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Abstract Stress produced in metallization of fiber Bragg grating (FBG) using electroless-electroplating method
affects the sensing accuracy of FBG directly. Based on the mechanism of stresses. the changes of FBG's transmission
spectrum in metallization are studied for better sensing accuracy. Experiments show that electroless plated FBG
exhibits broadened spectrum and reduced peak value. Theory and simulation analyses are conducted to study the
stress in electroless plating. Results show that the thermal stress causes perturbation in FBG. Prolonging the cooling
time is used to reduce the thermal stress. And during the electroless plating, the solution is mixed timely to make the
stress uniform. It is shown that stress in electroless plating with the optimal condition affects the FBG little. The
following electroplating experiments show that most stress is produced in the electroplating process. The changes of
FBG's spectrum are minimized by stabilizing higher electroplating temperature, mixing timely and using double
electrodes. Finally, temperature sensor experiments for the metal coated FBG (MFBG) metalized under the
optimized condition prove that the hysterisis error is reduced compared with the reported results.
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(¢) for double-anode electroplating
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Table 1 Parameters for optical fiber and electroless Ni-P coating (with the coating thickness of 4. 6875 pm)
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74k 1w

W T AL eSS S B R AL fR 3P FBG i B 77 AR I B0 LA R AE AR T FBG iR Z2 1. R4

060601-7



49,060601 MM SYBIZHRE www. opticsjournal. net

Or AT TR R R N AR R B o BT Al S B A e B AR AT L A BN T FBG YRR AE T S 5
S5 b 3 5 HE A A A B v R 18] £ 7 3R 080 R Sl e TS 48 P A A B 5 ik 08D I T R AN 1)
Yoo AL A8 T 25 . FBG I RG> . B AR 2 ™ AR W ) SO e FBG 1 3 B I AR AR 5L
Hh A A LB T i FBG AL SR R AR T ORI RS BRI AR T ORI LR N T 5 S I 1 3 e A R R A
A L FC I3 B P R AU AR 1) T 3 I8 B 1 WA ARR O g /N A B g 249 20 B8 R » DR T Ll RE Mg /b 1 r
P B FBG RGN . XU &R AL 17 J5 B MEBG BEAT I B2 % RS 0, 25 2R 3 W (o] 2 42 22 /8
TEA BB . [R5 b4 8 AL 7 n] T HAl e £ 12 s i 3

