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Description
BACKGROUND
[0001] Pressure and temperature measurements are
two of the most common parameters that need to be
measured in nearly every industrial sector. Most of the
current pressure sensors and measurement devices are
based on the use of semiconductors, such as silicon.
However, some pressure measurement needs are difficult to be fulfilled by the existing pressure sensor technologies due to various measurement environment challenges, such as high temperatures, electromagnetic interference (EMI) and remote signal transmission as required in oil/gas downhole measurement. US
2007/0013914 A1 discloses a sapphire sensor for measuring pressure and temperature according to the preamble of claim 1.
[0002] Single-crystal sapphire has a melting point of
2045°C and is known to exhibit excellent resistance to
chemical corrosion. In addition, it is transparent to a broad
range of optical spectrum from ultra-violet (UV) to infrared
(IR) and is relatively low cost. Besides the capability of
high temperature operation and resistance against
chemical corrosion, single-crystal sapphire is also known
to offer excellent stability in other harsh environments.
For example, many amorphous materials, such as glasses, show creep under high pressure especially at elevated temperatures. Further other foreign chemical species,
such as gases and water can gradually diffuse into these
materials under high pressure. The diffusion rate will pick
up as temperature increases. The sensors built with
amorphous materials will therefore exhibit drifts under
these operating conditions. In contrast, single-crystal
sapphire may exhibit minimal material creep and foreign
material diffusion even under high pressure and elevated
temperature. Therefore, single-crystal sapphire is an attractive material for construction of sensors for excellent
long-term stability under high temperatures or high pressure or both even with presence of other diffusive species, such as various gases and water.
[0003] To build a pressure sensor, a hermetically
sealed hollow cavity that can change in response to an
externally applied pressure may be provided. Construction of such a hollow cavity may include bonding between
different mechanical parts. For a sapphire pressure sensor, sapphire-to-sapphire direct bonding may provide
benefits. The resulting sensor may offer high long-term
stability. Additionally, the sensor may also have ultrahigh temperature operation capability.
[0004] Two major sapphire-to-sapphire direct bond
methods are known. One method was reported by A.
Sugiyama, et al. [A. Sugiyama et al., "Direct bonding of
Ti:sapphire laser crystals," Appl. Opt.., vol. 37, p2407,
1998]. This method consists of two steps. The first is to
pre-bond two sapphire elements at a temperature around
200°C. The second step is to bake the pre-bonded sapphire assembly at a temperature above 1000°C.
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[0005] The other method is plasma assisted bonding,
described in U.S. Patent Application Publication No.
2012/0024073. Plasma assisted bonding may substantially reduce the baking or anneal temperature. Using a
method similar to the one reported by Sugiyama et al.,
Virginia Tech researchers lately constructed a hermetically sealed sapphire Fabry-Perot (FP) cavity and demonstrated pressure measurement at room temperature
[J. Yi, et al., "Demonstration of an all-sapphire FabryPerot cavity for pressure sensing," IEEE Photon. Tech.
Lett., vol23, p9, 2011]. In this work, two a-cut sapphire
wafers were used. One was etched to form an approximately 6mm circular pit using a reactive ion etching (RIE)
process. This etched wafer was then bonded to another
wafer based on sapphire to sapphire direct bond. The
FP cavity was then glued to a ceramic tube. A multimode
fiber was inserted into the ceramic tube to the FP cavity
for the sensor interrogation. The FP cavity was demodulated using whitelight interferometry. Because of the
shallow FP cavity, a very broadband spectrum halogen
lamp was used as the source along with an Ocean Optics
spectrometer. In their test, the whole sensor including
the FP cavity and the ceramic tube were placed in a pressure chamber and the fiber ran through a fiber
feedthrough.
[0006] This sensor structure is not ideal for real applications. A practical pressure sensor usually has a metal
casing with mechanical threads for convenient pressuresealed sensor installation to a pressure vessel. Further,
due to the significant mismatch in the coefficients of thermal expansion (CTEs) between the sapphire FP cavity
and the ceramic tube, this sensor structure may not survive at high temperatures. Also, the thermal stresses induced by the CTE mismatch will introduce significant
thermal dependence of the FP cavity distance and this
dependence may not be repeatable due to the gradual
release of the stresses trapped in the adhesive during its
cure.
