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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to the field of op-
tical sensors and more particularly concerns a miniature
Fabry-Perot sensorin which internal strain is minimal and
which is easy to manufacture.

BACKGROUND OF THE INVENTION

[0002] Optical fiber pressure sensors have been the
topic of intense research during the last decade as they
can be made very small, compact, immune to electro-
magnetic interference, biocompatible and can be used
at elevated temperature or in a harsh chemical environ-
ment. Applications for such sensors are therefore numer-
ous and range from combustion and jet engine controls
to biomedical applications.

[0003] Itis known in the prior art to provide a pressure
sensor at the tip of an optical fiber. For example, pub-
lished international patent application no. WO 02/23148
(WILNER et al.) shows a housing made from silicon in
which the end section of a lead fiber and a silicon dia-
phragm are fixed. The flat cleaved lead fiber end and the
diaphragm form two reflective surfaces that define a Fab-
ry-Perot interferometer. The optical signal from the lead
opticalfiber is splitinto two paths which mutually interfere.
The sum of their interference is function of the distance
between the fiber end and the diaphragm position, the
latter being a function of pressure.

[0004] Other sensors of this type are for example de-
scribed in patents and patent applications EP 1 089 062;
US 4,491,590; US 5,381,229; US 6,539,136; US
5,657,405; US 6,597,820; US 6,820,488; US 6,823,738;
US 2004/0223679; US 2005/0041905; WO 99/45352
and WO 02/23148. The following publications may also
be consulted: MacPherson W.N. et al., "Miniature fiber
optic pressure sensor for turbomachinary applications”,
Rev. Sci. Instr., 1999, Vol. 70 n°3, pp. 1868 1874,); Pinet
E. etal. "Miniature fiber optic pressure sensor for medical
applications: an opportunity for intra-aortic balloon pump-
ing (IABP) therapy", Proc. of SPIE, 2005, Vol. 5855, pp.
234-237. For all the solutions mentioned in these docu-
ments, the typical design produces a sensor that is larger
than the diameter of the lead optical fiber used for its
interrogation.

[0005] U.S. patents no. 4,078,432, US 4,701,614, US
4,918,305 and US 5,193,129 describe small micro-bind-
ing optical fiber pressure sensors. In all cases, two optical
fibers are needed; one for the probing light and the other
for the detected light whose intensity is dependent on the
pressure applied on the sensor.

[0006] European patent EP 0 503 812 discloses a
small optical fiber pressure sensor using fluorescence-
quenching, suitable for example for arterial blood pres-
sure measurements. The size of such a sensor could be
made very close to the diameter of the optical fiber.
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[0007] There are very few known devices where the
sensor diameter is equal to the diameter of the lead op-
tical fiber. Some examples could be found in patent and
patent application EP 0 997 721, US 2004/0114848.
These technologies however have their drawbacks; for
example, in EP 0 997 721 the manufacturing procedure
is relatively complicated and requires application of spe-
cialtools and materials. InUS 2004/0114848, the intrinsic
Fabry-Perot sensor includes a thin film sandwiched be-
tween two fiber ends.

[0008] Other ultra-miniature pressure sensors have
been reported in the literature. The paper by Cibula &
Donlagié "Miniature fiber-optic pressure sensor with a
polymer diaphragm", Appl. Opt. 2005, Vol. 44 n°14, pp.
2736 2744, and Slovene patent SI 21242 disclose an
optical fiber pressure sensor with a polymer diaphragm
that is not larger than the size of the optical fiber. Papers
by Abeysinghe D.C et al. ("A novel MEMS pressure sen-
sor fabricated on an optical fiber", IEEE Phot. Tech. Lett.,
2001, Vol. 13 n°9, pp. 993 995,), Abeysinghe D.C et a/.
("Novel MEMS pressure and temperature sensors fabri-
cated on optical fibers" J. Micromech. Microeng. 2002,
Vol. 12, pp. 229 235,) and Totsu K. et al. ("Ultra-miniature
fiber-optic pressure sensor using white light interferom-
etry", J. Micromech. Microeng., 2005, Vol. 15, pp. 7175,)
all disclose pressure sensors manufactured at the tip of
a lead optical fiber using photolithographic patterning
techniques.

[0009] Other embodiments of miniature sensors are
shown in U.S. patentapplication no. 2005/0062979 (ZHU
et al.). The miniature sensor of Zhu is designed by first
bonding a hollow tube to the end face of a lead optical
fiber, and then bonding a diaphragm to the hollow tube
to create a Fabry-Perot interferometer. Similar configu-
rations, employing polymer diaphragm, was also report-
ed by Cibula E. etal. ("Miniature fiber optic pressure sen-
sor for medical applications’, Proc. IEEE Sensors 2002,
Vol. 1 n°12-14 pp. 711-714,) and in Slovene patent SI
21242. One drawback of such sensors is the relative fra-
gility of the hollow spacer, both during its manufacturing
and its use. The manufacturability of the disclosed sensor
is further complicated by the need to make multiple splic-
es to join the components together, and the need to pre-
cisely adjust the length of the hollow spacer so that it
provides the desired cavity length after splicing of the
diaphragm.

[0010] US 5,619,046 discloses a method of manufac-
turing a measuring device of the Fabry-Pérot resonator
type. A cavity is directly formed in a mass of a silicon
piece, and the silicon piece is directly joined to an optical
fiber without any intermediate layer. The cavity is pro-
duced by etching using a silicon dioxide layer as a mask
in a known manner.

[0011] There is therefore a need for a miniature optical
sensor which alleviates drawbacks of the prior art.
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SUMMARY OF THE INVENTION

[0012] In accordance with a first aspect of the present
invention, there is therefore provided a method for man-
ufacturing an optical sensorfor sensing a parameter. This
method includes the steps of:

a) providing an optical element of similar transversal
dimensions than a lead optical fiber, said optical el-
ement being composed of a single piece and having
a first and a second end;

b) shaping the first end of the optical element to de-
fine a cavity therein opened on its first end;

c) permanently joining the first end of the optical el-
ement to a forward end of the lead optical fiber so
that said optical element is supported by said lead
optical fiber and projects strictly therefrom; and

d) shaping the second end of the optical element to
define a diaphragm extending across the cavity, the
diaphragm being flexible in response to the param-
eter, the diaphragm defining afirst reflector of a sens-
ing Fabry-Perot resonator within the optical sensor.

[0013] According to another aspect of the present in-
vention, there is also provided an optical sensor for sens-
ing a parameter. The optical sensor first includes a lead
opticalfiber having an end surface at a forward end there-
of. A single piece optical element of similar transversal
dimensions than the lead optical fiber is also provided.
The optical element has a first end defining a spacer per-
manently joined to the forward end of the lead optical
fiber, and is supported by the lead optical fiber end sur-
face so as to project strictly forward therefrom. The spac-
er defines a cavity therein. The optical element also has
a second end defining a diaphragm extending across the
cavity, the diaphragm being flexible in response to the
parameter. The diaphragm and the end surface of the
lead optical fiber respectively define a first and a second
reflector of a sensing Fabry-Perot resonator within the
optical sensor. As will be understood by one skilled in
the art, the designation of first and second reflectors is
used herein as a convention for convenience of reference
and does not reflect a particular order of reflection.
[0014] The presentinvention advantageously provides
Fabry-Perot sensors where the sensing elements may
have a diameter as small as or even smaller than the
lead optical fiber diameter, hence the reference to a min-
iature device. The parameter the sensor is sensitive to
may for example be pressure, force, acceleration, acous-
tic waves, vibrations or combinations thereof. The
present invention can be particularly useful for applica-
tions where the reduced size, electromagnetic interfer-
ence (EMI) insensitivity, high frequency response, high
thermal or chemical stability and low drift are important
concerns.

[0015] Other features and advantages of the present
invention will be better understood upon reading of pre-
ferred embodiments thereof with reference to the ap-
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pended drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG. 1 is a cross-sectional side view of an optical
sensor according to a preferred embodiment of the
invention.

FIG. 2 is a cross-sectional side view of an optical
sensor provided with a protective hollow member
projecting forward of the diaphragm accordingto one
embodiment of the invention.

FIG. 3 is a cross-sectional side view of an optical
sensor having arounded cavity according to another
embodiment of the invention.

FIG. 4 is a cross-sectional side view of an optical
sensor having a rounded cavity and rounded protec-
tive hollow member according to yet another embod-
iment of the invention.

FIG. 5 is a cross-sectional side view of an optical
sensor having an additional hollow spacer according
to another embodiment of the invention.

FIGs. 6A and 6B are cross-sectional side views of
optical sensors where the spacer has a diameter
greater and smaller than the diameter of the lead
optical fiber, respectively; FIGs. 6C to 6H are cross-
sectional side views of optical sensors having dia-
phragms of different shapes.

FIGs. 7A to 7E illustrate steps of a method for man-
ufacturing an optical sensor according to another as-
pect of the invention.

FIG. 8A is a schematized illustration of an experi-
mental set-up to perform a polishing step according
to a preferred embodiment of the invention; FIG. 8B
is a schematized illustration of an experimental set-
up to perform an etching step according to a pre-
ferred embodiment of the invention.

FIG. 9 is a cross-sectional side view of an optical
sensor according to an embodiment of the present
invention packaged in protective tubing.

FIG. 10 is a graph showing the relative intensity re-
sponse to pressure of an optical sensor manufac-
tured according to an embodiment of the present in-
vention where only a mechanical polishing of the di-
aphragm was performed after the last cleave.

FIG. 11 is a graph showing the relative intensity re-
sponse to pressure of an optical sensor manufac-
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tured according to an embodiment of the present in-
vention where a mechanical polishing of the dia-
phragm was first performed after the last cleave, fol-
lowed by a controlled chemical etching.

FIG. 12is a graph showing the cavity length change
in response to pressure of an even more sensitive
optical sensor manufactured according to the same
method as for the sensor of FIG. 11.

DESCRIPTION OF PREFERRED EMBODIMENTS OF
THE INVENTION

[0017] In the following description, similar features in
the drawings have been given similar reference numerals
and in order not to weight down the figures, some ele-
ments are not referred to in some figures if they were
already identified in a precedent figure.

