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����&�6( 
�'�732���*��8-*,����%�������#$9 �:- ���� ;��7.*�%,'��-�! <�"��"��%��8-*�� �%,�*�'*�!�#        

=��--�=>1� (WO3) �+�&�',���2���3���D�E!2F#&#E��;�*-'0G���� �'�13-�! <�"��"��%��#$9��%��7!2 $/�#����
� ',=2� ',%���&�;�*"2�;*��*� ���*�;*H;�#=1E#E-�1E�����0;�����%�;�*�'���=��I�D&E��;�'�13 D#0+�#�#
�'�13-�! <�"��"��%���;�*J #'9# �� �%,�*�'*�!�#=��--�=>1�7:-=1E�;�!2F#�'�13�$/=1E�',���%#��%!2F#-�;�*%�� 
!#:/-*0��D&E '�K���%,'����*��*�$/1$"1�D�EL '**�#=��I��$/�/+� %$2�����(��LD#���!��1�$�)*"1�!2 $/�#
� ',=2� ',%���&�;�*����"2�;*��*�',!��1�$=1E1$ %$���%!�7$���)* D�E!� �����-,�#-*�$/�'9# ,��03=---#
=1ED#2��%���)* � �D&E���%�,�����;-H)E�$/%-*!&<# 2���M�����-�! <�"��"��%��#'9#!��10����������'�"1�
���2I-#!8E�&�:-7;��--�8-*�'9*2��03,��� �-�! <���-#D#�'9#�� �%8-*&#E��;�*-'0G���� >./*���D�E&#E��;�*
-'0G����D#�'�-������%��7�+�D&E 1���D�EL '**�#=��I� *=1E!%:/-!2�$�,!�$�,�',���D�E���0�&#E��;�*�'/�=2 
� =�8-*���!��12���M�����-�! <�"��"��%��0.*!2F#�;�#&#./*8-*���L'N#�� �!��,"���*1E�#!��"#" �$�'9*
D#1E�#������� !�%$ �'�13������ � ��������%������ >./*!2F#�;�#�+��'O�$/!�$/��L'#�',2���M������$/�+�D&E!��1
� =����!��1�$� ����� ',%�D�8-*�'�13 
 

�2��2���T : -�! <�"��"��%��  �'*�!�#=��--�=>1�  &#E��;�*-'0G����  
 
Abstract 

The purpose of this academic paper was to mention electrochromic property of tungsten trioxide (WO3) 
films for smart window application. This electrochromic material is able to switch between an optically trans-
parent and an optically dense state by the application of an electrical voltage. Among several electrochromic 
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materials, WO3 thin films have attracted much attention due to their superior characteristic of low power 
consumption, high coloration efficiency, good reversibility, high stability, short response time, high capacity for 
inserted ions, and low stress for viewerbs eyes. The electrochromic effect occurs in the intercalated thin films of 
the smart window via dual injection (cathodic) or ejection (anodic) of positive ions and electrons. Using smart 
windows in buildings can significantly reduce energy use compared to convention double-glazed windows. 
Electrochromism is one of the growing technologies in which physics, chemistry, materials science, and 
engineering are greatly involved in revealing the in-depth mechanism of coloring and bleaching. 
 

