"Selfireferenced optical fiber sensor with stimulated Brilloui n scattering
The field of the invention is that of joptical fiber sensors for neasuring

physi cal quantities. Sensors based on optical fibers st udi ed
for alnost thirty years. On this subject, the reader J@ﬁwmﬂmﬂmwumor
exanpl e, to the publication by C. Menadier, C Kisse and H™ Adki ns

entitled "The photonic sensor™, Instrum Control Syst-- Vel**3%9, -t14¢1967).

They benefi ical £ib .ch . in gddition to
thorr 1 ow v ERerened SpERERBE 8anB8LWith stinifaaBhfuip fedidring
el ectronagnetic 10 interference, have Iow loss, have a high bandw dth and
o Sy Ll e o SHBLNBO" ! SERBNHCR, 68, oMl Bl s thaR ST o
di ver se: nme@Esgringeghysicalra@ntifies.h8epsdrsi kagedonn yptBal Gbeshbhave ritden ed
"Optical fipeE Ci Les: -
pi L al 8, el B3 oS-G 9RanS: ORNRR Skt TheoRartor RERL IR, for o uent
‘appl i cati of¥amelette the fublication dpér MenadiendCpKisssnger @adekt Askinsout
g _herle are ahﬁttlécﬁp'l)l!'néqﬂfdt&%lééhs?h’,e ihétebrdl. Qfon(ﬂrftéﬂ @;Is%nv?pugr enu/ Mtyst@.?e, g

i spl acenme or Si. accel eration, gases c. The t.echpj que oye
are very varpelenBiERgREladiiadey of potta dfhete v iR geRbrog for
i nterferontaw iweight,hodapésb?izlé, iNas lvost Fd émsenfsitivity etd eslestrdmagnatiet | cal
(1906 0" RGEGIENGET RA06 OB tocs, e B nich BandR® AR e stfeviife ang
R W s’hortrmluiplexingit@rdiniqmmamdmgvrth_ewmféﬁstributpg|ampzbiﬁers UDEengBs15, No. b5,
A o
al ., "Moni hﬁdeng)épfthé %?ﬂ{oﬁtib?é?ﬁr iastoméﬁsgy déﬁt}itréd)ﬁ‘]p?riicﬁf Iﬁdéri:wsegém’ioggl-
FTber  SensiHBROESSY HRPORATIES ap £ Righars 7 bt alisse - bighb) Tech. Vol 22, “Al most
hal f ofl5t hBlof 1b89 (2edw) Theanosicieduent tapglieationsretate By styging terhpegsureS. W
James et al,.4 ~Si I n n e r . t r,al n. prasur enent
using i n-filiB%rR rsgglg’;é Sd;éggﬁﬁoé\lsgﬁrgm%% taE% e%?? %‘é’t“["%t@@g@zwﬂé‘gg( f'5»9196)).
I n parti cubaiectingecursentbfoltage e disptacaraente riotsien,baseelemtioby sgages, etc.

The techniques employed are very varied, the ones most actively studied
relating to:

20 ¢ interferometric methods (see P. Nash, “Review of interferometric
optical fiber hydrophone technology”, IEE Proc. Radar Sonar
Navig. Vol. 143, No. 3 (1996)), in particular:

o fiber gyros (see, on this subject, V.Vali and
R. W. Shorthill, “Fiber ring interferometer”, Appl. Opt. Vol.
25 15, No. 5, 1099 (1976)); '

e backscattering techniques such as Raman, Brillouin or Rayleigh
scattering. The reader may refer, in particular, to L. Thévenaz et
al., “Monitoring of large structures using distributed Brillouin fiber
sensing”, Proceedings of the 13" International Conference on

30 optical fiber sensors (OFS-13), Korea, SPIE Vol. 3746, 345 (1999).

