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Mechanism of Fiber Bragg Grating Spectral Characteristics
Change Induced by Intense Light
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Abstract The change of the fiber Bragg grating (FBG) spectrum induced by intense light is caused by the nonlinear
effect together with the photo-thermal effect. Based on the sensing model of FBG. the contribution of nonlinear
effect and the photo-thermal effect on the FBG spectrum change is analyzed by using the nonlinear refractive index
coefficient and one-dimensional steady state heat equation. By analyzing the relationship between the wavelength
shift and phase change, nonlinear refractive index coefficient calculation model is built. And the photo-thermal effect
on the spectrum chirp and wavelength shift is confirmed by theoretical simulation of temperature distribution. As the
theoretical and experimental results show, for conventional single mode fiber, FBG spectrum change is mainly caused
by the photo-thermal effect rather than the nonlinear effect when a relatively lower power pump is injected to single
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mode optical fiber.
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Fig. 3 Temperature distribution in optical fiber
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Table 1  Comparison of FWHM change by simulation and experiment
Power /mW 0 47 112 142 185 212
Simulation FWHM /nm 0.177 0.179 0. 265 0. 316 0. 320 0. 324 0.402
Experiment FWHM /nm 0.177 0.179 0. 266 0.316 0.321 0. 326 0. 404

0105005-3



H |

# ot

o8 1 R] T, S0 6 B8 AN L4 R BEA W) 5 L
BIVLE AR S5 e Sl b O R £ S £ A R EE T R R Y 2
FBG OGO B9V F S JE £ 1t R0 T B AR & — 4
YA E R A S g DGR AR A2 1L
3.3 TaEktt Bl

NS v A5 B — 2 G B 2 AT DA a4y
BT ST 1) W WK A A 380 16 A 800 9 VR R 43 4 T 45
B0 7 U S A AT [a) I 32 78 4 i BE 1) 28 4k
225l FBG OGO KW IER BB IER & A,
PRL Sy I 2 1 000 ARG R0 25 (638 rh o il K
R H B EB B Aese . X FE B AT LLA]
Ano = Apse — A T B AR AR RN 7 A IR S B Ao o
BRI DAGE 55 43 Bt FBG WA Bk 9 A 24 &) 18 B2 15 31 JE &
RO G BSOS ) BT FE A9 Ao /A

FBG 05 il /] A Z 50 )5 B sl AR 3 Wiy 72 Fl
RGN 3 BOGEAT S R AR AL B =S (1)
FAAZ G - BORE ' 21 28 %0 A1) A A7 8 485 4 12 5
RO, T JLAR Bl A AR OGS I )Tz 6 L R
REHOES il FBG M ARM S T H Y IR C A
Xof U AH AR OE BOG 2F It 5 58 08 1 i oy 7E AL B
A & 8. X OB AR E 8 ML 4 5 il 1Y
FBG, Y38 6/E /T FBG I #RA PR RO 7™ A <O
PR AR LRSS, o (HAE BEAT PR IO 14 3 i)
7 X — B SR AT FORT IR KO S [F MRS
il 5 A B R FBG . HOG A 2 80 T B R B0 R4
B P LM SHC AR RO S A o P,
FAASKERL 3 B A 8] ) A J5 ¥ A W) 48 22 26 8L FBG
Ao 08 R LA AR By . I — A AR
1.42 pm, 7€ 980 nm AW R E K 0. 024 cm ' 18
HOGEFEA 70 mW BO6, HOBIEA Uk A E# m H
77 HE W KA o 38 A 53 BT Ol i I WK 0 A 4 A A R B A
FEHEON 5 R R T2 18 °C L 7R S5 I 545 2]
ZOCHIHEL BE R B 2R 1 LT AT A 3 D6 B8O
S A IR R AR A A I AR R
O B VR B3 A5 3 1 2tk RO B 55 1 38
KRB R o W8 ok 0 JE 35 &) B2 B AT 4 AT 5
2 FBG 1% 7 1k 722 1 1) JE PR RO B ot BRI 1)
DURRECB . 53 oh ARk X T AR R B IR 2
R PG JE 6 27 6l (LPG) 45 S £F T 95 A
TR HEAT AH K 2% T RSO 5 R A ST 43 BT
Ao HAR S A

4 4k 1w
SCH KB 980 nm 1 iZ o v A % i B R L

£F FBG Wit 2518 FBG S i Fe 4 K A= AL 19 24
A% o XHSRR A s A AT e A AR B R IR RS
iz AR B LA . i TANR IS I B &
AR M AR SR 5 15 05 R AN B — AR S L
IR T AR R AE O AR ON XF T 6 ARk
19 BT K 3 I T AR LR TR Y PR B L I X
JEET PR 23 A AT BLE 07 B AR BN S59E 0 T d
FBDGLE L iz ot S AR BN PR 5 R HOE
A ADESR S S

5 F X

1 Paola Saccomandi, Emiliano Schena, Michele Arturo Caponero,
et al.. Theoretical analysis and experimental evaluation of laser-
induced interstitial thermotherapy in ex wivo porcine pancreas|]].
Transactions on Biomedical Engineering, 2012, 59(10).: 2958 —
2964.

