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�	��>?+*�+ +(3,*                      ����� ��	
�� ��
� ������� �������� � ���� ���� ����	 �����	 �� ���� ��!"� #��!"�$  

  (; 0:�	  �A (�                 ����� �%&�' � (�� ������� ����	 � )*"�+�,	 �����	 �� ���� �"������  

 �
+,�+ �!�8                            ����� ��	
�� ��
� ������� �������� � ���� ���� ����	 �����	 �� ���� �"�-��,��  

                      ��	6
 ��B� �"����������� �.-�! �,&�' ������� ����	 (�� � �����	 �� ���  

                     (�%
�C ����+����� �%&�' � (�� ������� ����	 � )*"�+�,	 �����	 �� ���� ���,$� )�/����  

  

����D  

0�	�1 
� 23 4+��	 5-� "�6�)� 4-7 %8�� � (�9: )�;YSZ8   �YSZ8-Ni5/1  A��� B�C D�" E����-���	�+� 4-�3�-
 )�" � "���	

5��FG; � %�3�� ���6 4��G� �6 H �� ��I$� ���J1� �K� "� LM��6  "��N 4I-��	 � ��"�6 �"�	 0����� "�96 46 %OI� �;��I� 5-� %���I�%1�M.  
�

4I-��	 � ��"�6 Q;�R3 5-� S��;� �LM��6 "���	 )
�I+�&1 )*���%���I� �����T� �� �6�-
�6 � U��3 ��	
 �	 .�!�6�	 ���� V-�,� 4��G� 4$ �;�

46 %OI� %�3�� ���6 Ni-YSZ ($ "���	 � LM��6 �� �" )�,�6 %���I��	 ������;� ($ "�$ )�	� 5��FG;($ )�	� "� %���I� � �� ��-� 
� ��

 �� )�-�J	%�� .  

  

�E+!0�3  :0���8YSZ �H �� ��I$�� ��I�� 0����� "�96   

  

Investigation the Ethanol Gas Sensing Parameters and the Band Gap of Vttria-
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Abstract  
In this paper after the formulation and manufacture of thick 8YSZ and 1.5Ni-8YSZ layers by screen-printing 

method on Alumina substrate, the amount of YSZ and Ni-YSZ band gaps and the sensitivity of these sensors to 
ethanol vapor have been studied and compared. The objectives of this study are to examine and compare the 
amount of band gap, activation energy, sensitivity changes, response and recovery time. Regarding to the sensing 
results, YSZ causes a lower band gap and better sensitivity than Ni-YSZ, other advantages of the sample without 
dopant are the lower working temperature and sensitivity at lower temperature. 
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1 -���>�  

��I� YSZ  WJX��I� 4$ %�� �-��G�!��, +� )�;

 �X��8 ��I� %	���	 � ��-�X �*�,+�) � -�, +� )�;�,	�"�3

�	 (��
�8 %�1�[ .�!�6)�;��I�  4,�� 4� 46 �-��G�!��, +�

:���! �	 (�I��  

 (.+�)�;��I� �
����]�� 5-� :*�,+� ��M� ;��I�)� 

�	 ���	�� A-�,	��I��,3.���!  

 (^)�;��I� �
����]�� 5-� :� -�, +� ��-�X ��M� )�;��I� 

�	 ���	�� A-�,	��_	�.���!  

 (`-�;��I�� ]�� 5-� :��"�� %-��; �6 4� � 4$� )�;��I� 

�
�����	 ���	�� %-��; ��M.���!  

 ��'� %GIN)�;��I�  � %Oa	 ���, +� A- �-��G�!��, +�

 +� A-���, +� �- "�6 ���$ ���$��3 )��6 �b�	 ���, A- � �;

���, +� �- "�6 0��,�� )��6 %�+��, +� ���, +� 46 ���, +� A- 
� �;

�	 ��-��!�6 ]1[.  

 �6 (���$�-
 ��I$� ���	 �,N�18-8�	 B�� (-�,-� ��I$� % -

�	 ���	�� �-�,-� �6 ��! "��-�3 )����$�-
 4�'�� ���	 ���! ���!

��� 4$ 46 �	� �,N� �R�I$� ��- )7�6 d˚C350 �	 �" ��"

�	 ����;���	 ���	 5-��6��6 .�46 ������ )��6 %�+��, +� �����

��- 0��,�� 0��� "� )��-� 46 ���, +� A- 
� �R�I$� )�;

.���! ���b,�� �-��G�!��, +�  0��,��) J�+��, +� ��-��1 �g "�

0� +�	 �("�6�; S�g A- "� �R�I$� )�	 H-�O� ��- 46 hi� -

 
� ����!YSZ �	 "�O� 0��,�� �6 �a�8 0� +�	 46 � ���$

���, +��	 H-�O� ��-� hi� 46 �; 5-� �g "� 5-��6��6 .���!