Almost half of the fiber sensors currently studied employ Bragg
gratings (S.W. James et al., "Simultaneous independent temperature and
strain measurement using in-fiber Bragg grating sensors”, Elect. Lett. 32 (12)
1133 (1996)). In particular, the use of laser active sensors based on Bragg
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2 gratings is becom"ng wi despread. These include DBR (Distributed Bragg

Refl ector) lasers (see D. Kersey et al., "Fiber Gating Sensors", J. Light
Techn. Vol. 15, No. 8 (1997)) or DFB (Distributed FeedBack) |asers (see J.
Hll et al., "DFB fiber-|laser sensor devel opnents”, OFS-17 Proc. SPIE 5

Vol . 5855 p. 904 and US patent 8 844 927 entitled "Optical Fiber

Di stributed FeedBack Laser" (1998)). The spectral purity of these |asers
enabl es a substantial increase in sensitivity to be achieved conpared with
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5 844 927 tesanilt wptherariiclerwaG) Suess al.opSerally milbiptexoERiualgwirit: fiber-
20 optic acoustic emission sensor”, J. Light Techn. Vol. 22, No. 2. (2004). The
second solution consists in splitting the signal of interest into two arms of
very different optical paths and in making these two arms interfere with each
other. In this case, the reference wave is a retarded copy of the signal wave.
The reader may refer to the publication by S. Abad et al., “Interrogation of
25 wavelength multiplexed fiber Bragg gratings using spectral filtering and
amplitude-to-phase optical conversion”, J. of Light. Techn. Vol. 21, No. 1
(2003) for all information about this second method."

The use of active sensors emitting two optical waves of different

frequencies is one conceivable solution for dispensing with interferometer

30 setups or with additional sensors. DFB-FLs (Distributed FeedBack Fiber
Lasers) oscillating on two polarization states or two propagation modes,
whether transverse or longitudinal, have already formed the subject of
patents and publications. Mention may be made of the following patents:
US 5 844 927 from Optoplan (Norway) 1998 "Optical fiber DFB laser";

35 US 6885784 from Vetco Gray Controls Ltd (UK) 2005 "Anisotropid DFB



35 US 6 885 784 from Vetco G ay Controls Ltd (UK) 2005 "Anisotropic DFB 3
fiber laser sensor"; and US 6 630 658 f3rom ABB Research Ltd (Sw tzerl and)
2003 "Fi ber | aser pressure sensor” and the publication by Kumar et al.,
"Studies on a fewnode fiber-optic strain sensor based on LP01-LP02 node
interference", J. Light. Techn. Vol. 19, No. 3(2001). 5Starting fromihese
principles, various |laser DFB fiber hydrophone architectures have been
proposed. Details of these will be found in the follow ng (%g\ébl i cations: P.
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the length of the laser cavity and causes the emission wavelength to be
shifted by several nanometers - about 3 nanometers at 400 meters in depth.
In the case of wavelength-multip_IeXed architectures for example, the static
pressure places a direct limit on the spacing between two wavelengths, and
25 consequently reduces the maximum number of sensors that can be placed in
series on a single fiber. There are several solutions for alleviating this
problem: it is possible either to measure the static pressure, and then to take
this into account in the data processing, or to compensate for said pressure.
The first method is cumbersome and limits the sensitivity of the system, while
30 the second method requires elaborate mechanical and piezoelectric devices.
The proposed architectures therefore remain complicated. _
The object of the invention is to employ what are called
"self-referenced" active fiber sensors with Bragg gratings operating through
“stimulated Brillouin scattering. The term "self-referenced" sensor is
35 understood to mean any sensor generating two measurement signals



4 carrying the information to be neasured. In the present case, the signals
are two optical waves enmtted at diffeyent optical frequencies. A
differential measurenment of the variations in frequencies of the two
signals is representative of the information to be neasured. Thus, the
gquantity to be 5 neasured is obtained directly by the beating between these
two optical waves and no longer requires either an interferoneter or a
reference sensor. The architecture of optical fiber sensors is thus -
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silica. 5sensor for measuring a physical quantity comprising at least one
measurement optical fiber having at least one Bragg grating and:

20 e optical means designed to inject, into the fiber, a first, "pump" wave
at a first optical frequency and a second, "probe" wave at a second
optical frequency, the second optical frequency being different from
the first optical frequency, the Bragg grating being designed to
reflect the first and second optical waves, and the optical power of

25 the first wave being sufficient to give, after interaction with the
second wave reflected by stimulated Brillouin scattering, a "Stokes"
wave, the frequency of which is representative of the physical
quantity to be measured; and _

e means for analyzing the difference in frequency between the two,

30 "pump"” and "Stokes", optical waves.

Advantageously, the difference in frequency between the first
wave and the second wave is of the order of 10 GHz.

Preferably, the fiber is a fiber made of a chalcogenide-based glass
or a fiber made of bismuth-doped silica.