Keywords: electrochromic, tungsten trioxide, smart window  
 

1. ���2� 
0������" ��E-#�$/!��18.9##'9#�;*H ����,

�;-��L���%!2F#-�);8-*%#3K��!��!2F#-�;�*%��    
�+�D&E!��1���%�E-*����$/!L�/%8.9#8-*���D�EL '**�#
=��I��+�&�',!��:/-*2�',-����D#-���� ,E�#!�:-# 
� ���9#!2 :-*#9+�%'#!�:9-!L �*�+�&�',!��:/-*2�', 
-����D#�7�#�� � ���/*D#2g003,'##'9#=1E%$���
--��,,�.�� �-�����;�*J &�:-�%E��;�7�#�� D&E%$
&#E��;�*� �& '*��"2�;*��*%��8.9#!L:/-D�E��*0��
��#-�� ��+�D&E%-*!&<#�'�#$��L��#-�1E��
���D�E���0�D� 8E-1$8-*���0�D��:-%$#9+�&#'�!,�
��;�H#'*�-#��$� ��%��7��1�'9*=1E*;�� ��1!�<� � �
����=%;�L* ��;0���%,'���'/�=28-*���0��$/%$
�;�#2���-,& '�!2F#>� ��-#=1--�=>1� (SiO2) 
"1�0��-%D&E��*�;�*��%-*!&<# (visible) � ��'*�$
-�#���!�1 (infrared) �;*H;�#=1E �;�#�'*�$-' ���-   
=�"-! � (ultraviolet) 0�7)�1)1� :#=�E ���%�E-#0��
�'*�$-�#���!�10��+�D&E!��1����)O!�$�L '**�#=��I�
D&E��;!��:/-*2�',-������D#-����!L�/%8.9# � ��E-*
%$�����1�'9*HE�%;�#&�:-%); $/!L:/-�-�,1,'*��*�$/�;*H;�#
!8E �%�%��!��#=2D#,�*�;�* !� ��+�D&E,1,'*

�'�#$��L���%-*!&<#��#-� * �'9*#$9� :/#���%
�E-#�<�'*�*H;�#!8E�%���D#�'�-����=1E-�);1$ 

2g003,'#���2I-*�'#� :/#���%�E-#�$/H;�#!8E�
%���*���0�&#E��;�*�;�#D&O;#'9#0��+����!� :-,
�� �%,�*& ���'9#,#���0�!L:/-D&E��%��7���E-#
� :/#-�#���!�1 ��;�-%D&E��*�;�*��%-*!&<#�;*H;�#
=1ED#��1',&#./* ���0�#$90�2���-,1E���'9#�� �%
" &�!*�#7)�2���,1E���'9#=1-�! <�����>�&�:-" &�
--�=>1� [1,2] "1�-��'��%,'��8-*" &�!*�#�$/!2F#
�'�#+��$/1$�+�D&E��%��7���E-#� :/#���%�E-#=1E1$ 
[3] 1'*#'9#���0�2��!�#$90.*7)� !�$���;� ���0��$/D&E
�;����2 12 ;-��'*�$�/+� (low emissivity glass, &�:- 
���0� low-E) D#�)2�$/ 1 ��1*�%,'����*��*8-*�31
�� �% low-E �$/!� :-, *,#���0�� ��%,'����*��*
8-*���0��$/=%;%$���!� :-,�� �% [4] 0�!&<#=1E�;��;�
����;*H;�#��*D#�;�*��%-*!&<#8-*���0� low-E 
%$�;��)*D� E!�$�*�',8-*���0��$/=%;%$���!� :-,�� �%
� ��$/���%���� :/#��*!L�/%8.9#�;�����;*H;�#��*0�
 1 *-�;�*��1!�<�>./*�;�������E-#0�!L�/%�)*8.9#�+�
D&E��%��7�'#� :/#-�#���!�1=1E ��;��,,�� �%�#�1
#$90�%$���!�:/-%��L=1E*;��"1�!��1" &�--�=>1�
8.9#!#:/-*0�����%�:9#��#-� [5] D#���D�E*�#0.*
�E-*%$���2I-*�'#���%�:9#"1�D�E���0��-*,�#
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2���,�'#D&E��,,�� �%-�);��*� �*2�18-,D&E
%�1��1� �,��03�m�>!G:/-�=�E��D# ���0� low-E 
�#�1#$9��%��7���E-#� :/#���%�E-#=1E1$��;=%;
��%��7��,�3%2��%��8-*��*�$/H;�#!8E�%�=1E 
��,,�� �%-$�2��!�&#./*>./*!2F#��,,�� �%& ��
�'9#!�;#�'# ��;%$ '�K���$/L� !�K��;��:-��%��7
2�',!2 $/�#�%,'����*��*=1E1E�����0;��=��I�D&E��;
��,,�� �% "1���%��7!2 $/�#0��D�"2�;*��* 
 

 

