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Optimization of Optical Bistability in Chalcogenide Nonlinear Fiber Bragg
Gratings

Elham Yousefi *, Mohsen Hatami?
'Department of Physics, Yazd University, Yazd
2 Faculty of Physics, Shiraz University of Technology, Shiraz.

Abstract- In this paper, we study the bistability characteristics of chalcogenide nonlinear FBGs. The effect of length and third
order nonlinearity on On-Off switching ratio and intensity distribution in FBG are investigated numerically. We obtained
that there exist an optimum FBG length, that on-off switching ratio is maximized and is independent of the third order
nonlinearity.

Keywords: Fiber Bragg grating, Optical bistability, All optical switching, Chalcogenide glasses.

VoF4


http://opsi.ir/article-1-86-en.html

[ Downloaded from opsi.ir on 2025-07-20 ]

cayd My g sl yio b oy alle, ol o o s
Al oo pom o o (o pud CunSCS

Syge & Olgee 1) 6y JF 50 (oS lase
Hlgs 0digy 3 09 )i Elgel Sl (oS

E(r,t) = % F(x, Y)[Af (z,t)e'Pe? »

+ A (z,t)e P le ' 1 cc,

2 () 5 () sle Walee (5 A%0r b abl o odis,m

ookl b g (gpole sadolas) JouShe oo (salolas
Glp odds i gdlolie 50 aalS gaiely o

g Dope A odg)m 9 oNg i Tae bl

A:Lsau...m)
oAy« . )
—+—A: =10A: +ix
a2 2 f A ")
+iy(| A P +2] Ay A,
@

+EAb:i5Ab +ixA;

+iy( A P +2] A A,

oz )

Jol e pe (Sodl gosamsplis fi bl o o o8
Bi=1vy s)s Lol og8 cepu oSe b g cand
b S5 05y SWI e gonnms plas @ gl
8 flly 28 oo it o o] g il 55 45 o
boale o Shie 5 col @pdl S5 cayl
ol Jols wg =@y o &S cwl 5= (ay—wg) vy
S > o pb ples K el adbioe sho b ol p
Sy g oyl (Sws ceSs (oo Slpass 4 a5 cul
ib oo KE2T0NI A & j50 a5 oo ye CH5SS 6,9
4 00 b (el Cuols goaS o ¥ bl
Coanl (699y5 ol Oly Gl b ol Jels salex
@ 7=y [ (CA) S)se bl cul 5 oo lagy
b i Jge Colus Ay o] jo g conl azly My

RIS

ARATARS

et g oSl AVAY oo Ve LA

doddio —)

2 Wl ollhd gle 05 Sbby b Sy Glacs,s
G 459 b Sl g 5 (59 Sl ple sla allels
3k ol )9 ples Slplre sloailels )5 1) (g
W5lg g0 pd Sl sl 65 R D)l 4 S e
Ngd (b 55 pled laalibl> 5 bapysunls (lyie @

Iy-y]

E9r5 VAV Jlo 390 5l (5,58 (S0l 53, 2 aslllas
e 1 oty ol [F-F] o ls aalsl Yl a4 b g 0
Wyl 5l GW/cm? Az a0 ook g ald Lal @
JOUC T PP VT R RSN T COW B S B 1Y | R
asl gals plp Veer Seae ke ol wlis oSl
Slge ol JUL pgw aiyo (o pd ool bl col
o) oy i V] il sl |y alin s
Slr S sladsh 4 b 6,8 3l g5 Gl cools

Ayl ks we gylaubgs SO sl

polie 5 58 (g)98 Jsb SIS (g, p allie cpl jo
2 BlzSlx Olge pguw Ay Jas e el gl
SelS Cad S )lubge sl sl SO,

D9 oo oy § Cam (ogals — (g,

S Y

A5 B e s L sk & b (6,55 (IS I 0
2GSl oo bgys o () USD) 29l e ai8)S
wp nl 4 A8 e et 9l b & 8 ok
Soge a4 S Sl 65 (nl ) CeSd oo e

1dlios 2

n(z) =n, +nl(z)cos(27”z+¢(z)j+ n|EPF M
sl lS 3 goj9> 50 So Sl lawe E T jo a8
oo SO 3D st 68 Sl gl 0y90 A d(d (5,95
Sl b Jge e CaSh cpl b S CusS
5 amsse bt | 56 JUEl 55 ) sl e (Jyie


http://opsi.ir/article-1-86-en.html

[ Downloaded from opsi.ir on 2025-07-20 ]

Olnl SS398 (559L8 g (swdkiges il JiST i ol pods 4y 4yl ] Sesgigd 9 Syl il ST petacs

(ol gals el ouds JSis asly aw 5l lages oyl
el bl g5l Ly a5l VU 5 by sasls
Sl s Iout(B) b Iout(E) Dol lase 4
WhgS Ghgels - g,

P by L=NA Sgo @) 658 Jsb Olsi o
ol i al oo ped (5555 Sleeslis 0590 Slass N ]
Dy se 00ld ydS (5595 Jsb o &8ly o NL po s
sledsb 5l s Jsb Jlaie oo (gl Slewlxe (gazes
Jo glubgs Hloges jo e+ e YA L 2o oo XY
Cand Slpss Jloged Sl ol oals ools olas Y
sl ol oo s 1) Ghgels — (pdg, (JialS
S)lake a5 05 oo oanline (F JSD) 998 sy (5,88
Comd ylade cpl )0 aS o)1y dezs Jsb ln ae
D)l 1y 095 jladie diiion (hgels - (pdg) (Si0lS

50
450 4 1-00047m
b: L=0.0051 m
40~ ¢: L=0.0054 m
=y d: L=0.0058 m
NE 35 e: L=0.0062 m
S f: 1L=0.0065 m
g: L=0.0069 m
30- h:L=0.0072m
i: L=0.0076 m
j: L=0.0079
Eosl " a
=
8
E 20
E}
815}
o
10+
-
o A ;
0 10 20 30 40 50 60 70
Input intensity (MW/cm?)

