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Fabry-Perot Refractive index sensor using perforated ridge bus-waveguide  

Zahra Rasuli Emadi1, Mahdi Bahadoran1* 

1 Department of Physics, Shiraz University of Technology, 31371555, Shiraz, Fars, Iran. 

Abstract: Implementing two holes on a ridge bus-waveguide provides a Fabry-Perot resonator with the 

Lorentzian output of light. The optical transfer function for the proposed system was derived using the scattering 

matrix method. The proposed layout used as a refractive index sensor and results were simulated by Lumerical 

software using the finite difference time domain method. An extended free spectral range of 140nm and the 

sensitivity of 46nm/RIU were realized by the system. The superiorities of the proposed system are in its simple 

design, fabrication feasibility, realizing simultaneous changes in the resonance amplitudes and wavelength 

spectrum, besides an acceptable sensitivity of the sensor. 

Keywords: Fabry-Perot  resonator, Optical sensor, Gas sensor, Finite difference time domain 

  

                                                             
∗ bahadoran@sutech.ac.ir 

 [
 D

ow
nl

oa
de

d 
fr

om
 o

ps
i.i

r 
on

 2
02

6-
02

-1
6 

] 

                               1 / 3

http://opsi.ir/article-1-2512-fa.html


������+� ��$���� !/� 1����20 3+"��- 6 '��5 1400 –  )��#8� � �9+" ��	:$�;� ���:���!<:(� �+(
  

٦٢ 

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

1- ���=�  

���� �/J�K
 ��L�1�  �8�"��
 ���!� ��E�����/��� �
�� 	� ���� ��31 �"�� �M5 �C��J#� &�]1[  4J0 ��C�5���!����]2[ 1 

����� ��C�5���!�- 1�6]3[.���  .�)�8C �7�� ���� ��#H#6 R�$#LE� 1 R�"� 
� �)
&�#" �L�1� ��� S)� �7��������-  ���� ��T� 1�6

�� IJ�K
 ��L�8 � A��B �� �K� R�>/� ,�
�#U &� �
 �# !� 	���9 %� ���.   ��� �#?" �/J�K
 ��C��8� �� �"���#
 ,�
�#U ���

 �"���� ��J� ��� �� ���"]4[ ��#5 ���� R��� 	� 	� ���� �1� �� � #"���� RW�X�� �� ����85	 ���� ������ �C�*80 1 .  	(
�T
 ��� �� ��

 1� ��E����/0 ��  %� �1���3�
 ������� ��� 	"��"�  &��$2
 ,� #J#�  � #J#� 	�W ��& 14 %� ��C�5���!������- 1�6  �31�7 ��

 ��" �8�"��
�� �0��F.  Y��6 �8�"��
.��� �C ��/0 ���(� 1 � � 4 ,� 
 	� 	�8��1 I#F ��/0 � � �� �� 	"����� � � 	�Z �?" �� @

�0�� �7�� ,� 
� � � [J\
 1 �J#T�8
 ��/0 	� ��8" 	� �� 	���5 .�) #
 �#L
 �� ���   ��$
 4�7�� �� �5��� ��� 	���� @�8#� 

��(��  %U���#@�8  .��� -��� ���� ��&�� 1 

 2- ���� ��2��	+� ��	
 ���
 �����-�� �� ����� � ������ ������   ��� ����  

� ���� � 	
��
� ����E � 	"����� ��/0 1�� ������ ��3�
 ���4  �C 	J�� �!���� 8�"��
 � � 	�� �
9 ����  &� 1,��)� 	� ��)�� #6 ��� 

�B �*80�A  �8 � ���/�����6 .#�)�� � �#@�8 ���� ���
�  � � ��1-I
�  .��� ��� ���� ,�!"�$2
 ����� ��� 	"��"� ��3�
   &�

� <)3#J#,�  1� �� 	� ���� &�� W�	 �� � &�#J#�   .��� ��� ���� ���� �$2
 �.8� ��)L6w=500nm 	"��"� ]�/��� 4h=220nm 4 ]�(�

  ��/0 �Cr=160nm 	J��� 4�#�   �C ��/0l1+l2=2.8 μm ��� .���� ��" -���"� ;��� 	���>
� &�  =1����
�< 5�)���6�  .�� ���/���

 � � ^��T
1-�C���6 	)
�� �5�  _� �1�1� 31�7 1� ��� 	�#A Eout ,Ein �C���6 	)
�� 1 ����� ���&��#��  &���LC�5�M5 �1�1� 31�7 1� 

Er2 ,Er1 ���)�4 � 	T���#� �C���6� 31�7� �1�1 1� �#@�8 & R��X��� ��� �C��7]5[.  