Preferably, the sensor is a strain sensor, the physical quantity to be
nmeasur ed being a nmechanical strain applied on the fiber and, nore :
specifically, the sensor nay be a hydrgphone. The invention also relates to
an array of optical fiber sensors 5 having at |east one of the above
features. Al the sensors are then arranged in series on one and the sane
optical fiber and the array includes a wavel ength demulti pl exer pl aced

bet ween said fiber and the anal ysis neans. The invention will be
better understood Brefeabhgrthedsensoades strain sesmsonetheppasisal quantityatdi ng t he
foll ow ng SRalaRE [ : : piet | ng,

conj uncti ogewﬁ{.elﬁeg gggﬁﬁg’eﬁy‘?%#ﬂ %%I%O%Bﬂl% Pﬁgtgr%éﬁqals%&?véqu% gener al
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- figure 2 shows the principle of stimulated Brillouin scattering;
- figure 3 shows one embodiment of an optiéal fiber sensor
15 according to the invention; '
- figure 4 shows the various frequencies of the optical waves
propagating in the optical fiber of the sensor; and finally
- figure 5 shows an array of optical fiber sensors according to the
invention.
20 A sensor according to the invention is shown schematically in
figure 1. This sensor comprises:
¢ an optical fiber 10 for measurement 11, the optical characteristics
of which are sensitive to a physical quantity ¢, the fiber having' at
least one Bragg grating 12;
25 e optical means 20 designed to inject, into the fiber, a first, "pump"
wave 1 at a first optical frequency denoted by vp(e) and a second,
"probe” wave 2 at a second optical frequency denoted by vprobe(€),
the second optical frequency being different from the first optical
frequency, the Bragg grating being designed to reflect the first and
30 second optical waves, the optical power of the first wave being
sufficient to give, after interaction with the second wave reflected
by stimulated Brillouin scattering, a "Stokes" wave 2', the frequency
of which denoted by vs(¢) is representative of the physical quantity -
to be measured; and



t he second optical frequency being different fromthe first optical
frequency, the Bragg grating being desiggned to reflect the first and 30
second optical waves, the optical power of the first wave being sufficient
to give, after interaction with the second wave refl ected by stimul ated
Brillouin scattering, a "Stokes" wave 2', the frequency of which denoted by
vs(8) is representative of the physical quantity to be neasured; and 6

t he sensor includes nmeans 30 for splitting the incident waves 1 and 2 and
refl ected waves®1'thgsgnsor inglydesangans30 &r spliting-thegneidentiveres drid i n
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different wavelength, the interference pattern to which they give rise moves in
the medium. The variation in the refractive index of the medium is therefore

20 periodic and moveable, and may be likened to a physical pressure wave.
This acoustic wave is equivalent to a moveable Bragg mirror matched to the

~ wavelength of the pump that has induced it. ‘

Stimulated Brillouin scattering therefore writes, along the fiber, a

dynamic index grating 13 which, unlike Bragg gratings photowritten by

25 standard UV techniqués, adapts to any slow variation in the environmental
conditions of use of the sensor. The sensor is therefore intrinsically
insensitive to static strains. In addition, two optical waves of different
frequéncies, called pump wave and Stokes wave, are output by this sensor.

The information about the quantity to be measured, for example the strain

30 applied to the sensor, is obtained via the variation in the beat frequency of
the two waves output by the sensor. By using this self-referenced device it is
possible to simplify the architecture of hydrophone systems, for exémple, by
dispensing with the interferometric modules with which their interrogation
setups are conventionally equipped. Such a device is also well suited to the

35 production of microphones- for measuring small variations in pressure



‘conditions of use of the sensor. The sensor is therefore intrinsically
I nsensitive to static strains. In addition, two optical waves of different
frequenci es, called punp wave and Stokes wave, are output by this sensor.
The information about the quantity to be neasured, for exanple the strain
30 applied to the sensor, is obtained via the variation in the beat
frequency of the two waves output by the sensor. By using this
self-referenced device it is possible to sinplify the architecture of
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for data tinvestioBsi on systens, but in the present case this 5 scattering is
perfectly suited to the production of sensors according to the invention.
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(2003) andl-ngm#cfEfficlent Fsiegle-rsoda obiillouln | fiker diaser for oy fioismdplicalP.
Huignard, cEffdr ¢b&ition of microwave signals”, Opt. Lett. Vol. 28, No. 20 (2003) and
S. Norcia, R. Frey, S. Tonda-Goldstein, D. Dolfi and J.-P. Huignard, “Efficient
15 High-efficiency single-frequency Birillouin fiber laser with a tunable coupling

coefficient”, J. Opt. Soc. Am. B 1 Vol. 21, No. 8 (2004).