[0018] With reference to FIG. 1, there is shown an ex-
ample of an optical sensor 20 according to an embodi-
ment of the present invention. The sensor of the present
invention is meant for sensing a given parameter. The
parameter may be physical or chemical and may for ex-
ample be embodied by pressure, force, acceleration,
acoustic waves, vibrations, combinations thereof, or any
other parameter apt to induce a displacement of a dia-
phragm as will be seen further below.

Optical sensor

[0019] The optical sensor 20 of FIG.1 first includes a
lead optical fiber 22 having an end surface 24 at its for-
ward end 25. The lead optical fiber preferably has a core
21 and a cladding 23, and is apt to guide a light signal
towards its end surface 24 and guide the reflected light
back in the opposite direction. It will be clear to one skilled
in the art that the designation of "lead" optical fiber refers
to the use of this fiber as a conduit for the sensing light
signalandis notmeant as representative of any particular
property of the optical fiber itself. The lead optical fiber
may be single mode or multimode, with a single or mul-
tiple cladding, and may be a microstructured or holey
fiber. It may be made of any suitable materials such as
pure silica, doped silica, composite glasses or sapphire.
[0020] The optical sensor 20 further includes a single
piece optical element 53 projecting forward from the lead
optical fiber 22. The optical element 53 has a first end 55
which is permanently joined to the forward end 25 of the
lead optical fiber 22, and a second end 57 opposite the
firstend 55. The first end 55 therefore extends rearwards
of the optical sensor 20 while the second end 57 projects
forwards. The designations of "rearward" and "forward"
are used throughout the present specification to refer to
the orientation of components with respect to light coming
from the lead optical fiber 22, and are not indicative of
any preferential direction.

[0021] By "permanently joined" it is understood that
the optical element 53 cannot be separated from the lead
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optical fiber without damages thereto. The two may for
example be spliced or bonded together. It will further be
noted that the optical element 53 and end surface 24 of
the lead optical fiber 22 need not necessarily be in direct
contact, and that an intermediary component such as an
additional spacer (see further below with reference to
FIG. 5) may be present between them without departing
from the scope of the present invention.

[0022] The optical element 53 is supported by the lead
optical fiber, that is, no additional component is provided
to support the optical element 53 such as would for ex-
ample be the case for "capillary" type sensors where a
base layer supports sensor components and receives
the lead optical fiber in a channel therein.

[0023] Thefirstend 55 ofthe optical element53 defines
a spacer 26, while the second end 57 defines a dia-
phragm 34. The spacer 26 defines a cavity 27 therein.
The cavity 27 is preferably an air cavity, and more pref-
erably a vacuum or low air pressure cavity which avoids
or reduces thermal effects due to gas dilatation. The cav-
ity 27 provides for the propagation of light therethrough
without undue reflections. The cavity 27 is preferably bor-
dered by the outer wall 29 of the optical element 53, the
end surface 24 of the lead optical fiber 22 at the first end
of the optical element 53 and the diaphragm 34 extending
across the cavity 27 at the second end of the optical el-
ement 53.

[0024] The diaphragm 34 is preferably a thin mem-
brane and is flexible in response to the parameter to be
analyzed. Preferably, eitherthe front 37 orrear 36 surface
of the diaphragm 34 forms the first reflector of a Fabry-
Perot resonator, the second reflector of this resonator
being defined by the end surface 24 of the lead optical
fiber 22. As will be understood by one skilled in the art,
the designation of firstand second reflectors is used here-
in as a convention for convenience of reference and does
not reflect a particular order of reflection. Alternatively, if
the diaphragm is thin enough, the reflection from the first
reflector can be observed as the sum of reflections at
each ofthe front 37 and rear 36 surfaces of the diaphragm
34. This situation can be treated either as adouble Fabry-
Perotresonator or as a single resonator, as reflected light
waves from both surfaces will add coherently. The final
effect is that the reflected wave encounters a phase shift
different from 180 degrees upon reflection, which in gen-
eral does not require the use of special signal processing
to measure the desired parameter(s).

[0025] By definition, a reflector of a Fabry-Perot reso-
nator has reflective or semi-reflective properties. These
properties may simply come from the interface between
two different media, or be advantageously improved by
providing a reflective or semi-reflective layer coating onto
the appropriate surface. The end surface 24 of the lead
optical fiber 22, defining the second reflector, may there-
fore be coated with a semi-reflective layer. The surface
of the diaphragm 34 defining the first reflector may ad-
vantageously be coated with a fully reflective layer to
increase light reflection. The reflective or semi-reflective



7 EP 1 929 249 B9 8

layers may for example be embodied by a metallic coat-
ings, oxide coatings or semiconductor coatings of appro-
priate thicknesses. Such coatings and other options for
providing reflective or semi-reflective layers are well
known to those skilled in the art.

[0026] A deflection of the diaphragm can for example
be measured on the basis of interference of reflected
light in the Fabry-Perot resonator, and an appropriate
optical signal processing system can deduce therefrom
a variation in the measured parameter. The optical
processing of the signal is adapted to the characteristics
of the Fabry-Perot resonator. It will be understood by one
skilled in the art that the different interfaces in the sensor
may define more than one Fabry-Perot resonator, and
that appropriate signal processing will select the light
from desired one. Alternatively, the light reflected within
more than one pair of reflectors, defining plural Fabry-
Perot resonators, may be resolved to extract information
from each of them or from the resulting combination of
them. Sensing by a Fabry-Perot resonator and appropri-
ate signal processing techniques are well known to those
skilled in the art and need not to be described further here.
[0027] The provision of a single piece optical element
embodying both the spacer and the diaphragm is a very
advantageous feature of the present invention. In prior
art sensors, the diaphragm is usually a separate compo-
nents joined through fusion splicing, bonding or other
means to the end of the spacer, which results in ) struc-
tural stresses on both components. These stresses are
virtually absent or minimal in the present optical sensor,
which is therefore more robust and durable.

[0028] Since less manufacturing stresses are induced
by the sensor design, it means also that the sensor will
not drift due to the slow relaxation of those stresses. In
addition its manufacture is simplified, as will be seen fur-
ther below. The optical element 53 can typically be be-
tween 2 and 500 um long, and the diameter of the dia-
phragm is typically 10 to 200 pwm, preferably between 20
to 100 um. These dimensions are of course given by way
of example and are in no way limitative to the scope of
the present invention.

[0029] The optical element 53 is preferably made of at
least one inorganic material, such as pure silica glass,
doped silica glass, composite glass or sapphire. It may
for example originate from a length of fiber such as for
example a multi-mode graded index or step index optical
fiber. The physical or chemical properties of the material
selected need notbe homogenous throughout the optical
element 53 and could differ along particular axes or in
different portions, for example by the provision of a dis-
tribution of dopants therein.

[0030] The optical element 53 may take different
shapes. In the embodiment of FIG. 1, it has a simple
rectangular cross-sectional shape opened in the rear-
ward direction. Referring to FIGs. 2 to 5, other exemplary
shapes are shown. In the embodiment of FIG. 2, the sen-
sor includes a hollow member 48 projecting forward of
the diaphragm 34, which is also made of a single piece
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with the optical element 53. Such a hollow member 48
could advantageously protect the diaphragm 34 from me-
chanical stresses that could occur during sensor pack-
aging or during normal use of the sensor. FIG. 3 shows
an optical sensor 20 where the cavity 27 has a rounded
shape, which may further increase the structural strength
of the diaphragm 34. The embodiment of FIG. 4 is a mix
of the two previous embodiments, where both the cavity
27 and the hollow member 48 define a rounded shape.
Finally, FIG. 5 shows an optical sensor 20 similar to the
one of FIG. 2 where an additional hollow spacer 44 is
provided between the lead optical fiber 22 and the optical
element 53.

[0031] Although the embodiments of FIGs. 1 to 5 all
show a spacer and diaphragm having a diameter sub-
stantially equal to the diameter of the lead optical fiber,
it will be understood that the optical element 53 may have
a greater diameter than the lead fiber 22 without depart-
ing from the scope of the present invention, as shown in
FIG. 6A. In such case a transition surface 56 may result
after joining permanently the optical element 53 to the
lead fiber 22. This variant may be advantageous for some
applications, especially those requiring a higher sensi-
tivity of the sensor, and where the miniature aspect of
the sensorisless of aconcern. The diameter of the optical
element 53 may also be smaller than that of the lead fiber
22, such as in FIG. 6B, although such an embodiment
may not provide any additional advantage other than hav-
ing a smaller dimension at the sensing tip or to simplify
manufacturability of the optical element 53. In the case
where the diameter of the optical element is significantly
smaller than the one of the lead fiber 22, some packaging
options could be realized to protect the sensitive part of
the sensor while keeping the overall diameter similar to
the one of the lead fiber 22.

[0032] Referringto FIGs. 6C to 6H, it can be seen that
the shape of the diaphragm 34 itself may also be used
to provide additional advantageous features according
to other variants of the present invention. For example
diaphragms 34 with nonuniform or corrugated surfaces
could be used. Corrugated diaphragm can provide a
higher overall sensitivity of the corresponding optical sen-
sor 20 and relax internal stress leading to better sensor
stability. For instance, the diaphragm 34 may be provided
with a protuberance 46 protruding both backward and
forward (or only inward, not shown in the figures) from
its central portion as shown in FIGs. 6D to 6H. Different
shapes can be given to such a protuberance 46, which
may advantageously act as an inertial member, making
the optical sensor 20 more sensitive to axial acceleration,
to acoustic waves or to vibrations. The protuberance 46
is preferably defined by an increased thickness of the
diaphragm 34 in its central portion. The presence of this
protuberance 46 can also help to reduce deformations
in the central portion of the diaphragm 34 so that it retains
a more or less flat surface, especially when the dia-
phragm 34 is deflected, that helps to maintain the visibility
of the Fabry-Perot within the whole range of the operation
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of the optical sensor 20.

