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Design of Chirped Apodized Fiber Bragg Grating

Ehsan Adibnia"’, Mohammad Ali Mansouri—Birjandi2
Faculty of Electrical and Computer Engineering, University of Sistan and Baluchestan"?

. . . * . .
ehsan.adlbnla@gmall.coml’ mansourl@ece.usb.ac.lr2

Abstract- In this paper, a uniform Fiber Bragg Grating (FBG) have been simulated by using the coupled
differential equations and the transfer matrix method. Different approaches for improving FBG characteristics
such as changing length, chirping and apodization have been studied. The Cosine, Raised-Cosine and Tanh
functions have been used to apodization. Finally, considering the advantages and disadvantages of these
approaches, a chirped apodized fiber Bragg grating with Raised-Cosine apodization profile has been simulated
and designed. In this type of FBG, without reducing reflecitivty, in comparance to the uniform FBG, the
sidelobe-strength has been reduced around the ranges of 75%. This FBG, which has an optimized design in
length, has a maximum reflectivity of 100%, a very low sidelobe-strength of 10°% and a suitable bandwidth of
0.298nm. The presented FBG has the potentiality to be applied in communication systems such as filters and
sensors.
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\
Al e yiws BB www.opsiir Colu o a5 el Ll gl ls oo 0 las oy



AYY 5IVEY asis

Olpl Sigigd 55ld 5 (i (A edd s 5 Glpl Sgigd g Sl (AT (etin g S
VA e VPV T ol nl ol ol oy g b oKils

&b AZ) ud air [0 Sl oo g ol jo &S
Ange « 5,55 ;0 Sl o po Olpss Ange plog)

Crz 2ol 0y90 0 g CuSl oo Ol s (:Ska

o

1n(z) 4

R 4

ool plogl STy ed (65 )0 CanSll s mjy ) SO

SOy Sl s cax we 6,95 5l el L
b sl 0,99 5 s Yo aials b Sy 8 (5595

& sinh’ (sL
R(L,2)=— SN GL) ")
Ap*sinh*(sL)+ s cosh”(sL)

<ol Koy Jsb Loy (Sanbzh Rl je o
Jobe s bl 5 e Jlon Slpss AP Sobcds
172

el (Kz-ABz)

el sl O Sle b 685 50 ool 090
0l ez Sy b 685 )0 ol 0y awl G

il 3 O jgo 4

A(z)=A, +a[%—0.5j 9]

dodlo

Cle 43 )y b o8 ) saliiasd ¢ pal sladla
5l ¢uphaling s JISI JOA) axe jplad (U e
5 &S b oS0 V] Gl Bl S S 0
V] ot QUL cada j fige sla yial sl (o)
GRS ey sl Al A ) L U G ol oans
ptole [V] b Ak dg 3 Sdee 5 Cia L
i o5 s Ol 0 4B R &) pea sl
gl oS (Sl gl alai lacusaaa b Ky
Ol sl aa) e asllaals aily (sligy 5305 LS
S ISR P N EET FETR B N R PR RUIVE gt
Gl A1) e e 5 Gy 5 IS sadd e ) s
Gl aan g b 558 Ol IS 0 )5 el 280
GRIS Sa ) ) sien B algio g o Ll
5 [V] abliie Glase [ 7] DL ([0] Cugh )y ¢[¥]

Al [A] el

Silwdae 9 55
5 el oad oolitul odd Sz s (5,95 (Joe ol 5o
@ ol > e SYolre o gl il o ple e,
dewbre glp ool i (5,05 Yol .l a8, IS
Sl 00l ool (S oS Cand S (29, ol
oo 13, CHIES 6555 Sge 4 Ceand p Lo oS
Lalyd 5o Fae job 4y Sl pd 6o o0 S

1] 095 o 5L STy

Ay =21, A )

eff
5 Fg0 CanSl o po Neff « Sy zoo Jobo A Q] Y
L)Lw" oSl wfa (?)5" ! 6)y u.:jl.u 0,99 A