There are a number of possible ways of exploiting the Brillouin
effect. Figure 3 shows one possible embodiment of a Brillouin amplifier with
injection via a probe. This is used because a simple amplifier would generate

20 a noisy Stokes wave with a spectral width of the order of 10 MHz,
corresponding to the inverse of the acoustic phonon lifetime in a fiber. Such a
width would be unacceptable for the abovementioned applications. To
achieve spectral widths of the order of 1 kHz, the device has to be injected.

Figure 3 shows a portion of an optical fiber closed at its'end by the

25 photowritten Bragg mirror 12 for the pump and Stokes waves, which may be
' broadband (the variation in Bragg wavelength with static strains is therefore
not a problem). The component thus formed is injected via a pump wave 1 at
around 1550 nm (v, in the + direction) and a probe wave 2 (vpope, in the +
_direction), the wavelength of which is shifted with respect to the pump wave

30 by the approximate Doppler frequency of the fiber used, i.e. about
ve~ 10 GHz. The interaction between the incident pump wave 1 (+ direction)

and the probe wave 2efected, reflected by the Bragg mirror (in the - direction),
gives rise, by stimulated Brillouin scattering in the core of the fiber, to a pure
Stokes wave 2' (in the - direction). The beating at frequency vp-vs between



'15 High-efficiency single-frequency Brillouin fiber laser with a tunable
coupling coefficient”, J. Opt. Soc. Amg B 1 Vol. 21, No. 8 (2004).

There are a nunber of possible ways of "exploiting the Brillouin effect.
Fi gure 3 shows one possible enbodinent of a Brillouin anplifier with
Injection via a probe. This is used because a sinple anplifier would
generate 20 a noisy Stokes wave with a spectral wdth of the order of 10
MHz, corresponding to the inverse of .the acoustic phonon lifetine in a
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has to be |%|ect ed. Figure showi a po_rtlfon of an O&él cal fibér closed at
its end by NRESHBUEHBL e $N1908r 18§ aRticlirequencyr v dlethsuPmMRANAVS Bxes

waves, whi ahchaygdiefromptidivandviithe was irjected. The Berggswisritengidbvat h
static tl‘fli ns is therefore not a problem. The conponent thus fornmed is
i nj ect ed vi'gI4ERHNF Y% around 1550 nm (vp, in the + direction) and a

robe wave 2 (Vpro e + l.J eclLj [ S
Shifted with respe?ﬁetdodakcﬁgﬁeﬂ‘ﬁ%ﬁé\kfag%ggg@b?@% 92%%6?@%?%@?%%‘3’%@%
frequency efdarh@r¥ ithrmajigied of ithe fikgsoused mnd, 10 thez seTbrd iarder, aem iitm

bet ween t hgpeping&dndtivne. Gavi8edudnthydhl fitist BB)adftitted BRCOMDEeVBY S in
2refl ected, reflected by the direction), gives rise,

by stinul aPEgeRn PIAsH @%wg ﬁ%gpglwé{ ﬁfeth(,e;t?%atto‘ﬁgma{@tfth%éﬁe,wa%Vpure
St okes 10av&his fréqueridyevy isth aahiitgrthat dve beasdsilpnédsdre@docassh Wpevsft bet ween
& fiber, the magnitude of which is known: 11 GHz in the case of a standard
fiber and 8 GHz in the case of a chalcogenide glass fiber. Once this
adjustment has been made, the Bragg grating written by stimulated Brillouin
scattering may be used as a sensor, for example a strain- sensor. It has
15 already been demonstrated in experiments that vs is a function of the strain.
Figure 4 shows the various frequencies of the sensor, namely vy the
frequency of the pump wave, v the frequency of the initial probe wave, vs
the frequency of the probe wave adapted to the type of fiber, and vsmin and
vsmax the frequencies of the variation of the Stokes wave when the fiber is
20 subjected to strain variations. The reader may refer on this subject to the
article by M. Nicklés, L. Thévenaz and Ph. Robert, "Brillouin gain spectrum
characterization in single-mode optical silica fibers", JLT 15, p.1842-1851
(1997).