[0033] Referringto FIG. 9, in accordance with another
embodiment of the invention, the optical sensor accord-
ing to any of the variants discussed above may be pack-
aged in a protective tubing 50, preferably of a size com-
parable to that of the optical sensor. The protective tubing
may be made of metal, ceramics, polymers or any other
appropriate material. Such tubing is preferably flexible
but may also be rigid, especially for applications where
an ultra-miniature size is not a critical issue. As shown
in FIG. 9 the optical sensor 20 is preferably slightly re-
tracted inside the protecting tubing 50, not too far from
its opening in order to allow stimulus transduction to the
sensor while offering an improved protection. The pro-
tective tubing may enclose the optical sensor 20 partially
or completely, and preferably encloses the entire sensor
and a section of the lead optical fiber. It may be filled with
a substance 52 selected to transduce the external stim-
ulation to be detected by the sensor while still providing
an additional protection for the most fragile exposed parts
thereof. Example of appropriate substances include a
flexible polymer such as polyurethane, soft rubber or the
like, a gel such as silicone gel or hydrogel or the like, a
liquid such as mineral or organic oils, water or other ap-
propriate liquids such as the ones with high viscosity,
with high surface tensions or liquids or polymers that will
preferably not be dissolved in the external medium where
the disclosed sensor will be used. For liquids, it is worth
mentioning that due to the ultra-miniature size of the sen-
sors obtained in numerous applications of the present
invention, the liquids could easily remain trapped inside
the protecting tubing simply due to surface tensions and
capillary effects. The selection of appropriate liquids, ap-
propriate protecting tubing material and tubing internal
diameter close enough to the sensor outer diameter will
thus be oriented preferably in order to maximize those
capillary effects, thereby keeping the substance inside
the protecting tubing. It is worth mentioning that in some
cases, especially those involving flexible polymers, the
substance 52 can also act as protecting tubing 50 pro-
viding additional protection for the optical sensor tip while
insuring also transduction to the sensor 20 of the external
stimulation.

[0034] As will be further explained below, the manu-
facturing of optical sensors according to the present in-
vention preferably include fusion splicing of the different
components, which occurs at elevated temperature
where the polymeric cladding that usually protects the
commercially available optical fibers, can not survive. As
a consequence, when using standard fusion splicers
there is usually at least about 0.2 to 1 cm of optical fiber
that is stripped from its polymeric buffer that usually pro-
tects mechanically the glass from scratches and micro-
cracking. However when using metal coated fibers in-
stead of polymer coated fibers this exposed glass dis-
tance can advantageously further be reduced since metal
could survive higher temperature. Once fusion splicing
is performed, the exposed glass could be recoated to
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protect bare section from micro-cracks and mechanical
damages. It is worth mentioning that the transduction
substance could also advantageously be used to protect
the sensor and the most fragile part of the tip of the lead
optical fiber. Substances that do not degrade the material
of the lead optical fiber should thus preferably be select-
ed.

[0035] It is additionally worth mentioning that the pro-
tective packaging mentioned above could also present
interesting advantages for good stimulus transduction
with increased protection of the sensitive and likely to be
fragile part of the sensor. When used in a packaging sim-
ilar to the one shown in FIG. 9, the optical sensor could
readily be used as a micro-pressure or micro-force sen-
sor. The portion between the sensor tip and the protective
tubing could act as a buffer section against stimulus
which otherwise would have been exceeding the range
of the sensor, and could have caused its destruction.
[0036] The additional protective packaging could final-
ly advantageously be well suited to applications such as
for instance medical applications where the size of the
sensor, its immunity to EMI, its chemical inertness and
biocompatibility, its high sensitivity as well as its low drift
are crucial advantages. A potential very interesting ap-
plication of such packaging would be for instance ultra-
miniature instrumented catheters suitable forinstance for
paediatric or small animals’ surgery applications. It is
worth mentioning that other additional protective pack-
aging could be designed and used in other applications
without limiting the scope of the described preferred
packaging and application.

[0037] Alternatively other similar designs may for in-
stance be implemented where the end-tip of the package
could be filled with a substance that swells or shrinks in
presence of a given analyte, such as hydrogels or similar
products capable of swelling in presence of water or pos-
sibly organic vapors or solvents. Such packaging, pos-
sibly modified compared to what is schematically illus-
trated in FIG. 9, could thus be used to make the ultra-
miniature Fabry-Perot fiber optic sensor described in the
presentinvention, sensitive to humidity or volatile organic
compounds. Numerous designs and applications could
be derived from this concept such as for instance the use
of a substance that swell or shrink with temperature var-
iations, hence making the sensor sensitive to tempera-
ture. Packaging designs variations to separate for in-
stance interferences from temperature and external
pressure will be obvious to the people known in the art.
Different transduction mechanisms could be used to
make the sensor sensitive to other stimuli.

[0038] Each of the lead optical fiber and the optical
element may advantageously be made from pure silica,
doped silica glass, composite glass as well as from sap-
phire, the latter being particularly suitable for extreme
high temperature applications.

[0039] The designand characteristics of a given optical
sensor according to the present invention are preferably
tailored to the target application thereof. Highly sensitive



11 EP 1 929 249 B9 12

sensors suitable for measurements of lower and higher
industrial pressures may be achieved. A glass-only sen-
sor designs allow for good temperature and chemical sta-
bility and provide resistance to other environmental in-
fluences. Since the materials suggested above are inert
and very stable, extremely low drift with time, outstanding
accuracy and consistent sensor performances are
achievable. Due to the small size and the nature of these
materials, the resulting sensor presents low temperature
dependence. This feature is of particular interest not only
for applications where a miniature size is essential, but
also where sensor stability and precision are crucial. The
miniature size of the sensor allows by design a high fre-
quency dynamic response which is of great interest for
monitoring fast parameter variations such as pressure
explosion propagating wave or high frequency acoustic
waves. As this is the case for all-fiber optic sensors, op-
tical sensors according to the present invention are com-
pletely insensitive to electromagnetic interferences and
are intrinsically safe. They therefore could operate per-
fectly in electromagnetic noisy or hazardous environ-
ments such as encountered in numerous industrial,
chemical or medical applications. Sensors according to
the present invention can also be well suited for demand-
ing applications such as oil well down-holes or jet engines
pressure monitoring where high pressure and tempera-
ture are present. They could be also very useful in chal-
lenging fields such as biology (microbiology, genetics...),
medicine (paediatrics, diagnostic, patient monitoring or
animal testing...), chemistry (microwave chemistry, pol-
ymer processing...) and physics (aerospace, micro-flu-
idics, micro-robotics...). As many sensors may be packed
in a very small volume, several sensors could be arrayed
and, provided an adequate multi-channels optical inter-
rogation unit is used to read the Fabry-Perot resonators,
incredibly localized surface pressure distribution could
for instance be measured, offering the opportunity for
unique micro-sensing applications. The applications
mentioned above are naturally non-limitative examples.

Manufacturing method

[0040] In accordance with another aspect of the inven-
tion, and with reference to FIGs. 7A through 7E, there is
also provided a method for manufacturing an optical sen-
sor for a given parameter as described above.

[0041] The method of the present invention first in-
cludes steps of providing an optical element 53, which
will embody the sensor (FIG. 7A), and shaping (FIG. 7B)
a first end 55 thereof to define an opened cavity 27 (FIG.
7C). The optical element has a second end 57 opposite
the first end 55 which will be shaped to define the dia-
phragm, as will be defined further below. The optical el-
ement 53 may be appropriately prepared prior to etching,
such as by cleaving one of both its ends to provide flat
surfaces, and/or by polishing these surfaces to improve
flatness. The optical element 53 is composed of a single
piece, and may for example be embodied by a length of
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fiber. It will be understood that is this context, the term
"fiber" is used in the general sense to designate any ap-
propriate elongated structure in which light may propa-
gate or not, and is not limited to traditional light guiding
structures. The fiber providing optical element 53 is not
necessary an optical fiber but should be selected by its
ability to be shaped at at least one end. Preferably, shap-
ing of the first end 55 of the optical element is accom-
plished by etching, and the optical element 53 has an
etchability profile selected to promote the formation of
the cavity therein. For this purpose, the fiber preferably
has an inner portion 59 and an outer portion 61, the outer
portion 61 having an etchability rate lesser than the etch-
ability rate of the inner portion 59. This may be accom-
plished by providing an appropriate distribution of do-
pants in either the inner 59 or outer 61 portion of the
optical element 53, or both. The inner 59 and outer 61
portion may or may not be embodied by the core and
cladding of a light-guiding optical fiber. In one embodi-
ment, the optical element 53 could simply be a multi-
mode graded index or step index optical fiber.

[0042] Referringto FIG. 7B, the etching of the first end
55 of the optical element 53 is carried out in an appro-
priate etching medium 58, which maybe in a liquid or
vapor phase. The etching medium 58 and the nature and
distribution of doping elements in the optical element 53
are selected to remove the inner portion 59 of the optical
element at higher rate than its outer portion 61. For ex-
ample, a step index or graded index multimode silica fiber
having an inner portion 59 embodied by a core doped
with GeO, can be used in combination with HF acid as
an etching agent. Other common dopants known in the
art, such as but not limited to TiO,, P,Os, B,O3, Al,O3,
Na,0, K,0, CaO, MgO, BaO, PbO, Bi,O3, Fe,03, fluo-
rine, iodine and lanthanides oxides (such as ytterbium,
erbium...) etc. can be used for the doping of the core 59
as well. In this case, typical appropriate etching media in
the liquid phase include hydrofluoric acid (HF) or hy-
drofluoric acid (HF) buffered with ammonium fluoride
(NH4F), water solution of ammonium fluoride (NH4F),
and in the gaseous phase include C,Fg, CCI,F, etc. Al-
ternatively, the cladding 61 of the fiber may be doped
instead of its core 59, in which case an etching medium
causing the selective removal of the non-doped core 59
shall be used. Such a combination could be a fiber with
a pure SiO, core 59 and a GeO, doped cladding 61 with
HF acid buffered with NH,F as an etching medium 58.
[0043] As shown in FIG. 7C, the etching process cre-
ates a cavity 27 opened on the first end 55 of the optical
element 53, and the diameter d. of this cavity 27 is ap-
proximately equivalentto the diameter ofthe inner portion
59 of the optical element 53, typically the fiber core. As
will be seen further below, in the final form of the optical
sensor the diameter of the cavity bottom also determines
the diameter of the diaphragm. It will be further noted that
the walls of the cavity may have a slight slope due to the
anisotropic etching of glass (not shown in the figures).
The etching of the first end 55 of the optical element 53



13 EP 1 929 249 B9 14

is preferably timed and stopped when the etched length
L of the cavity is slightly longer than the desired length
L. of the Fabry-Perot resonator. This last length depends
on the signal processing system that will be used with
the optical sensor and on sensing application, and typi-
cally ranges from 1 um to 500 um. Cavity lengths outside
this range are also possible.