SUMMARY
[0007] The invention is defined as in independent claim
1.
[0008] In one embodiment, a sensor apparatus for
measuring pressure, temperature or both may be provided. The sensor includes a diaphragm thats responds to
a change in temperature or pressure, a base connected
to the diaphragm, a cavity defined by the diaphragm and
the base, and an optical fiber that conducts light reflected
off of a surface of the diaphragm. The diaphragm and
base comprise sapphire elements.
[0009] In another embodiment, a system for measuring
pressure, temperature or both is provided. The system
includes a diaphragm that responds to a change in temperature or pressure, a base connected to the diaphragm, a cavity defined by the diaphragm and the base,
and an optical fiber that conducts light reflected off of a
surface of the diaphragm. The diaphragm and base com-
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prise sapphire elements. An interrogator may be provided for detecting a deflection of the diaphragm.
BRIEF DESCRIPTION OF THE FIGURES
5

[0010] Advantages of embodiments of the present invention will be apparent from the following detailed description of the exemplary embodiments. The following
detailed description should be considered in conjunction
with the accompanying figures in which:
Fig. 1 shows an exemplary general system diagram
for a pressure and temperature sensor system 100.
Figs. 2a-2c show exemplary hermetically sealed single-crystal sapphire FP cavities.
Figs. 3a-3d show exemplary long sapphire bases
wherein the FP cavity forming well 206 may be machined or otherwise formed in the diaphragm.
Figs. 4a-4e show exemplary long single-crystal sapphire bases wherein a FP cavity forming well is machined or otherwise formed in the base.
Figs. 5a-5d show exemplary sensor embodiments
wherein a FP cavity forming well 206 may be machined or otherwise formed in the diaphragm and a
thin base may be bonded on a long base.
Figs. 6a-6d show exemplary sensor embodiments
wherein a thin base 205 may be bonded to a long
base, and the hollow FP cavity forming well may be
machined or otherwise formed in the base.
Figs. 7a-7d show exemplary embodiments for fiber
assemblies for FP cavity interrogation.
Fig. 8a-8d show exemplary interrogation schemes
for close-up interrogation, wherein a well is machined or otherwise formed in the diaphragm.
Figs. 9a-9d show exemplary embodiments for closeup interrogation schemes where the well may be machined or otherwise formed in the sapphire base.
Figs. 10a-10c show exemplary close-up interrogation arrangements wherein a thin base may be bonded to a sapphire support long base and a well may
be provided in the diaphragm.
Figs. 11a-11c show exemplary close-up interrogation arrangements wherein a thin base may be bonded to a sapphire support long base, and a well may
be provided in the thin base.
Figs. 12a and 12b show exemplary embodiments of
the hollow FP cavity defined between the diaphragm
and the fiber end.
Figs. 13a-13b show exemplary embodiments of
standoff interrogation schemes wherein the interrogation fiber 302 may be distanced from the FP cavity.
Fig. 14 shows an exemplary illustration of optical reflections from different material interfaces in the sensor.
Figs. 15a and 15b show exemplary whitelight interferometry systems.
Fig. 16 shows an exemplary sensor system that may
combine quadrature phase detection primarily for
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dynamic pressure measurement and whitelight interferometry mainly for temperature measurement.
Fig. 17 shows another exemplary sensor system that
may combine quadrature phase detection primarily
for dynamic pressure measurement and whitelight
interferometry mainly for temperature measurement.
Fig. 18 shows another exemplary sensor system that
may be used for high-speed, low cost sensor signal
processing.
Fig. 19 shows another exemplary sensor system that
may be used for high-speed, low cost sensor signal
processing.
Fig. 20 shows another exemplary sensor system that
may be used for high-speed, low cost sensor signal
processing.
DETAILED DESCRIPTION
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[0011] Aspects of the invention are disclosed in the
following description and related drawings directed to
specific embodiments of the invention. Additionally, wellknown elements of exemplary embodiments of the invention will not be described in detail or will be omitted
so as not to obscure the relevant details of the invention.
Further, to facilitate an understanding of the description
discussion of several terms used herein follows.
[0012] As used herein, the word "exemplary" means
"serving as an example, instance or illustration."’
