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Modeling of a Polarization Rotator Photonic Crystal Resonator on Insulator for Label-Free
DNA Detection

Mohammad-Mahdi Babakhani-Fard!, Ahmadreza Daraei>*, Mohammad Ghahremani Moghadam?, Mohammad Ismail
Zibaii!
1 Laser and Plasma Research Institute, Shahid Beheshti University, Tehran, Iran.

2 Dept. of Physics, Faculty of Science, University of Sistan and Baluchestan, Zahedan, Iran.

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
Vinode=0.001(Ares/nerr) 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 pm? from the analyzed solution of DNA
molecules with very high surface and resonance Sensitivities equal to Sq,~0.0008 RIU/nm and S;.~340.6
nm/RIU, respectively.

Keywords: Photonic Crystal; Optical Resonator; Label-Free Sensing; Refractive Index.

! babakhani.m@yahoo.com
2." daraei@phys.usb.ac.ir
¢y

ol oy BB http://opsiLir/ cols yo a8 cal jLzel Gl)ls (5,50 50 dlie oy


http://www.opsi.ir/article-1-2505-en.html

[ Downloaded from www.opsi.ir on 2025-07-26 |

(it s SISASNS w3 5300 0y 3 VP e T 5 =5y (510 R (oo (S (o

&2 %0 9 doudilo )

Q cuiS HeSL L ()58 o Silwgmprne 5 iS5l (63,0 ramie S SRy come SF9 jsk S nads laasy sl
35 2 6% Gilwaz LS Ol dap] g8 ey olal (rizean 5 S1l5,500 10 SzsS o Vinote 600 92 5 S )i sl
Jriie 050 G loreas 05,00 bo sl ol ool aile Ghze |, allp g9, p oRKiule;] Mool cov S>sS ol ail s
D ¥lanles 5l ST (oadly oy 53 o0 las e &g Vb Comnl b 1) (ol (S (g sloosind ko Sigigd
aed oz SP9 Hsh 4ol o S (AR KD olizsb Bilhae llie (ol jo oad Wl (S Sy S LS
L 55 0 o oigaSolb sloo s b (sio=1.44) koo ile 55, » MsiN=2.36) (6 dysSekons 5 (05i=3.45) (Sl (5,055
5 lbdiges el 00 sl QT Jsb o A=2a Cglis 0,90 La sl 4 lgn sloaily oS Wil o Te S8 hadns 4 (ggan dwiin
HPle 5l eolaiwl b g (FEM) s ladl g, b (giluancs 3l a5 (golorinn JLole Loy ahaie slajloge 5 olos o lsz )b
sl 0a asls Hlis z g o) S 0 sledsl Cewsy COMSOL Multiphysics (Ver. 5.3a)

v ()
Microcavity

it

s
R o
H “'bc.',’;’ah_
IDNA Molecular}
I Adlayer §

] =

= - =
. Microcavity
=8 — -

=B =

£5

2 HE

== Ty

= —
2 N
=

0 1000 2000 3000 4000
z Coordinate of Structure (nm)

5 J295 (g 5 (o DNA (slo JsSUse (6 S jslaio; c0igh S )l sloojlens b Bile (55, (550 50 dhud loz [F00085 a5 )Lgil JLislo o)lem b (I - JSC&
(w=267 nm 9 a=A/2=170.705 nm JI=12A 1e=45.99 nm 03y Lglzd.é.]% L>) )L';}L.u 6)§M.> KoY 6')");‘ ‘Sll§.> 9 é—i)‘ﬂl OL.\.:.A I3 6LQ)‘09.A.3
R i3l (55t 5 2o o Jpol -V

5 @k ¥y g adl Sl pow oy goedsb 0 el )5 S err (pna=1414) DNA - (sl JoSse
Oierbad (pizman a3ylo ik 4l nl 50 (52l (655 Cdz 55 eolgiiy LSl jo el a8 )T IS4 SIN o Si slaaSs ) Lgil
Glao 5 oo Ol 6, K> s Glgieas AR1550 nm zgeJsb b TM1 asly ae egycnl 51 [F]00,5 Jols i 0,508 50 iy Jlons
0Xigil yro do (SAd gt g pd A5 Cewl odl (glwdige laeT A SIN 5 Si 5,000 46U Sl Wogliyy (RY IS logal
39 (S M wgte o pd Aoy W=267 N glaliyy sljl 4 (gileaigy mls 0sd aiiing LELe Glon ibs o I o, X
6[.94....;‘14 g_JjL..a 0,99 sujﬁl.v)_v Jj‘ adlais B ‘5‘)-' ..\.n.\.....u .b).....v ‘5.4...9.0 L as w‘ C....aﬁ_vd.v ‘B)y w‘ |)|o ‘3.b u.u...uy 5o |) FL~02
Lflecnl oo auloee A=2a=341.41 nm o)l s\ adasl, 51 6,50 00 b soloiiin Seigd ok )lslo 1o oads sl slga

A=Ag2n  {L: Ap=1550nm & n=(ng+ng+nu;)/3} ===> A=341.41 nm o)

do a5 Cewl oals (gjlwdinge ST S5igd job aSH,b saras LS M Sy slaan] slows A g Wiy sleddlie 5l eolaal b
&g BB 5005 G (Fonliil ady hls oSy anT M=12 2l 4z 5 =¥ U5 Q5L 5 j5ee slologel ) azgi b (g S
S do SO S lase 1o -V USS lae By Bollas g ouls Juls 1) (1000-1646.5 nm o 3L) 2AA=646.5 nm g Lo
Al Al SLw 4V 5 s Slaiz 3585 00igdl e g 4T Wl 2 e slaigS A STy slaan] 5l jeae Jb o 5l e |,

£
el s s L8 NEEP://0DSEIE/ eyl ,s a5 el JLiel gl 5y50 o allie ol


http://www.opsi.ir/article-1-2505-en.html

[ Downloaded from www.opsi.ir on 2025-07-26 |

(it s SISASNS w3 5300 0y 3 VP e T 5 =5y (510 R (oo (S (o

litude

Photonic: Bandgap

P

2AA=646.5nm

E Field Am

x £o ) mmum;“:ls o lMlv:\um

0.20

£0.18

S0.45F s
20.14
£0.13
So.a2

LO009F ewrer g
262 nm

g 0.17 :mmn.