[0044] Referring to FIG. 7D, the first end 55 of the op-
tical element 53 is next permanently joined to the forward
end 25 of a lead optical fiber 22. As mentioned above,
the lead optical fiber is apt to guide a light signal towards
its end surface 24 and guide the reflected light back in
the opposite direction. It may be single mode or multi-
mode, and may be made of any suitable materials such
as pure silica, doped silica, composite glasses or sap-
phire.

[0045] The permanentjoining of the optical element 53
to the lead optical fiber 22 is preferably achieved through
splicing, which may be accomplished with a standard op-
tical fiber fusion splicer. Standard requirements known
in the art should preferably be maintainedin orderto have
good splicing results. One such requirement consists of
making sure that the end-faces of both fibers to be spliced
should be perfectly cleaved with smooth surface perpen-
dicular to the fiber axis. Both the lead optical fiber 22 and
the optical element 53 may for instance have an outer
diameter of 125 um or less. Larger fiber diameters could
also be used, especially if higher sensitivity is desired,
as required for instance for medical or acoustical appli-
cations. Optionally, fibers having different diameters
could be spliced, resulting in an optical sensor such as
shown in FIG. 6A. In that case it is usually beneficial to
have a larger diameter for the optical element 53 since
this will be helpful to increase the final wall thickness, to
improve mechanical resistance, as well as to increase
the final diaphragm diameter for improved sensor sensi-
tivity. For such an embodiment, a fusion transition 56 at
the interface between the two fibers may be created dur-
ing the fusion splice. Preferably, both the lead optical
fiber 22 and the fiber optical element 53 may have a di-
ameter in the range of 50 to 500 wm, with core sizes
between 20 and 475 pm. Fibers having dimensions out-
side of those ranges could also be used.

[0046] Both reflectors of the Fabry-Perot reflector, em-
bodied by the end surface of the lead fiber on one side
and the inside of the cavity of the optical element (which
will embody the rear surface of the diaphragm in the fin-
ished sensor) may be provided with a reflective coating
prior to their respective splicing. The coating on the lead
fiber side should be semi-reflective, whereas the coating
on the diaphragm could also be fully reflective coating
such as the one obtained with thick metallic coating (such
as Cr, Al, Ag, Au, Ti and the like). Such coatings that
could improve the finesse or level of back reflected light
ofthe Fabry-Perot resonator could be obtained using var-
ious deposition techniques. Thin metallic coating (e.g.
titanium and the like) or preferably oxides coating (e.g.
TiO,, ZrO,, Ta,05, Al,O5 and the like) or semiconductor
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thin coating (e.g. silicon nitride and the like) could be
used for such purposes in single or multiple layers.
[0047] The present method next step includes a step
of shaping the second end 57 of the optical element 53
to define a diaphragm 34 extending across the cavity 27,
as shown in FIG. 7E. This may be accomplished in a
variety of manners. In one embodiment of the invention,
the shaping of the optical element 53 includes a sub-step
of cleaving its forward end to a predetermined length Lp,
for example at a distance between 5 and 100 pm away
from the forward extremity of the cavity 27. A tight control
ofthelength L is preferable as the results of this cleaving
process may have an important impact on the sensor
performances. Cleaving may be performed using stand-
ard cleaving mechanical tools (scribe and break, ultra-
sonic cleaving, etc.) or by other techniques known in the
art, such as for example CO, laser cleaving techniques.
With such techniques, if appropriate visual diagnostic
and displacement tools are implemented, a precise and
reproducible cleave could be obtained, which could be
very useful if batch processes are established in order
to reduce production costs of the sensor. If a good control
of the cleaving is achieved, further shaping of the dia-
phragm may not be necessary and a functional sensor
could be obtained from this step. Since the minimum de-
sired thickness of the diaphragm obtained from cleaving
is rarely bellow 2 to 5 um (otherwise the risk of breaking
the diaphragm during cleaving is usually too high and
precise control over mechanical cleave positioning is lim-
ited), high pressure sensors (such as 0-100 MPa) could
be produced directly at that sub-step. For increased sen-
sitivity sensors manufacturing, the following sub-steps
are usually necessary.

[0048] The cleaving of the second end 57 of the optical
element 53 may be replaced or followed by a mechanical
polishing sub-step. Through an appropriately controlled
polishing, the length L of the diaphragm may be reduced
down to about 1 to 5 um. Standard polishing techniques
may be used with special care of the sensitive and brittle
parts of the sensor. As shown in FIG. 8A, the polishing
sub-step is preferably realized by mechanically maintain-
ing the sensor 20 into a fiber optic connector ferrule 64
placed perpendicularly to a preferably rotating polishing
surface 66 such as polishing papers of different grit-sizes.
For example, polishing paper of 1 to 3 um grit-sizes may
be first used followed by a 0.3 to 0.5 wm grit-size paper
for the last micron. Water, alcohol or another polishing
medium 68 could advantageously be used for a surface
finish of better quality. For measurements of low pres-
sures, such as for example required for most medical
applications, diaphragm thickness even smaller than
achievable with the technique described above may
prove necessary. In such a case, further control of the
polishing sub-step may be achieved by performing it in
a pressurized vessel 70, and connecting the lead optical
fiber 22 to an optical interrogation unit 72 which measures
the response of the sensor 20 according to pressure var-
iations imposed into the pressurized vessel 70. Different
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setups could of course be considered. The signal condi-
tioning system 70 may be based on single wavelength,
multiple wavelengths or even white light interferometry
technologies such as available commercially. The pol-
ishing sub-step is ended once the sensor sensitivity
reaches a targeted value.

[0049] For certain pressure ranges, the controlled pol-
ishing described above may be sufficient to shape the
diaphragm to the desired thickness. For applications re-
quiring a particularly high sensitivity, the shaping of the
diaphragm may further include an etching sub-step. Re-
ferring to FIG. 8B, an exemplary set-up for performing
such an etching of the second end 57 of the optical ele-
ment 53 is shown. An appropriate etching medium 58 is
prepared and the second end 57 of the optical element
53 is dipped therein. The etching medium 58 may for
example be embodied by HF (unbuffered) or buffered HF
when the optical element 53 has a pure silica core. The
etching medium 58 is preferably selected according to
the physical characteristics of the optical element 53, as
explained above with reference to the etching of the first
end of the optical element. The etching medium could be
in liquid or gaseous form.

[0050] In the embodiment of FIG. 8B, the lead optical
fiber 22 is connected to an appropriate signal condition-
ing system 60 which interrogates the optical sensor 20
during this process. A device similar to the one embod-
ying the optical interrogation unit 72 of FIG. 8A could be
used. Different setups could of course be considered.
The optical sensor 20 is enclosed together with the etch-
ing medium 58 in a pressurized vessel 70 in which pres-
sure is preferably cyclically changed, within the target
sensor pressure range (or only in part of this pressure
range). The response of the optical sensor 20 is observed
by the signal conditioning system 60 in real time. As the
diaphragmis etched by the etching medium, its thickness
decreases andits sensitivity increases. When the desired
sensitivity and/or pressure range is achieved, the optical
sensor 20 is removed from the etching medium 58 and
neutralized. This embodiment allows for arbitrary sensi-
tivity and pressure range of the optical sensor while it
assures good repeatability of its manufacturing process.
Such a process could of course be performed in batches
with good process control. A well monitored control of
the shaping of the diaphragm can result in a diaphragm
thickness Lp close to or bellow 1 wm, which can provide
very high sensor sensitivity. Such very high sensitivity is
advantageously useful for applications where good res-
olution as well as good accuracy is required.

[0051] The use of complexdoping profiles in the optical
element combined with selective etching of the dia-
phragm may also be used to give the diaphragm a par-
ticular shape. According to a preferred embodiment of
the invention, the diaphragm may advantageously be
shaped so as to define a protective hollow member 48
projective from its forward end, as shown in FIGs. 2, 4,
5, 6C though 6H. In other words the flexible portion of
the diaphragm 34 is in effect "retracted" inside the sensor
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still within a single piece structure. Such a protective hol-
low member 48 could thus advantageously protect the
flexible portion of the diaphragm 34 from mechanical
stresses that could occur during sensor packaging or dur-
ing normal use of the sensor. The flexible, central portion
of the diaphragm 34 is preferably as flat as possible in
order to allow a good quality Fabry-Perot resonator.
[0052] Alternatively, a slightly convex shape (see dia-
phragm 34 of FIG. 6H) could also be used in order to
produce a better flat surface once the diaphragm is de-
flected. Such shape could also advantageously be used
to refocus the light into the center part of the lead fiber
and thus to increase the light injected back into the lead
fiber.

[0053] Inoneoptionalvariantoftheinvention, the outer
surfaces of the obtained sensor may be coated with an
absorbing or reflecting layer to optically isolate the cavity
from surrounding, avoiding external light intrusion. Such
coating could also be used as an additional mechanical
protection of the diaphragm surface preventing scratch
damages or micro-cracks propagation. An anti reflective
coating could also be applied on the front surface of the
diaphragm if it its use as a Fabry-Perot reflector is not
desired. Such external coating could thus simplify signal
processing.

[0054] In accordance with another preferred embodi-
ment of the invention, a hollow additional spacer 44 (see
FIG. 5) may be provided at the forward end of the lead
optical fiber prior to attaching the optical element thereto.
The additional spacer may be obtained by permanently
joining a spacer element to the forward end of the lead
optical fiber, preferably through splicing, and shaping this
spacer element to form a hollow spacer. The shaping
may be accomplished through etching using a similar
procedure as explained above. Alternatively, the addi-
tional spacer may be obtained by directly shaping a por-
tion of the extremity of the lead optical fiber to define the
appropriate structure.

[0055] One advantage of the provision of an additional
spacer is that after its manufacture, a semi-reflective
coating as mentioned above may be deposited on the
end surface of the lead optical fiber. It is also worth men-
tioning that in order to avoid fusion splicing on coated
surfaces and when the presence of coatings jeopardize
the high quality bond strength or the hermeticity of the
assembly, the two spacer surfaces involved in the bond
can be cleaned from coatings by polishing or other me-
chanical or chemical procedure prior attaching.

