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Abstract- In this paper, a chemical sensor is designed and simulated based on the structure of a defective 

photonic crystal fiber. The computational results based on the finite element method (FEM) show that the 

geometry of the proposed sensor structure can detect the selected and optimal chemical sensing mode, 

with ethanol analyte, at a very small surface level of 0.4 μm2 with an extremely large sensitivity S~1550 

nm/RIU. The geometry of the structure, though confining modes with a very small modal volume 

Vmode=0.0005(λ/nSiO2
)

3
 in the defect region, drastically reduces light loss and by its resonance, provides a 

very high-quality factor of Q=3.1×108. In Addition, the structure supports evanescent modes with 

sufficiently large field amplitude and provides the basis for its use for chemical sensing based on 

refractive index changes. 

Keywords: Optical Fiber; Defective Photonic Crystal; Refractive Index Sensing; Quality Factor. 

                                                        
∗ daraei@phys.usb.ac.ir 

 [
 D

ow
nl

oa
de

d 
fr

om
 o

ps
i.i

r 
on

 2
02

6-
05

-3
0 

] 

                               1 / 3

http://opsi.ir/article-1-2498-fa.html


����
��� ��5
��� 
�! 6��
784 9�:3�- 6 0��= 1400 –  '��	@� 3 �A�: - .B53C� -��B���
�B"�  �"�  

٢٣ 

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

1- �! �! 
�
D! 3  

���% ��.��() �%���) ��!� ��� /�	  ��.��� �#(%���)�� �������	� 	� �9�0.��: ���:�� O��� * 	�0. �0#� B��J N6�:� 	A��* �

 ��9�
 �� �!:�� @��/�� "�����#(%���) ����% N�+ �+7�* /� ������:�� '(% * �!� �� ���V -��� ��*�9� ��9�
 ��&���#
�����. �
 � "��

 N6�� �� * 	�:��%�  ��� ��() 	�0. �� �� ���%�'(1�% �
 ����. -E D�< ���99�]1[ .�	'Y ����. ��.�
 ���() 	�0. D�< �� "��

 ��.�
"�%����(
  ���%'(%  ��Y* ���� 	�-E ����(
�
 �.	��$
 �%��� 	� �P��5
�(� -�%�� ��() ���. O��� �� ���5% P��� ��(� Z�Q%

�9�]1*2[. "�%����(
 ��.�
 ���� ���� [���0% -��(
 	9
�� ����� P��� ���
 �	\86
%���9 �L.�� ���(
�%E �� ���% O9� ��. K�5� ��

 �*�M
/N6^	� O�% ���() O��� ���'���  ��208���%�$% �(^ 	%�5%� �99� �Q��]2[ . ��208 �#(%���)�.��() /� "��Q��� ���  -��9� �=�

 ��() �*� �� "�2$��
/E)Lab-on-Fiber(L�0(� ��*�9) �� K�(� �� ��.�� �(\% ) 	���� �*� �� "�2$��
/ELab-on-Chip �(�
 a�A
 ����

 	��� "�2$��
/E �!�� 	
��
 	� �� ) �:�� * b(=
 �c�%Lab-on-Tip, Lab-Around-Fiber and Lab-In-Fiber�
 P��� (���d�]3*4[ .

	
��
 ��� ���  ���� 	� ���(��� L�0(� &� ���% ������ ���208�  &� ����(5(� �208;�% �%���) ��!� ��() ��� �/�� 	(�� * �8��<

 ��� "��K��=
 * ���$� �� ��� ���� 	� �(Q(� �����) &� �� ���(5(� ��208 �
 �/��Q   ��
 LM8 * R��V����  &1�� ��(0�

 �(9g5. * ��!� ;�% 	(8�% ��	�R ��(+��#� ����. ��(0� ��/�% /� �(
�%E ���(5(� D�%��� "���Y �� 	%������� -E  ���� ��208 "/�� ��

I�'� �0%���) h(<� 	� ��4� ����% N�+ 	A��* R��  �(��08 ��.��(+ ���� "��Q��� ���
  

a�< i��A
 �#� "��*1���#(!(� ��() &� �� �5�$
 ���49$(� ���:�� � )1.44=
2SiOn( �91 �
� j�H� 	� D*���
 nm 4446~corer 

�
 /� �k!k
 	#�� 	� ����"�Q8��.-��. 	%������� �/��
  ��=
j�H� 	� �*���� mA�
 FA� 	�) cylinderr�� (  "�*����*�9 Λ  FA� ��

	A�% ;�% &� �*�8 ��H� *� �%���) ��!� ��() ��� .��� "�� ��M�� -E �J�� mA�
 BY�
 	� ��� �#%�) �� "���
  ��208

	� ���(5(� 	��%���) ����% N�+ 	A��*  ;�% ��M�� /� ��� �� ����% �� ���:�� �� ��$�%� "/�Y� &� �� -�9��8��
 LM modeV  ��(0�

 &1�� �(Q(� �����) &� �� *Q R��  ;�% 	(8�% ��"�� '��5�
 ���=
  * �'T
 ��.��� ����.   

  
 *.�1- ;�% �%���) ��!� ��() "���8�<	� ���49$(� ���D�#
�
 ��208 ��\9
.D�%��� ��.  