Z £ X #t
1 Zhang Le, Wu Bo, Ye Wen et al.. Highly sensitive fiber-optic vibration sensor based on frequency-locking of a FBG Fabry-
Perot cavity[J]. Acta Optica Sinica , 2011, 31(4); 0406006
SR, R B, M S AR JETORE UM AT B A 2 BRI R RO IR S IR AR [T ). kR, 2011,
31(4): 0406006
2 Wang Yubao, Lan Haijun. Study of fiber Bragg grating sensor system based on wavelength-division multiplexing/time-
division multiplexing[J]. Acta Optica Sinica, 2010, 30(8): 2196~2201
FEEE, 2. STk ek /o> 2 G B M) L% F#/, 2010, 30(8): 2196~2201
3 Yan Feng, Hua Zhang, Yulong Li et al.. Temperature sensing of metal-coated fiber Bragg grating[J]. IEEE/ASME
Trans. Mechatron. , 2010, 15(4): 511~519
4 Carla Lupi, Ferdinando Felli, Andrea Brotzu et al.. Improving FBG sensor sensitivity at cryogenic temperature by metal
coatingl J |. IEEE Sensors Journal, 2008, 8(7): 1299~1304
5 S. Sandlin, T. Kinnunen, J. Rdmoé et al.. A simple method for metal re-coating of optical fibre Bragg gratings[J]. Surf.
Coat. Technol., 2006, 201(6) . 3061~3065
6 Xiao Chunli, Fritz Prinz, John Seim. Thermal behavior of a metal embedded fiber Bragg grating sensor[J]. Smart Material
and Structures, 2001, 10(4) . 575~579
7 Feng Yan, Zhang Hua, Li Yulong et al.. Temperature sensitization model of fiber Bragg grating with metal coating[ J].
Acta Optica Sinica, 2009, 29(2) . 336~341
ot sk M. BT B SRR ROLE TR U WHE BE A B RILT ] g AR, 2009, 29(2) . 336~341
8 Guo Mingjin, Jiang Desheng. Low temperature properties of fiber Bragg grating temperature sensor with plating gold[J].
Chinese J. Low Temperature Physics, 2006, 28(2) . 138~141
SEWIGr, LpEA. PEA G LM AL RS PRI AL ], AR R A 2 IR, 2006, 28(2): 138~141
9 R. S. Shen, J. Zhang, Y. Wang et al.. Study on high-temperature and high-pressure measurement by using metal-coated
FBG[J]. Microwave and Optical Technology Letters, 2008, 50(5): 1138~1140
10 Li Yulong, Feng Yan, Zhang Hua e al.. Fiber Bragg grating sensor metallization and embedding into 42CrMo steel by
soldering[J]. Transactions of the China Welding Institution, 2008, 29(3): 69~72
EEJp, 0 .0k AR E GEOUIME S & E AL TR S BRI A 42CrMo R[], IR . 2008, 29(3): 69~72
11 Li Ming, Liao Yanbiao. Fiber Optic Sensors and Their Applications[ M ]. Wuhan: Wuhan University Press, 2008.
118~127
RO BIERG. SBEF ARG RN T HORIM. BB BBUK S i iRAL . 2008, 118~127
12 Rao Chunfang, Zhang Hua, Feng Yan et al.. Heat Treatment on fiber Bragg grating with Ni coating for elevated
temperature sensor[ J]. Optics and Precision Engineering , 2011, 19(9): 2006~2013
BEFRTF, sk AR S BLE R DRI OLEF A BAS M A AN AR B R R A R LT D R F A E T2, 2011, 19(9) .
2006~2013
13 Yulong Li, Hua Zhang, Yan Feng et al.. Metal coating of fiber Bragg grating and the temperature sensing character after
metallization[ J]. Opt. Fiber Technol. , 2009, 15(4); 391~397
14 Jack W. Dini. Electrodeposition; the Materials Science of Coating and Substrates[ M]. Norwich: Noyes Publications,
1993. 297~299
15 Y. Jeon, K. Paik. Stress in electroless Ni-P films for electronic packaging applications[J]. IEEE Trans. Components and
Packaging Technologies, 2002, 25(1): 169~173
16 Milan Paunovic, Mordechay Schlesinger. Fundamentals of Electrochemical Deposition[ M]. Wiley Interscience, 2006. 232

060601-8



49,060601 MM SYBIZHRE www. opticsjournal. net

17 Zhu Liqun. Electrodeposition Theory and Technology for Functional Membrane[ M ]. Beijing: Beihang University Press,
2005. 39
KR DIReREE M R TR NS S HORIM. dbat: Jbatfiss K% A . 2005, 39

18 Huang Shixun, Wu Chunshu. Theory of Electroplatingl M]. Beijing: China Agriculture and Machine Press, 1982. 123
W, RATR. BEAISIM]. dta . P ER LR AL, 1982, 123

19 Truan Erdogan. Fiber Grating Spectra[ J|. J. Lightwawve Technol. , 1997, 15(8) . 1277~1294

20 Takeuqi Youiqirou. Thermal Stress| M]. Guo Lianwei, Li Anding transl.. Beijing: Science Press, 1977. 62
gt —. A IMD. S, 24E 3. duat: BhFdipat, 1977, 62

21 Li Weite, Hang Baohai, Bi Zhongbo. Theoey and Application of Thermal Stress| M|. Beijing: China Electric Power Press,
2006. 89~90
YRR, ORI, B, BN B A BT Ko FIEM. dbst: i E L H R AL, 2006, 89~90

22 Yang Shiming, Tao Wenquan. Heat Transfer[ M]. Beijing: High Education Press, 2010. 115
B, WSck. EeEIMD dbat: mEEE ML, 2010, 115

23 Guo Zengyuan. Frontier of heat transfer— microscale heat transfer[J]. Adwvances in Mechanics, 2000, 30(1): 1~6
W, E PR AT S AT A REEAE LT, A 3 &, 2000, 30(1): 1~6

060601-9