[0056] Another advantage of the provision of an addi-
tional spacer is offered by the opportunity to have an
inwardly curvated shape (towards the lead fiber) of the
cavity section next to the lead fiber. Such a design is of
particularinterestfor embodiments with a cavity fiber sec-
tion diameter greater than the lead fiber diameter, as al-
ready described for sensor embodiments with wider di-
ameter and increased sensitivity.

[0057] The total length of the portion of the sensor pro-
jecting from the optical fiber in the finished sensor will
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preferably reside within range between 2 and 750 pm.
However embodiments outside this range are also pos-
sible.

[0058] FIG. 10 demonstrates the typical relative inten-
sity change with pressure (in the 0-20 MPa pressure
range) for a sensor obtained according toan embodiment
of the presentinvention. A 1550 nm tunable laser source,
an optical couplerand a light detector were used tomeas-
ure thisresponse. The fiber optical element used for man-
ufacturing the sensor was a step index multimode fiber
that contained about 15 mol% GeO, in its core. The core
diameter was 62 pum with the fiber outer diameter of 125
pm. The optical element was etched in HF until a cavity
of a depth of about 20 pum was formed. The etched first
end was then spliced to a standard single-mode lead
fiber. The optical element was then cleaved about 10 um
away from its second end, and then polished to further
reduce the diaphragm thickness to approximately 3 pum.
[0059] FIG. 11 shows the relative intensity change with
pressure (in the 0-4.5 MPa pressure range) of an optical
sensor obtained by the same procedure as described in
the previous paragraph, with the exception that after pol-
ishing of the diaphragm the second end of the optical
element was further etched chemically. The precise con-
trol over the diaphragm thickness was achieved by en-
closing the etching solution (2% HF) and the sensor into
a pressure vessel. The sensor was connected to an in-
terrogation system via lead optical fiber and the pressure
in the vessel was continuously cycled within the target
sensor sensitivity range. It should be noted that it is usu-
ally not necessary to cover the full pressure range of the
sensor in order to evaluate a change in its sensitivity: a
partial range is acceptable (usually lower pressures are
easier to implement). The response (sensitivity) of the
sensors was continuously observed by the interrogation
system and when the sensor achieved the desired sen-
sitivity, i.e. diaphragm with the appropriate thickness or
mechanical properties, the etching was stopped by re-
moval of the sensor from the etching medium and neu-
tralization of the sensor tip. This process advantageously
allows for a precise tuning of the sensor to the desired
pressure range and sensitivity and also allows for repeat-
able production results with acceptable yields.

[0060] FIG. 12 finally shows the cavity length change
with pressure of a more sensitive sensor using 125 pm
multimode lead fiber obtained by the same procedure as
described in the previous paragraph, but for an unam-
biguous pressure range of 0-100 kPa. Such cavity length
changes were measured using commercial white light
Fabry-Perot interferometer. It is worth mentioning that
sensitive sensors obtainable through the present inven-
tion could have flat and thin surfaces such as the pre-
ferred embodiments described in FIGs. 1 and 2. The pre-
ferred embodiments described in the Figures 3 and 4 will
give a lower sensitivity. However they can be made out
of standard nearly parabolic multimode fibers and might
be more robust than the other ones and thus they may
be perfectly suitable for applications involving extreme
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pressure and temperature.

Of course, numerous modifications could be made to the
embodiments described above without departing from
the scope of the invention as defined in the appended
claims.

Claims

1. A method for manufacturing an optical sensor (20)
for sensing a parameter, said method comprising the
steps of:

a) providing an optical element (53) of similar
transversal dimensions than a lead optical fiber
(22), said optical element being composed of a
single piece of a length of optical fiber having a
core (21) and a cladding (23) and having a first
and a second end (55, 57);

b) shaping the first end (55) of the optical ele-
ment (53) to define a cavity (27) therein opened
on said first end;

c) permanently joining said first end (55) of the
optical element (53) to a forward end (25) of the
lead optical fiber (22) so that said optical element
is supported by said lead optical fiber and
projects strictly forward therefrom; and

d) shaping the second end (57) of said optical
element (53) to define a diaphragm (34) extend-
ing across said cavity, said diaphragm being
flexible in response to said parameter, said di-
aphragm defining a first reflector of a sensing
Fabry-Perot resonator within said optical sen-
sor.

2. The method according to claim 1, wherein said op-
tical element (53) is a multi-mode graded index or
step index optical fiber.

3. The method according to claim 1, wherein the shap-
ing of step b) comprises a sub-step of etching the
first end (55) of the optical element (53), said optical
element having an etchability profile selected to de-
fine said cavity (27) through said etching.

4. The method according to claim 3, wherein said etch-
ability profile is determined by a distribution of do-
pants in said optical element (53).

5. The method according to claim 4, said cladding (23)
having an etchability rate lesser than an etchability
rate of said core (21).

6. The method according to claim 5, wherein said dis-
tribution of dopants comprises at least one doping
element doping at least one of said core (21) and
said cladding (23)
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The method according to claim 6, wherein said at
least one doping element is selected from the group
consisting of GeO,, TiO,, P,05, Al,05 and B,O5.

The method according to claim 3, wherein said etch-
ing sub-step of step b) comprises immersing said
first end (55) the optical element (53) into an etching
medium in a liquid or gaseous phase.

The method according to claim 1, further comprising
a step prior to step c) of coating a forward end face
of the lead optical fiber (22) with a partially reflective
layer.

The method according to claim 9, wherein said par-
tially reflective layer is selected from the group con-
sisting of thin metallic coatings and oxide coatings.

The method according to claim 1, further comprising
a step between step b) and step c) of coating an
inner surface of said cavity (27) with a at least par-
tially reflective layer.

The method according to claim 11, wherein said at
least partially reflective layer is selected from the
group consisting of thin metallic coatings and oxide
coatings.

The method according to claim 1, further comprising
a step between step b) and step c) of polishing said
first end (55) of the optical element (53).

The method according to claim 1, further comprising
a step between steps b) and c) of:

« providing a spacer element (44) at the forward
end (25) of said lead optical fiber (22); and

* shaping said spacer element to form a hollow
spacer.

The method according to claim 14, wherein said pro-
viding a spacer element (44) comprises defining said
spacer element as a portion of said lead optical fiber
(22).

The method according to claim 14, wherein said pro-
viding a spacer element (44) comprises permanently
joining said spacer element to a forward end face of
said lead optical fiber (22).

The method according to claim 14, wherein said step
of shaping the spacer element (44) comprises the
sub-steps of:

i. etching a forward end of the spacer element
(44) toremove a central section thereof, thereby
exposing a forward end face of the lead optical
fiber (22); and
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ii. coating said forward end of the spacer ele-
ment (44) and said exposed forward end face
of the lead optical fiber (22) with a partially re-
flective coating.

The method according to claim 17, wherein said step
of shaping the spacer element (44) further comprises
a substep of iii. polishing said forward end of the
spacer element.

The method according to claim 1, wherein the per-
manently oining of step ¢) comprises fusion splicing
said first end (55) of the optical element (53) to said
lead optical fiber (22).

The method according to claim 1, wherein the shap-
ing of step d) comprises a sub-step of cleaving the
second end (57) of the optical element (53) to a pre-
determined length.

The method according to claim 1, wherein the shap-
ing of step d) comprises a sub-step of polishing the
second end (57) of the optical element (53).

The method according to claim 21 wherein said pol-
ishing sub-step comprises monitoring an optical sig-
nal propagating in said optical sensor (20) as said
second end (57) of the optical element (53) being
polished.

The method according to claim 21, wherein said pol-
ishing sub-stepis carried outin a pressurized vessel.

The method according to claim 1, wherein the shap-
ing of step d) comprises a sub-step of etching the
second end (57) of the optical element (53).

The method according to claim 24, wherein said
etching sub-step of step d) comprises monitoring an
optical signal propagating in said optical sensor (20)
as said second end of the optical element (53) is
being etched.

The method according to claim 24, wherein said
etching sub-step of step d) is carried out in a pres-
surized vessel.

The method according to claim 24, wherein said op-
tical element (53) has an etchability profile selected
so that said etching sub-step of step d) results in a
corrugated profile of said diaphragm (34).

The method according to claim 24, wherein said op-
tical element (53) has an etchability profile selected
so that said etching sub-step of step d) forms a pro-
tuberance ata central portion of said diaphragm (34).

The method according to claim 24, wherein said op-



30.

31.

32.

33.

34.

35.

36.

37.

21 EP 1 929 249 B9

tical element (53) has an etchability profile selected
so that said etching sub-step of step d) forms a pro-
tective hollow member projecting forward of said di-
aphragm (34).

The method according to claim 20, wherein the shap-
ing of step d) comprises, after said cleaving sub-step,
a sub-step of polishing said second end (57) of the
optical element (53).

The method according to claim 30, wherein the shap-
ing of step d) comprises, after said polishing sub-
step, a sub-step of etching said second end (57) of
the optical element (53).

The method according to claim 20, wherein the shap-
ing of step d) comprises, after said cleaving sub-step,
a sub-step of etching said second end (57) of the
optical element (53).

The method according to claim 1, further comprising
an additional step of ) packaging said optical sensor
(20) in a protective tubing (50).

The method according to claim 33, wherein said step
e) further comprises filling said protective tubing (50)
with a medium having at least one of transducing
properties and protective properties.

The method according to claim 1, further comprising
an additional step of coating at least said diaphragm
(34) with a protective material.

An optical sensor (20) for sensing a parameter, said
optical sensor comprising:

a lead optical fiber (22) having an end surface
at a forward end (35) thereof;

a single piece optical element (53) of similar
transversal dimensions than the lead optical fib-
er, said optical element being composed of a
length of optical fiber having a core (21) and a
cladding (23) and having a first end (55) defining
a spacer permanently joined to said forward end
of the lead optical fiber and being supported by
said lead optical fiber end surface so as to
project stricly forward therefrom, said spacer de-
fining a cavity (27) therein, said optical element
having a second end (57) defining a diaphragm
(34) extending across said cavity, said dia-
phragm being flexible in response to said pa-
rameter, said diaphragm and said end surface
of the lead optical fiber defining a first and a sec-
ond reflector of a sensing Fabry-Perot resonator
within said optical sensor.

