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Tuning the Defect Mode in Ternary PC Structure with External Voltage:
Designing Controllable Optical Filter

Shiva Rashidit, Kazem Jamshidi-Ghaleh 2, and Ali Vahedi!
! Department of Physics, Islamic Azad University, Tabriz Branch, Tabriz, Iran

2 Department of Physics, Azarbaijan Shahid Madani University, Tabriz, Iran

Abstract- In this paper, behavior of defect mode in ternary one-dimensional photonic crystal
(MgF2/Ag/TiO2)5LiNbO3(TiO2/Ag/MgF2)® photonic crystal, under applied external electric voltage is investigated.
The defect layer, LiNbOs, is an electro-optical material which its refractive index is voltage dependent. In
comparison, MgF; and TiO, have very low electro-optical coefficients. Therefore, by applying voltage from the
Ag layers, the refractive index of the defect layer in direction of propagation and accordingly, the optical path
length of the ray passing through the structure will be changed, so, the position of the defect mode will also shift.
This structure can be employed to design a tunable all-optical filter.

Keywords: Photonic crystal, defect mode, electro-optical properties, tunable all-optical filter

‘YY)
BBl g iwd BB WWW.OPSILIT Col [0 aS cul jliel glls 90 0 dlie )


http://opsi.ir/article-1-654-fa.html

Downloaded from opsi.ir at 1:55 +0330 on Wednesday November 14th 2018

G Sy (Seed slayel oy 4 ounbliseg xSl ol
b @l @55 Gluals wwals o Slgeu b 4
S w55 el metme slajlnl aly slaglel!

[v-0] col a5 5 & 90 gl 6 ladllas
bole S L1y il (S pls a5 (690 ples slall
Pl Sl les )5 Il pin w5 S (2
o s 0y S ol o ol et S
s a1 Sgigd jely LSle o (Supd sl il ly
Srdy S5 slp (o) Wl (oo L) g5l Lo LS
Ll (o oyl )l 5l (SO L (o8g a8 Tz caisly
b S Wl o Conts Guaz JSle epd oo s |,
Ghey S &ly 5o )1 Gl st wiBle ojbgs Jee o
Slr lie g bl (8L 5 (00,5 A Gl G)sE
Aol so oo Zloml o a5 pls 5560 G o 0,5 S
- e (o0 diSl g LSl i By les i )l
6,500 Sl S Sl S 0,5 (g, o jo ol
&S Sl cpl o9 pds J5S 5l L jelaie gl aisle
Olyets ()5 Jole SO L fpre L3l SO 0 lg
Sl Jale T By 45 5,8 slonl (Sl 5 o5t
355 55 gl Sl 4y 1o g Lo 55 alad
é‘}n )| oolawl .Q)‘O S99 u;asl.o.».a GLQ)&Q‘) )lf w“ ‘5‘)4
(B Jole wix b SO a\.gQT &9 el aS loole b
v g Lo amnblisn flae S S o b sl
L ene G558 okt e 5,5 3 b alia ) s
3)lg g 308 9 SO aSUleo olge Jolis 4 aw glis il
Ol a4 oles (eSS a0 b all Y Sy (05
S5ed alb B 3 1o ali v Jlid) (ol (S s
L;'.>)l:’> 5Ly puxs L aS oals ools olad ‘M|oo)5 axlllan |,
Iy al BB 1o j0 00355 zae Job olgs oo o Jlasl
5,5 Lol wad solaiwl 2ld SO laie 4y Wilgs o a5

S99 g Joo Y
sanlin ) IS )0 goloiin (Je598 5ob Jlisluo)le> b
S pSlgo /5 S iSTlgo Y as gl 5l as 09l o
.A;.SbS‘SA J..:.IISJL;& Lgl.aa@}] pui> el 00l L3
Sl S93g8 55b O yao (pl Ho sl Sl LS,

\YYY

S e oSzl AYAY olo oV O LYY

doddo —)