���, +� ���-��1"� )��-� 46 ���, +� A- 
� �;4/�,� S
,8� )

�	 0��,�� ���, +� �� 5�6 "�6.��6�-  

�-�6 jX�	 E��	 "� ��X�	 �R�I$�  hi� 46YSZ ���6�   

��- 0��,�� 0�&1 ��-��1 �����$�-
 %�+��, +� ���	 
� �R�I$� )�;

 �6 ��!�	�M �	($ %�+��, +� )�	� �,N� 0��,�� 5-� 4$ �!�6 ��

 
�˚C350 �G� �-k3 �� 	� ��!�6 H$ "� 4$ )*�,+� .�!�6

�	 �-����! %�+��, +� 0�ON H6�N �	� 5-� )7�6 "� ���� ��!

%��]1[.   

46)"��1 �+� ��O�$�� E��� ��; �M��+� H�+�VOCs %l�m �(

��D�" ���	"� .�6�- Q;�$ )��-
 ��J�	 46 �-�6 ��; "� �; )�;

 ��n	 )�;
�M 5-� o�9�� )��6 ��! ���b,�� .�,9	

)�;��I� 46 �	�X %+�� "� %+��� � AC�$ �
���� H�+�

�	 ^��i	 ����b,�� .��!�6)�;��I� �-��G�!��, +�  #��� �6

 o�9�� )��6 4$ ����$�-
NOx �CO 56�$�"��; � p���	 �;

�	�	 4,1�M �l� "� "�l�	 5-� )��6 ���!�6 ]�� 5-� .���!

)�;��I�  :����	) "��1 �+� ��O�$�� o�9�� )��6 )�,	��I��,3

 �� "� (5q�+�� ��J�6 �0����� ���,$ H��� H�,	 �A�,�� ����

ppm  "������	  �-�	�500 -400  "�$ 46 ���M �,��� 4X"�

�	���"]2[. ��I� ��O�$�� o�9�� )��6 )�,	��I��,3 �R�I$�

 
� �,G$ %l�m "� "��1 �+�ppm10  "������	  �-�	�

˚C500-400  E���Mori �! ��"�6 Q��"� G; ��� . �� 
� �;

 ���, +�Pt �� 
� � - 4$ ����$ ���b,�� �6 �;Au  ���� Q!�3

�! ���� V-�,� .���  4$ Q-�J1� "� �K�	 Q!�3 5-�%���I� 

�	6�-
�6 ��	
 � U��3 ��	
 .�!�6�  Q-�J1� �	� Q-�J1� �6

U��3 4 �+��"� 4$��	 )���� )EMF( %1�- Q;�$ 5��FG; 

 "���	EMF ��+ "� Q-�J1� �6 �i8 "�i6 ��O�$�� %l�m (,-"

%1�- Q-�J1� ��+� ]2[.  

 ]�� )��; 4G�� ���	 %-��; �R�I$� ^kXp 
� "� �" Q-�J1� )�

H	�� 4$ ��;� �	 Q-�J1� ���b� %l�m 4G�� "� "�6 ��'� )�;

)��; ]�� )�;p  �6 ���� %	���	 ��
� 46 .��!�6 �	
� ���b,�� 

�6�- �	 Q-�J1� 0����� ����	 �-���� )�;
�M ]3[. 

 E��� 4$ )��-� t���� "�Bartolomeo  ��/�� Q��"� G; �

 ��"�6 46 �!-�;��I��  4-7 #����6 (�9:YSZ  �� �6

 )
��	 ���, +�Pt 46 �;���, +� 
� � - 4$ ��,8���3 �����

 (�9: 4-7 E��� �o�9�� ���, +�WO3 �! ���!�3  �

46 )��-� jX�	 ���, +� ������! 4,8��! . ��I� u�&	 "�

NO2  �CO %l�m "�) .�,9	 )�;ppm 1000 - 200  "�

 "� (��;�����	  �-�	�˚C650-500 �! ���� "��N 5-�,�6 .

 )�;
�M 46 %���I�NO2 � CO�  )�	� "�550  4X"�

�! ��;��	 �����,��� 46 U��3 ��	
 .NO2  �CO  "�550 

46 �����,��� 4X"�p���� 2  � 4��N�4 �! D"�JM 4���K  �6 �

"�I�� �����G� )�	� Q-�J1�� j-�� U��3 ��	
�! �� ]4[.  

�	 %���I� Q;�$ �- Q-�J1� "� �Kw	 H	��� 
��� ���J1� 46 ��

��$ �"�!� 4��� J-�� Q-�J1� �- � Q;�$ �%�3��]5[.  �8�6 "�

 ���J1� �K� "� 4$ %�� ��! ���� ���� ��&+�i	Ni 46 �����

 "�,8�� 46 %�3��YSZ  �g "� ��-
 %�� 4,1�- Q;�$ %-��;

 �7�6 )�	� "� %8��Ni  %�+��, +� H8��YSZ �	 H� � ��!