The optical sensor according to claim 36, further
comprising a semi-reflective layer coating the end
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surface of the lead optical fiber (22).

The optical sensor according to claim 36, wherein
said optical element (53) has a diameter substantial-
ly equal to a diameter of said lead optical fiber (22).

The optical sensor according to claim 36, wherein
said optical element (53) has a diameter greater than
a diameter of said lead optical fiber (22).

The The optical sensor according to claim 36, where-
in said optical element (53) has a diameter smaller
than a diameter of said lead optical fiber (22).

The optical sensor according to claim 36, further
comprising an additional spacer between said opti-
cal element (53) and said lead optical fiber (22).

The optical sensor according to claim 36, wherein
said optical element (53) is made of at least one in-
organic material.

The optical sensor according to claim 42, wherein
said inorganic material is selected from the group
consisting of pure silica glass, doped silica glass,
composite glass and sapphire.

The optical sensor according to claim 36, further
comprising an at least partially reflective layer coat-
ing an inner surface of said diaphragm (34).

The optical sensor according to claim 36, wherein
said diaphragm (34) has a corrugated profile.

The optical sensor according to claim 36, wherein
said diaphragm (34) comprises protuberance pro-
jecting from a central portion thereof.

The optical sensor according to claim 46, wherein
said protuberance is defined by a thickness of said
diaphragm (34) within said central portion.

The optical sensor according to claim 46, wherein
said protuberance projects both forward and rear-
ward of said diaphragm (34).

The optical sensor according to claim 36, wherein
said second end of the optical element (53) further
defines a hollow member projecting forward of said
diaphragm (34).

The optical sensor according to claim 36, further
comprising a protective tubing (50) packaging said
diaphragm, said spacer and at least a portion of said
lead optical fiber (22).

The optical sensor according to claim 50, wherein
said protective tubing (50) is filled with a medium
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having at least one of transducing properties and
protective properties.

The optical sensor according to claim 51, wherein
said medium is a liquid substance, said liquid sub-
stance being trapped in said protective tubing (50)
through at least one of surface tensions and capillary
effects.

The optical sensor according to claim 36, further
comprising a protective material coating at least said
diaphragm (34), said medium having at least one of
transducing properties and protective properties.

The optical sensor according to claim 36, wherein
said parameter is selected from the group consisting
of force, acceleration, acoustic waves, vibrations
and combinations thereof.

The optical sensor according to claim 36, wherein
said parameter is pressure.

The optical sensor according to claim 36, wherein
said first reflector of the sensing Fabry-Perot reso-
nator is defined by a rear surface of said diaphragm
(34).

The optical sensor according to claim 36, wherein
said first reflector of the sensing Fabry-Perot reso-
nator is defined by a front surface of said diaphragm
(34).

Patentanspriiche

1.

Verfahren zur Herstellung eines optischen Sensors
(20) zum Erfassen eines Parameters, mit folgenden
Schritten:

a) Bereitstellen eines optischen Elements (53)
mit ahnlichen transversalen Abmessungen wie
eine Lichtleitfaser (22), wobei das optische Ele-
ment aus einem einzigen Stlick einer optischen
Faser mit einem Kern (21) und einem Mantel
(23) bestehtund ein erstes und ein zweites Ende
(55, 57) aufweist;

b) Formen des ersten Endes (55) des optischen
Elements (53) zum Definieren eines andem ers-
ten Ende gedffneten Hohlraums (27) in demsel-
ben;

c) permanentes Verbinden des ersten Endes
(55) des optischen Elements (53) mit einem vor-
deren Ende (25) der Lichtleitfaser (22), so dass
das optische Element von der Lichtleitfaser ge-
tragen wird und von derselben nach vorne vor-
steht; und

d) Formen des zweiten Endes (57) des opti-
schen Elements (53) zum Definieren eines Di-
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aphragmas (34), das sich Uber den Hohlraum
erstreckt, wobei das Diaphragma ansprechend
auf den Parameter nachgibt, wobei das Dia-
phragma einen ersten Reflektor eines Mess-Fa-
bry-Perot-Resonators in dem optischen Sensor
definiert.

Verfahren nach Anspruch 1, bei dem das optische
Element (53) eine Multimode-Gradienten- oder Stu-
fenindexfaser ist.

Verfahren nach Anspruch 1, bei dem das Formen
des Schritts b) einen Teilschritt zum Atzen des ersten
Endes (55) des optischen Elements (53) beinhaltet,
wobei das optische Element ein Atzbarkeitsprofil
aufweist, das zum Definieren des Hohlraums (27)
durch Atzen ausgewahlt ist.

Verfahren nach Anspruch 3, bei dem das Atzbar-
keitsprofil durch eine Verteilung von Dotierungen in
dem optischen Element (53) bestimmt ist.

Verfahren nach Anspruch 4, wobei der Mantel (23)
eine Atzbarkeitsrate aufweist, die geringer ist als ei-
ne Atzbarkeitsrate des Kerns (21).

Verfahren nach Anspruch 5, bei dem die Verteilung
von Dotierungen mindestens ein Dotierungselement
aufweist, das mindestens den Kern (21) oder den
Mantel (23) dotiert.

Verfahren nach Anspruch 6, bei dem das mindes-
tens eine Dotierungselement aus der Gruppe aus-
gewahlt ist, die aus GeO2, TiO,, P,Og, Al,O5 und
B,O4 besteht.

Verfahren nach Anspruch 3, bei dem der Atzteil-
schritt des Schritts b) das Eintauchen des ersten En-
des (55) des optischen Elements (53) in ein Atzme-
dium in einer Flussig- oder Gasphase beinhaltet.

Verfahren nach Anspruch 1, ferner mit einem Schritt
vor dem Schritt ¢) zum Beschichten einer vorderen
Endflache der Lichtleitfaser (22) mit einer teilweise
reflektierenden Schicht.

Verfahren nach Anspruch 9, bei dem die teilweise
reflektierende Schicht aus der Gruppe ausgewahlt
ist, die aus dinnen metallischen Beschichtungen
und Oxidbeschichtungen besteht.

Verfahren nach Anspruch 1, ferner mit einem Schritt
zwischen dem Schritt b) und dem Schritt c) zum Be-
schichten einer Innenflache des Hohlraums (27) mit
einer zumindest teilweise reflektierenden Schicht.

Verfahren nach Anspruch 11, bei dem die zumindest
teilweise reflektierende Schicht aus der Gruppe aus-
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gewahlt ist, die aus diinnen metallischen Beschich-
tungen und Oxidbeschichtungen besteht.

Verfahren nach Anspruch 1, ferner mit einem Schritt
zwischen dem Schritt b) und dem Schritt ¢) zum Po-
lierendes ersten Endes (55) des optischen Elements
(53).

Verfahren nach Anspruch 1, ferner mit einem Schritt
zwischen den Schritten b) und ¢) zum:

» Bereitstellen eines Abstandshalterelements
(44) an dem vorderen Ende (25) der Lichtleitfa-
ser (22); und

+ Formen des Abstandshalterelements zum
Ausbilden eines hohlen Abstandshalters.

Verfahren nach Anspruch 14, bei dem das Bereit-
stellen eines Abstandshalterelements (44) das De-
finieren des Abstandshalterelements als einen Teil
der Lichtleitfaser (22) beinhaltet.

Verfahren nach Anspruch 14, bei dem das Bereit-
stellen eines Abstandshalterelements (44) das per-
manente Verbinden des Abstandshalterelements
mit einer vorderen Endflache der Lichtleitfaser (22)
beinhaltet.

Verfahren nach Anspruch 14, bei dem der Schritt
zum Formen des Abstandshalterelements (44) fol-
gende Teilschritte aufweist:

i. Atzen eines vorderen Endes des Abstands-
halterelements (44) zum Entfernen eines zen-
tralen Abschnitts desselben, so dass eine vor-
dere Endflache der Lichtleitfaser (22) freigelegt
wird; und

ii. Beschichten des vorderen Endes des Ab-
standshalterelements (44) und der freigelegten
vorderen Endflache der Lichtleitfaser (22) mit ei-
ner teilweise reflektierenden Beschichtung.

Verfahren nach Anspruch 17, bei dem der Schritt
zum Formen eines Abstandshalterelements (44) fer-
ner einen Teilschritt iii. Polieren des vorderen Endes
des Abstandshalterelements aufweist.

Verfahren nach Anspruch 1, bei dem das permanen-
te Verbinden in Schritt c) das Schmelzspleilen des
ersten Endes (55) des optischen Elements (53) an
die Lichtleitfaser (22) beinhaltet.

Verfahren nach Anspruch 1, bei dem das Formen in
Schritt d) einen Teilschritt zum Spalten des zweiten
Endes (57) des optischen Elements (53) auf einer
vorbestimmten Lange beinhaltet.

Verfahren nach Anspruch 1, bei dem das Formen in
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Schritt d) einen Teilschritt zum Polieren des zweiten
Endes (57) des optischen Elements (53) beinhaltet.

Verfahren nach Anspruch 21, bei dem der Teilschritt
Polieren das Uberwachen eines optischen Signals,
das sich in dem optischen Sensor (20) ausbreitet,
wahrend das zweite Ende (57) des optischen Ele-
ments (53) poliert wird, beinhaltet.

Verfahren nach Anspruch 21, bei dem der Teilschritt
Polieren in einem Druckbehalter ausgefiihrt wird.

Verfahren nach Anspruch 1, bei dem das Formen in
Schritt d) einen Teilschritt zum Atzen des zweiten
Endes (57) des optischen Elements (53) beinhaltet.

Verfahren nach Anspruch 24, bei dem der Teilschritt
Atzen in Schritt d) das Uberwachen eines optischen
Signals, das sich in dem optischen Sensor (20) aus-
breitet, wahrend das zweite Ende des optischen Ele-
ments (53) geatzt wird, beinhaltet.

Verfahren nach Anspruch 24, bei dem der Teilschritt
Atzen in Schrittd) in einem Druckbehélter ausgefiihrt
wird.

Verfahren nach Anspruch 24, bei dem das optische
Element (53) ein Atzbarkeitsprofil aufweist, das so
ausgewahlt ist, dass der Atzteilschrittin Schritt d) ein
gewelltes Profil des Diaphragmas (34) ergibt.