This is a self-referenced device since two waves of different optical

25 frequency are output therefrom, namely the reflection of the pump wave and

" the stimulated Stokes wave (shifted toward the long wavelengths of the

Doppler frequency). The operation of this device is guaranteed whatever the

static pressure applied thereto, since the Bragg grating created here adapts
dynamically to the optical waves that write it through a nonlinear effect.

30 More precisely, the two emitted optical frequencies vp(g) and vs(e)
cause beats on the detector at the frequency Av(e) = vp(¢) - vs(g), which may
also be written as Av(e) = vp-vs+dv(e). The two optical frequencies vp(e) and
vs(e) and the value Av(e) are functions of the longitudinal deformation ¢
experienced by the optical fiber of the sensor. Consequently, this deformation



‘this Stokes wave (in the - direction) and the reflection 1 reflected or 1'
of the punp wave on the Bragg mrror (igh the - direction) constitutes the
signal of interest output by the sensor. The optical frequency vp of the
punp wave is unchanged fromthat at which it was injected. The termvB
denotes the beat 5 frequency, equal to vp-vs. The optica
frequency vs of the Stokes wave depends, to the first order, on the nature
of the fiber used and, to the second order, on its operatlng condi tions.
Consequent Mpdulaiemike phasadif ke éntedrancersigarly Specifisall, ipEaged Enawr der to
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The S|gnal rocesse ppears as a req ency t1on
around a cé‘ﬂr@@?“eétp'ﬁﬁél—“ﬁ@ qu ajpHz sonmwﬁ@afmﬁuémt@gem@ thepi cal |y
spaced apaghulhory:p-vs of .the or der of a few Gz to a few tens of GHz,
therebyzscorgr gs(egrlqblpgg in the near infrared, to a wavel ength di fference

where E is the Young's modulus and  is the Poisson’s ratio.

| For silica, E=72x10°Pa and &=0.23, corresponding to a
longitudinal deformation equal to &, = —-0.75x107" /JHz .

The optical fiber sensors are inserted into specific mechanical
30 devices allowing optimum transfer of the acoustic wave in terms of elongation
of the cavity, causing a.gain in elongation of the order of 40 dB, which is
equivalent to a minimum pressure to be detected of the order of 1 Pa, and
therefore equivalent to a longitudinal strain &, =-0.75x107" //Hz .

Consequently, for the sensors presented below, it is opportune to calculate



'10 of the -order of 0.16 nm The phase nodul ation 5v(8) is obtained by

het erodyne detection using a | ocal oscjhlator of frequency close to vl-v2,
making it possible to shift the signal Toward the | ow frequencies, these
_being nore suitable for digital processing. The |local oscillator nust be of
sufficient spectral purity so as not to limt the neasurenent of the signal
V(E) the 15 anplitude of which may be of the order of 1 WMHz. Currently
avai |l abl e synt hesi zers have a stability of the order of 2x10-10lday, which
is anply sthe frepepmcy shiftiaiitke 1ages waveseamsitied when the cavitpHe subjested td ty of

t he sensor shipresrestrtitingiengitidiral BRakp Baad c £org Bxanpl'e/a th the
quantity of interest for hydrophone applications, nanely 20 the DSSO (deep

sea state zero). Thus, the smallest signal detectable by the sensor nust
correspond to a prE¥REUASViIE®IrREy HReebhgHerRNakty B}taggh%tiﬁa%ra@fodﬁca 150

Pa/ VHz at ¢ - | ongj r L.on P n.applied
Bressuresaopﬂ)?[égﬁb%g&ﬁlt iéz;{"o%]t an %%9@2&&%@@% g%@ﬁ@n@% 'h@giehgogsqifati on:
25 ez = (2iypicdllyP/ E , where E is the Young's nodulus and O is the Poisson's
ratio. For silica, E £,72 x109 Pa and = 0.23 , corresponding to
a | ongitudi nal defddy redsi, b8, eQnLAIT—t;((pgzrpiz)sQerﬁe;()zo- 15 /-% The ofElkal
fi ber sensors are inserted into eci fic mechanidal 30 devices all ow ng
optirmmtrg‘;p.l r of the acoustic wave in terns of elongation of the cavity,
causing a galnin elongation OP t he ,or(ﬁer of 40 dB, which is equivalent to
a ni ni mum pr esstr e€1 8NBefdéfedbedopgitydiBaland ragial 1stains {xa=tsmelnethr e
equivalent to a |Q§ﬁﬂr6b|@ica§é)'s”ai nEz=-0.75x 10-1' //HZ . '