 (��1 %-��;YSZ �	 Q;�$ �"��;]6 -7[.  YSZ  5��FG;

)"�� )�;��6"�$ )��6]8[  �/�� .�g ��l� �� )�; Q!�3 �

 ��"���]9[ �	 ���b,�� J�� �
���� ���K� ��ON ������� .��!

� )�; (��1 )"�� )�; �MR-� )�" �" 0�,I-�$ 4-�3 �6 ��I$

���� ���� ����$�-
 ���]8[.  "��3 %+�� �� "� �	�G� �;��I�

� 4-7 �- ��! #�39:) )�	 "��N ���b,�� �"�	 (d
�� � (� -

4-7 t-�g 
� t���� 5-� "� 4$ ����M�  ��I� �l� �"�	 4,8��

%�� ��!�  4$ �"�' 5-� 464-7 )�;YSZ  �Ni - YSZ  )�"

 ���! A��� B�C �-���	�+� 4-�3�-
� 2_�  LM��6 "���	

4��G� J�+��� E��� ��! 4��� )�;DRS )Diffuse 

Reflection Spectroscopy �! 4O���	 ( z��8 �

�� )��I� 
�M 46 %OI� �;�%1�M "��N ��"�6 �"�	 0����� 
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3  

 #���"� ����	 t-�g 
� )
�I+�&1 )*��� 5��FG; J�� 4O���	

�!.  

  

2- ���  G!�  

  ��,6� ������! 4��� )�;"��3  H� D�" E���-0* ]10[  �6

)H +� H��� ��3 �+� pIC PVA% wt5 ��G8 � {��9	(

�'��4 )�" �-
 (%�-�3 5-� ��) A��� B�C ���	�+� 4-�3�!�� 

46  Q	 J-�� � )�G��3 )"�� �6 ���6�! 4$ �"�' 5-�325  �6

|
	�$ ��M 4� � A- )�" 4-�3�-
 � p}� hiI	 ���6�! �-
 "� �;

 ���� "��N���! d�"�$ 
� ���b,�� �6 ��! 4��� ��G8 2_� .

(�/�-� ��))�G��3 4-�3�-
 )�" �6 B�C �;�!4-7 .46 )�; %��

 ~��� )�	� "� B�C 
� ��	���	 46 24 � A�8 %��� 2_� 2 

"� %���˚C 1270  %93���! )�	� ���"��� ����G� 
� �&6 .

4��G� 5�q�3 �"�$ )�	� ��	� 5�q�3 �6 ���G; �;�	�  )��6 2_� �

4��I� %8�� "��N ���b,�� �"�	 
�M )�;%1�M.   

�
����.�g )��M "� ^��
�6 )�; 4����200  ��1100  �,	����

 ��/���!  J�+��� �X��8 �DRS  .%�� ^kX � ^��
�6 .�g ��

�
���� � ���	 A- hi� 46 "�� ����6�� #��� �6 (,I�� 5-� )��M

 ���6) �"����,�� 4��G� A- �6 4I-��	 � ��93 ^��
�6 ��J�	

�	 HG� (��-
 �M��$��3 �6 ^kX.��$  

6 � -�, +� �7�}�� ��/-� )��6 pIC 
� �
�M 46 #�I� 4-7 4

 �6 ���� 4-�3 �6 ����" ���b,�� 7�6 �-�	� HG���! .�
���� )��M

46 #���"� ����	 E��� �	� pI� �6 4��G� %	���	�	 %�� -

46 .�-� *�,+� (�I�� D�" 
� �;��I� %	���	 5��&� "�l�	

 ���b,���! )�� ��I� �6 �" %6�K %	���	 A- 4$ p���� 5-�6 .

� ���$  "���	4  2��$�1 �6 ^���,	 *�,+� %+�Hz80   5-� 46

 0�G�� 4��G/	�! �%6�K %	���	 �� �� *�,+� %1� �����8 �6 .

 4i6�" 
� ��I� %	���	 "���	)1(  5��&��!:  

 )1(                                        

 4$Rs �	� �; "� ��I� %	���	� V in  )�" 4$ )��"� *�,+�4 

 ���6 ��! (�l�� %+�Vo � %	���	 �� �� *�,+� Ro  %	���	

)�� %6�K ��!  ��I� �6%��.  

