
 

١ 

���� ����� �� 	
�� ���� ���� �� 	� ��� ������ /http://opsi.ir ���� ������ ����. 

����� ���	
 ���� ��� ���� ���	� ��� ������� ���� � � � �!	" # $
��� �% �� ������&�  

���' (�' � �)�*1 ,�-�% ���.1, 2, ∗∗∗∗ 0# 
 12�3 "���� ,1 ,2  

1 � � �!"#�$% ��� �&� �$# '�� ��() ��*+,���$ ����$# ��-��.  
2 �0� #��"1�� �",�����"$% ��� �&� �$# '�� ��() ��*+,���$ ����$# ��-��.  

40��5: � ���� 	
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3��"� �",��"9� ���� �#���: )����� �*3& 6"��;<+ ��� = � �� .��� ����> ?���,�$ ���� -���� ��,
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�+� @� ?�A�� �#�� �� .��� ��) �����: �B�C 0 �3D�"E �8 @� ?�A F�3&� �+���  @� ?�A G�A 	�

�8�  ��!�#��,�� � �H��I .J<8) �#���: �+� @� ?�A�$� �#�� ���: �B�C 0 �3D�"E � F�3&"��+ � � .��

��,�K  -�+,� ��3& �<8�"� ��3�( �*3&  ��(� ���L��� 7 ��MB�	 � � N(�,� 3��"� �",��"9� �#���: � ����. 

 ��7 -��� 	��B��	 � � N(�,� 3��"� �",��"9�  ��MB 	�5 nm 7 (� ����	 � ��3& ����!"� 3�( �*3&��  (�

2350 nm/RIU 	� 2600 nm/RIU .���� :��#��  
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Abstract- In this paper, a fiber optic surface plasmon resonance biosensor with hybrid layers of graphene 

and titanium dioxide is proposed to increase efficiency. The normalized transmission power and resonance 

wavelength have been calculated by the transfer matrix method. With increasing the refractive index of the 

sensing medium, the resonance wavelengths are shifted to the larger wavelengths. The rate of the increase 

in resonance wavelength increases with the increasing refractive index of the sensing medium. Therefore, 

in the range of larger refractive index of the sensing medium, greater sensitivity is obtained. The results 

show that the sensitivity of the biosensor increases with the use of the titanium dioxide thin layer. By adding 

a 5 nm thick layer of titanium dioxide before the graphene layer, the sensitivity of the biosensor was 

increased from 2350 nm/RIU to 2600 nm/RIU. 
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1- ".�D.  

<�)���0� ��% 04� -�5�'6� ��  ��8�*3&�"�� ��,� 5� ��� �� G'�2�"	 6"�<��D� ����5+� � E��� ��, .���"�� ��,� 

��8�� � ���   ��+< = � >D���$�  �( ?��<��	 P6 -�D� :����� ,"�3 .������<�$ ������ Q�""�  @� ?�A���+� A ��"R ��,� 

�*3& F����  .���SI� ��]1[ ���� �#���: ��3&"� �*3& �"�� ��,� �+��� 04� -�5�'6� 7 (��	 �  ��� ���� :��6 ����!

 ��  SI� �� �� .��� ��� ���L��� 'A]2[ 7�	 8 1��V�   ����, �;<� ����!"����  .��� 	���! ���� ���L��� ��� ��� W"�0� ��

 ����! � 	�7 �B�& 	����58 .��� 	���! ���� 	X
�4 ��� ��3�( �*3& �"��3& :��#�� �;I 9�",��"� �"3�� �� N(�, � 	�7  

2-  ���	
 ���� ���)��  

���2�� ��3�( �*3& �"�� ��,� �+��� 04� -�5�'6� �D� �� 	X
�4 ���1  ?�A �� .��� ��� ���� -�+,L=15 mm  :��6

�"�� ��,� �H�   ��� 	������� 7 ����� -)�	 � ���,  ��MB 	�50 nm    ��� ���� :��6 >Y�7�	 � �(�,� � (�� 3��"� �",��"9� 

7�	 ,�+,� 7 �X�   ����	 �8��  ���� ���� ����! (�� �;,   ������ 0"E  	� F�3&�  �6 Z��,� �,����8 [� DNA ��  ��3�( ���

 ���"5"� ���<� � �& 1 �L� ��8 �\]^ ������<�� �� .�H  F�3& � 	"&�, �3D� C��B $�D�_�
�"� ���� �� �(�� �;��+ ����

 (�1.33  ��1.37  .��� ��� ���� �""Q����,��"� �4�62.5 µm   ���� 	,( �   0.14  ��\<  (� R]�M ��8 	�7 �D"�6� 1�VM+

SI��]3-5[.�,� ��� P2�  
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 	�!"  Z�, �42 �#��'6 ��, ���6 ���� �!�<���(��p  ?���,� >���� ?� ��# ��) � ���� �� 	�7. �;�,� %� (� ��, ���6 �2�� 	� 

���, ��"�  e�L�� �04� -�5�'6 ���+� 	� �I� ?�A ��(� 	� .��� � 	���0 �*�� ��;�,� �� �#"
��, ����� -���   ��� W��#�

 .�� �8��2 f5"<" �#"
��, ����� -��� $���� � �(��,� 	� F�3& E"0 �3D� C��B �!�∆%�  $���� :��#�� 	� ���+� @� ?�A

 �(��,�∆& �'�   	���� :��#��  �"��3&�*3&  �(��,� ��3, 1��V����H��I �3D� C��B �""Q� 	� ���+� @� ?�A )( �  
∆ ) ��

∆ ��
 (

��� � R��X�]5[. g"M+� ��� �Xh� - �� �����6)*+(  ��3, 1��V����H��I  ���+� @� ?�AΔ& �'� �<;6 	�  Z�L��� RV, ��

	<"+"� )FWHM $(∆&-./ .��� � R��X�    �"��3& ��3,�*3&  	�∆&-./ �*�3��� ��"X �� �04� -�5�'6 ���+� R"A )012( 

��3�( �*3& ]�<�, �3 .[ ��)��� ��8�����6 -��<� 	� (�*�3��� ��"X   g"M+� ��� $�"��3&) �����6 	� 	
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3-  G�� � H	���  

 ��i& ���% 7�	 �  ����!  7 - ���	 � �� 3��"� �",��"9���3& $"� ��3�( �*3& 2350 nm/RIU 
�& �� .�) ����"	D 

7 -��� 	��B��	 � � N(�,� 3��"� �",��"9�  ��MB 	�5 nm 7 (� ����	 � �#�� j��� ����!�: ��3&"� ��3�( �*3& 	�2600 

nm/RIU �� . �D�2R
� ��;�3D� C��B ���� �,�5�'6 ���+� ��8����5, R]�M  F�3& E"0 �� -�+,�8� �.  C��B :��#�� ��

F�3& E"0 �3D�$  ��!�#� ��8 @� ?�A G�A 	� ���+� ��8 @� ?�A�,�� � �H��I. �D� W��42[  @� ?�A :��#�� �(��,�

 .��� � ��+"� �3D� C��B :��#�� �� ���+� �P
 $� � � ��\�,� � 	"&�, �� ��!�#� ��8 �3D� C��B �"��3&3�( �*3&�� 

.���� ��!�#�   

 
 E5*2-I2 (  F�3& E"0 �3D� C���B ���� �#"
��, ����� -���1.33 $1.34$  1.35   1.36 K( �3D� C��B C3&�� ���+� @� ?�A  

? �I ��1 ��3�( �*3& ��)��� 	� k��� 1����0    ����! � 	�7 %� ��5 nm  ��8 �(�� �� 9�",��"� �"3�� �� N(�, � 	�7

 �3D� C��B �""Q� -�3D�0.01  $F�3& E"0 �3D� C��B 1��""Q� �� �0 :��#�� �� ��� � 	\&' .��� ��� ���� -�+,

 ��)��� ��8�����6��3�( �*3&  �3D� C��B �� ��)��� ��8�����6 :��#�� �, � .��� 	���� :��#��1.36 � �42 ������ �� �� ���

 � ��0, 	� 	I�� �� ����� ��� .���� 	���� ���+"� ��� ��)��� ��8�����6 :��#�� J<8) 	� ��� � �\, 	� -) (� ��+"� :��#��

���H��I  �D� W��4 $�04� -�5�'6 ���+� @� ?�A2[ F�3& E"0 �3D� C��B :��#�� �l� �� ��!�#� ��8 @� ?�A 	� $

.��� 	"I�� ���� � ����  	
�����2�� �% ( �*3&��3� �"�� ��,� �+��� ,�5�'6� 7 ���	 �8� 8"����� �   ����!� 3��"� �",��"9� 

���� �#���: )����� 6 �*3&"��;<+ .�� ��3&"� ��3�( �*3& �� 7 -� #���	 � � N(�,� 3��"� �",��"9� ? ��� �*3& 	� ��3, 

�#���: ���� � .] SI� -�!�<3��,1 [] SI� -�!�<3��,   ����! ��8 	�7 (� ���L��� ��5 �� [ ��8 	�7 (� ���L��� �"L
�� ��   ����!

��3*<�  C"��� 	� �� ��3�( �*3& �"��3&2550 nm/RIU   3200 nm/RIU  .�,� ��� ) ���� $������<��"��3& �m���& 4800 

nm/RIU ) ��� 	�n�A -��� 	I�� ���� ��<8� -�+, �H<�� �� �� .��� 	
�� ��� �� ��� ��;<+"6 ��3�( �*3&   

 (��'1-  ��)��� ��8�����6( �*3&��3� F�3& E"0 �3D� C��B �� �0 C3&��  

FOM (1/RIU)  DA  S (nm/RIU)  ns(f) ns(i) 

32.43 0.32 2400 1.34 1.33 
34.15 0.34 2800 1.35 1.34 

35.56 0.36 3200 1.36 1.35 
38.61 0.39 3900 1.37 1.36 

43.64 0.44 4800 1.38 1.37 
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