Consequently, far t e > I A\t e el kL IS opportune to calcul ate

10 theq?)r equencgI st ﬁﬁeogﬁ%@eﬁ ﬁé?mv%f\aggxéjﬁyﬁ tl%e'b\/nen the cavity is

subj ected to thPhs Aepig2enisdbe weripdfitheidrating; endai n, nanmely & = -0.75

x10-11 hiTiz 5 , and p, are the longitudinal and transverse elastic-optic
coefficients which, for silica, are »n,=1.456, p, =0.121 and

Py, =0.265.

15 The frequency shift of the Bragg grating fiber sensor due to a
static longitudinal strain is deduced from this equation E1. This shift is
approximately equal to dv, ~0.78¢,v,. The above equation is well confirmed
experimentally. _

Assuming that this equation remains valid in dynamic mode, the

20 shift in the optical frequency emitted by a Bragg grating sensor emitting a

wave of optical frequency v4, and subjected to a pressure equivalent to the
deep sea state zero, is L ~ 1.55 ym, i.e. v, x192.10" Hz:

ov, ~0.78x0.75x10"° x192x10"* ~112mHz /+/Hz .

This corresponds, considering a mechanical amplification of
25 around 40dB, i.e. to a longitudinal dynamic strain to be measured of the order
of 107" /VHz ), to 6v, ~1kHz/+/Hz .
The system for interrogating the sensor must be capable of
measuring very small frequency shifts of the laser (of the order of 1kHz/Hz
in the abovementioned case); it is therefore necessary to have a
30 single-frequency laser with a very low noise in the useful (for example
acoustic) frequency band of the sensor.
Certain types of fiber are particularly well suited to the sensors
according to the invention. Thus, chalcogenized fibers have a Brillouin gain



‘The device may be considered as a Bragg rating in an optical 5 fiber. The
shift oil,B of the Bragg wavel ength of1ﬁragg grating sensors is typically:
n2 8/ 113 2neAez -2ne A((1311 PI2 )61- 912e2 2 where: ez and Er are the
| ongi tudi nal and radial strains ( =e in the isotropic case); 1Oue is the
effective refractive i ndex of the fiber; A = 2B/2n, is the period of the
grating; and p" and pl2 are the |ongitudinal and transverse elastic-optic
coefficients which, for silica, are ne =1.456 , p11 = O 1 2 1 and pi, =
0.265. 15TH¥O w@q@ﬂﬁwagﬂltﬂdedvlgh%tf[araggar‘giaa@ |Sﬂig7af filbers archor elastict o a

static | OnGFﬁ@@béﬂimeﬁtr(é‘#ré‘m' e ?@Néﬁ@nﬁrﬁéé higherahaAila. T-H@ ermhi ft is

xper | mont SHTACOHRRGRH HRPT Faiind Ao imarioan FARIGH Tbf FAda0hg g% mode,
the 20 shi t:bnuaimmglpeaoplhemaialfd:@qpeuﬂmy eamptisidgby @hBlcagenidieat suth swnsor
o 1 2ol bR, AL E GRSy oy SIS THPLERER IR, hepHe
192. 10’ 2Hz excéllent Gangidated Fox Poedicing atinxiloted Btillodin dcditering sensors.
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10-' '), tohave allpmabsorpiiop;
The multiplexing for discriminating the signals coming from the
10 various sensors may be achieved using various techniques. For example,
temporal multiplexing and spectral multiplexing may be mentioned.
The multiplexing of the device shown diagrarhmatically in figure 5
may be wavelength multiplexing, using Bragg mirrors with a Bragg
wavelength spaced apart by a few nm from one sensor to the next. The
15 interrogation source may be a frequency comb of the telecom source type.
To multiplex several sensors i according to the invention, it is also necessary
to. add, to the device in figure 1, a probe laser 20 propagating in the same
direction as the pump wave. This probe laser is either a broad source around
1.5 ym or a tunable source around 1.5 ym, matched to the Bragg wavelength
20 of the cavity end mirrors. The sensors may be produced according to the
embodiments described above. In this case, each sensor i comprises a fiber
10; that emits two waves 1" and 2" having the frequencies vip and v;s.