2 S Baa b ool 0580l alnds ans g0
sdel Wy ¢ cmabolineg yiSJI Zlsel HLacsl g olge ole>
25 015 45 oS (qmiign (55b | e il STl
P gme ez by mae Job jo s b ogs paiie
a Bly 0 @S oKl plehy (Al 0 L oos
ey 2 mlosd JU )5 ples abwy So (b
oo odliinl (5i9,al (bl slajlpl o a5 (Sl
"o ety (nl Sl g eaisS S alews SOl
L Ly el QB o 09290 6598 Iy Wil
Jbe sl ol sl oo jue y99 ol 51, (a5 LS
S bl o il sl b)) i o
S e |) Sglite slapling 9005 anhai |, Hlai s 00
(S8 pled peime lajlae pud Bixe Ojge )3
L sgr aialsi Colyine cal Joonge (598 plas slo il
ko 42 Sl Cario 58 e 5 5520 15 5 i
Jo sl b seloszrsy 58 Slpbe 5 05 Jooe oz
osliiul (Soig Sl sla Il 5l 5598 Dl plie )3 oo 5908
moo omb 1y bl sl g s JWl e s aS 048 0
P8 ErSedz g og5 Gl ey (ed 0 Sn 0yg
oy 55 g 113920 o8 joim BT D50 s
5 0sSIl Ly ool JUsl ol a5 Seig 2SI
auS oo 63k Dledbl sl ol Lol i i
JEl e s b sl jo 1y o il s o IS ol aS
05055 69 pled b IS ol U am oo il Laools
O &y .Sl (o Dl jlae ol jo asd ) IS 4y Dlgol plos
wdigs ple )3 gy p ladine; 5 (o 0je el Sl
b (Seis S sl Gl lapesSile Sl Sy

lios 5y pled D90
lp s [V O] s Sl bislogl Segs sla,sh
15 oslid 590 il o Slesl g5 ol Gl >y
0 e ORI O s poie )Ll (pl S
Syl s e sl e &5 a2t
00,5 )18y blsl sal> el 58 5 Sy 28Uy S
oz 5l Glite sloaree; jo 1) Slols sleon)l5 5
slayae g Slbls,)l (S pSlgnl Ol plre o
yamio Ul bl ;o [F¥] 65l g 6,90 plod gasime
sl J5S 0 Srgd slaysk sl lislugl 08 4


http://opsi.ir/article-1-654-fa.html

Downloaded from opsi.ir at 1:55 +0330 on Wednesday November 14th 2018

i
cosy; ——siny, v
M,[d,]= P, ™

—ip;siny; cosy;

a5 C @ sin* 9 A e as
S 97j=€\/;,/,ujdj 1_gy Ol
ILag]

TE s L ozge lp il 5,0 e
TIM - bd b ogge lp g PJ=L(7i/di)
o,

Jeslr IS Ja g ile wtlisep =Sy, /d )
]

o S Y 5SS sl slagm ile 02 5
mabal) b byl JenST5 o o bl ploxil by
09 oo ools 26

2cos6 R

t(o)=
(m,, +m,, cosg)cosé + (m,, +m,, cosé)

it 23l S JE] ey ile polie Mij o1 0 a5
).,.: ;M‘f ‘J“""‘f‘)" w)..a 0092 (:51.7.4 L: ‘o).>§!l4

OS¢ dalgS e BT = |t|2 O ygo A
e g @bl -

Gl esiig Wl BIE 5l o |y aki we b, WY S
30 (el VFe g £2) i Y Oglaie Cwls g
sdalive a5 (5 sblen o o lis Jleel 5Ly cpoi>
50 Ak BB sovgazms 5Ly polie soled sl 098 o0
Cwubrs Gl L Jg conl coll aii Y culbes g0 2
oad Lulr a5 (slagse Jsb S 4 S5 YL o
S0 ali de gl £ s slp o] pegdle .l
ad a4 Soop gl VP Culhs lp g YL ad

1— .