Verfahren nach Anspruch 24, bei dem das optische
Element (53) ein Atzbarkeitsprofil aufweist, das so
ausgewahlt ist, dass der Atzteilschritt in Schritt d)
einen Vorsprung in einem zentralen Teil des Dia-
phragmas (34) ausbildet.

Verfahren nach Anspruch 24, bei dem das optische
Element (53) ein Atzbarkeitsprofil aufweist, das so
ausgewahlt ist, dass der Atzteilschrittin Schritt d) ein
hohles Schutzbauteil ausbildet, das von dem Dia-
phragma (34) nach vorne vorsteht.

Verfahren nach Anspruch 20, bei dem das Formen
in Schritt d) einen Teilschritt zum Polieren des zwei-
ten Endes (57) des optischen Elements (53) nach
dem Spaltteilschritt beinhaltet.

Verfahren nach Anspruch 30, bei dem das Formen
in Schritt d) einen Teilschritt zum Atzen des zweiten
Endes (57) des optischen Elements (53) nach dem
Polierteilschritt beinhaltet.

Verfahren nach Anspruch 20, bei dem das Formen
in Schritt d) einen Teilschritt zum Atzen des zweiten
Endes (57) des optischen Elements (53) nach dem
Spaltteilschritt aufweist.
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Verfahrennach Anspruch 1, ferner mit einem zusatz-
lichen Schritt e) zum Packen des optischen Sensors
(20) in einem Schutzschlauch (50).

Verfahren nach Anspruch 33, bei dem der Schritt e)
ferner das Fillen des Schutzschlauchs mit einem
Medium, das mindestens Wandlereigenschaften
oder Schutzeigenschaften aufweist, beinhaltet.

Verfahrennach Anspruch 1, ferner mit einem zusatz-
lichen Schritt zum Beschichten zumindest des Dia-
phragmas (34) mit einem Schutzmaterial.

Optischer Sensor (20) zum Erfassen eines Parame-
ters, mit:

einer Lichtleitfaser (22) mit einer Endflache an
einem vorderen Ende (25) derselben;

einem einzigen Stlick eines optischen Elements
(53) mit 8hnlichen transversalen Abmessungen
wie die Lichtleitfaser, wobei das optische Ele-
ment aus einer optischen Faser mit einem Kern
(21) und einem Mantel (23) besteht, und einem
ersten Ende (55), das einen Abstandshalter de-
finiert, der permanent mit dem vorderen Ende
der Lichtleitfaser verbunden istund von der End-
flache der Lichtleitfaser getragen wird, so dass
er von derselben nach vorne vorsteht, wobei der
Abstandshalter einen Hohlraum (27) in demsel-
ben definiert, wobei das optische Element ein
zweites Ende (57) aufweist, das ein Diaphragma
(34) definiert, das sich tUber den Hohlraum er-
streckt, das Diaphragma ansprechend auf den
Parameter nachgibt, das Diaphragma und die
Endflache der Lichtleitfaser einen ersten und ei-
nen zweiten Reflektor eines Mess-Fabry-Perot-
Resonators indem optischen Sensor definieren.

Optischer Sensor nach Anspruch 36, ferner mit einer
halbdurchlassigen Schicht, die die Endflache der
Lichtleitfaser (22) bedeckt.

Optischer Sensor nach Anspruch 36, bei dem das
optische Element (53) einen Durchmesser aufweist,
derim Wesentlichen gleich einem Durchmesser der
Lichtleitfaser (22) ist.

Optischer Sensor nach Anspruch 36, bei dem das
optische Element (53) einen Durchmesser aufweist,
der groRer ist als ein Durchmesser der Lichtleitfaser
(22).

Optischer Sensor nach Anspruch 36, bei dem das
optische Element (53) einen Durchmesser aufweist,
der kleiner ist als ein Durchmesser der Lichtleitfaser
(22).

Optischer Sensor nach Anspruch 36, ferner mit ei-
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nem zusatzlichen Abstandshalter zwischen dem op-
tischen Element (53) und der Lichtleitfaser (22).

Optischer Sensor nach Anspruch 36, bei dem das
optische Element (53) aus mindestens einem anor-
ganischen Material hergestellt ist.

Optischer Sensor nach Anspruch 42, bei dem das
anorganische Material aus der Gruppe ausgewahlt
ist, die aus reinem Quarzglas, dotiertem Quarzglas,
Verbundglas und Saphir besteht.

Optischer Sensor nach Anspruch 36, ferner mit einer
zumindest teilweise reflektierenden Schicht, die eine
Innenflache des Diaphragmas (34) bedeckt.

Optischer Sensor nach Anspruch 36, bei dem das
Diaphragma (34) ein gewelltes Profil aufweist.

Optischer Sensor nach Anspruch 36, bei dem das
Diaphragma (34) einen Vorsprung, der von einem
zentralen Teil desselben vorsteht, aufweist.

Optischer Sensor nach Anspruch 46, bei dem der
Vorsprung durch eine Dicke des Diaphragmas (34)
in dem zentralen Teil definiert ist.

Optischer Sensor nach Anspruch 46, bei dem der
Vorsprung sowohl nach vorne als auch nach hinten
von dem Diaphragma (34) vorsteht.

Optischer Sensor nach Anspruch 36, bei dem das
zweite Ende des optischen Elements (53) ferner ein
hohles Bauteil definiert, das von dem Diaphragma
(34) nach vorne vorsteht.

Optischer Sensor nach Anspruch 36, ferner mit ei-
nem Schutzschlauch (50), der das Diaphragma, den
Abstandshalter und mindestens einen Teil der Licht-
leitfaser (22) umgibt.

Optischer Sensor nach Anspruch 50, bei dem der
Schutzschlauch (50) mit einem Medium gefillt ist,
das mindestens Wandlereigenschaften oder Schut-
zeigenschaften aufweist.

Optischer Sensor nach Anspruch 51, bei dem das
Medium eine flissige Substanz ist, die durch min-
destens Oberflaichenspannungen oder Kapillaref-
fekte in dem Schutzschlauch (50) gehalten wird.

Optischer Sensor nach Anspruch 36, ferner mit ei-
nem Schutzmaterial, das mindestens das Diaphrag-
ma (34) bedeckt, wobei das Medium mindestens
Wandlereigenschaften oder Schutzeigenschaften
aufweist.

Optischer Sensor nach Anspruch 36, bei dem der
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Parameter aus der Gruppe ausgewahlt ist, die aus
Kraft, Beschleunigung, Schallwellen, Schwingun-
gen und Kombinationen daraus besteht.

Optischer Sensor nach Anspruch 36, bei dem der
Parameter Druck ist.

Optischer Sensor nach Anspruch 36, bei dem der
erste Reflektor des Mess-Fabry-Perot-Interferome-
ters durch eine Rickflaiche des Diaphragmas (34)
definiert ist.

Optischer Sensor nach Anspruch 36, bei dem der
erste Reflektor des Mess-Fabry-Perot-Interferome-
ters durch eine Vorderflache des Diaphragmas (34)
definiert ist.

Revendications

1.

Procédé pour fabriquer un capteur optique (20) pour
détecter un paramétre, ledit procédé comprenant les
étapes consistant a :

a) fournir un élément optique (53) de dimensions
transversales similaires a celles d’une fibre op-
tique conductrice (22), ledit élément optique
étant composé d’'une seule piece d’'une lon-
gueur de fibre optique ayant un coeur (21) et
une gaine (23) et ayant une premiére et une se-
conde extrémité (55, 57) ;

b) former la premiére extrémité (55) de I'élément
optique (53) pour définir une cavité (27) a l'inté-
rieur ouverte sur ladite premiére extrémité ;

c) joindre de fagon permanente ladite premiére
extrémité (55) de I'élément optique (53) a une
extrémité avant (25) de la fibre optique conduc-
trice (22) de sorte que ledit élément optique est
supporté par ladite fibre optique conductrice et
fait saillie strictement vers I'avant a partir de cel-
le-ci ; et

d) former la seconde extrémité (57) dudit élé-
ment optique (53) pour définir un diaphragme
(34) s’étendant a travers ladite cavité, ledit
diaphragme étant flexible en réponse audit pa-
rametre, ledit diaphragme définissant un pre-
mier réflecteur d’'un résonateur de détection Fa-
bry-Pérot a I'intérieur dudit capteur optique.

Procédé selon la revendication 1, dans lequel ledit
élément optique (53) est une fibre optique a gradient
d’indice multi-mode ou a saut d’indice,

Procédé selon la revendication 1, dans lequel la for-
mation de I'étape b) comprend une sous-étape de
gravure de la premiére extrémité (55) de I'élément
optique (53), ledit élément optique ayant un profil de
capacité de gravure sélectionné pour définir ladite
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cavité (27) par l'intermédiaire de ladite gravure.

Procédé selon la revendication 3, dans lequel ledit
profil de capacité de gravure est déterminé par une
distribution de dopants dans ledit élément optique
(53).

Procédé selon la revendication 4, ladite gaine (23)
ayant une vitesse de capacité de gravure inférieure
a une vitesse de capacité de gravure dudit coeur
(21).

Procédé selon la revendication 5, dans lequel ladite
distribution de dopants comprend au moins un élé-
ment de dopage dopant au moins un parmi ledit
coeur (21) et ladite gaine (23).

Procédé selon la revendication 6, dans lequel ledit
au moins un élément de dopage est sélectionné par-
mi le groupe comprenant GeO,, TiO,, P,05, Al,O4
et B,Os.

Procédé selon la revendication 3, dans lequel ladite
sous-étape de gravure de I'étape b) comprend I'im-
mersion de ladite premiére extrémité (55) de I'élé-
ment optique (53) dans un milieu de gravure en pha-
se liquide ou gazeuse.

Procédé selon la revendication 1, comprenant en
outre une étape avantI'étape c) de revétementd’une
face d’extrémité avant de la fibre optique conductrice
(22) avec une couche partiellement réfléchissante.

Procédé selon la revendication 9, dans lequel ladite
couche partiellement réfléchissante est sélection-
née parmi le groupe comprenant les revétements
métalliques minces et les revétements d’oxyde.

Procédé selon la revendication 1, comprenant en
outre une étape entre I'étape b) et I'étape c) de re-
vétement d’'une surface intérieure de ladite cavité
(27) avec une couche au moins partiellement réflé-
chissante.

