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Numerical analysis of reflection spectrum of linearly chirped
fiber Bragg gratings

WEI Jiagu LIANG Yi-ping DAI Tei
( Optical Engineering Key Laboratory of Chongqing City College of Physics and Electronic Engineering Chongging Normal Uni-
versity Chongqging 400047 China)

Abstract: In order to study the properties of linearly chirped fiber Bragg grating( LCFBG) and further use it in optical
fiber lasers the coupling theory of the LCFBG was introduced. By using four-order Runge—Kutta method transfer matrix method
and the control variable method the dependence of reflectivity of the LCFBG on chirp coefficient direct current index change
spatially averaged over a grating period and the dependence of full width at half maximum on the length of the LCFBG were
simulated. The results show that linearly chirped i Bragg gratings can broaden the bandwidth. Based on this conclusion the
gratings are used as cavity mirrors of fiber lasers can expand the output spectrum which can be used as a broadband light source.

Key words: fiber optics; coupled-mode equations; numerical analysis; linear chirped fiber Bragg grating; four-erder

Runge—Kutta method; matrix method

( fiber Bragg grating FBG)

N N N N FBG
( chirped fiber Bragg
grating CFBG) > 7
14 . ( linearly
o FBG chirped fiber Bragg grating LCFBG)
8 o
( estcjjA40029) : 4
( KJ060816) ; Runge—Kutta

(201013) ; . ( full width at
( 11XLB0(1?;87_) half maximum FWHM) N (di-

rect current DC)

o

* o E-mail: liangyipinglyp@ yahoo. com. cn LCFBG Yb**
:2011-12-05; :2011-12-23 0



608 2012 9
L L
1 #(-3) s(-2)-
2]
2
p=S I r=lpl’
Rl - =
(-2)
LCFBG
2 LCFBG
2.1 4 RungeXKutta
1
FBG S d
a@b _
’ y(t) = ¥
?TR = io,R(2) + ikS(2) (1) (3) bor =t + (R =01 )
z Yi+1 hy t, b,
?TS io. S(z) - ik R(2) (2) ho Runge-Kutta Vit
Loty Y,
R S R(z) =A(z) x PR
exp( 6z - %l) S(z) =B(z) exp ( 6z + %) 4 Runge-Kutta 1o o
A( Z) B( Z) ( z0 yO) h : 2 2
o ZTmeff()‘ _)‘1;1) z Yesr = Vi (fl u f26+ 4 +f4) (4)
Moy Ap=2n4A .
A ( 8neff4>0) .
= t
Brage LCFBG Az ; Efl Mty k)
_ 1 de @ @[2 =flt, + 5y + fl)
é((ifp _ 477”;52 d(;\B g% =flt, + o 2 Yi + ?fz)
z A z U
d)\B i =t +h oy, +hf)
C=—"" 2.2
dz
. LCFBG M LCFBG
nm/cm DK ( alternating
L L L
cuqarent AC) ) K K RO—R(?) 1 SO=S(7) =0 =
Ta N e
o="0n,; K=K =—_v0n, ong L L) _ Ly
! ! =-y K(=a)me s(-3)-
DC .
Syo
v
L DRJD DR}__1 0
L LCFBG R(?) =1 %s B=FH H (6)
0 0
L L L
S ( > ) =0 =5 2= -y F,
Chosh( vplz) -1 %sinh( vpAz) - i Esinh( v Az) O
O Vs Vs U
F; =0 0 (7)
E i X sinh( v Az) cosh( y,Az) +1i &sinh( vplz) %
Vs Vs /
1 Ae o, lo,l>e oy .
j K (4™ yB =



36 5 609
R, O R, O | RungeKutta
FEEE o)

v ] o [] 0
F=F,-F,, °F j F, (8) o
L
Az>A M «<2n — °
A LCFBG
LCFBG M 100 . (8)
° 1 Cc
3 C=0 LCFBG
FBG o
3.1
la 1b MATLAB 4
RungeKutta ode45
(1) (2) (
) o
Cc + 2. 8nm/cm
+1.4nm/ecm 0. 7nm/cm 0
o 8
1.
10— - — 8 ¢ °
1 . E

0.8? =0 ) 1 i
z =—
£ o6l | 1064nm C=". (
g™
% 0_4:p | RungeKutta
= C=£0.7nm/cm | ) 2

0.2¢ C=£1.4nm/cm

5 =+2.8Am/cm 1

0010561060 1070 1080 ) 11

wavelength/nm

1 .UI--—I_-’——--

0 8 C=0 4Trneffw2 day,
. 11 - 2 (w
R Ag dz
= 0.6}
3| ) o
o |
5 0.4: |
= C=+0.7nm/cm

0.2 C:_;;]_qgm,fgn%— f 1 |C| <1nm/cm

| =+ shm/cm
0.0 —2L y A S | A |C|>1nm/cm
1050 1060 1070 1080
wavelength/nm 0;
Fig. 1  Reflectivity versus wavelength simulation result C=0 1
a—RungeKutta method b—transfer matrix method
Table 1  The related simulation parameters of LCFBG
parameter symbol /unit value
grating length L/em 1.2 1.0

centre wavelength Ao /nm 1064 04
effective refractive index g 1. 46 = ’

DC index change i%patlall?f Sine”v 0. 0002 Z 0.6

averaged over a grating period 3
= 0.4

chirp coefficient C/(nm* cm™!) 2.8 2

fringe change visibility of | 0.2

the index change v 0.0

=10 0 10
nominal period A/nm  1064/(2 x1.46) +Cz C/(nm-cm ')

length of the jth uniform section

AZ/cm 0.01

Fig.2  Reflectivity versus chirp coefficient simulation result
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