H\,&f‘\ [l M Me
o5l ¥ ¥ L] HIE .
c 4 l dd:BO nm :Ii \ll f ()
g L LUt J/ ——=50v
E .
0 \F\Jﬂ” | It }}1"‘ -
e Vi i ity | 100
g5~V i/l il dFteonm gL 3

%0 50 w0 700 s w0 100 0o

A (nm)

ook LSl 5l cil zee Job can p (SailnS1 5 Jloges iV S
(MgF, / Ag / TiO,)° LINDO, (TiO, / Ag / MgF, )’ 555
JB ()5 5y Jleel b Gggd wil B J2Is j0 ali de oloml>

o e 515y Lial3dl b Sl o 42 4o el by

\YYY

(S Sl olBails AYAY ole g0V LYY

bl Jg og anlys ol il g Y g0 ool b
shls cole 5 2hb o aY aw oos L g sl
ooy ylid e g wale> (g i g pdy Sl
4 Cod S Sb BB blisle go cpl a5 ou
o I onl e 0] Wl Y g gl b sl
Olgie 4 (N=2/46) wLus| ailis 4 (N=1/38) w4l
Aloads ool 51 lyie 4 0,85 5 S SUlgs slaay
Aol Ve 52 50 ply iy 4 lag] glacubs o
L 59,0 Joe 5l osliiul b o, canSld ooy il oo

1098 o0 bgrye (ol lowe (il 8 4 (5 salal

2
@
e(w)=1-——"F— QD)
o —iyw
O

. . 15
Ges oS5 @, =27x2175x10° 120/
. _ 2 rad
el =27%x4.35%x10 A

(MgF2/Ag/TiO2)5LiNDO3(TiO/Ag/MgF»)?

UL

\ L
v

=hb lp ot sliiny Seisd sk LSl o)l )b ) JSo
(B 5 Jleel b ndy S8 )98 2l

9k LSl o el Y (lye 4 (LINDOs) g o]
Gosk Jlsle eole ol el eal s)ly Sgied
g bl @ Ol o8 el 4T o)l (9, Slenal
3 Jlesl glae ST e sl [A] o ls S (s Lacl
bgryo Ll Gl 50 CanSd i po 2L Z jeome sl

ne:ne0+0.5ne03'Y13V/d Sygo g LgaLcJ...c Ty L
5 Olee Sld 50 CanSh g 2 Ne0 (1 )0 45 05 walys
&ly ol e a5 05 oo oaal (Siyhg Sl o 25 Y13
NSRS RV-IN 1N IRCIN CH PRSVRCOR 9 YL QCHVEIPCN
3 S oo ooliinl JUES!  5le (B9, 5l jgee o s
5 S bl soloes loadlse (IS >
Lisgs O coalies L ol sas¥ slgzil s locul ) publise

18] Wi oo bogipe o2 s 3 JWl e yilo


http://opsi.ir/article-1-654-fa.html

Downloaded from opsi.ir at 1:55 +0330 on Wednesday November 14th 2018

@ yogl Ve 5leay;le zge Job g =Yoo 4 g
385 (6,58 5k bl 5l ogd oo bul> yiegil VA

a5 canl ol 8,8 oyl T ol oo Sl cpl 090
Lol ol lp 00l zoe Job slp STy

S5 e -¥

sla¥ aw o o G sk o el s L,
cos (MgF2/Ag/TIOZ) LiNbO3(TiO/Ag/MgF2)°

oo ooly lias ol gy 2y (SO S 5Ly Jles!
SIS 5 5 a3l e Jsbo by ek L 5
355 Jol o ST o3l o (i Sl G5
) CwSh o ps (Shly Jdo 409 (oo bnl>
odds HLolw o)ly et Y leie @ aS 5Ly 4 Sl

Lrler (adi de I 03,5 ysd (S 3le lp ST byo
plos s (b @l lgiee JLSle cnl 5l ogd o0
2,8 ool pdy S )

Sl Swlemw

oBisly (6,580 (ggzmiily (gand, 95,! @il 15
pleial) g o )loged pu )3 &5 oSS bl 4 5

&=y

[1] ‘Yablonovitch E., Inhibited spontaneous emission in solid-
state physics and electronics, Phys. Rev. Lett. 58 (1987)
2059-2062.

