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Fiber-Optic Hydrophone

Wang Zhanghai, Zhang Hong, Wang Wei, Li Dongming, Ge Huiliang
Hangzhou Institute of Applied Acoustics, Hangzhou, Zhejiang 310023, China

Abstract The noise of repeaterless remote demodulation systems of fiber-optic hydrophone primarily comes from
amplified spontaneous emission (ASE) noise and double Rayleigh scattering (DRS) noise. To optimize the noise and
improve the performance of the system, the effects of ASE noise and DRS noise on phase noise of the system are
separated experimentally by noise fitting. The results show that the ASE noise is the main noise source of the
experimental system, while DRS noise also is the limiting factor of the phase noise reduction. The noise suppression
effects of the illuminant phase modulation scheme on both ASE noise and DRS noise are theoretically analyzed and
experimentally confirmed. Experimental results show that the total phase noise of 100 km remote demodulation
system is suppressed by 5.2 dB when the sinusoidal phase modulation with amplitude of 2.2 rad and frequency of
40 MHz is applied by lithium niobate phase modulator, while ASE noise power is reduced by 5.2 dB and DRS noise
power is reduced by 6.2 dB.
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22 BEIESH
EDFAL i 5 5624 T47 . BAT 100 km 1% 5 F1 B 51 4 A€ S5 45 J0 )5 a9 2 i K, B4 100 km
JGEF i G DR T EDFA2 1B % TAEIT S i ASGIh 38, RS a) B & i K &8 xF E47 100 km JG4F
et B B 55 AR 5 AT IR S GEF UK 2% A B /Y ASE S S BOGSF MR L%k, ASE JE 55 5Ot Z M 40
WAL A5 i B I P G0 . ASE D6 515 5 AT S R AR X SR B MR (RIND 2y 38 338 285 g 1)

20 AsE
P,
P oase N ASESUIIRIEE L P A(E 90T, AT 5 5 5 oL T A 2l ASE W75 52 e 1 32 2 -
BE T FIRRGN S - BERATRER R 1T 100 km YE£F A% AL TR, LI/ ASE B A9 52 11,

1106006-2

, @)

D sig. ASE —



H = e ot

SR X T RAT 100 km SGEFT F 5 2% 26 58 OG0 1% 5 ) 32 32 31 SBS Al e V07 1 BR 1, 1% i ' 21 1Y) Je K
ATy BRI GITE SBS BI{E LA .

SCYRN B T 52 SBS (5 {E BR i B O AR g 0 R GE A R R W 2 Ca) AT B SR TR . LEE R AT
100 kmOGEF By A 340625 298 5.5 dBm, 80 N AT 100 km JGEF FRELL 451 (4 ABAFESS . 14T 100 km
LT A BN S TR 2 A (B 1 A SO BIEIh & Py=—35.6 dBm. 48R 5AHAL I Hl 25 K X A5 5 it
T AT o e 03 2 2R A AR o A2 S 30 = IR B I S K O T R W R G H B Y R K OF L DU
1 kHz SR MHE + 100 Hz 35 BN CHI 900~1100 Hz 22 [8]) ) 1 75 3l 3R 5 25 B 15 (5 DF i 22 G0 e 7 I ek £y Mg
P RIE I —90.3 dB/Hz, B THE MK ASE S 300 AH A ME 75 2 R 5 R 88 ADE I % Py iR
L, T DRS A S 8000 A 7 M 75 DRANBE P o A8k, 2 R G000 2 2 5 ASE M R DRS B A5 B, R 458
AEAE MR TR S AR BE B D e FTAR R K Py BIBRE B D e = D e aste T D e ks = £ ase/ P a + kprs » Fo P
D juse ase D e prs 735124 ASE WA FI DRS W75 (14 Dy 258535 925 BE 3 b ase Bl kors B H REL, W& — A Py
Xt IV 4 2R GE AR AN M 75 T D e » S 38 B2 /N TR AU 15 B R B b s 1 B s » BI AT STHBEAR EUR [ 4i ADG TR Py
XL D jasease B D ppase prs o BT P a 22 2 F 47 100 km JG2F SBS B ARG, 2 Py KT —35.6 dBmff,
FZeBRTNAT 100 km SGEF I FIAH A1 40 FE 1 DG 25 s g #5254 R 7 00 5 R 48045 285 SR A 81 2 () B R it Al DA
AT RNANTE] P o i A B 0 b 0 75 5 X 2R 96 A Ao, R 7 ) T K, O S I R R R R o B AR IR LG A SR
BAFFN D e ase M1 D e ors W 1 FIR

-86
8ol @ — P,=-38.6 dBm (®) o test
- — P,=-35.6 dBm ~ _88 —— fitting
4 — P,=-32.5dBm N
= -85\ — P,=-29.5 dBm o
g - SV S,
X o
3 5 -92
Q R _gq
- - -96 - . . . o
10? 10° -40 -38 -36 -34 -32 -30 -28
Frequency /Hz P, /dBm

2 TR O #8  an A 6 TI SR 07 () AH L W 7 T R B . (O MR SE SR (D B H 3G
Fig. 2 Phase noise power spectral density at different input optical powers of Raman amplifier.
(a) Test results; (b) noise fitting
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Table 1 Test and fitting results of phase noise power spectral density at different input optical powers of Raman amplifier

P,/dBm Test Do /(dBeHz ') Fitting Do/ (dBeHz ') Dy ase/C dBHz 1) D e prs/(dBeHz
—38.6 —87.5 —87.5 —88.0 —97.2
—35.6 —90.3 —90.1 —91.0 —97.2
—32.5 —92.2 —92.4 —94.1 —97.2
—29.5 —94.2 —94.2 —97.1 —97.2
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Fig. 3 (a) Output spectrum with phase modulation; (b) SBS threshold promotion ratio
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Table 2 Test results of phase noise power spectral density with and without phase modulation and analysis of noise sources
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Condition P,/dBm
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