

 g��) ��)-0  5)#	 �
�( WWO3 ( -B*� .#*!1    ) c�&H6 �&� '�&�7P9/99   ( &,�
 -  �5&��� �

 B�5���P [�H/�25   ) i7�&6 ��&)-0  5&)#	 �
�( W $57�	 �
�� ��	 $5�0 �	*� . ! �
�:��	 %99/99 

 � ( ,�
10     �&0 ��*&�� �&�
 kf� . ! $D�Y	 g�< [�K �
 B�5���P $� *?4� �P *�57 "H5�Cᵒ 90 

 8	 .�	 28F B�5���P '
�� �	*D X57
 $� XK	*� ��	 2��0 �
 .
�! XK *r� 
��� �
�( �0 .D�� h�	`D	

 j�K $� *?4� �P '
*# $D�Y	 �� X,�K [�H/� .
�! �
�:��	 k#]D� ��-��
50   � 5&�� *�57 "H5�

                                                 
1 Merck 
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 ��&?� 2�5���P 3��)-0 [�H/� ' ���D	 $�5�� . �P "� .�
 $� 2�5���P 3��)-0 �   ��&� h&#	� G

.�	 �	
 $�F*�8 ��� *� ��)-0  5)#	  57�0 *�8]30[.  

WO3+2NH3+H2O     →     (NH4)2WO4                                                                    )3 -1( 

(NH4)2WO4     →     WO3+H2O↑+2NH3 ↑                                                                  )3 -2(  

X%! �
 2�5���P 3��)-0 [�H/� $5�0 XK	*�)3-3 ( ..&�	 � ! �
	
 '���     $&# $&��S '�&��

[�H/� 
�! "� $rK]�  "�)��� "���� ~�:! ]��#. !��  

 

 X%! 3-3  �
�( ' ! XK � $HK*� (l7	 :WO3 []K �
 *�5� ��� *� g�< [�K �
 B�5���P [�H/� (� W

.� �P .� � 2�5���P 3��)-0  

 
�&( �
�� 2*<  ��� 	 ��	 �5+� $���F�� m� �� [�H/� �8�� �
��P �	*�    	� 8�&5� 
��&� $&57�	 ��


��P .� � $5�0 �	*� [��� �	*� .ml50 $57�	 [�H/�M  01/0  $�115/0    ��&)-0  5&)#	 �
�( 2*S

 $# j��	
 8�5�
�! "� $n��/� *�8 3��, $�: 
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50cc × ( 01/0 mol/1000cc) × (��)-0  5)#	 "7�� 2*< =  84/231 g/mol) = 115/0  gr 

 ��	 �
$��� '���(   [�&�*D �5�� G�*_ 8	 $n��/� �� *r� 
��� [�H/� 8	 "0��:�� ��� $���F��

.�	 � ! $�6��.  

3-3-3 "��
�  �! ����(��'�6  

X�	�U "��*� $� G54/0 ��	 �
 ��  ��	 $H�< 8	 .j�	 $�6	
*( �� $�F "%�`5D c	�6 *� '�S���S

: 8	  0��nU ��*��	��(  

($���F��) [�H/� .rHs (l7	  :01/0W 05/0  W07/0 WM  1/0. ) hE� �
 � ! "��*�4-2 (   

 : "���� $�F q�P (�1  W3 Wml/min  7  ���
 �
 .E(8�� �Cᵒ500    3 &� $&�2  .U�&�.   "&��*�)

 hE� �
 � !4-3(  

5�57 h�FP (��) 2Li"�8� .n)� : (/[W]  [Li] :0  W1 W %5 W %10.%  hE� �
 � ! "��*�)4-4(  

) k� h�FP (
Cu "�8� .n)� : ([Cu]/[W]  :0  W2/0 W %4/0 W %6/0.%   h&E� �
 � ! "��*�)4-

5(  
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رم [رم [رم [رم  ٤٤٤٤]���� � � � ���������        
¡# ÌÍ +* �زº و g-.ü¶ �o و ºز� *+ ÌÍ #¡g-.ü¶ �o و ºز� *+ ÌÍ #¡g-.ü¶ �o و ºز� *+ ÌÍ #¡g-.ü¶ �o����¶ � ��.¶ � ��.¶ � ��.¶ � ��.و� و� و� و����� ������������� و  و  و  و �������vïvïvïvï

?ÉmÊ�¡ �#.¸� *+رvË¹(T�?ÉmÊ�¡ �#.¸� *+رvË¹(T�?ÉmÊ�¡ �#.¸� *+رvË¹(T�?ÉmÊ�¡ �#.¸� *+رvË¹(T�        
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4-1   ��5�  

*I	 h��=( ��	 �
        ������6�&����� � B8�&� ��&� $&�F "&%�`5D c	�&6 *� lH�E� ���*��	��(

..�	 $�D*S �	*\ $+7�?� 
��� `�`57�*��( �*f�	 g�� $� � ! $5�0 ��)-0  5)#	    
��&� ��&�*��	��(

�*( ��	 �
 "��*� W[�H/� .rHs *I	 � $+7�?� X��! �d  B8�&� ��&� $�F .E(8�� W"���� $�F q�P W

"^7�6�� h�	`D	 *I	 � $�F *�8 C�� *I	 "��*� ��� Li  �Cu  $�WO3 ..�	   �
�:�&�	 
��� ��� `57��P

X��! G54/0 ��	 �
 "��*�  �� $���� Q?� �d�7�D���)FESEM(   8	 �&��P ����6�&� c	�6 "��*� W

 k%�	 �0*( g	*( l5_ G�*_)XRD( c	�6 "��*� W  "&%5�(	      � ���&nU ��&� ���&-� l&5_ 9&��0

 "��08��� c	�6  "%�*�%7	 � "%�*�%7	��*0. !�� "� �� $����  

4-2      ���9� ��9�  9�! "	���� F��) �# Q�<R� ( (�'!��) �S<T �M� "*'�#

3(4B�0 ��4/� 

 ������6������ � B8�� ��� $�F `�� �
WO3  X5%�0 � � ! $5�0 ��� $���� .5D�:! '	`5�

6�� ����    �� �&�	 8	 ..&�	 �	
��&6*� �*5-��O .5��	 8	 �
*���# 
�	�� �
 �,�^E� [	 � �	 ������

     8	 "&%� 
�	
 � &�U *&� �&� ���6������  !� [*�# �
 	� �	 � �U j�� $# [�H/� .rHs �� $���F��

$�F ..�	 �
�� ��	 "��*� X��\ ��� *��	��( ��*����        $&57�	 [�&H/� 8	 ��&)-0  5&)#	 B8�&� ��&�

P� [�H/� ��	 � $5�0 "��-����8P 9�	*! $� x��*� 3�5�`< $# 3��)-0 2�5���    $&� �&� $&���� $5�0 

���
 �
 $�5! $�F *�8 ��� *� `�`57�*��( �*f�	 g��ᵒC  400  hE� �
3-3-2 .�	 � �P 3�5H�U .