[0013] Further, many of the embodiments described
herein are described in terms of sequences of actions to
be performed by, for example, elements of a computing
device. It should be recognized by those skilled in the art
that the various sequences of actions described herein
can be performed by specific optical components, devices, and circuits (e.g. application specific integrated circuits (ASICs)) and/or by program instructions executed
by at least one processor.. Furthermore, the sequence
of actions described herein can be embodied in a combination of hardware and software. Thus, the various aspects of the present invention may be embodied in a
number of different forms, all of which have been contemplated to be within the scope of the claimed subject
matter.
[0014] In an exemplary embodiment, a pressure sensor may be fabricated such that a pressure sensitive hollow cavity on a mechanical support that is made of the
same material as that of the cavity. The construction may
be such that there is no direct physical contact between
the sensor metal casing or sensor housing and the proximity of the hollow cavity. The pressure sensitive cavity
may be fabricated on a relatively long base. In another
embodiment, a relatively shorter or smaller base may be
provided. In this case, the pressure sensor may be
mounted on another relatively long mechanical support
that may be made of the same material.
[0015] Fig. 1 shows an exemplary general system diagram for a pressure and temperature sensor system
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100. A single-crystal sapphire Fabry-Perot (FP) interferometric sensor system may be provided that permits simultaneous accurate measurement of pressure and temperature. The sensor system may include a sapphire sensor probe 200 and an optoelectronic sensor interrogator
400, which may be connected by an optical fiber cable
300. An exemplary operation of the interrogator 400 will
be described in detail later.
[0016] A sensor probe may contain a pressure sensitive hermetically sealed hollow FP cavity. A hermetic seal
may be realized by direct bonding of two, three or four
single-crystal sapphire elements. Greater numbers of
single-crystal sapphire elements may be combined as
will be understood by those skilled in the art. One of the
elements may be a diaphragm that can deflect under an
externally applied pressure. The sapphire elements that
form and surround the cavity may be directly bonded to
one another such that the elements may collectively form
a homogenous sapphire structure. The elements may
form a substantially monolithic sapphire structure. The
elements may be bonded via direct or fusion bonding
without the use of any foreign materials which may have
different coefficients of thermal expansion. Thus, the
structure surrounding the cavity may consist essentially
of sapphire.
[0017] Figs. 2a-2c show exemplary hermetically
sealed single-crystal sapphire FP cavities. In each of the
exemplary structures, all the sapphire elements used
may have the same crystal orientations. For example,
their C-axes may all be along the normal line of the diaphragm as shown in Figs. 2a-2c.
[0018] Fig. 2a shows an exemplary sapphire diaphragm 202 that may have a well 206 and may be bonded
to a base 204. The well 206 in the diaphragm 202 may
be mechanically machined, or may be formed by other
methods such as reactive ion etching (RIE), focused ion
beam (FIB), other chemical etching methods, or the like.
The well 206 may be formed with at least its center region
being a reasonably optical grade so an incident light can
be partially reflected to a direction as defined by Snell’s
law. [G. Keiser, "Optical fiber communications," McGrawHill, Inc., 2nd Edition, New York, 1991]. The diaphragm
202 with an indented well 206 may be bonded to the base
via direct sapphire-to-sapphire bonding surfaces 210,
thereby forming a hermetically sealed hollow cavity. The
diaphragm and the base may have a circular outer diameter. Alternatively, the outer diameter of the diaphragm
and the base may conform to other geometrical shapes
such as rectangular, elliptical, triangular, hexagonal, or
the like. The hollow cavity may be filled with air, an inert
gas or vacuum. When a pressure is externally applied,
the diaphragm 202 may deflect, thereby changing the
hollow FP cavity distance, which can be interrogated optically by various methods.
[0019] In the exemplary embodiment shown in Fig. 2b,
a well 206 may be machined or otherwise formed in the
sapphire base 204. The hollow FP cavity may also be
formed by the use of a sapphire ring as a spacer 208 as
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shown in exemplary Fig. 2c. All physical contact surfaces
210 between the sapphire elements in the respective embodiments may be bonded by the direct sapphire-to-sapphire bonding. In some exemplary embodiments, both
the diaphragm and the base may have a well. The two
wells may have the same or different diameters.