[Q‘] dyn‘;e uLu RSO \ J.iw o IRWRIN

n(z)=n, +An,(z)+
A(z)An_ (z)cos((27/ AN)z+6(z)

ac

™

Al e yiws BB www.opsiir Colu o a5 el Ll gl ls oo 0 las oy



AYY 5IVFY asio

Olpl Sigigd 55ld 5 (i (A edd s 5 Glpl Sgigd g Sl (AT (etin g S
VA e VPV T ol nl ol ol oy g b oKils

OO sl s LS Al s alS e Jsal )
D) A shaie cpl s [V 0] o) Sl 5,58
5 02l (o i ¢ sl ol 55 (gl 4 (0 S
248 Hshioben Cd sdd ay S slia il i
ad B el 5 ol Jlae) b S e samlia ¥ IS
all 4l S s,faia sk 4 S
sl (DA 530 () 5 4 Cuiodd pla gl a5
sl Qb cab 4wl dijly g S Al
AU 48 amae gldn calsd ol Losad gl
al a8 GalS ) 8l il el (s sl
Gl i n sl (aals il sl o)l s
OO S G Abs 43 Ol sige 15«3 S Dl s Jsh
G by I a8 Ol wg B @l e 0
o e sad cpl il canl Lol sl (sl (S
O 4allias die b (gl Gliadide 4 (ol
i 5,8 ) anllas Gl pan 25 el A Ll
ol s sl LS Y JSE 0 codd (g jbudnnd K
o o5 O ediul b S e aalie 4S8 ) shails
‘suj.\...\us @L\ L osad ‘).J.\J_,:\'\ LEJ:“ASS:"“ ¥ S\).;
sdal iy lhe Cladiiae ad Qa5 sl p
G o Kl Sl Lia L 4S 5 ) sk 4
O Al sl (Al ) ey Jilaa 4y s S 4l

a0 (5 58 la

100 0
; [

80
60

40

Reflectivity (%)

20

0 T T fl‘ -
15498

— -
15500 15502 15504

x10
Wavelength (um)

gl g oad Cpm Sl pd 658 SbL ly b ¥ IS
),:.ALSL:.A\“f J}lo).) o_\nTﬁ @JM@LL\OM

e Sl b 558 G obeAnd (i 55 Gl 2
Lgis) 5 Gl B8R Gjsa LA G ke
Ll s2d iy s 88 Gliadiia 2 gagn alisa

v

U o3l 0)93 Ao g ez o ps Okl ool o oS

! (6)9" Ja.wﬂ 5o g_JQL».) o)jo)

STy yad 6995 (oW x 9 Gilwanls

L sost So e Sas 25 LU o0 sl
Ad QuSS Cupa b e Sae 00 sl o5
lad = 5e Jsh 5l sad (goleand V/FO
s Gl sad 4% K L3 0 jlaglh V004l
UJ\ B cudﬁyﬁjudﬁﬁ\dﬁ\)ﬂh‘ﬁudﬁ.\ﬁ

D ea () 2SS
5 alob gyl 5 (Bailijh s 4 i
QUL il Gl )8 e
oddi sala LA ¥ JSE Ha 4aS sl 5 jldnd sl 5
Jsb Gl 8 L a8 28 (,R8aaili O sige «ad
ol o osdle Ll by Uil 3 QUL Ol e s, 88
G S8 S Al @ud Gl ail slig

Al e
100
Uniform
80 n
% 60 |
= 40
20
P [N oo ) . e
15492 15495 15498 15501 15504 15507
X107
Wavelength {um)
(walh)
100 7ah ":\_"\ FEG
n ",l \‘ Unifarm
280 v \1 Cosine_
I
o p { :
® I | =
< 60 1 I
=
% 40 y
o /\/\
= !
. 3
G—flf'\'l"'l-1-|-|‘|-‘|-"|[\r-'
15494 15496 15498 15500 15502 15504 15508
x1074

‘Wavelength (um)
(<)

(Wlhoainlogl s c3leSy Sl b 6)58 QUL b ¥ JSo
Faskee Vo Jsb 3o (0 tadee O Jgb 5o

il s B wiwwopsiir coles s a8 el Lzl glls 50 o alis oyl



AYY SIVEE asis

Olpl Sigigd 55ld 5 (i (A edd s 5 Glpl Sgigd g Sl (AT (etin g S
VA e VPV T ol nl ol ol oy g b oKils

[4] 1. C. Song, S. K. Lee, S. H. Jeong and B. H. Lee,
“Absolute Strain Measurements Madewith Fiber
Bragg Grating Sensors”, Appl. Opt., Vol. 43, No.
6, pp. 1337-1341, 2004.

