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 �($ ����+ K�4 ��H��646.5 nm '� �+��� ������!�����$ �7������I ��5�7 L)�" M)A ��� ��3 7�N+��!  ���D���
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Modeling of a Polarization Rotator Photonic Crystal Resonator on Insulator for Label-Free 

DNA Detection  
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Abstract: In this paper, a structure of photonic crystal resonator biosensor based upon a quad-core 

silicon- silicon nitride cross-beam on silica insulator with the elliptical geometry of tapered walls 

including periodic air grating along the entire structure is modeled. The computational results showed that 

the structure can be used to detect biological parameters in a wide range of frequencies by intensifying the 

sensing mode with a large quality factor Q≈9827.8 and confining with a very small modal volume 

Vmode=0.001(λres/neff)
3
 in the microcavity area and creating a wide bandgap of 646.5 nm. This structure is 

capable of detecting a very small surface area of 0.0045 μm2 from the analyzed solution of DNA 

molecules with very high surface and resonance Sensitivities equal to Ssur≈0.0008 RIU/nm and Sres≈340.6 

nm/RIU, respectively. 
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1- H��3� ��	I� �  

     �+�+	����� ��!�4��� � �4#�" Q�5� �+���3 ��1�F��B " ��� � �)�� 7� ���D��TB: ��!�� ���+ � �7�� )D)� �����3 �Q 

E�.� ��)5� �� GH9 " modeV &I 26�� ��)5� ��L�� �):U,! " J�"��"��) �� 26�� ��)5��!	6��V�� &��� '�"� �� ���+ �7�� 

	���� 6�� �!�* ��7I2  �B�W-P�� 	���� �"� �� ��* ��7I 	�8�� >�B �� .���  �!���8�� ��������+ 	� �"�� 2� &��:� �LD:

 '��)+���3�)1B���+�� ��! 'X�� �)��59 �� �� ���),)� '���.$ '��5�7Y��T� &� +�)S��� ���I �L��" &�7 ��:��,+ �7����]3-1[.  

��5�7 �*59 ���8��- '	
�� ��� �� ��� 	]��� ���.$ >��PW�A ���" ���1-� 'M
��� �� �: 2�+�+	�����  ��1�3�+���  	�5!��(6

 <�)1)� �����;�: )3.45=Sin( &��)1)� "�����)+ )2.36=SiNn( ��)1)� >��� �"� �� )4.41=
2SiOn( ������ ��2���� ��!��+�� �� .�� �� 

 	��:!G)+ 	� ��?)�26�� �P� er �	���$ 	� ���� ��:($ 	� ��! ��!a `"�:� ��"� �� a2Λ= �� ��H�� &I @�A ��.��� � 	+�,+7� ���! 

W�A ���"&��) " ��!����,+ ���� aP� ���(: )$ ���8��' 	)�� 7� 	�) �"�B &�,
� b"� �� �7��FEM( ��� �� "0�+ 7� ���D��.3� 

COMSOL Multiphysics (Ver. 5.3a) ��I �����+�' ��  ���1 - c " `��� ��� ���� &� +.   

   
 4#$1-  ���8�� ����9�A (M
�	������+�+ �4��� � 	�5!��(6 �����; �"� >��� �� ��������! 2���� '��+��	�@��
� ��*59 ��d: ��!DNA. `(  (c "�$�)3"  "

 ������
� &��) a�7�� ��!����,+ "���8�� ��*59 � �e�+� �
�*6 	D
f ��)	:)(� ��! ���nm 45.99=er 'Λ12L= 'nm 170.705=2Λ/a=  "nm 267=w.(  

2- ��J&, �/&	K H�!(� ����� 	9:/ ��C���  

     @��
� ��!DNA )1.414≈DNAn( G!�� ����: ���+ g:��� @�A " 	���� ������h 0�� ��H:$ c� 	�X��7���)1)� " �

��+�+	���� ��!Si " SiN �	 �� ��� 	�3�4 ������(: )$ ���8�� �D)A 	)9�+ ��� �� �.)6�+ ��)5� ���+ `ij .)+  .�+��� �):U,!�g�P 

 ���+TM' 	���$ �� E��� ���� � � &�) h� .��,� ��g)� �5�� Q��; �� ��!�� ��  ������8��' � Qj���� ���+ K�4 	� �

���4 ���9 �D)A ���54 �� �:($ ��)5�]4[ .��� 7�"�' 	��$ � 1TM  ��@�A� cnm 1550≈λ 	� ��*59 � &��:��h�+���� `  >��P "

 ��� ����,+2- ��:($ 'M
�w  ��(6	�����  �����;Si " SiN 	�	+�4	:)(� �� �7������� � F��B Q��; 	� �4�� ��+����) �

��*59 cΓ' ���8�� ���! g��$ �� .��� 	:) )� 	:)(� C���+�7��'  ��!�:($ l�7� 	�nm 267w=F��B Q��; 	:) )� '�4��  ���+

0.2~cΓ g��$ �� �� ��� ��! �.��� 	� 07X 	� ��� O);���"� '�]�1��� @"� 	�P: �� E��� ��� � m�� �?�� 	���$ `"�:� �	� ��!