Procédé selon larevendication 11, dans lequel ladite
couche aumoins partiellement réfléchissante est sé-
lectionnée parmi le groupe comprenant les revéte-
ments métalliques minces et les revétements d’oxy-
de.

Procédé selon la revendication 1, comprenant en
outre une étape entre I'étape b) et I'étape c) de po-
lissage de ladite premiére extrémité (55) de I'élément
optique (53).

Procédé selon la revendication 1, comprenant en
outre une étape entre les étapes b) et c) de :
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« fourniture d’'un élément d’espacement (44) au
niveau de I'extrémité avant (25) de ladite fibre
optique conductrice (22) : et

« formation dudit élément d’espacement pour
former un espaceur creux.

Procédé selon larevendication 14, danslequel ladite
fourniture d’'un élément d’espacement (44) com-
prend la définition dudit élément d’espacement en
tant que portion de ladite fibre optique conductrice
(22).

Procédé selon larevendication 14, dans lequel ladite
fourniture d’'un élément d’espacement (44) com-
prend la jonction permanente dudit élément d'espa-
cement a une face d’extrémité avant de ladite fibre
optique conductrice (22).

Procédé selon larevendication 14, danslequel ladite
étape de formation de I'élément d’espacement (44)
comprend les sous-étapes consistant a :

i. graver une extrémité avant de I'élément d’es-
pacement (44) pour en retirer une section cen-
trale, exposant ainsi une face d’extrémité avant
de la fibre optique conductrice (22) ; et

ii. recouvrir ladite extrémité avant de I'élément
d’espacement (44) et ladite face d’extrémité
avant exposée de la fibre optique conductrice
(22) avec un revétement partiellement réfléchis-
sant.

Procédé selon larevendication 17, dans lequel ladite
étape de formation de I'élément d’espacement (44)
comprend en outre une sous-étape de iii. polissage
de ladite extrémité avantde I'élément d’espacement.

Procédé selon la revendication 1, dans lequel la
jonction permanente de I'étape c) comprend I'épis-
surage par fusion de ladite premiere extrémité (55)
de I'élément optique (53) avec ladite fibre optique
conductrice (22).

Procédé selon la revendication 1, dans lequel la for-
mation de I'étape d) comprend une sous-étape de
fracture de la seconde extrémité (57) de I'élément
optique (53) a une longueur prédéterminée.

Procédé selon la revendication 1, dans lequel la for-
mation de I'étape d) comprend une sous-étape de
polissage de la seconde extrémité (57) de I'élément
optique (53).

Procédé selon larevendication 21, dans lequel ladite
sous-étape de polissage comprend la surveillance
d’un signal optique se propageant dans ledit capteur
optique (20) pendant le polissage de ladite seconde
extrémité (57) de I'élément optique (53).
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Procédé selon larevendication 21, dans lequel ladite
sous-étape de polissage est réalisée dans une en-
ceinte pressurisée.

Procédé selon la revendication 1, dans lequel la for-
mation de I'étape d) comprend une sous-étape de
gravure de la seconde extrémité (57) de I'élément
optique (53).

Procédé selon larevendication 24, dans lequel ladite
sous-étape de gravure de I'étape d) comprend la sur-
veillance d’'un signal optique se propageant dans le-
dit capteur optique (20) pendant la gravure de ladite
seconde extrémité de I'élément optique (53).

Procédé selon larevendication 24, dans lequel ladite
sous-étape de gravure del'étape d) estréalisée dans
une enceinte pressurisée.

Procédé selon la revendication 24, dans lequel ledit
élément optique (53) a un profil de capacité de gra-
vure sélectionné de sorte que ladite sous-étape de
gravure de |'étape d) donne lieu a un profil ondulé
dudit diaphragme (34).

Procédé selon la revendication 24, dans lequel ledit
élément optique (53) a un profil de capacité de gra-
vure sélectionné de sorte que ladite sous-étape de
gravure de I'étape d) forme une protubérance au ni-
veau d’une portion centrale dudit diaphragme (34).

Procédé selon la revendication 24, dans lequel ledit
élément optique (53) a un profil de capacité de gra-
vure sélectionné de sorte que ladite sous-étape de
gravure de I'étape d) forme un élément creux pro-
tecteur faisant saillie vers I'avant dudit diaphragme
(34).

Procédé selon la revendication 20, dans lequel la
formation de I'étape d) comprend, aprés ladite sous-
étape de fracture, une sous-étape de polissage de
ladite seconde extrémité (57) de I'élément optique
(53).

Procédé selon la revendication 30, dans lequel la
formation de I'étape d) comprend, aprés ladite sous-
étape de polissage, une sous-étape de gravure de
ladite seconde extrémité (57) de I'élément optique
(53).

Procédé selon la revendication 20, dans lequel la
formation de I'étape d) comprend, aprés ladite sous-
étape de fracture, une sous-étape de gravure de la-
dite seconde extrémité (57) de I'élément optique
(53).

Procédé selon la revendication 1, comprenant en
outre une étape supplémentaire de e) encapsulation
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dudit capteur optique (20) dans un tube de protection
(50).

Procédé selon larevendication 33, dans lequel ladite
étape e) comprend en outre le remplissage dudit tu-
be de protection (50) avec un milieu ayant au moins
une parmides propriétés de transduction et des pro-
priétés de protection.

Procédé selon la revendication 1, comprenant en
outre une étape supplémentaire de revétement d’au
moins ledit diaphragme (34) avec un matériau de
protection.

Capteur optique (20) pour détecter un paramétre,
ledit capteur optique comprenant :

une fibre optique conductrice (22) ayantune sur-
face d’extrémité au niveau d’'une extrémité
avant (25) de celle-ci;

un élément optique d’'une seule piéce (53) de
dimensions transversales similaires a celles de
la fibre optique conductrice, ledit élément opti-
que étant composé d’une longueur de fibre op-
tique ayant un coeur (21) et une gaine (23) et
ayant une premiere extrémité (55) définissant
un espaceur joint de fagon permanente a ladite
extrémité avant de la fibre optique conductrice
et étant supporté par ladite surface d’extrémité
delafibre optique conductrice de maniére a faire
saillie strictement vers I'avant a partir de celle-
ci, ledit espaceur définissant une cavité (27) a
l'intérieur, ledit élément optique ayant une se-
conde extrémité (57) définissant un diaphragme
(34) s’étendant a travers ladite cavité, ledit
diaphragme étant flexible en réponse audit pa-
rametre, ledit diaphragme et ladite surface d’ex-
trémité de la fibre optique conductrice définis-
sant un premier et un second réflecteur d’un ré-
sonateur de détection Fabry-Pérot a l'intérieur
dudit capteur optique.

Capteur optique selon la revendication 36, compre-
nant en outre une couche semi-réfléchissante recou-
vrant la surface d’extrémité de la fibre optique con-
ductrice (22).

Capteur optique selon la revendication 36, dans le-
quel ledit élément optique (53) a un diamétre sensi-
blement égal a un diamétre de ladite fibre optique
conductrice (22).

Capteur optique selon la revendication 36, dans le-
quel ledit élément optique (53) a un diamétre supé-
rieuraun diameétre de ladite fibre optique conductrice
(22).

Capteur optique selon la revendication 36, dans le-
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quel ledit élément optique (53) a un diametre infé-
rieur aundiametre de ladite fibre optique conductrice
(22).

Capteur optique selon la revendication 36, compre-
nantenoutre un espaceur supplémentaire entre ledit
élément optique (53) et ladite fibre optique conduc-
trice (22).

Capteur optique selon la revendication 36, dans le-
quel ledit élément optique (53) est réalisé en au
moins un matériau inorganique.

Capteur optique selon la revendication 42, dans le-
quel ledit matériau inorganique est sélectionné par-
mi le groupe comprenant le verre de silice pur, le
verre de silice dopé, le verre composite et le saphir.

Capteur optique selon la revendication 36, compre-
nant en outre une couche au moins partiellement
réfléchissante recouvrant une surface intérieure du-
dit diaphragme (34).

Capteur optique selon la revendication 36, dans le-
quel ledit diaphragme (34) a un profil ondulé.

Capteur optique selon la revendication 36, dans le-
quel ledit diaphragme (34) comprend une protubé-
rance faisant saillie a partir d’'une portion centrale de
celui-ci.

Capteur optique selon la revendication 46, dans le-
quel ladite protubérance est définie par une épais-
seur dudit diaphragme (34) a l'intérieur de ladite por-
tion centrale.

Capteur optique selon la revendication 46, dans le-
quel ladite protubérance fait saillie a la fois vers
I'avant et vers l'arriere dudit diaphragme (34).

Capteur optique selon la revendication 36, dans le-
quel ladite seconde extrémité de I'élément optique
(53) définit en outre un élément creux faisant saillie
vers I'avant dudit diaphragme (34).

Capteur optique selon la revendication 36, compre-
nant en outre un tube de protection (50) encapsulant
leditdiaphragme, ledit espaceur et au moins une por-
tion de ladite fibre optique conductrice (22).

Capteur optique selon la revendication 50, dans le-
quel ledit tube de protection (50) est rempli d’'un mi-
lieu ayant au moins une parmi des propriétés de
transduction et des propriétés de protection.

Capteur optique selon la revendication 51, dans le-
quel ledit milieu est une substance liquide, ladite
substance liquide étant piégée dans ledit tube de
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protection (50) par au moins une parmi des tensions
de surface et des effets de capillarité.

Capteur optique selon la revendication 36, compre-
nant en outre un matériau de protection recouvrant
au moins ledit diaphragme (34), ledit milieu ayant au
moins une parmi des propriétés de transduction et
des propriétés de protection.

Capteur optique selon la revendication 36, dans le-
quel ledit parameétre est sélectionné parmi le groupe
comprenantlaforce, 'accélération, les ondes acous-
tiques, les vibrations et des combinaisons de celles-
ci.

Capteur optique selon la revendication 36, dans le-
quel ledit paramétre est la pression.

Capteur optique selon la revendication 36, dans le-
quel ledit premier réflecteur du résonateur de détec-
tion Fabry-Pérot est défini par une surface arriére
dudit diaphragme (34).

Capteur optique selon la revendication 36, dans le-
quel ledit premier réflecteur du résonateur de détec-
tion Fabry-Pérot est défini par une surface avant du-
dit diaphragme (34).
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