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Abstract The current phase generated carrier (PGC) demodulation system based on light source internal
modulation method has phase noises of environmental and light source introduced by the interferometer arms
difference and the high speed light source tuning. Aiming at this, a new PGC demodulation system based on
microfiber all-optical phase modulator is studied. To satisfy the PGC demodulation requirements, the microfiber all-
optical phase modulator based on light absorbing thermal effect is designed with bandwidth exceeding 10 kHz. Based
on this, the PGC demodulation system of fiber hydrophone is constructed, and used to study the detection and
demodulation performance of underwater acoustic signal. Experimental results show that the proposed system can
realize good demodulation performance for the underwater signal with frequency below 3 kHz.
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Fig. 1 Schematic diagram of PGC demodulation system based on microfiber all-optical phase modulator
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Fig. 2 Demodulated response signal with microfiber demodulation frequency of 6.25 kHz
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Fig. 3 Demodulation signal with microfiber demodulation frequency of 6.25 kHz.
(a) Time domain signal; (b) frequency domain signal
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Fig. 6 PGC response signal with simulated underwater acoustic signal frequency of 1 kHz.
(a) Time domain signal; (b) frequency domain signal

AU G ET K W &8 K P A5 5 DK R R e 25 98 ) 28 FOC A T USRS 5 — T IUE A (5
S B E S E O MG PZT b GE e PZT B8 #45 SR BERUK S F 5. SER Gl
JGEF U AN 6.25 kHz (4 [ s 8 AR Gl S T 980 nm Hlaz I O 4 18 1 i BE L A PGC i R Gt
7 R A O AR A AR PR . 7R DRI AE L% 1 kHz DU ERUK A E S i T T IR . B 6 Sk PZT
LTt 1 kHz bR IE SZREADUK R E S0, RGURA I B S S . RO PZT R A5 5 R L A AR
ARG R R E I T0 O MR R U H AR R A B ALK AR S S

TR A5 R R W] I T IRAOGCEF G AR AL I8 ] 28 19 C 2P K T 8% PGC M Id R 48, ol LA SE3xF 3 kHz DL Y
KW 2845 5 BEAT AL A I o T BT BB G 21 AL 18 ] 5% L Bl R DB 2T K T 8% PGC ik 8 22 48 19 AR 62 20 A 1
SN i I BESK , EL A DG AT I ) 4% T SRR PR L A7 A PRI ARG AR [, oF R 8 MR R R P I AT R
W] o e F 8] 1 45 1 — 25 T Ji 5F 2 150 TR AR R 75 40 i F 5

4 4k 1w

BT T 3O (B8 62F A G 5% R R0 55 7T LIGA S 10 kHz W5 2 G2F K I 38 PGC il 8 2
55 140 R {37 248 D L S PSR L T AR R 1 T 0 2T 4 AR 3 9 S 1 G 2T K U7 2 PGC i 2 55
AT RLSEER 3 kHz BLF K (5 2 A7 R G2 (S R . 1% PGC 1l 8 28 55 5% FH B b D6 2F 4 e A 30 38 451 2 T

0710002-5



H = # ot

S A G T 45 0 1 S B DG AR S IR L — T T P LR R EF K W B8RSk i A e U AL ) — T T AT R FHUE ST T
ASCEE A, R 58 ARSI A BRIEEME P, I3 R A5 D U P 9 1 5 0 A AR (02 R 7 LA k3 Dl 27 K T 45 AR G Y R AR A
JEVERE . AT ST RS S B B 28 45 KA F) 1 1 R A 0 RE 1 D' 2T 7K W 45 1 L AR SR L K A 7K AR TR
Je TE TS 0 el Jre R B 3 14 17 JH A A

2 % x M

1  Wang Zefeng, Hu Yongming, Meng Zhou, et al.. Frequency response of fourth-order acoustic low-pass filtering fiber-
optic hydrophones[J]. Acta Physica sinica, 2009, 58(10): 7034-7043.
EEg, WKW, W U, S IO R A I G T K T A s R R AR e R L] W BEAA AR, 2009, 58(10): 7034~
7043.