��(� �� '���(: )$ �+���3 ��1� ���8�� �� ��� ��H�� ���! 	P��� 7� ��)41 �7��+� 	� Λ=2a=341.41 nm  	���B���� ��]4[.  

Λ=λB/2n     {��:   λB=1550 nm   &   n=(nSi+nSiN+nAir)/3}   ===>   Λ=341.41 nm                              (1)  

7� ���D��� �� 	D
f	:)(� ��! w  "Λ���L� ' 	:�IE��� ��!' M' �)� �	� �+���3 ��1� 	����� ��:!�	+�4	:)(� �� �7������� �  � 	�

��*59 ����,+ 	� 	j�� ����!  ��� `��7�� " ����2-` c " l�7� 	� 'M=12 E��� 	:�I'  ��������7�� 	:) )��4�:  2� ����"  ����+ K�4

�($ ��)5� 2Δλ=646.5 nm �7��) 1000-1646.5 nm ( ����� ���  ��� &��) �)3"�$ >��P "2-����
� &��) ����� '���  ��*59 �

 ��	:�I 7� ���� ��� �! 7� N$ E��� ��!	�	+�4� �� �+�8�6 � 	��+��:6 n�D+ ��+����) ��)1)� 	�X��7 	� 	����+ ���.��� 
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 4#$2- F��B Q��; (M
� � �4����*59 )cΓ(  ��!�:($ Q59 ��w '�����; 	����� ��(6 M1�h  (``��7�� " ���� Q���; �� ���L� Q59M E��� 	:�I'  (c

 M��� ���+���� ���8�� 	:)(� @�A )L=12Λ( "  &��) �)3"�$ (�E  ���8�� �� ��*59 �	D
f ��) 	:)(� ��!w=267 nm' a=Λ/2=170.705 nm " L=12Λ.(  

3-  ��C��� �/&	K	
����  �	9:/M!��:/ �N�� �  

      ���� ��� �����	:)(� ��1����  2� 	��4��� � �����3 �� ���5+ modeQ/V E�.� �1)8������ '��� ��+�j ��! ���8��' 	� ��?)� Y���

G)+ �� �P�26�� er  2������	:)(� C���+ . ��� �7��3 -  ` " M
�� &� +�!�  ��� 	��4��� � �7� 	� ���� lnm 45.99=er ' �

 �)D)� �����3 �� �� ��*59E�.� 9827.8≈Q 26�� ��)5� �� GH9 " 3
)effn/resλ(0.001=modeV � ��� �.�:� + ��)5� 	�X�7��  7�

@��
� ��!DNA  ��h; 	�H  ��+�j ����j " ��! 	���$ �� J�"��"��)��� ��� �)�o� 	��j &�.) ��@�A ���j���� � c� esrΔλ 

�pf �5�� Q��; �))q� 	� ��5+ effnΔ ���� � �)��59 ����) )effnΔ/resΔλ=resS ( &�.) �):U,! "f �5�� Q��; �))q��p effnΔ 

	���h; �))q� l�7� HΔ ) �)
�+I�BP� �)��59 ���� HΔ/effnΔ=surS(   .��� 	���B ��I ���� C���+ ��� >��P3  +� &��!� 

 	����8��  ���(: )$ ��� ���� 26�� ��)5� OP�2mμ 0.0045 @��
� �)
�+I 7� ��!DNA �� �� �)��59��!  � " �BP� ����

 Q)���� E�.� ��)5�nm/RIU .6340≈resS  "RIU/nm 0.0008≈surS  ���+� +�)S Y��T����,+ �7������I . ��a,j�:� '� ���8��

�9��A ����4��� � ��1� 	�5!��(6 �+���3 �����; �� �"� >��� '�� G)d:� 	��:! �������! 	�X "��! 	1� � ��+���  ���P� @��:� g

&��) " �� F��B�7�� ��(� � �� g��$ " 	���$��! ���! '���8�� 	:)7 ��)5� ���:�� �  �(j ��*59��5�7-.$��� ��"I G!��3.  

   
4#$3-  ��*59 � ���� " `��7�� Q���; (M
�l�7� 	� G)+26�� ��!�P� er 2������ �4�+���?) ������ (` '���8�� (c '��*59 @�:*)� 	��j ���j@�A c�

 ��*59 @�:*)��� ��h; Q59H  	�X M1�hDNA�)��59 (� '���� � ��! resS �BP� (� " surS ��h; " W�P� 	� ���8�� ��!H )
�+I M1�h �DNA.  
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