' ���D	 cc50  ��� $���� �	*� 3��)-0 2�5���P [�H/�,M2 ,M1  M3 �M4  ��.rHs  $� ��� �50*0

01/0 W05/0 W07/0�M 1/0  q�P ��ml/min 5 . ! 2���	  

 `��g� hg* �;����'�� �  

   *���&^0 8	 �&� $���� Q?� �d�7�D��� $+7�?� ��r� $�FESEM   �
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  ��&� $&!�6 �� ��)-0 mn�� ��� $�!� X5%�0 *-���� $���� $� *� *���^0   �8	 &�	 �
 �	�


 �)� lH�E� ���  ���_ $� �� $#h�	`D	        �&� $�&!� "S &50 j&� �
 >�� &0 $&� "���� $�F q�P



60  

h�	`D	 
� K 8	 ���P *?\ � µm 5 �0nm  300 h��# .�	 $�D��.  

 �'�()�* F��) �  `��g�  

     �
 k&%�	 �&0*( g	*&( l&5_ � $H5�� $� ��)-0  5)#	 B8�� ��� $�F ���H� ���6�� `57��P

 X%!4-9  ..�	 � ! �
	
 '��� ��	 �
	
��       � $&���� �
 $&#  &�
 "&� '�&��R2  �R3   .&+5n_ 8	

 � $���� �  ��	
��6*� ~���PR1  8�D �
 �
 � ���H� k� 3��, $�"!�S���O    ("7�&6 �&0 ��� ;�*�)

�	 $%n! ��� .��I ��33/23a = b =   �Aᵒ 79/3c =       ��&� .&��I �&� (*&( �0 ��� �*�	
) "!�-�! �

 �	 $%n!29/7a = b =  �Aᵒ  89/3c =     &�	 $&�D��  !�.   $&���� �
R1 �
    �*&5-��< "&!�-�! 8�&D

�
 "/5<*0  
	 ��	.�< )310 � (g	*( $��	8 �
 ᵒC13/12. !�� "�  

10 20 30 40 50 60
0

200

400

600

800

(3
10

)

Hexagonal

Tetragonal

(3
30

)

(1
10

)

(7
21

)

R1

2θ (degree)

In
te

ns
ity

(a
.u

.)

R3

R2
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 "7�&-O � �&� h�*&# '	`5� 

$� $�)�	� "/5<*0 .�< ��	 3�n��/� ��	 $�5�� .
*# �55+0 $���� ��	 �
 	� ) [� < �
4-2  $&�	�	 (

.�	 � �
*S.   
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 [� < 4-2 >���� :  ��� �
	
 X5H/0XRD  $����R1 ) "/5<*0 �*5-��< ��D*S *r� �
 ��310.( 

  

 

  

 "	�(6� F��) �  `��g� 

 X%!4-10 W)l7	) � (�(   �
 $&+7�?� 
��� ��� $���� �	*� 	� ��08�� � ���nU l5_ �50*0 $�

 "<�� [�_ �8��300  �0nm1100 '	`5� . �
 "� '��� 	�  "�*� $5K�� �
 ��� ��nU)nm550≈λ(  �


 $����R1 
� K �
 80% $���� �
 WR2  
� K �
70 %  $���� �
 �R3  �n�*4030 %  . &!�� "�    $&� �&�	

.�	 'P ��+�   � &! $���# �� $�F .5D�:! 8	 >�� 0 $� "���� $�F q�P h�	`D	 �� $# � $&����  �&� 

 *0� # �	 � !.  ��	3	*55p0 ) �� $�F .��EY h�	`D	 8	 "!��  �	�0 "�R2,R1  �R3   �&50*0 $�200 W

235�nm 290 "���� $�F q�P h�	`D	 �� (  '	��&%�� � "S	*-�� g�	`S $� �� . !��]25[  
 *&55p0 �

*5I�0 ./0  �	�0 "� �� $�F ��nU '	`5�  �� $�F *��� ���H� jr� X57
 $� ����0�D "S #	*( h��# �	*\

 �*5S  .
�! "� $�F �
 ��� ��nU '	`5� h�	`D	 �<�� �� ��	 8	 �  

 ��� $���� �	*� ��08�� l5_R2,R1  �R3  
� K �
 �50*0 $�7  W6  �2  "� �
8 �5�E0  ,�


.
�!  .�	 'P *-���� >���� ��	        �*&��# ��&08�� ��*&Y 8	 *0F�&� "��&�� $&�F q&�P �� � $���� $#

..�	 �	
��6*�  

  

�����  
D (nm) d(hkl)(nm)  )١٠-٣ × (ε 2 (nm)- )١٠-٣ × (δ  

R1 93/15  733/0 17/2 9/3  
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X%!  4-10 : l5_ ���  ���nU)ا��( l5_ ��$  ����$ ��� )ب( ��08�� ��� F ��� q�P �
 � ! $5�0

"���� 3��:�� 1 ,3  �ml/min 7..  

l5_ 8	 C]_	 �� '�#	 ���      X%&! �&� $&���� ��&08�� � ���nU4-10) W l&7	( ) ��  *�
�&4� � (

) $?�	� W3*n�F '���\ 8	 �
�:��	 �� � �� $�F .��EY2-7   .&� � 	� �&� $�F �R< ��*Y '	�0 "� W(

 X%! .
��P4-11 '��� >���� ��	 . �
 "� '��� 	� � �P .� � >���� � � �
 � $���� $# .�	 ��	 �

"�F�� �R< 8	 )cm-1105≈ ) h:�	*D $5K�� �
 (nm400≤λ 
��&6*� (  �&)� �	      �&� $&# ���&_ $&�

"���� $�F q�P h�	`D	 . �	 $�D�� h�	`D	 "n)� ��_ $� �� $�F �R< ��*Y  
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X%!  4-11  : $�F ��� q�P �
 � ! $5�0 ��� $���� �	*� ��� [�_ �)K *� "%5�(	 �R< ��*Y "/�

3��:�� "���� 1 ,3  �ml/min 7. 

     j54�&)� *&5s ��	�&� ~�&S "S�`� '	�0 "� �� $�F �R< l5_ ' ! 2�H+� �� �� $���� ��	 �


 hE�)2-4-3) � $?�	� 8	 �
�:��	 �� � (2-8   �	
�&�� �5&! j�� �� � (m)hνα  �	8	 $&�) (m   ���&)�

5/0(  �)K *�hν  
��P .&� � "4D	 ��/� �� F�� ��� �d*�	 $5K�� �
 �� �
	
 "��5��*� X/� �55+0 � 

]11[ X%! �
 3�n��/� ��	 .4-12-)l7	(   ��	�&� ~�S "S�`� 3	*55p0 $� x��*� � �P .� � >���� �

    X%&! �
 �*f&�	 $&57�	 [�H/� 3��:�� "���� $�F ��� q�P �	8	 $� �� $���� j54�)� *5s4-12-

)�(     $&�F q&�P h�	`&D	 �� $# 
�! "� $rK]� � �P .� � >���� $� $<�0 �� ..�	 � ! �
	
 '���

 8	 �� $�F "%5�(	 j54�)� *5s ��	�� ~�S "����51/3$�eV 11/3   "&!��  �	�0 "� $#  ��� "� h��#

8	 ����< "�0 8	 "!�� $%n! i4� *� "�n� ��	�� $7�n�
 �*U *55p0    �&S � �
� &/� �
 '=5&)#	 ~

��	�� . !��   
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 X%! 4-12  :)l7	(  3	*55p01/2)hνα ( �)K *�hν �
  ��� $����WO3 � ! $5�0  "���� $�F ��� q�P �


3��:�� 1 ,3  �ml/min 7. )�( ��	�� ~�S 3	*55p0 j54�)� *5s WO3 .[�H/� "���� $�F q�P �)K *� 

 "	��(	�� F��) �  `��g�"	��(	�����0 �  

 X%!4-13 '��*< "/�- 	� "��*� 
��� ��� $���� d��7� . &�
 "� '���    .&�	 5( $&���O

"���0  $���� "S ���� "���� $�F q�P h�	`D	 �� � $�!	
 "��	 ����D� �� $������  $&� ��   h�	`&D	

.�	 �
�	RS �
�:��	 �� 	� �� $���� � �=�� .���4� � "/?� .���4� '	�0 "� �� �
	
 ��	 $� $<�0 �� .

 8	9�	�� )2-9) � (2-10  �&� �� $���� "/?� .���4� $#  �
 "� '��� 3�n��/� ��	 .
*# $n��/� (

    
� &K 8	 [�&H/� "��&�� $�F q�P h�	`D	2460   $&�KΩ 942  �    8	 �&� $&���� � �=&�� .&���4� 


� K3/71  $�cm.Ω 8/18  �	 $�D�� h��# )X%!4-14 �� $�F "S ���� �
 "��	`D	 3	*55p0 ��	 .(
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 ���H� � $%n! �
 '=5)#	 ����< "�0 j#	*0 h�	`D	 8	 "!��  �	�0 "�WO3    $&�F q&�P h�	`D	 ��

"����  !�� ]9[.  
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%! X 4-13"/� :I-V   ��� $���� �
 � ! $5�0 ��� q�P �*f�	  3��:��1 ,3  �ml/min 7.  
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 X%! 4-14 ��� q�P �
 � ! "���� $�F ��� $���� � �=�� .���4� : �*f�	3��:�� 1 ,3  �ml/min 7.  

 X%!4-15  �
 "� '��� 	� mn5� *I	 >����.       ��&� X&��K $&# .&�	 'P 8	 "#�&K >���� ��	

�
 .�*�#	 $����R1 � �
�� �� '�*�%7	  C�� "S ���� �	�	
 $���� ��	n � �
��   � $&���� �
 �
R2  �

R3 �
�� �� �*:K .�*�#	 ��� X��K �  C�� "S ���� �	�	
 �� $���� ��	 $�5�� �
p . !�� "�   �&�	

>����  g�	`S �� $#��0*� '	��%�� � ]9[   ��&�8	*0 j#	*0 h��# 8	 "!��  �	�0 "�  !�� "� GD	�0 �




66  

 ����< "�0) � �*�R( $n! ���8	*0 �� $)��4� �
 ('=5)#	 ����< "�0) � �E� $n! !�� (��)-0.  
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 X%! 4-15 .��
 *55p0 �)K *� d��7� 3	*55p0 :  

4-3-2 �# �%6��# ��M�0  "	���� F��)��  ��I� 

       B8�&� ��&� $&�F "&%�`5D c	�&6 *&� .E(8�� *5I�0 8	 "#�K � ! *��� 3�!�	`S $# ���P 8	

  5)#	 .�	 �
�� ��)-0]9 W11 W25 W26 W34 W35[      $&�F ��&� $&���� �	*&� `5� �� ��r� �5�� $�

 ��� $����) 3��:�� �*f�	 q�P �� � ! "����R2 ,R1  �R3 ��&�
 �
 �� $���� .E(8�� $� 2	 \	 (Cᵒ 

500 �50*0 $� $# Wj�	 �
��� .U�� �
 3 � $� 	�� 9�	*! �
 �� 	� �� 'P  ������ $�A3 ,A2 ,A1   "&�

� "%5�(	 � ����6�� c	�6 $� x��*� >���� "��*� $� $�	
	 �
 .j5��!    
��&� � �&� $���� "%�*�%7	

.j�8	
*( "� "��*�   

 �'�()�* F��) �  `��g� 

 X%!4-16 �� ��� $�F ���H� ���6��   �
 $&# ��&_ '��� . �
 "� '��� .E(8�� 8	  +� 	� B8

 )hE�4-3-1 � $���� �
 .E(8�� 8	 Xn\  ! $�:S (R2  �R3     � �
�&� �	
��&6*� ~��&�P .&+5n_ 8	 

 � $����R1 ) �8�D �
 3��, $� � ���H� k� 3��, $�"!�S���O $�D��  !� ("!�-�! �  ���_ $�

 $���� �
 "/5<*0 �*5-��< $#R1 ) $/:, 
	 ��	 �
310 (.�	 �
�� .  
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 ��	 >���� 8	 $���OXRD $���� .E(8�� 8	 k( .�	 5( �� $���� ��  �A1  �A3  k� 3��, $�

 � $���� � ���H�A2 ..�	 �	
��6*� ~���P .+5n_ 8	 '����  � $����A1  8�D $� �
"!�S���O  ��

 �	 $%n! ��� .��I56/7a=b=WAᵒ  73/3c=  �"!�-�!   &��I �&�   �	 $%n&! ��&� .28/7a=b=WAᵒ  

88/3c=  �"H5� m0  �	 $%n! ��� .��I ��49/14a= W50/14 b=WAᵒ  92/10c=    ..&�	 $&�D��  &!� 

 $���� �
 "/5<*0 �*5-��<A1  
	 ��	 �
 .�<)010. !�� "� (  

 $���� �
A3 ���H� 8�D �
 �
 ��)-0  5)#	   "&H5� m0     �	 $%n&! ��&� .&��I �&�49/14a= W

50/14 b=WAᵒ  92/10c= W"!�-�!  �	 $%n! ��� .��I ��29/7a=b=WAᵒ  89/3c=  � < 8�D �
 � W

 ��� 2�� $�20 .12WO3))NH4(5( � 0.42WO3))NH4((   ���H� 8�D �
g�S .�	�   $%n&! ��� .��I ��

 �	29/19a= W46/24 b=WAᵒ  02/11c=  8�D $� GH+�� "/5<*0 � $H\ $#  �	 $�D��  !�"H5� m0  �


.�< )010 >���� ��	 . !�� "� (�
  !�� "� '�44/� *-�
 *r� �� GD	�0 ]9 W11[ .  