[0020] The length L of the sapphire base may be long,
generally greater than the diaphragm outer diameter. The
length of the base may be at least 2 times or 3 times the
diaphragm outer diameter. Alternatively, other dimensions may be employed. As a result of the relatively long
base 204, an influence on the cavity by stresses induced
by a sensor mounting in sensor installation or ambient
temperature varations may be negligible or substantially
zero.
[0021] Figs. 3a-3d show exemplary long sapphire bases 204 wherein the FP cavity forming well 206 may be
machined or otherwise formed in the diaphragm 202. The
base 204 may be a solid cylinder or a cylinder with a
center hole 212. The hole may be through or partial. The
hole diameter may also vary.
[0022] Fig. 3a shows an exemplary embodiment
wherein the sensor probe 200 may have a solid base
204. An interrogation light may be a collimated beam and
may be injected from the lower end of the base to the
hollow FP cavity. The reflections from the FP cavity and
from the top surface of the diaphragm may travel through
the base back to the light collimator. The long base may
also have a center hole 212 which may be a through or
a partial hole 216. The hole diameter may be constant
or may vary along the hole as explained in Figs. 3b, 3c
and 3d. In Fig. 3c, the center hole 212 tapers to a small
center hole 214 as it approaches the FP cavity. In Fig.
3d, a partial hole 214 is provided that does not directly
connect with the FP cavity. The different exemplary configurations of the sapphire base may facilitate the mounting of an interrogation fiber or a fiber collimator.
[0023] Figs. 4a-4e show exemplary long single-crystal
sapphire bases wherein a FP cavity forming well is machined or otherwise formed in the base.
[0024] A relatively thin base 205 may be provided that
is relatively thin compared to the outer diameter of the
diaphragm. In this case, the thin base 205 may be bonded
to another relatively long sapphire support 204 so the
physical contact of the sapphire sensor probe with a sensor metal casing can be designed to be sufficiently distanced from the FP cavity. The support may be a solid
cylinder, or may have a center through-hole 212 or partial
hole 216 whose diameter may be constant or may vary
along the hole as shown in Figs. 5a-5d.
[0025] Figs. 5a-5d show exemplary sensor embodiments wherein a FP cavity forming well 206 may be machined or otherwise formed in the diaphragm 202 and a
thin base 205 may be bonded on a long base 204. In Fig.
5a, a solid long base 204 may be provided. In Fig. 5b, a
base with a constant diameter through hole 212 may be
provided. In Fig. 5c, a base with a small center hole 214
connected to a larger diameter hole 212 may be provided.
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This configuration may facilitate the mounting of an interrogation fiber 300. In Fig. 5d, a base with a partial
center hole 216 may be provided.
[0026] Figs. 6a-6d show exemplary sensor embodiments wherein a thin base 205 may be bonded to a long
base 204, and the hollow FP cavity forming well 206 may
be machined or otherwise formed in the base. In Fig. 6a,
a solid long base 204 may be provided. In Fig. 6b, a base
204 with a constant diameter through hole 212 may be
provided. In Fig. 6c, a base with a small center hole 214
connected to a larger diameter hole 212 may be provided.
This configuration may facilitate the mounting of an interrogation fiber. In Fig. 6d, a base with a partial center
hole 216 may be provided. In some exemplary embodiments, a well may be formed in both the diaphragm and
the base. These wells may have the same or different
depths and diameters.
[0027] The FP cavities may be optically interrogated
using an optical fiber 300. By the separation between the
FP cavity and the interrogating fiber 300, the interrogation
systems may be generally divided into two classes,
namely close up interrogation and standoff interrogation.
[0028] Figs. 7a-7d show exemplary embodiments for
fiber assemblies for FP cavity interrogation. In Fig. 7a, a
single-mode or multimode fiber 302 may be directly used.
In Fig. 7b, a short segment of graded index multimode
fiber 304 may be used as a light collimator. A glass fiber
302 may be spliced or connected 310 to a graded index
multimode fiber 304. In Fig. 7c, a segment of single-crystal sapphire fiber 306 spliced or connected 310 to a glass
fiber 302 may be used. In Fig. 7d, a fiber collimator 308
may be used. The lens in collimator 308 may be, but is
not limited to, a graded-index cylindrical lens. The lens
may be any type, as would be understood by a person
having ordinary skill in the art.