�$���� 1  
 

�%,'����*��*8-*�� �%!� :-,�$/D&E���2 12 ;-��'*�$�/+� 
�� �% [4] 

 
2. ���-��%�-S\]�^��,(-( �*�_
(���+*�	�- 

������ 
-32����-�! <�"��"��%��%$�;�#2���-,& '� 

3 �;�# 1'*#$9 
1. 8'9�=��I�"2�;*��* ����$/#��%D�E�+�!2F#

8'9�=��I� =1E��; -�#!1$�%��#--�=>1� (indium tin 
oxide; ITO) >./*!2F#����./*�'�#+��#�1!-<# (N-type 
semiconductor) "1�%$�;�#H�%8-*-�#!1$�%--�=>1� 
(In2O3) 2��%�� 90 !2-��!><#�� "1�#9+�&#'� �',��#
=1---�=>1� (SnO2) 2��%�� 10 !2-��!><#�� "1�
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� ��!2F#%$�$!8E%&�:-�.,��*%��8.9#� ��:#� ',%�
D�=1E1'*!1�% L�E-%�'9*��%��7��,�3%2��%����*�$/
�;*H;�#=1ED#��1',&#./* ���0��$/7)�!� :-�� �%#$97)� 
!�$���;� ���0�-'0G���� (smart glass) &�:-&#E��;�*
-'0G���� (smart window) � �!�$��2���M������$/
!��18.9##$9�;�-�! <�"��"��%�� (electrochromic) ��,,
�� �%#$90.*!&%���%�',���2���3���D�E*�#D#-#��� 

 
�%,'����*��*8-*�� �%!� :-,�$/D&E���2 12 ;-��'*�$�/+� (low-E) !2�$�,!�$�,�',���0��$/=%;%$���!� :-,

#9+�&#'� ���#$90��+�&#E��$/!2F#�'�#+�=��I�"2�;*��*
D&E�',��,,-�! <�"��"��%�� 

2. �'�13-� ! <�"��"��%�� �'�13#$9%$���% 
��%��7D#���!2 $/�#�$=1E!%:/-=1E�',�#�%=��I�0��
��#-�"1�!��12M�������!�%$8.9#& '*��������'�8-*
"2��-#� �-�! <���-#D#�'9#�'�13�$/D�E>./*%$�'9*�#�1
�$/!2F#���-�#��$�� (organic) [6] =1E��; =�"-" !0# 
(viologens) L�'�!>$�#, ) (prussian blue) � #��-
=#1�L$!-���" =>��#$# (lanthanide phthalocyanine) 
� �=L �"> $# (pyrazoline) !2F#�E# � ��#�1�$/!2F#
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���-#�#��$��  (inorganic) >./ *�;�#%��#��%D�E
--�=>1�8-*(��3" &�D#&%);���#>��'# [7,8] =1E��;        
"% �1�#'%=��--�=>1� (MoO3) �'*�!�#=��--�=>1� 
(WO3) =���!#$�%=1--�=>1� (TiO2) � ���#�!1$�%
!L#�-�=>1� (V2O5) !2F#�E# �'�13�$/#��%D�E�'#-�;�*
�L�;& ���$/�31�:- WO3 !#:/-*0��%$2�����(��LD#
���!��1�$�)*"1�D�EL '**�#=��I��/+�� �D&E���%
�,�����;-H)E�$/%-*!&<# 

3. ���-�! <�"��= �� ���#$9!2F#�;�# 2���-,
�$/!��12M�������=��I�!�%$� �!2F#��*H;�#8-*=---#
-�);D#����8-*!& �&�:-8-*�8<* [8-12] =1E��; 
��#�� '%!L#�-�=>1� (Ta2O5) � �#��!�� --�=>1� 
 

 

�$���� 2 "��*��E�*8-*��,,�� �%-�! <�"��"��%�� 
 

	���-��� 1 "��*��E�*8-*��,,�� �%-�! <�"��"��%���'*�!�#=��--�=>1��,,�$/!2F#�'9#
�� �%8-*�8<*�'9*&%1 (all solid system)