10 20 30 40 50 60 70

0

500

1000

1500

2000

2500

3000

A2

2θ (degree)

In
te

ns
ity

 (
a
.u

.)

 
10 20 30 40 50 60 70

0

1000

2000

3000

4000 A1

(1
10

)

(4
10

)

*

2θ (degree)

In
te

n
si

ty
 (

a.
u

.)

Tetragonal

Hexagonal

(2
01

)

(0
10

)

* Monoclinic

  

10 20 30 40 50 60 70
0

1000

2000

3000

4000
A3

(1
00

)

(1
10

)
(2

00
)

Hexagonal
#

(NH4)0.42(WO3)

5(NH4)20(12WO3)

*

#
#

Monoclinic

(0
10

)

2θ (degree)

In
te

n
si

ty
 (

a.
u.

)

*

 

 X%! 4-16l5_ : ��� XRD  ���
 �
 � ! .E(8�� ��� $����500  3 � $� $<�
2 ..U��  



68  

 �� $�F ���H� ���6�� $� $�)�	� ��� $�*r� 8	 �
�:��	 ��X��! �*�45\
 3�U]_	 $�   � $H&,�D

 � $?�	�) ���H� 3�/:, �5�2-1(W  
�+�	 � $?�	�) �� B��H�2-4(W  � $&?�	� ) h�*# '	`5�2-5 � (

�	�) W�� "-�D� �
 "7�-O `5� � $?2-6�F �
 (
*� "( �� $.  [� < �
 3�n��/� ��	 >����4-3   � &�P

..�	  '��� �
 $���O
[� < 2�4-3 .�	 � �P �� $# .�	 'P 8	 "#�K >���� 2���	  .E(8���
 $����

���  ��� "� h�	`D	 "���� $�F q�P h�	`D	 �� �� B��H� �8	 �	 W��Hn��]9 W11 W26[.  

  

 [� < 4 -3:  3�5@`<X5H/0 l5_ XRD  $����) �*5-��< $� $�)�	� ��010( .E(8�� 8	 k(. 

  

 

 

  

3�/:, �5� $H,�D  $)��4� X��\ *-� %� �� "��6 ��*40 �� ���H���	 W�
��  h�	`D	 �� $�F q�P

"���� j#	*0 j� � h�*# '	`5� j�     "&� $&# .&�	 $�D�� h��# �� "-�D��
     
�&n�� "&+� $&�  &�	�0

$�F ���H� .5:5# .E(8�� 8	 k(  !�� ]9 W11 W[ �� $# h�	`D	) $H\ "n)� 3 !010 $&���� ��	 �
 ( 

�� 
 "-����.
�	  

 "	�(6� F��)  `��g�  

 ��� X%!4-17) Wl7	) � (�(  �50*0 $�    8	  &+� 9�	*&! �
 	� �&� $���� ��08�� � ���nU l5_

 ��� X%! >���� � �� �
	
 ��	 $)��4� 8	 . �
 "� '��� .E(8��4-12) Wl7	) � (� ( 9�	*! �
 Xn\

 �� $���� .E(8�� 2���	 �� $# .D���
 '	�0 "� .E(8�� 8	 "-��#   h��&# 'P 8	 ��&� ��nU � � ! *0� 

..�	 $�D�� "� "���#  ��� ��	  �	�0     8	 *I�&�� W�&� $&���� "6*� �
 "-���H� .5,�6 
�n�� 
�<� ��

. !�� .E(8�� 8	 k( �� $�F "%�*�%7	 c	�6  

�����  
d(hkl)(nm) D (nm)  )١٠-٣ × (ε 2 (nm)- )١٠-٣ × (δ  

A1 804/0  66/30 14/1 06/1 

A3 814/0  42/39  87/0  64/0  
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X%!  4-17 :)l7	( l5_ ���  ��nU) ��(  l5_ ���� ! .E(8�� ��� $���� ��08�� ���
 �
C ᵒ 500  $�

 3 �2 .U��  

   ) 3*&n�F '���&\ 8	 '	�&0 "� �� $�F .��EY � ��08�� � ��nU l5_ ��� �
	
 $� $<�0 ��2-7 (

�/� 	� �� $���� �R< ��*Y >���� ��	 .
*# $n� X%! �
4-18 .�	 � ! �
	
 '��� .E(8�� 8	 k( .

�� $���� �R< ��*Y .E(8�� 8	 Xn\ $� .n)� h�	`D	 .�	 $�D��.     F�&� �R&< 8	 "#�&K >��&�� ��	� 

)cm-1 105≈  h:�	*D "<�� [�_ $5K�� �
 �� $���� ()nm400≤λ (. !�� "� 
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 X%! 4-18: l5_ ���  ! .E(8�� ��� $���� "�R<� ���
 �
C ᵒ 500  3 � $�2 .U��.   

  

 hE�) j54�)� *5s ��	�� ~�S "S�`� '	�0 "� �� $�F �R< l5_ ' ! 2�H+� ��2-4-3 �� � (

) � $?�	� 8	 �
�:��	2-8 �	
��� �5! j�� �� � (m)hνα$�) (  �	8	m �� ���)� 5/0(   �&)K *�hν  �


��P .� � "4D	 ��/� �� F�� ��� �d*�	 $5K�� �
 �� �
	
 "��5��*� X/� �55+0.  X%! �
 	� >���� ��	

4-19-)l7	(   �	8	 $&� �� $���� j54�)� *5s ��	�� ~�S "S�`� 3	*55p0 $� x��*� � �P .� � >���� �

 3��:�� "���� $�F ��� q�P .E(8�� 8	 k( X%! �
4-19-)�( .�	 � ! �
	
 '���  $&� $<�0 �� .

 �� $# 
�! "� $rK]� � �P .� � >����h�	`D	    "&%5�(	 j54�&)� *5s ��	�� ~�S "���� $�F q�P

�� $�F .E(8�� 8	 k(  8	77/2 $�eV 50/2 h��# .�	 $�D��    &�	�0 "&� $#     
�&+�	 h�	`&D	 8	 "&!��

� �� B��H�  *� "�n�l5+a0  !�� "����	�# .�
� /� � � � ( ]9[. 
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 X%! 4-19 :)l7	(  3	*55p01/2)hνα ( �)K *�hν) W�( "���� $�F q�P h�	`D	 �� ��	�� ~�S 3	*55p0 

 .E(8��� ! ���
 �
C ᵒ 500  3 � $�2 .U��. 