= 0.16}  264nm

 §

1050 1200 1350 1500 1650
Wavelength, A (nm)

8 9 10 11 12 13 14 15 16
Number of Bragg Pairs, M

1
262 264 266 268 270 272

Width, w (nm)

2.450
2425
2.400 ~
23753
2350 &
5
2325%
2.300
2275

(g STy 4l M olass s S5k 5 5308 alpd (@ ey Al oz Blise W laliyy o 2 (1) (6 )5 o (S ugeme oy (I =Y S
(L=12A 4a=A/2=170.705 nm w=267 nm aipgs sadlio L) Lls 1o 6Kz W E flawe Jdgpn (0 9 M=12A) Lol agy Jsb gl adgs lg
LIVOW| IWE S E SO Sp SUIWE SR VIR WA B E W 4 N o

Syan Oypoh LSl (pl (Sl sleo )l « I (LS QfVinode (s [T B L S 0ats S5 4 oadainge 55kl hos lp
Qo de=45.99 nm laike sl 4 Fasans plaS aes e lid O g - S gilhdige b ol UL Te S S kil L
S sl Y 5 o 0i5 Vinode=0.001 (hres/Netr)’ S55 jloms (59 o> § Q9827.8 5,5 oS 5B L | (5,5
A)\qes ‘5..\.5..\...“.: C?‘AJ}E Lsal.‘>=\.al.‘> u‘;..o ( W‘ ol u.......: Jljlfjji...a LS"'L‘, o)‘..\? 9 ‘5.b ‘LM-“)-' 5o H cubes O DNA 6L®J51]5.o
Al (50 oSl o b S e (pizmed g (Sres=Ares/ ADefr) (o0l ol (5l 0) Alletr S50 CanSld (o pd S 4 S
220 o lis ¥ S sllas sdel Cawss gl 0gd drwle (Sawr=Anei/AH s ol 51y) CJBT AH cwlses s <ljla
GRS g e slacawles L |, DNA slo JsSg0 cJUT 51 0.0045 pn? SK>55 Lo zhaw col 0B golpiy [LSlo a5
Sl (angex 5o wle ke, Kol laila e O hga Sw0.0008 RIUMM 5 Sre®340.6 nm/RIU 5y S5 jlow
Oikad J S L Wil e alSiite sloasY 5 Lo jlgns awaie o A L (Bile (5, »2 (50 4t oz (S99 5ok Sais sal b

9] o8 (S (s 655w g |y ol Sl ao LS Lo (Slgn sloadlyy g Gidisy )0 de yige ilomgeme b g Ol

1.0

[ — : 2508 | 1.0 : m AT
o8 L0V mode= (‘7’) XA 4 § 0.9 (<4 g Boteciton ]
g Sos} 3| b z| Zos
= S 08F0.001(Apey/nerp) Bon # *_ .
Zos Zosk So.6} - :
E g Q=9827.8 nm AA=0.158 nm | =g.5 &
= 0.4 =o0.4} i3 4 Boaf -
= il 2 So3l™
Ho.2 =oz} So2 ‘ - B
H = 0.1
0.0 e 0.0 : = 0.0 o=
1552.0 1552.5 1553.0 1553.5 1549.4 1549.7 1550.0 1550.3 1550.6 45.96 45.98 46.00 46.02
Wavelength, A (nm) Wavelength, A (nm) semi-minor axis of ellipse, r, (nm)
e 360 — =
- Joois 08 P =00
79 Tpmi| 3e0p(S)m o _ZEEmge Sl
= 00122 320} - Z28s e
£ 1 oo 5 Py _.E;;‘g =
S 7.8 oz’ S 300f e
= - 9.008 = 280} . %% o505 oo owos
T LT | g 260} YA e Cro Secton '
x 7.6 . 240}
:.3_7.5 Max mﬁ 220k
@3 e 200 }-£: p ‘m
7.4} Min ISOF . e cuie i
8 10 12 14 16 18 20 22 0.0034 0.0051 0.0068 0.0085

Thickness of DNA Layer, H (nm) DNA Analyte Cross-Section (p.mz)

zedsb lralr (7« i JiSm (© Olzlo o)ls adn (FaisaSo )b re SsS slajlabes slil 4 (6K 9o j50e 5 ULl (@l =¥ S
DNA bl Gl H glacualies 5 zsbas 4 il S nbans (6 5 Sres (6093 lamslo (5 DNA ¥ Gilise H caalbied oy (6,5 JiKens

&=y
1. Mohammad-Mahdi Babakhani-Fard et. al. The European Physical Journal Plus 135(3), 1-13, 2020.
2. Ahmadreza Daraei et. al. Applied Physics A 122(7), 1-6, 2016.
3. Mohammad Ismail Zibaii et. al. In 25th Optical Fiber Sensors Conference (OFS), 1-4, IEEE, South Korea, 2017.
4. B. E. A. Saleh, M. C. Teich, Fundamentals of Photonics, John Wiley & Sons, Ch. 7, (2019).

¢o

el sy L8 WEED://0DSIIT/ culs ,s a5 col [Liel gl 5ys0 o allie ol


http://www.opsi.ir/article-1-2505-en.html
http://www.tcpdf.org