"��*��E�*�31�� �% 0+�#�#�-,�$/�1�-,
1. G|ITO|WO3|Ta2O5|NiO|ITO|G                
2. G|P|ITO|WO3|Ta2O5|IrO2|ITO                   
3. G|ITO|WO3|LiAlF4|V2O5|ITO|G                         
4. G|Al|WO3|Ta2O5|IrSnO2|ITO|G               
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>./*�;�#%��#��%D�E
��;        

�'*�!�#=��--�=>1� 
� ���#�!1$�%-

!2F#�E# �'�13�$/#��%D�E�'#-�;�*
!#:/-*0��%$2�����(��LD#

���!��1�$�)*"1�D�EL '**�#=��I��/+�� �D&E���%

���#$9!2F#�;�# 2���-,
�$/!��12M�������=��I�!�%$� �!2F#��*H;�#8-*=---#

=1E��; 
� �#��!�� --�=>1� 

(NiO) !2F#�E# "1�0��E-*%$=---#,�������'�-�);
D#��,,�� �% =---#�;�#D&O;�$/#��%D�E�:- H+, Na+, 
Li+ &�:- K+  

�;�#2���-,�'9* 3 #$9 !2F#�;�#2���-,�$/
�+��'O��;��%��7!2 $/�#�2 *�)2�,,8-*��,,�� �%
D&E%$2�����(��L!L�/%8.9#1'*�'�-�;�*��1*D#�)2�$/ 2 
�31�� �%-�! <�"��"��%���$/%$����.�K��'#D#2g003,'#%$
�'9#-�! <�"��= ���$/!2F#8-*�8<* (solid electrolyte) 
��1*D#����*�$/ 1 "1��31�� �%"��*��E�*�$/ 1 � � 4 
%$0+�#�#�-,8-*����1�-,D#���!��1�$� �� ',%�
D��)*7.* 100,000 �-, "1�"��*��E�*�$/ 1 %$L:9#�$/
�� �%�$/D�E�1�-,8#�1D&O;7.* 2400 cm2 

 

"��*��E�*8-*��,,�� �%-�! <�"��"��%�� [8] 

"��*��E�*8-*��,,�� �%-�! <�"��"��%���'*�!�#=��--�=>1��,,�$/!2F#�'9#
ll solid system) 

0+�#�#�-,�$/�1�-, 8#�1 (cm2) !-����-E�*-�* 
100,000 2400 [9] 
35,000 300 [10] 
2 25 � � 900 [11] 

100,000 150 [12] 
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3. ���*`*��_
(���+*�	�������,(-./�
���-

��-��	�0	�((*01&
 
2���M��������!2 $/�#�$"1�D�E=��I�!2F#

�'�����3E#�+�&�',���2���3���D�E !2F#&#E��; �*
-'0G����#'9# D#2g003,'#!2F#�$/=1E�',���%�#D0�'#
-�;�*%��!#:/-*0��%$�%,'���$/L�!�K �:- %$�;�����;*H;�#
��*�;�*��%-*!&<#2��%�� 50-70% D#����"2�;*
��*&�:-0�*�$ (bleaching) � �2��%�� 10-20% 
&�: -�/+ ���; � D#���� !�� 1�$  ( coloring) "1�D�E
��*1'#=��I��$/�/+�2��%�� 1-5 "� �� >./*&#E��;�*
-'0G����#$9��%��7�*��LD#�������!��1�$
& '*0��0;�������=�� E��'1--�� ���%��7
� ',�:#�);�������0�*�$=1E"1����� ',8'9�=��I��$/
0;��D&E0��!1�%7.*�%E0���9*�� �%=�E#�# %$-��3���D�E
*�#�$/���#�# %$���%�%�'1 � ���%��7D�E*�#
D#�;�*-3�&)%��$/��E�* 0���%,'��1'*� ;���� �%,�* 
-�! <�"��"��%��0.*��%��7#+�%�D�E!2F#&#E��;�*
�+�&�',-32�����;�*J =1E��; ���0��+�&�',-���� 
,E�#!�:-# � ��7�#�� !2F#�E# 