%���I� 46 )��; "� ��I� ��T,	 H	�� �
���� %OI� �"�'

S�; 
�M 46 ���+��  .-�&� o+�8 )��; "� H	�� ��G; �
���� 46

��! %��. ��I� %���I� �k+ �46�"�'  4i6�")2(  ���6

�	 �" 5-� "� 4$ ��!4i6Rg  %	���	  "� � -�, +�"�n�  
�M

 S�; �Ra  "� %	���	 ��G; o+�8 )��;%�� ]11-12[:  

)2(                                                          S = Rg/Ra   

 �6 0����� "�96 Q;�R3 5-� "� Q-�	
� )��6 ��! ���b,�� 
�M

 %l�mppm 5000 -100 %�� . �LM��6 "���	 4I-��	&� 5��

#���"� ����	 )�" 
� )
�I+�&1 )*��� �����T� 5��FG; �

 pI� �6 %���I� � "�$ )�	� 5��&� )��6 .�,9	 )�;�	�

 pI� �6 %���I� �����T�%l�m .�,9	 )�; 
�M  ��"�6 �

����$�6�-
�6 � U��3 ��	
 5-�� 3 5-� S��;� 
�R Q;�%��.  

  

3 - H$� ! I=��
  

3 -1- 4-��� �+�>� 5��6   

46 "�l�	 46 (��,I	 LM��6 �6 ���	 �LM��6 ��"�� %��
2)αhυ )*��� H6��	 "� (hυ  (�"�!) LM��6 )*��� .Eg (�	 -

6 (��,I	 0��,�� u�1 �6 �����46 %-��; � %�1�[ �� .�-� %��

 (��1 LM��6YSZ � eV06/5 �	 D"�JM�-���	 t6�i	 4$ �!�6

%�� ��! � ����, +� p�$�� 46 {�6�	���,1� ��� 46 )�;  "�

��- � �R�I$� �+�8 )�;�X��b� �6 �R�I$� )�; ��� 46 )�;

�	 ���,1��!�6]13[�	 LM��6 . 4i6�" 
� �����3 :��! H'��  

(αhυ)=A(hυ-Eg)
ƞ         )3                                     (  

 4$α p-�: ^kX ��i8 Eg  �LM��6 )*���A  �%6�Khυ  )*���

 � ����1ƞ �6 4$ %�� �,6�K �6�5/0  �2 46 )��6�6 p���� LM�

�	 (��,I	��m � (��,I	.�!�6  

 %�1�[ 46 4X�� �6���b,	 %�3���  "� ��-J�-�X �; )�
� 46

�	 ��/-� ����, +� ��b� (,I�� H8�� ���1 hi� A- 4$ ��!

�	 ��/-� �"6 H8�� "� ���1 hi� 7�G&	 .��$ "��N 4���G	 ��

�	�8 )�;�X ����; �� 	 �M� .���M 46 4X�� �6 �!�6 (��b�) �+

�	 ���, +� ^kX �)*��� ���6 4��G$ ���6 A-�J� 4$ ��!

�	 "��N 2�7���	 ���, +� �����M � ���M46 � �!�6 4G�� �����

 ]�� )��;p �	 4,8��! (%Oa	)��!.  �	�1 hi� �"�' 5-� "�

�	 ~�� 5�q�3 %G� 46 �" ���6 5�6 (; �	�1 hi� A- � �;�

�6 � �����M�	 ��/-� 2�7�� �� ���1 �	�1 hi� 46 � ��!

 H-�O��	6 "� HN�� �; )�-k3 d��� .��!�	 �b' 4���G	 �� -

4G�� "� � �!�6)��; ]�� )�;p ���, +� %-��; "� Q�� �;

�	 ��/-� �" %-��; 2�7�� ���6 "� ��X�	 ���b� � ��"��� .���$

H ! )�;1  �2 46��6 p����4��G� LM )�;YSZ8 � YSZ8- 

Ni5/1�	 ���� �";��.�  

  

  
 7�
1-  4��G� LM ��6 5��&�YSZ  �" LM��6 "���	 5�C E8)

�	 ����(�;�  
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 7�
2-  4��G� LM��6 5��&�Ni-YSZ  �" LM��6 "���	 5�C E8)

(�;� �	 ����  

  

) %�� 4,1�- Q-�J1� LM��6 H �� ��I$� ���J1� �66/5 ��-
 (

���* Q-�J1� )
�I+�&1 )�	�6�-� X 0��2  ��q�� �" p�i	 5-� J��

�	��$ %�� ��! ���6 �" 4 O! ��b� Q;�$ 5-��6��6 �]14[.  

  

3 -2- 0,��?�6; 0E(
+ 5��6   

H !)�; 3  �4  Q���" (,-"��+ �����T� ���;� ����

(#���"� "���G�)t�i	 )�	� 2 � pI� �6 � -�, +�  )��6

4��G�46 )�;  p����YSZ � Ni - YSZ %��.  

  

  
 7�
3-  4��G� #���"� ����	YSZ8  

  

  
 7�
4 -  4��G� #���"� ����	YSZ8  - Ni5/1  

  

����	 �	 %-��; )
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