[2] JohnS., Strong localization of photons in certain disordered
dielectric supperlattices, Phys. Rev. Lett. 58 (1987) 2486-
2489.

[3] Joannopoulos J. D., Johnson S. G., Winn J. N., Meade R.
D., Photonic Crystals: Molding the Flow of Light, p. 191,
Princeton University Press, 2008.

[4] Poli F., Cucinota A., Selleri S., Photonic Crystal Fibers, p.
42, Springer series in materials science, 2007.

[5] C.-J.Wu, Y.-H. Chung, B.-J. Syu and T.-J. Yang, Band gap
extension in one-dimensional ternary metal-dielectric
photonic crystal, Progress In Electromagnetics Research,
PIER 102 (2010) 81-93.

[6] Banerjee A., Binary number sequence multilayer structure
based refractometric optical sensing element, J
Electromagnet Wave 22 (2008) 2439-2449.

[71 Wang X, Hu X, Li Y., Jia W.,, Xu C, Liu X, ZiJ,
Enlargement of omnidirectional total reflection frequency
range in one-dimensional photonic crystals by using
photonic heterostructures, Appl. Phys. Lett. 80, (2002)
4291-4293.

[8] ‘Yariv A., Quantum Electronics, p. 307, John Wily & Sons,
1989.

[9] Born M., Wolf E., Principles of Optics, p. 54, Cambridge
University Press: Cambridge, 1999.

YYYY

S e oSzl AYAY olo oV O LYY

OS5 sSae by i slagge Jsb S)b 4 aldi v
Ol gl Lrlr S Glagse Jsb Cen 4 5Ly
i 28 bl 5y U dagn b & wlgi oo olel>
aalol (S oo Wilgs oo LSl a5 g5l ojlail o
b s, cll> g0 o gl ks, pleaslin gl b
2y Yo B el 3ty osgasme sl JunSTy

el ool oals yioled ¥ SCS

0.8
0.6
0.4
| 0.2
4000 -100 0 100 200
Voltage (v)
(A
1000 | ls
E 800 0.6
£
< 0.4
600
| 0.2
%o 100 0 100 200
Voltage (v)
(<)
L ———
1000 sm— ba
E 800 0.6
£
= 0.4
600
0.2
B0 -100 0 100 200
Valtage (v)
@

G Sy PFP ok LSl jo el sl )8 e T IS
5ty e (MgF2/AQ/TiO,) LiNDO3(TiO/Ag/MgF,)®
Ve (Qll) iabis du 513l 4 calis slyzge Jsb (sl oads Jlecl

oAl Y eglb V70 (2) 9 yegils 70 (2) gl
zoe Job 2B 5y Jlosl b aS 058 (g0 0o 2505 4
Rl gy ol 5l ogd e bulr atugy sk 4 e Sl
S)ge pdy S8 S S lgie 4 Sl e sl
g Olge Sl b aS cewl S8 a4 a3Y 0,5 118 colatl
Ol sEle Gyl 5o colinul 5550 slaaY culs
3o ae>b o 1y 0030l zoe Job g Wil S odgune
=9 Jle o QI (nlys oad Al bS8 e S
oo Job g ;g AVe L Fe v Wil BB oogaome aS 0y
Sl e Culs sl el 5y Sl 55 00y Sl
Sl V7 e Sl 6l g fogll ALY dgu> ads 44Y
Voo 5l Jleel by s b ol oo yiegil PA Dg0>


http://opsi.ir/article-1-654-fa.html