&5 Jsb 1 slade 00 (gl (558 slbied sl logas Y IS

40

(% w w
W o 3

on-off switching ratio (MW/cmz)
(=]

1.5 1.6 1.7 1.8 1.9 2 2.1 22 23
NO. of A x10*

b o 32 iy 55y G59elS o S5 IS5

A (=)
i A= L)
4'(: o) LR,
-—
L 1
- | Jo——
1 A 1
=0 =—L

g odig )i glel L Jgb 4y STy (5555 5 iges =) S
Wilowds (s S 0 0digy
G059 o odd Cax SYole lp i mlyd
V] 5l o le uils 3
A (0,0)=A (), A(Lw)=0, ()
50 oXg e So Sl lawe amsls A ol o a8
b e 95 ok L g b Sl )98 el

5l ooliiul g (0) & asles ghpe Laglys 5l ooliul L

Jos b oo R sledy, 9 UyS SIly o,
Ad ool S SVolae gl bilpd 4 (650 Ll
A opl gt O LY sla JSKb a5 wial gl

ALl oo b gl

A po s el yolyly 9 5598 Job S )Y
S Solwbgd » pgw

L aS seo e plis 1) (295 (59 5 lbgs SO Y JSs
el 00l Cawd 4 5 sla el

Az =1550nm 1=1550.0156nm L=0.0164m

_ _ —4
n, =2.54 1 n, =1.5x10 ,n, =220n

2silicon 1
n, ..
zsilieon = 0,273 %107 m? /W

50

45 D

I()ut( E)
.

&
=]

w
@

N
13

Ouptut Intensity (MW/cmz)
] w
(=} (=]

lln( B)

o 10 20 30 40 50 60
Input Intensity (MW/cmz)

639 Slubgs jloges Y IS


http://opsi.ir/article-1-86-en.html

[ Downloaded from opsi.ir on 2025-07-20 ]

L oyd Sl los,s o oS OYolee dlin opl o
5 Nad  gledands  goae gl by, I eolaul
&5 Job Blides polie a1 (55llss sl loged
Golubgs loges sladasie 5 (SO ad e, b
Jsb o eels —(phg) (&) S5 S G
3 el Job G0 a5 al cualine g del Cewdy (5,95

Sl 1) 3g5 lade dicion pd (5,5 5l yiewdio £ g0

Rl )0 3 pow Ao hpd Jelil s b S

&=y

[1] J. F. Tian, Investigation on the bistability of linearly
chirped nonlinear Bragg gratings, Int. J. Light Electron
Opt. 122 (2011) 1381-1383.

[2] Y. Yosia and P. Shum, Optical bistability in periodic
media with third fifth- and seventh- order nonlinearities, J.
Lightwave technol. 25 (2007) 875-882.

[3] H. Lee, G. P. Agrawal, Nonlinear switching of optical
pulses in fiber Bragg gratings, IEEE J. Quantum
Electron. 39 (2003) 508-515.

[4] H. G. Winful, J. H. Marburger, and E. Garmire, Theory of
Bistability in Nonlinear Distributed feedback structures,
Appl. Phys. Lett. 35 (1979) 379-381.

[5] S. Radic, N. George and G. P. Agrawal, Theory of low-
threshold optical switching in nonlinear phase-shifted
periodic structures, J. Opt. Soc. Am. B 12 (1995) 671-
680.

[6] N.G. R. Broderick, Bistable switching and multiple gap-
soliton formation in a fiber Bragg grating, Opt. Commun.
148 (1998) 90-94.

[7] Y. Yosia and S. Ping, Double Optical Bistability and its
Application in Nonlinear Chalcogenide-Fiber Bragg
Gratings, Phys. B 394 (2007) 293-296

VOOV

et g oSl AVAY oo Ve LA

a8l e 3last L=0.0061 m

‘L?rﬂ 30 o8 ook g9 s Bl oS> slge
aS 3idl (o (L9 pgw e e il 6l

A S |y Ghgals - pdgy (Gi0lS ek slayloges
JEls ol ends oy O S e GL»,..: olyly
oo Ao el sl chlisie sla i IS

] 00 AL gd

I v
=) =

w
=3

on- off switching ratio (MW/cmz)

R Ol —hgy (Gl S Dlpsd gla e -0 S
sall 5l alize Jlade & (glp 58 (5,8 lo gl dlasd s

o 4 o (oSl
csb"’)""“ ):;.A‘)li JUCT T RPWp ovalice a5 jshilen
s 65 At Job )0 SR A85ue pgw A e

P s S Jsb sl o ash vy e g,
“Oey FelS e Jlade 4l « L=0.0061 m

S5 Azt Y
bl s Sy slas,s 90 o 4 loa] o
pled (39l sl 5 g yo laesldl 358 oUlys
30 SHp Dl wily oo 5,9 plod galadl> 5 (5,5
cay 5o yliz gl olge i ol ol plie sloailoles
Fomb b Sl 0 slboad o gials bl
W8S )18 4z 050 Jle o SeSiliw o3le £ A s

o


http://opsi.ir/article-1-86-en.html
http://www.tcpdf.org