2 Cao Chunyan, Xiong Shuidong, Hu Zhengliang, ez al.. Noise analysis of repeaterless long-haul fiber-optic hydrophone
systems with the fiber length up to 200 km[J]. Acta Optica Sinica, 2013, 33(4): 0406006.
W, REKAR, BIIER, 45, JGEFKUT AR 200 km JE P4k B R M A PRSI DL, 2013, 33(4): 0406006.

3  Wang Jianfei, Yu Yang, Luo Hong, et al.. Development of a metal annulus-based low frequency fiber Bragg grating
vibration sensing system[]J]. Journal of Optoelectronics * Laser, 2012, 23(1): 89-93.
EEK, T O, P U, . REHERAUOGL AT AR LR S E R TR T . Ot T - W0k, 2012, 23(1): 89-
93.

4  Zhang Nan, Meng Zhou, Rao Wei, et al.. Analysis on upper limit of dynamic range of fiber optic interferometric
hydrophone using digital heterodyne detection scheme[]]. Acta Optica Sinica, 2011, 31(8): 0806011.
oM, @ WL B AR S T RDGE R S BT A A 2 A I U7 B S ABVE R EBRBFSE [T, 6Bk, 2011, 31(8):
0806011.

Wang Kai, Shi Qingping, Jiang Jiajia, et al.. Influence of parameter estimation error on demodulation performance of

ol

PGC arctangent algorithm in optical fiber hydrophone[J]. Journal of Optoelectronics * Laser, 2012, 23(10): 1856-1862.
T, MW, AR, . SEUR TR ZEXRER KT 3 PGC ROE VI IR ERE R [T]. SBF - ok, 2012, 23
(10): 1856-1862.
6 Zhang Huangyong, Wang Liwei, Shi Qingping, et al.. A new demodulation method for time division multiplexing system
of fiber-optic hydrophone using a 3 X3 coupler[J]. Chinese J Lasers, 2011, 38(5): 0505011.
TRAEE, EAE, HEET, 5. JEOKITEE I B RS E A 3X 3 #A AHE S IR — R U] . T EEOE, 2011,
38(5): 0505011.
7 Wang Z F, Hu Y M, Meng Z, et al.. Working-point control method for readout of dynamic phase changes in
interferometric fiber optic sensors by tuning the laser frequency[J]. Appl Opt, 2008(47): 3524-3529.
8 Brambilla G. Optical fibre nanowires and microwires: A review[J]. J Opt, 2010, 12: 043001.
9 Tong L, Zi F, Guo X, et al.. Optical microfibers and nanofibers: A tutorial[J]. Opt Commun, 2012, 285: 4641-4647.
10 Tong L, Lou J, Mazur E. Single-mode guiding properties of subwavelength-diameter silica and silicon wire waveguides
[T]. Opt Express, 2004, 12(6): 1025-1035.
11 Brambilla G, Xu F, Feng X. Fabrication of optical fibre nanowires and their optical and mechanical characterization[]] .
Electronics Lett, 2006, 42(9): 517-519.
12 Song Z Q, YuY, Zhang X L, et al.. All-optical phase modulator based on optical microfiber[J]. Chin Opt Lett, 2014,
3(1): 44-64.
13 YuY, Zhang X L, Song Z Q, et al.. Investigation on an all-optical modulator based on an optical microfiber coupler[C].
IPTA 2014, 2014(5).
14 YuY, Zhang X L, Song Z Q, et al.. An investigation on optical microfiber reflector with low reflectance[J]. Chin Opt
Lett, 2014, 12: 012301.
15 Davis M K, Digonnet M J F, Pantell R H. Thermal effects in doped fibers[J]. Journal of Lightwave Technology, 1998,
16(6): 1013-1023.

0710002-6