2-  �� E�	��� FG8	��� 
����� ���� 
������  

i�< 	A��� )1( n��  �S�!��� D*� 	�A9
 �� I��� ���$�]1[ @*�9� "�*� �"�Q8��. 	%����� ��.��=
 �/��
 �� �)j�H� 	 2/Λ=cylinderr ( ��

"/��%� 	� �%���) ��!� ��() ���:�� nm 635.25=Λ ��� "�� 	�)�+ �\% �� % N��<� �� �94� �%���) ����% N�+ ��	��� �
 �Q(< 	(8�1TE 

 �
��8 ��"�M9� o�
 D�< ������C
  �� )λ=1550 nm ( ��\9
 	� ���(5(� ��208 �
.��� ��M��  

Λ = λ	/2�      
     ������� ��    &    ��(�����

�����)/�     

 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!"       Λ = 635.25 nm )1 (                                               

 	�λ	  *n D�< B(����-�5
� �(2%�(
 �0#� B��J * I��� o�
�(#$� ��..�9�0. (��. * �#(!(�) I��� 	9�E �8�* D�!� "�9.�  

 [
 D

ow
nl

oa
de

d 
fr

om
 o

ps
i.i

r 
on

 2
02

6-
05

-3
0 

] 

                               2 / 3

http://opsi.ir/article-1-2498-fa.html


����
��� ��5
��� 
�! 6��
784 9�:3�- 6 0��= 1400 –  '��	@� 3 �A�: - .B53C� -��B���
�B"�  �"�  

٢٤ 

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

 BY�
 �%���) ��!� ���:�� �� "�� ��M�� ;�%�
 ��� ��� 	����:��  &� 	� ���%�+���$� (%���)�# �(Q
 ������ ��]4[ .� �

 �� * ���#��� Nd8 ���H�"�Q8 ��.	%����� ��.�� �'��
 )M( �%���) ��!� ��() ���:�� ��((T�  * ���� B��J$(�	9(K��=
 �/���+�� 

)DΓ 	� ���(��� �4Y ( ;�% 	(8�% �� ���(5(� ��208 �
��� "�� �����. P����=
 >���% K��� �� p�'Y� -�5
� =
 �*�* (4�	9�/�� 

�.��
����  �#� ��.����5% �� 	�2 -  ���� "�� "��*E @ * h
��
 -�$% �.�� 	� Nd8 p�/� 	� ���d
 ���:�� 	� �� 	%����� ���.

 &� 	� ����� ��'��
�+���$� ����9
 �
K��=
 B��J �� �� ��208 �
 ��� ���� 	� �����
 �+��L5�' 1=DΓ  *LM8  ��(0� ��


&1�� 3
)

2SiOn/λ(0.0005=modeV  * &� ��� �(Q(� �����)I�' 810×3.1=Q  ;�% 	(8�% ��"��5% ���$� * '��5�
 �%��� �
 	�  ����

 .��(+ ���� "��Q��� ���
 ���(5(� ���
 ��208 "���8�< -��(
 ����
 	9(4� ���� mA�
 FA� �� "��x-y  *5% /��� 	���Hq�  �� ��5�

 (���=
) -E B(�����#� �� ��.2 - � * o .��� "�� "��� -�$%  

  
 *.�2- K��=
 B���J ����5% (h
��+�� )DΓ(  �
 ���� *	9(4���208 ���� "���  ���H� B08 ��M  ;�% 	%���������5% (@ ���.��. (<h @��/�� * ����U 

�()*�� -��(
 ��� �
  (o�� FA� mA�
 ���� x-y (� * /� ��5% 	���Hq� ��5� �� -E )���=
(.  

"/��%� �����(��08 -�'(
 ��(+ )S (;�% �%���) ��!� ��() ���	9(4� ���	�R �"�� ��.�/�% ��(0��  /�ED�%��� ���(5(� �(
�%  	�

 �
�CJH �0#� B��J 	�) 1.352=ethanoln @dY B��J * 1-cm 5.63~ethanolα �#� "���8�< i��A
 (1  	� "���Y	%������� -E  	)�J�

��.��� "  i��A
  >���%�� "�
E ����  �#�3 -  @ * h
��
 "�.�$
��� &1�� ��(0� FA� 	� 2mμ 0.4 � �(
�%E /� �� �� D�%��

�(��08 �R�� S~1550 nm/RIU  ���
 -��� .��� �/����#�E������9� m5Y ����9��  ���49$(� �208 	��� ��� ���:�� ��!� ��() &

;�% �%���)D��9� �� ���� I�'� �(Q(� �����) �� ��.�
  O��')� *K��=
�+�� '��5� * �@�!A
 �8��% �� -E �
 �%��� �����%��

-�$% �(^ ��0�/ ��.��
���� * ���(5(� ���
 �/����#�E ���� ����9
.���� ���  

   
*.�3- ����5% (h
���. 	��Y���� h(< ���Y�  (@ P��((T�D�<����$� o�
 resΔλ �0#� B��J * cnΔ  O���	9(4� �%���) ��!� ��() "���) �
�CJ p�/� 	H * (

.D�%��� 	�R h!�C
 a�A�  

IJ�
!  

1. B. E. A. Saleh, M. C. Teich, Fundamentals of Photonics, John Wiley & Sons, 2019. 

2. M. I. Zibaii et. al. Journal of Lightwave Technology 34(19), 4516-4524, 2016. 

3. V. Patrizio, et al. Laser & Photonics Reviews 10(6), 922-961, 2016. 

4. Md. Ahasan Habib et. al. Optical Review, 1-10, 2021. 

 [
 D

ow
nl

oa
de

d 
fr

om
 o

ps
i.i

r 
on

 2
02

6-
05

-3
0 

] 

Powered by TCPDF (www.tcpdf.org)

                               3 / 3

http://opsi.ir/article-1-2498-fa.html
http://www.tcpdf.org