 "	��(	�� F��) �  `��g�"	��(	�����0 �  
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 � ! $5�0 ��� $���� (
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 $�F q�P h�	`D	�� $���� "S ���� "���� $� ��  h�	`D	S.�	 �
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 ��	 $� $<�0 �� .

 8	 �
�:��	 �� 	� �� $���� � �=�� .���4� � "/?� .���4� '	�09�	�� )2 -9) � (2-10 .
*# $n��/� (

 8	 [�H/� "���� $�F q�P h�	`D	 �� �� $���� "/?� .���4� $#  �
 "� '��� 3�n��/� ��	


� K84  $�KΩ 3/8 8	 �� $���� � �=�� .���4� �  
� K9/1  $�cm.Ω 26/0  �	 $�D�� h��# 

)X%!4-21 ����< "�0 j#	*0 h�	`D	 8	 "!��  �	�0 "� �� $�F "S ���� �
 "��	`D	 3	*55p0 ��	 .(

 ���H� � $%n! �
 '=5)#	WO3  .E(8�� 8	 k( !�� ]9[ $<�0 �7�< � $�%� .$%�P  � $)��4� �


� ��	 .E(8�� 8	 Xn\ >���� �� �� $���
�! "� $rK]�  .���4� $# �� $���� �	 4� $� .E(8�� 8	 k(

$�D�� h��# "�<�0 X��\ .�	.  



72  

-0.04 -0.02 0.00 0.02 0.04

-4

-2

0

2

4
A3

A2

A1

V (V)

I (
µµ µµA

)

 

 X%! 4-20 '��*< "/� : -  ��� $���� d��7�� ! .E(8�� ���
 �
C ᵒ 500  3 � $�2 .U��.  

  

 X%!4-22  �
 "� '��� 	� mn5� *I	 >����.       ��&� X&��K $&# .&�	 'P 8	 "#�&K >���� ��	

 C�� "S ���� �	�	
 �� $���� ��	 $�5�� �
 � �
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4-4   ,�!+�M� �  `��g�Li   ���'�()�9*���� � ���� ���  �! "	���� F��)�#

WO3   

 h�FP *5I�0 � $+7�?� $� 
�6 3�454/0 8	 hE� ��	 �
Li   B8�&� ��� $�F "%�`5D c	�6 *�

  "&� �� $�F "%�*�%7	 � "%5�(	 W����6�� c	�6 W"/?� �d�7�D��� "��*� $H�<8	 ��)-0  5)#	

 8	 $HK*� ��	 �
 .j�8	
*(ml50     3��&)-0 2�&5���P [�&H/�NH4)2WO4] [( W    ��&���# 3�&5�`< $&#

����8P hE� �
 [�H/� ��	 $5�0 .�< 28F "��-3-3-2  ! $�:S .rHs ��M 01/0    � &! �
�:�&�	

.�	h�FP ��r� $� . *�
�4� �	8	 $� "�*<  j5�57  �*H# �
�( 8	 lH�E�)LiCl(     "&�8� ����n&)� $&�

 W*:,1 W5  �10 "���� $�F �	*� .�	 � ! XK �`5��� ��� �
 �P �
 $#  ,�
    q&�P �&�ml/min 5  

$�5! ��� *� ���
 �
ᵒC  400  .j�	 �
*# �
�:��	 

 �50*0 $� �� $���� ��	�� "���	W10L ,W5L ,W1L,PW  . �	 � ! ��	R-���  

 hg* �;����'�� �  `��g� 

 X%!4-23  *���^0 � � �
 '���FESEM  ��� $�����
	
  !�  �
 t�Y� $� . !�� "� � !

 $� x��*� *��^0WO3 ) i7�6PW $# 
�! "� � �
 ($���� Q?�   m&���� B8�� ��� $�F �
	 +0 ��
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 ��� $�!�.�	 � !    *���&^0 $&� $&<�0 �� ��]U $� .

FESEM  X%!) *�%O�# ��� ��54� �
4-24 "� � ���� (
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���	 ~�, Q?� $# X��&! 

� �8	 �	 �� "��� ���6������ �n�*40 ��25  �0nm 35 .�	    �&� $&�	
 � �8	 �	 h��# � � �
 '��� $#

.�	 h�FP '	`5� h�	`D	 ��.  $H�< 8	 "%5�(	 c	�6 *�  �	�0 "� �����6������ 
�+�	 3	*55p0  ��� ��	

.
�	R-� *5I�0 �� $���� ��	�� ~�S ���(  

 

 X%! 4-23 :  *���^0FESEM  ��� $����WO3  �� $�D�� h�FP � i7�6Li  W*:, "�8� ����n)� $�1 W5  �10%   
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 X%! 4-24 *���^0 :FESEM ��� $���� WO3  �� $�D�� h�FP � i7�6Li  W*:, "�8� ����n)� $�5  �10 

 ,�
 .*�%O�# ��� ��54� �
  

  �'�()�* F��) �  `��g� 

   l&5_ 9&��0 $�D�� h�FP � i7�6 ��)-0  5)#	 B8�� ��� $�F ���H� ���6�� `57��PXRD 

 X%! �
4-25  ��� �
	
 ..�	 � ! �
	
 '���XRD       ) i7�&6 $&���� $&#  &�
 "&� '�&��PW 8	 (

D �
 ���H� k� ���6�� "-�� $�D�� h�FP � �� $���� � �
�� �	
��6*� ~���P .+5n_ 8�"H5� m0  ��

 �	 $%n! ��� .��I28/18=  aW77/3b=   �Aᵒ 98/13 c= $�D��  !�  �	    ��< $&# ���&_ $&� �*&5- 

) $/:, 
	 ��	 �
 $�D�� h�FP � $���� $� *� �
 "/5<*0200  !�� "� (]10[.   
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 X%! 4-25l5_ : ��� XRD  �� $�D�� h�FP � i7�6 ��� $����Li  lH�E� "�8� ��� ,�
5W1W0 �10 .  

  

) "/5<*0 � $H\ �=�� $� �� $H\ "n)� 3 ! Wh�FP '	`5� h�	`D	 �� $%�P *#b X��\ $�%�200 (

  �&� $�F $� x��*� � ! � ���� $H\ 3 ! ��*��5� $�D�� h�FP ��� $���� �
 � $�D�� h�	`D	 ��*� $�

 h�FP10 �7�< ��5)� � $�%� ..�	 "�8� %$%�P  h�FP '	`5� h�	`D	 �� ���H� $%n! �
 � � < 8�D

.�	 � ! �:K ]��# ��)-0  5)#	 ���H� ���6�� � .�	 � �� *���.  