2���M�����-�! <�"��"��%��!��18.9#=1E!%:/-%$
���0;���#�%=��I� (D&E���%�;�*�'���=��I�) �;*H 
D&E%$��������'�8-*=---#,�� (M+) � �
-�! <���-# (e-) ��D#"��*��E�*8-*�'9#�� �%-�! <�-
"��"��%��>./* !�$���;����!��11',!,� -�#!0��'# 
(double injection) "1�%$=---#,��!2F#" &�       
-' ��= 1�&�:-(��3D#&%); 1 =1E��; H+, Na+, Li+ � � 
K+ !2F#�E# !� :/-#�$/!8E�&�8'9���"�1 � � e- !� :/-#�$/
!8E�&�8'9��-"#1 !%:/-%$���0;���#�%=��I�D&E�',
��,,�� �%-� ! <�"��"��%��0��;*H �+�D&E !��1 
2M�������!�%$8.9#"1�!��1���!2 $/�#�2 *8-*! 8
--�>�!1�'#1'*��1*D#�%����$/ (1) 
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 +−
++ xMxeWO

3
                   

3x
WOM   (1)      

      ("2�;*��*)     (�$#9+�!*�#) 

             6
W

+                       5
W

+  
 

!%:/- +
M �:-"2��-# =1E��; H+ Na+ Li+ &�:- 

K+ !2F#�E# 
����$/! 8--�>�!1�'#8-* W !2 $/�#0�� +6 

!2F#  +5  #'9#  !�$ ���; �  ��� !��1�' *�!�#,�-#>� 
(tungsten bronze; MxWO3) �+�D&E�� �%!2 $/�#����
0��D�"2�;*��*!2F#�$#9+�!*�#>./*�.,��*%��8.9# �� �%
D#����#$90�#+�=��I�=1E1$ �%,'����*��*8-*�'9#
�� �%-�! <�"��"��%����1*1'*�)2�$/ 3 ���%��%��7
8-*���!2 $/�#�$#$90�8.9#-�);�',���%��%��7D#���
!��12M�������8-*�'9#�� �% �'9*#$9�<8.9#-�);�',�%,'��8-*
�'9#�� �% WO3 �$/!��$�%=1E 
 

 
 

�$���� 3 !2-��!><#������;*H;�#��*8-*�31 Glass/ITO/ 
WO3 & '*�1�-,���!2 $/�#�$D#��� � �� 
HCl ���%!8E%8E# 0.05 M 1E�����0;����*1'# 
=��I�D#�;�* -2.0 7.* +1.5 V [13] 

 
D#���!2 $/�#�$8-*�� �% WO3 #'9# �� �%�$/%$

"��*��E�*�,,-�'���# (amorphous) &�:-H .�

Reduction 

Oxidation 
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8#�1#�"#!%�� (nano-crystallite) %$8#�12��%�� 
30-50 nm 0���%��7!2 $/�#�$=1E1$��;��� �%�$/%$
"��*��E�*!2F#H .� (crystal structure) �$/%$8#�1D&O;
2��%�� 60-100 nm [14] !#:/-*0�� '�K�����
0'1!�$�*�'�8-*-��-%�$/=%;!2F#��!,$�,0��+�D&E!��1
���%,�L�;-*8-*"��*��E�* (defect structure) &�:-
 '�K��8-*H .�8#�1! <��+�D&E=---#��%��77)�
0',� �!8E��+�2M�������=1E*;��8.9#D#"��*��E�*8-*�'9#
�� �%-�! <�"��"��%�� 

"1��'/�=2�� �%�'*�!�#=��--�=>1�0�%$�;�
�;-*�;�*L '**�# (energy gap; Eg) 2��%�� 3.0-3.25 
eV [13,15,16] >./*8.9#-�);�', '�K��"��*��E�* "1��;� 
Eg 8-*�� �%"��*��E�*-�'O��#0�%$�;��)*��;�
"��*��E�*H .� [16] � :/#��*�$/%$L '**�#�/+���;��;� Eg 
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