2 Tae-Young Kim, Masanori Hanawa, Sun-Jong Kim, e al..
Optical delay interferometer based on phase shifted fiber Bragg
grating with optically controllable phase shifter[J]. Opt Express,
2006, 14(10) . 4250—4255.

3 Zhang Xiaoli, Liang Dakai. Lu Jiyun, et al.. A high reliable
optic fiber Bragg grating sensor network design[J]. Chinese J
Lasers, 2011, 38(1): 0105004.

SRIGENG . FRIF. P 2, AF. A FE G AT RS O AL K 2
K], PEBOE. 2011, 38(1): 0105004.

4 Dong Xinyong, Kong Lingjun, Zhao Chunliu, e al..
Multifunctional devices based on fiber Bragg grating Fabry-Perot
structures[J]. Laser & Optoelectronics Progress, 2011, 48(12) .
120604.

HOPK . LAWK, BB, . JETEA BN 550 u it
TIRESIARAFLT ], WO 5ot ARt . 2011, 48(12): 120604,
5 Liu Wei, Chen Tao, Dai Jianning, et al.. All-fiberized Yb fiber
laser with passively generated sub-nanosecond pulse output[]].

Acta Optica Sinica, 2011, 31(12). 1214003.
X1 . BROWE. WET . F g sh X F Bk ek Yb
JCEFROLAR IR L], S, 2011, 31(12) . 1214003,

6 Irina V Kabakova, Therese Walsh, C M de Sterke, e al..
Performance of field-enhanced optical switching in fiber Bragg
gratings[J]. J Opt Soc Am B, 2010, 27(7); 1343—1351.

7 V V Gainov, O A Ryabushkin. Effect of optical pumping on the
refractive index and temperature in the core of active fiber[]].
IEEE ] Quantum Electron, 2011, 41(9): 809—814.

8 Mohammad Karimi, Majid Lafouti, Ali Asghar Amidiyan, e
al.. All-optical flip-flop based on nonlinear effects in fiber Bragg
gratings[J]. Appl Opt, 2012, 51(1): 21— 26.

9 Andrea Melloni, Marco Chinello, Mario Martinelli. All-optical
switching in phase-shifted fiber Bragg grating[ J]. TEEE Photon
Technol Lett, 2000, 12(1): 42—44.

10 David C Brown. Thermal, stress, and thermo-optic effects in
high average power double-clad silica fiber lasers[ J]. IEEE ]
Quantum Electron, 2001, 37(2): 207—217.

11 Yang Jingwei, Wang Li, Wu Xianyou, e al.. Numerical
simulation and exerimental study on thermal effects of 2. 94 pm
Er: YAG laser[J]. Acta Optica Sinica, 2012, 32(6): 0614002.
B, £ AL, RER. % 2.94 pm Ers YAG #OG RN 5
TR R R SCae B 5T [T, Je2 4. 2012, 32(6): 0614002,

12 Guo Bingxia, Li Qianghua. Influence of grating parameters on
polarization properties of linearly chirped fiber Bragg gratings[J].
Chinese J Lasers, 2012, 39(sl): s105004.

SRINE, JhsR e, BRI B0 2k M W WK S 2T S i IR R 1 52

0105005-4



FWEWAF : SROGEOGET A RS E M 5 A L

[T, FEBOE, 2012, 39(s1): s105004.

13 Benjamin J Eggleton, C Martijn de Sterke, R E Slusher.
Nonlinear pulse propagation in Bragg gratings[J]. ] Opt Soc Am
B, 1997, 14(11) . 2980—2993.

14 Yu O Barmenkov, A V Kir'yanov, M V Andrés. Resonant and
thermal changes of refractive index in a heavily doped erbium fiber
pumped at wavelength 980 nm[]J]. Appl Phys Lett, 2004, 85
(13): 2466 —2468.

15 Guo Tuan, Liu Bo. Zhang Weigang, et al.. Research on optical
fiber grating chirp-sensing technology[J]. Acta Optica Sinica.,
2008, 28(5): 828 —834.
5L X B kAR, G SLE LM E IR R T, 6

2R, 2008, 28(5): 828—834,
16 Jens Thomas, Christian Voigtlander, Ria G Becker, et al..

Femtosecond pulse written fiber gratings:
integrated fiber technology[J]. Laser Photon Rev, 2012, 6(6):

609—723.

17Y H Kim, B H Lee,
nonlinearity measurement of Yb*" /AI** codoped optical fibers by

010500

ol

Y Chung, e al..

a new avenue to

Resonant optical

use of a long-period fiber grating pair[J]. Opt Lett, 2002, 27

(8): 580—582.

-
-0

ZEHEE: T