   $&H�< 8	 "&��� 3�U]_	 $� '	�0 "� �� $�F ���H� ���6�� $� $�)�	� ��� $�*r� 8	 �
�:��	 ��

 � $?�	�) ���H� 3�/:, �5� � $H,�D2-1( W � $?�	�) �� B��H� 
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 $���O4-4 .�	 � �P $O *S	  h�FP .rHs h�	`D	 ��3�/:, �5� $H,�D   �&� ���H�

 .�	 $)��4� X��\ *-� %� �� "��6 ��*40 �%7  ..&�	 $�D�� h��# �� B��H� 
�+�	  �5&���  $&���O

h�*# '	`5� h�FP .rHs h�	`D	 �� .�	 5( "-�D��
 �  C�Y�� ��	 W.�	 $�D�� h�	`D	 ���H� ���

	 C�+! '
�� 3��:�� $� $<�0 �� "�0Li Aᵒ)9/0 ����0	 �� $)��4� �
 (W )Aᵒ62/0	 ( ��r��	 X��\ �*�

.�	 X%!)4-26( ]10[.  

  [� < 4-4 ��� �
	
 X5H/0 >���� :XRD  $�D�� h�FP ��� $�����	*� ) "/5<*0 �*5-��<200.(  
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 ��&� ��&nU �5-��&5� &@ " �

 
� K �
 � .��I �n�*40 }*��*D80 !�� "� % $�D�� h�FP ��� $���� 
��� �
 .'	`5�  ��nU
� K $� 

95.�	 $�D�� h�	`D	 %  ��� [�_ �
 	� �
	
 }� 3	*55p0 $�5�Y X%!)nm550    ( &�
 "&� '�&�� .

 "^7�6�� '
�`D	 ����	 $%�P *#b X��\ $�%�5�57�   
�&n�� 	� �&� $���� ��nU l5_ lH�E� ��� g�� �� 2

 �E� "�]10[ ���� *��5� $O *� "%5��*�%7	��(	 3�+?\ �
 
*���# �	*� W	� �
�� ��	 .5,�6 ��	 .

 8	 �50*0 $� �� $�F .��EY h��# 8	 "!��  �	�0 "� 3	*55p0 ��	 .
8�� "�nm 250   $&���� �
PW 

 $�210W190 �nm180�� *-�
 8
 !�� h�FP '	`5� h�	`D	 �� �� $��.  c	�6 �
 � ��� �5O $����

�����  
d(hkl)(nm) D (nm)  )١٠-٣ × (ε 2 (nm)- )١٠-٣ × (δ  

W1L 8464/0  53/24 41/1 66/1 

W5L 8194/0 38/18 88/1 95/2 

W10L 8108/0  12/14  45/2  01/5  
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 X%!4-27-)b ( $���� ��08�� l5_ �� $�D�� h�FP � i7�6Li  >���� ��	 . �
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 � $���� $� x��*�PW ��*��5� �  $���� $� GH+�� "S ����W10L . !�� "�  

     8	 �
�:�&�	 �&� 	� �&� $���� � �=�� .���4� � "/?� .���4� '	�0 "� �� �
	
 ��	 $� $<�0 ��

) 9�	��2-9) � (2-10( 
*# $n��/�  �
 3�n��/� ��	 $�5�� [� <4-5  X%! `5� �4-32  � ! *#b

 8	 "^7�6�� '	`5� h�	`D	 �� �� $���� "/?� .���4� $#  �
 "� '��� 3�n��/� ��	 ..�	MΩ6/9 

 $�MΩ 42/0  8	 �n�*40 �� $���� � �=�� .���4� �241 $� Ω.cm ۵/٧ h�	`D	 ��	 ..�	 $�D�� h��#

 ����0	 "�`-��< 8	 "!��  �	�0 "� "S ����Li �< �
      ��&��0	 h&4� ��&:�	 � �	 $%n&! ��&���-�

 !�� �
�� �
 � �E�]9 W26 [ .  

 [� < 4 -5) "/?� .���4� :Rsh) �=�� .���4� � (ρ ��� $���� (WO3  �� $�D�� h�FP � i7�6Li .  

  

  

  

  

 

�����  
Rsh (MΩ) ρ (Ω.cm) 

PW 6/9 241 

W1L 3/3 7/62 

W5L 2/1 8/26 

W10L 42/0  5/7  
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 X%! 4-32 .�� $���� h�FP '	`5� �)K *� �=�� .���4� :  

 "��FP ����0	 h4� ./, �
 G54/0 ��r� $�Li  h���8P 2���	 $� � �E� ����0	 '	�U $�

 X%!) j�	 $�6	
*( mn5� *I	4-33.(       �&�	 �
 .&�*�#	 ��&� X&��K $&# .�	 'P 8	 "#�K >���� ��	

 C�� "S ���� �	�	
 �� $���� ��	 $�5�� �
 � �
�� �� '�*�%7	 �� $����n       �&� >��&�� �&�	 . &!�� "&�
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 X%! 4-33  :"-�)�	�  d��7� m�*�%7	��*0$� .��
 *55p0  
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4-5  ,�!+�M� �  `��g�Cu   ���'�()�9*���� � ���� ���  �! "	���� F��)�#

WO3  

 j0	 h�FP *5I�0 � $+7�?� $� G54/0 ��	 $�	
	�
) k� ���Cu   ��&� $&�F "%�`5D c	�6 *� (

 �� $�F "%�*�%7	 � "%5�(	 W����6�� c	�6 W"/?� �d�7�D��� "��*� $H�<8	 ��)-0  5)#	 B8��

 8	 "���� $�F ��	 2���	 �
 .j�8	
*( "�ml50  3��)-0 2�5���P [�H/�NH4)2WO4) ((   3�&5�`< $#

 �
 [�&H/� ��	 $5�0 .�< 28F "��-����8P �����#   h&E�3-3-2    &! ���&!	   .&rHs �&�M  01/0 

  k&� 3���	 �
�( 8	 h�FP ��r� $� ..�	 � ! �
�:��	)Cu(CH3COO)2.H2O(    �P �
 � &! X&K

$�5! $�F *�8 ��� *� �*f�	 ��r� $� "�	
8 '�� "���� $�F q�P ��ml/min  5  ��&�
 �C ᵒ 400 

..�	 � ! �
�:��	  

  h�FP �	 4����  ,�
 ��  : "�8�0 W2/0W4/0�6/0      ��&� $&���� �&50*0 $&�) 0.4Cu ,0.2Cu ,PW �

0.6Cu ..�	 � ! �
�`D	 ( 

hg* �;����'�� �  `��g� 

 X%!4-34  *���^0FESEM    �&� $&�D�� h�FP � i7�6 ��� $���� Q?� �d�7�D��� $� x��*�

 k� lH�E� "�8� ��� ,�
Cu ) i7�6 $���� �
. �
 "� '��� 	�PW $�!� 8	 � 5!�( $�F Q?� (

 
� K �
 �*?\ �� mn�� ���nm 300  j� �
 8	 ��*� $� � ! h�FP � �� $���� �
 ..�	 *��# �� �

 $�F Q?� �  ��! "�  � (�� >�� 0 $� � � ! $���# �	�
 ��� $!�6 j#	*0 '	`5� � �� $�!� "S 50

.
�! "� $���# Q?� �*�8 8	 � ~�,  
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 X%! 4-34  *���^0 :FESEM k� �� $�D�� h�FP ��� $���� $� x��*�  W*:,: "�8� ���  ,�
 ��2/0 

W4/0�6/0.  