(1) 2 1

2 1

1 % %

2

% % 2%

1 10 01

1 11 0 0

g g

g g

ikn l ikn l

r in

ikn l ikn l
out r

E r r Ee e

E r r Er e e
− −

  − − − −      −
=           −         

  

 �E)�� ��r% ,�!"  ��)C�a���&�� ���� ��"  &��C 4 ��/0k   4b�
 ���ng �8 � A��B ��3�
 �1�5 ��� .��"�S �
�
 ��$�� D�" %.� 	��-�  

��#	 &��� �� �� ���/��� ���.J� A���B &� � #J#� 1 ,� #J#� ���� �&�� 	#�� �� 1.  �
 ��E�� ,� 
� ��8��� ��)�� #6 	� ��1�1 ��"

 .�)� @C��� �� �B�� � ��� 
�
 R�� ����."#,�� �� 
�� �  �� -�F ��3�
 ;T�
 1 � � �� ��� 	"��"� ��3�
1-_  11- ��� ���� ,�!" c

,�!" 	� ��� .��� ��� 	���� ��)�� #6 ,1�� �
 �# !� 1 ��" ��!�"� ,� 
� ��)C� 

  

 ?	
1- (I
� ��)�� #6 &�  �
�� �8 � A��B �*80������� ��3�
 ��/0  ���. 
 R��#,�� �� 
�� �   ��(c ��� 	"��"�  ��3�
 -�F (_��� 	"��"� ��3�
 ;T�
    

 [
 D

ow
nl

oa
de

d 
fr

om
 o

ps
i.i

r 
on

 2
02

6-
02

-1
6 

] 

                               2 / 3

http://opsi.ir/article-1-2512-fa.html


������+� ��$���� !/� 1����20 3+"��- 6 '��5 1400 –  )��#8� � �9+" ��	:$�;� ���:���!<:(� �+(
  

٦٣ 

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

   

 ?	
2- (I
�  ,��#
���� �
 -�F A80 ��b  ��� ��/0 �5���!� ���� -�.�� ����a� IJ�K
 ��L�8 � A��B �� ���
    ��/0 �5���!� ���� ��*80 e7 (_

 ���  

 �&�� 	#�� S���"  �� � �2 ,�!" ��)C�  &� ����� I#F ��E���C 	J�� ���!�  �8�"��
 _1�)�
���.  -�.��IJ�K
 ���
 ��3�
 �1� �� 

2� [���##� �B�A 
 ��3�
 �� �1�5 �8 �� � 1 �"���� 2�##� �E��3 [����� �C 	J� ��� �!��� 31�7 ��"� 
 �*80#��!.  ���E��3

 �E)
 ��� -�.�� ���
 ���� �/#F  �3�
 -�F ���E��3  	� 23 nm   �#��80 146nm/RI �� 
 . �� �5��� �� �1G� �*80 ��� ��$

 �7�� 1 �0��F  �/#F ��&9 ���85 	� ���#���  4����140nm  �##2� �#)H.C 1 I#F ���85 �� ,�
$.C��  �8�"��
 ��C 	J� 	)
�� ]�/���

 	� �����)� 	��F ,� 
�  $#" 	)
�� ��*80 ,��)� 	� �� �*80.�) #
 @C���  I(B 	T�" W�� �"�� ��)L6 �� ��C 	J� �� �*80 ��� �� �1�0

56nm .��!#
 �#��6 �#/#� ������  	� �E)
 	� ��� A��B ��C�*80 �� 	8���
 ��  f�
 �
 %� �*80 �#?" ��#H#6 �0��F ��  �8 �- 

�"&�#��80 �� �28.2nm/RIU ]6[    4�*80f�
- �#��80 �� ��� %� ��"&17.1nm/RIU  ]7[   �#��80 �� $����� 	)#��
 �*80 1

16.1nm/RIU ]8[4   	(
�T
 ��� �� ��� 	���� ��)� � #6.��� �
��� ���� �#��80 �����  

 :��+- �@+<� ����� �8 � A��B �*80-1�6 �31�7 ��  ��" �8�"��
 �� 1� ��E�� f����"����� 	 ��C ,����
�1� ��  %� �$2
��3�
 	"��"�

���  =1� %.� 	� �C �&�� 	#�� .�� ��E���B�/� =1� %.�  ,�
& �&�0 �1�>
�� D�E"� �/#F ��&9 ��1�>
 	� 	�140nm 1  �#��80

46nm/RI �� �E)
  . �� ,�
$.C �##2� 4W�� �/#F ��&9 ���85 	� ���#���  4����  �7�� 1 �0��F �� �5��� �� �1G� �*80 ��� ��$


 �8 � A��B ��C�*80 ��8" �*80 ��� .��� ����� I#F 1 	)
����#H#6 �0��F �� ����)
 �#��80 ����� .���  

A���� 

1.  M. Al Ahmad,  et . al., Microwave and Optical Technology Letters  51  1167-1169 (2009)  . 
2. M. Bahadoran, et . al. Microwave and Optical Technology Letters  63 653-661(2021). 

3. G. Testa, et . al. Optics Letters  46 352-355 (2021). 
4. J. Luo, et . al.Lab on a Chip  21 1752-1758(2021). 
5. L. Gu, et . al., Nanophotonics  8 841-848(2019). 
6. G. Yin, et . al., Optics & Laser Technology 45 294-300(2013). 
7. N. S. Ojha, et . al. Optical Fiber Technology 54 102118(2020).. 
8. I. M. White, et . al., IEEE Sensors Journal  7  28-35(2006). 

 

 

 

 

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 o

ps
i.i

r 
on

 2
02

6-
02

-1
6 

] 

Powered by TCPDF (www.tcpdf.org)

                               3 / 3

http://opsi.ir/article-1-2512-fa.html
http://www.tcpdf.org