The system for interrogating the sensor nust be capable of neasuring very
smal | frequency shifts of the |aser (o{zthe order of IkHz | AlITiz in the
abovenenti oned case); it is therefore necessary to have a 30
single-frequency laser with a very low noise in the useful (for exanple
acoustic) frequency band of the sensor. Certain types of fiber
are particularly well suited to the sensors according to the invention.
Thus, chal cogeni zed fibers have a Brillouin gain 11 two orders of
magni t ude hi gher than standard silica fibers and an el astic-optic
coefficient (strain sensitivity) twegtximsnes higher than silica. The term
"chal cogeni zed fiber" is understood to nean an optical fiber nmade of a

gl ass contai ning a chem cal conpound conprising a chal cogeni de, such as 5
oxygen, sulfur, selenium telluriumor polonium Consequently, they are

excel | ent candi dat ¢s nulated Brill ouin, scat erln sensors.
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invention, it is V. ur, a probe
| aser 20 propagat ?dﬁ;s?q%%fgé%gﬁé{ e dir e'%ttl on égg?rﬂ(g dﬁﬁ%ﬁ' \%ﬁygg ﬁ r obe
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sensors may be produced accord %’S‘; he enbodi men above. n
this cdse, each S%H?r'PQ’coﬁpr% S fWaW 1the tihaguaenay: sok wwhighvels 1,' and

2," having the fre@pmhmvéd:tn@@shys@al quahtit-f DS nidlasufed;(Hd cal fi ber
sensor for reasyri H%ansp(%f!fcraelmaqyzémg the\,( difference in frequency between the
two, "pump" and "Stokes", optical waves.

20 2. The optical fiber sensor as claimed in claim 1, characterized in

that the difference in frequency between the first wave and the second wave
is of the order of 10 GHz.

3. The optical fiber sensor as claimed in claim 1, characterized in
25 that the optical fiber is a fiber made of a chalcogenide-based glass or an
optical fiber made of bismuth-doped silica.

4. The optical_ fiber sensor as claimed in one of the preceding
claims, characterized in that the sensor is a strain sensor, the physical
30 quantity to be measured being a mechanical strain applied on the fiber.

5. The optical fiber sensor as claimed in claim 4, .characterized in
that the sensor is a hydrophone.



‘conprising at |east one neasurenent optical fiber (10) having at |east.one
Bragg grating (12), characterized in that the sensor al so includes:

optical neans (20) designed to inject, Tnto the fiber, a first, "punp" wave
at a first optical frequency and a second, "probe" wave at a 10 second
optical frequency, the second optical frequency being different fromthe
first optical frequency, the Bragg grating being designed to reflect the
first and second optical waves, and the optical power of the first wave

bei ng sufficient tB. d\verray okrontisakfiket isensars last pleirsed dndonavef thef | ect ed
by sti mul apeskdind bRihS él5a"7r§é‘t‘eh§éd 9 thaf allﬁheks%?]sovsayﬁé atriR %é& LSSy of

which is re resesébtlve 0 ysi ca uantity t ured and means
(40) for aﬁg m?es%mfafoé’rt'éﬁgf@qrr?qdr@ bahibe %@W\E’@Wd@ﬁ@ W\%ele""ﬁﬂhp" and
" St okes", &mltuﬂékervﬂueéd bétWeenT§sid dibkr apd tihé BAalysRNBeangs clained in claim
1, characterized in that the difference in frequency between the first wave
and the second wave is of the order of 10 GHz. 3. The opti cal
fi ber sensor as clainmed in claim1, characterized in 25 that the optical
fiber is a fiber nmade of a chal cogeni de-based gl ass or an optical fiber
made of bi snut h-doped silica. 4. The optical fiber sensor as
clainmed in one of the preceding clains, characterized in that the sensor is
a strain sensor, the physical 30 quantity to be nmeasured being a nechani cal
strain applied on the fiber. 5. The optical fiber sensor as
claimed in claim4, characterized in that the sensor is a hydrophone. 13
6. An array of optical fiber sensors as clainmed in one of the preceding
clainms, characterized in that all the sensors are arranged in series on one
and the sanme optical fiber and in that the array includes a wavel ength

mul ti pl exer placed between said fiber and the anal ysis neans.