  �'�()�* F��) �  `��g�  

 X%!4-35  ��� �
	
XRD        � $&���� .&�	 5( $&���O  &�
 "&� '�&�� 	� �� $����PW  8	

~���P .+5n_W � �� $����0.2Cu   �0.4Cu     � $&���� � ���&H� k&� ���6��0.6Cu   .&+5n_ �	�	


 9��0 3�454/0 ��	 8	 "����� >���� ..�	 ~���P *-�
     .&�	 � &! g�	`&S '	*-&���=(]21 W53[ .

� $����0.2Cu   ���H� k� 3��, $� m0 �  8�D"H5� m0 �0 � �*�	
 �� $#)   � &! �
	
 h���� "7�6
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�	 $%n! ��� .��I �� ( .�	65/5=  a W89/4b=  �Aᵒ  55/5  c=   $&�D��  !�  ..&�	     $&# ���&_ $&�

) $/:, 
	 ��	 �
 $���� ��	 �
 "/5<*0 .�<201�	 $��	8 .5+\�� � (ᵒ 82/31   �&� $�	
 � �8	 �	 �

 �� *�	*� "/5<*0 ����	� ��	 �
 nm47/32  !�� "�] 21[.  

 � $����0.4Cu 3��, $� 8�D �
 �:  (l&7	)  8�&D  "&!�S���O WO3    .&��I �&�   �	 $%n&! ��&�

33/23= b =   a�Aᵒ  79/3 c=�
 "/5<*0 .�< $# $�D��  !� ) 
	 ��	 �
 $���� ��	310 .5+\�� � (

�	 $��	8ᵒ 18/12 ���	� ��	 �
 �� B��H� � �8	 �	 � nm 32/24 . !�� "� (�)  "&n+%� 8�D Cu2O   �&�

) �*5S .�<111�	 $��	8 .5+\�� �
 (Cᵒ 78/33 .
�! "� *���  
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 X%! 4-35  :l5_ ��� XRD ��� $���� �� $�D�� h�FPk�  ���  ,�
 �� W*:,: "�8�2/0 W4/0�6/0..  

 "	�(6� F��) �  `��g� 

 X%!4-36W ��nU l5_ ��08�� �  �� $�D�� h�FP � i7�6 ��)-0  5)#	 ��� $�F "%5�(	Cu 

 ��� [�_ 8	 "+��0 �)K *� 	�  "<�&� [�_ �8�� �
300   �&0nm1100  �  �5&���   3	*&55p0 '	`&5�

��nU ��*Y ��08�� � �� $���� 	� *� ��� �5-��5� ��� [�_ �	8	 $�@ ")nm550≈λ( . �
 "� '���  
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 X%! 4-36  :)l7	( ��nU l5_  �)���08�� l5_ (  ��� $����WO3  �� $�D�� h�FP � i7�6k�   ,�
 ��

 W*:,: "�8� ���2/0 W4/0�6/0. ��� [�_ �
 	� ��08�� � ��nU '	`5� 3	*55p0 $�5�Y *���^0 Wnm 550  "� '���

 . �
  

  $���O.�	 5(   ���&_ $� .�	 $�D*S �	*\ h�FP *5I�0 ./0 �
��8  K �0 h�FP *I	 *� ��nU

  �5-��&5� ��&� [�_) "@*� $5K�� �
 $#nm  550 8	 (80   i7�&6 � $&���� �
)% PW   $&� (96 �
) %

$����0.6Cu ( ..�	 $�D�� h�	`D	       l&H�E� ��&� g�� �&� k&� "&^7�6�� '
�`D	 ����	 $# 'P $�5��
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	� �� $���� ��nU l5_   �	 �
	
 
�n��]21 W53[  �&� $�F .��EY h��# 8	 "!��  �	�0 "� $�5�� ��	 .

`D	 ��'
� '	`5� "^7�6�� W$���� $� �50*0 $�220W210W250 �nm190  W !��.  

 ��*Y '	�0 "� ���P .��EY � �� $�F ��08�� � ��nU l5_ $� $�)�	� ��� �
	
 m�# $� '�#	

) �R<α���\ m�# $� 	� �� $���� ( 3*n�F ') $?�	�2-7(  X%! .
��� �55+04-37   ��*&Y 3	*55p0

    ) F�&� �R&< 8	 "#�&K >��&�� ��	 . �
 "� '��� ��� [�_ 8	 "+��0 �)K *� 	� �� $���� �R<cm-1 

105≈  h:�	*D "<�� [�_ $5K�� �
 �� $���� ()nm400≤λ(      $&# $&��S '�&�� �5&��� . !�� "�

 � $���� 
�! "� � ����PW ��� [�_ �
 nm 326  ≈λ   �R< 8	 � �
�� `50 ��5)� �R< $n7 �	�	


      $&� �R&< "&/� [�&4��	 ��&Y "^7�6�� '	`5� h�	`D	 �� � .�	 �	
��6*� h:�	*D $5K�� �
 "�F��

..�	 � ! ����< *���0�# ���<�� [�_ ~*_ $� �R< $n7 W�5��( ���  
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 X%! 4-37 ��� $���� "�R< l5_ : �� $�D�� h�FP k�  W*:,: "�8� ���  ,�
 ��2/0 W4/0�6/0.  

 hE�) j54�)� *5s ��	�� ~�S "S�`� '	�0 "� �� $�F �R< l5_ ' ! 2�H+� ��2-4-3  �&� � (

) � $?�	� 8	 �
�:��	2-8 �	
��� �5! j�� �� � (m)hνα  �	8	 $&�) (m   ���&)�5/0   �&)K *&� (hν  �

     �
 3�n&��/� �&�	 .
��P .&� � "&4D	 ��/� �� F�� ��� �d*�	 $5K�� �
 �� �
	
 "��5��*� X/� �55+0
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 X%!4-38   $&� �&� $���� j54�)� *5s ��	�� ~�S "S�`� 3	*55p0 $� x��*� � �P .� � >���� �  �	8	

"^7�6�� 3��:�� ��� .rHs k�  X%! �
4-39 ..�	 � ! �
	
 '���  
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 X%! 4-38 ��	�� ~�S 3	*55p0 :  j54�)� *5s��� $���� �� $�D�� h�FP k�  W*:,: "�8� ���  ,�
 ��2/0 

W4/0�6/0.  
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 X%! 4-39 : "^7�6�� 3��:�� ��� .rHs �	8	 $� �� $���� j54�)� *5s ��	�� ~�S "S�`� 3	*55p0.  