[S] A. Zrelli, M. Bouyahi, T. Ezzedine, ”Simultaneous
monitoring of humidity and strain based on Bragg
sensor”, Optik, Vol. 127, No.18, pp. 7326-7331,
2016.

[6] L. Schenato, Q. Rong, Z. Shao, X.Quiao, A.
Pasuto, A. Galtarossa, and L. Palmieri, “Highly
Sensitive FBG Pressure Sensor Based on a 3D-
Printed Transducer”, OSA Journal of Lightwave
Technology, Vol. 37, No. 18, pp. 4784-4790,
2019.

[7]1 C. Ambrosino, P. Capoluongo, S. Campopiano, A.
Cutolo, M. Giordano, D. Davino, C. Visone, and
A. Cusano, “Fiber Bragg grating and magnetic
shape memory alloy: Novel high-sensitivity
magnetic Sensor”, IEEE sensors journal, Vol. 7,
No. 2, pp. 228-229, 2007.

[8] J. Lv, Z. Hu, G. Ren, C. Zhang, Y. Liu, “Research
on new FBG displacement sensor and its
application in Beijing Daxing Airport project”,
Optik, Vol. 178, pp. 146-155,2019.

[9] A. M. Nazmi,A. A. TahaandH. A. Moustafa,
“Evaluation and performance enhancement for
accurate FBG temperature sensor measurement
with different apodization profiles in single and
quasi-distributed DWDM systems®, Optics and
Lasers in Engineering, Vol. 55, pp. 22-34, 2014.

[10] H. Zhang,”A novel method of optimal apodization
selection for chirped fiber Bragg gratings”, Optik,
Vol. 125, No. 5, pp. 1646-1649, 2014.

f

ol o ol oaldin) (sla gy (Ale Dl ) 4y 4n g
@@L@SJQQJ%‘LQJ}SQM?LAM\
2l (g st Kl jud (58 2 gl W) Aadiia
U‘ GRS ﬁb}.::\ &) n c.\A‘)..a ‘5‘..)49“5 c.:\_s BIRESS
codd ) ) slas o ﬁq@@@‘m\ ol salatul
o)) G)ES ad GOod o AS gl
YA 2l Gligy 5 (a0 ) ee) Saulijl Sl
Bl ) sl aan g 3 2 gie 5 e gl
Jsb (i€ 5 Gladfia () (pines 25l oaldinl
el aS Gl sdal Crwdy yia b Y ey o(Sae

A% ) A alai) 4 yua

s(A.»..aJJ

Lz

[1] H. Fu, W. Zhang, C. Mou, X. Shu, L. Zhang, S.
He, I. Bennion, “High-Frequency Fiber Bragg
Grating Sensing Interrogation System Using
Sagnac-Loop-Based”, IEEE photonics technology
letters, Vol. 21, No. 8, 2009.

[2] A. A. Taha, I. S. Mohamed, and A. M. Nazmi,
“Design and performance investigation of a highly
accurate apodized fiber Bragg grating-based strain
sensor in single and quasi-distributed systems”,
Appl. Opt., Vol. 54, No. 16, pp. 5243-5251, 2015.

[3] J. Chen,T. Liu and H. Jiang, “Optimal design of
multichannel fiber Bragg grating filters using Pareto
multi-objective  optimization  algorithm”,  Optics
Communications, Vol. 358, pp. 59-64, 2016.

Al e yiws BB www.opsiir Colu o a5 el Ll gl ls oo 0 las oy