 8	 �� $�F "%5�(	 ��	�� ~�S h�FP '	`5� h�	`D	 �� $# 
�! "� $rK]� J�D X%! $� $<�0 ��

57/3  $�eV 70/3  ..�	 $�D�� h�	`D	 j54�)� *5s ��	�� ~�S �
   ~�&S "&S�`� �
 "��	`D	  ��� ��	
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�� $�	
 
�+�	�
 "���#  ��� 8	 *I���  �	�0 "� �� $�F ��	��  *���^0 �
FESEM  X%!)4-34 "�n� (

 !�� �� $���� ��	 �
 "����	�# .�
� /� � � � ( C�\� *�] 21[  

 "	��(	�� F��) �  `��g�"	��(	�����0 �  

 X%!4-40 '��*< "/�-   "&� '�&�� 	� k� ��� j0	 �� $�D�� h�FP � i7�6 ��� $���� d��7�

. �
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 X%! 4-40 "/� :I-V   ��� $���� �� $�D�� h�FP k�  W*:,: "�8� ���  ,�
 ��2/0 W4/0�6/0.  

  

  $# ��_ '���.�	 5(         �&� � �
	
 '�&�� 
�&6 8	 "&��	 ���&�D� �
�&�8  &K �0 �� $���� "���0

	 $� �� �� $���� "S ���� "^7�6�� '	`5� h�	`D	D  �	 �
�	RS h�	`�	 $# .�	 �	 $��S $� 3	*55p0 �

 $����PW  � "S ���� ��*��# �	�	
 $����0.6Cu  "S ���� ��*��5� �	�	
$� $<�0 �� ..�	  �&�	 

�� �
	
 	� �� $���� � �=�� .���4� � "/?� .���4� '	�0 "�  ) 9&�	�� 8	 �
�:��	 ��2-9) � (2-10 (


*# $n��/�  [� < �
 3�n��/� ��	 $�5��4-6  X%! �4-41 ..�	 � �P  
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 [� < 4 -6 ) "/?� .���4� :Rsh) �=�� .���4� � (ρ ��� $���� (WO3  �� $�D�� h�FP � i7�6Cu .  

  

  

  

  

  

Doping Concentration (wt%)
0 0.2 0.4 0.6

40
60
80

100
120
140
160
180
200
220
240
260

ρ 
(Ω

−c
m

) 
  

PW

0.2 Cu

0.4 Cu

0.6 Cu

 

 X%! 4-41 .�� $���� h�FP '	`5� �)K *� �=�� .���4� :  

  

8	 "^7�6�� '	`5� h�	`D	 �� �� $���� "/?� .���4� $#  �
 "� '��� 3�n��/� ��	 64/9   $&�

MΩ 19/3 8	 �n�*40 �� $���� � �=�� .���4� �241 $�cm .Ω 61/60    h�	`&D	 �&�	 . �	 $�D�� h��#

 8	 "!��  �	�0 "� "S ����"�`-��<  ��� ' ��Cu  ��� '�� ��< $�W   ��&)-0  5)#	 $%n! �


� ! ���� $� *�� $#� �
*S �� $�F *��5� $O *� "S  4� h��# �U�� � �� $���� ��	 � �=�� .���

.�	 � ! ]21 W53[ .  

�����  
Rsh (MΩ) ρ (Ω.cm) 

PW 6/9 241 

0.2 Cu 6/8 6/180 

0.4 Cu 4/4 12/98 

0.6 Cu 1/3  61/60  
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 X%!4-42        ��&� X&��K $&# .&�	 'P 8	 "#�&K >��&�� ��	 W �
 "� '��� 	� mn5� *I	 >����

 C�� "S ���� �	�	
 �� $���� ��	 $�5�� �
 � �
�� �� '�*�%7	 �� $���� ��	 �
 .�*�#	n    &!�� "&� .
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 *Gx *Gx *Gx *Gx!!!!            
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 *Gx *Gx *Gx *Gx!!!!             
  5)#	 ��� $���� "%�*�%7	 � "%5�(	 W����6�� c	�6 W�d�7�D��� $+7�?� $� $��� '���( ��	 �


$�D�� h�FP � i7�6 ��)-0      *5IT&0 G&54/0 �&�	 �
 ..&�	 � ! $�6	
*( `�`57�*��( �*f�	 g�� $�

.5�# H/� .rHs *55p0 *I	 X��! '�S���S ���    "��&�� $&�F q&�P W($���F��) [�  $&�F h&�FP �  �&�

5�57)�. !�� "� *�8 t*! $� 
�	�� ��	 8	 m� *� 8	 X,�K >���� . �	 $�D*S �	*\ "��*� 
��� (k� � 2  

 ,%#4-2: ( (�'!��) Q�<R� �S<T �M� "*'�#  

  ��&� .rHs �� �� $���� W$���F�� *I	 "��*� �
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 �F�&�Cᵒ 
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8	 	� � 50 j� �
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 "� '��� $��

)*�5��( ��� .rHs �� � $���� �
 ~���P .+5n_ *-��5� �� $���� ��	M1   � M2  �	*&� ���H� k� � (

) *0F�� ��� .rHs �� � $���� �
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Abstract 

In this research work we have studied the morphological, structural, optical, 

electrical and thermo-electrical properties of pure and doped tungsten oxide (WO3) 

layers grown on glass substrate by spray pyrolysis method. We then characterized our 

samples using field effect scanning electron microscopy (FESEM), X-ray diffraction 

(XRD), UV-Vis-NIR spectroscopy, current-voltage (I-V) measurement and Seebeck 

effect experiment.  

In the grown samples we have used ammonium tungstate ((NH4)2WO4) solutions, 

using tungstate oxide powder (WO3) (99.9 %), and ammonia solution (NH3). In 

fabrication of WO3 layers various parameters were investigated. These are including: 

molarity of the solution, spray rate plus annealing the samples in the air atmosphere, 

and finally the doping effect with Cu (WO3:Cu) and Li (WO3: Li) atoms, using lithium 

chloride (LiCl) and copper acetate (Cu(CH3COO)2.H2O) salts. 

 

Keywords: WO3, spray pyrolysis, thin film, nano-structures, morphology, structural 

properties, optical properties, electrical properties, thermo-electrical properties. 
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