[0029] The sensor or FP cavity interrogation may be
realized by the use of an optical fiber 302, which may be
a singlemode or a multimode fiber. The fiber may be or
may be not connected to another fiber. Fig. 7a shows
just the fiber 302 itself. The fiber may be spliced to a short
segment of graded index multimode fiber 304 as shown
Fig. 7b. In some, but not all exemplary embodiments, the
length of this graded index fiber may be (N + 0.25) where
N is an integer N = 0, 1, 2, ... , and P is the pitch defined
by the index distribution of the graded index multimode
fiber. When this condition is met, this graded index multimode fiber 304 is called quarter pitch fiber 304. A quarter
pitch graded index multiple fiber may have a core diameter greater than that of the input or the interrogation
fiber, and may function as a miniature collimation lens to
reduce the divergence of the light launched to the FP
sensor.
[0030] A graded index quarter pitch fiber 304 may be
spliced via thermal fusion to an interrogation fiber 302.
The interrogation fiber 302 may be made of glass. The
interrogation fiber 302 may also be connected to a segment of a single-crystal sapphire fiber 306 as shown in
Fig. 7c to lead the optical signal to and from the sensor
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FP cavities which may be exposed to high temperatures.
Finally, a fiber collimator 308, such as a graded index
lens, may be used to collimate the light out of the interrogation fiber. In this case, the collimated optical beam
diameter may be greater than the one from the graded
index multimode fiber collimator for a greater coupling
efficiency of the light reflected from the FP cavities.
[0031] Fig. 8a-8d show exemplary interrogation
schemes wherein a well 206 is machined or otherwise
formed in the diaphragm 202. In Fig. 8a, a fiber 300 may
be directly inserted insertion into the hollow FP cavity. In
Fig. 8b, a fiber/ferrule assembly 322 may be mounted in
the through hole 212 of the sapphire base 204. In an
exemplary embodiment, an optically transparent adhesive may or may not be applied between the fiber end
and the partial hole bottom surface. In Fig. 8c, a fiber/ferrule assembly 322 may be placed in a partial hole 216
of the sapphire base 204. In Fig. 8d, a graded index lens
324 and/or a fiber/ferrule assembly 322 may be provided
in the base partial hole.
[0032] By the spatial separation between the interrogation fiber or fiber/collimation lens assembly, and the
FP cavities, the sensor interrogation methods may be
divided into close-up and standoff interrogations. Using
one of the four cases presented in Figs. 7a-7D, Figs. 8a8d present exemplary methods for close-up FP interrogation of a sensor with the well machined in the diaphragm. In Fig. 8a, the single-crystal sapphire base 204
may have a center through hole 212. An optical fiber 300,
which may be single-mode or multimode fiber 302 or may
be a fiber 302 spliced to a segment graded index multimode fiber, such as a quarter pitch graded index multimode fiber 304 or a sapphire fiber 306, is directly inserted
into the hollow FP cavity. The fiber 300 may end at the
top surface of the sapphire base 204 or may slightly extend above the surface (into the hollow cavity) or slightly
recess below the surface. The fiber may be mounted to
the base by an adhesive or by a ’heat-shrink’ method. In
this method, the base hole may be machined or otherwise
formed such that it is slightly smaller than the fiber outer
diameter at a given temperature, such as room temperature. When the base 204 is heated, due to the thermal
expansion of the hole of the base, the hole diameter may
sufficiently increase to allow the interrogation fiber 300
to be inserted. When the base 204 is cooled down, the
fiber 300 may be firmly held in position in the hole.
[0033] The fiber 300 may also be mounted in the base
204 by the use of a fiber ferrule 322 as shown in Fig. 8b.
The fiber ferrule 322 may be a short cylinder with a center
hole. The ferrule center hole may be slightly larger than
the diameter of the fiber cladding. The fiber 300 may be
mounted in the ferrule hole by various methods, which
include but are not limited to the use of an adhesive, the
’heat-shrink’ method or thermal fusion. The ferrule 322
may be made of glass, ceramic, metal, sapphire or any
other solid material. The fiber/ferrule assembly 322 is
then mounted in the base center hole by various methods, which may include but are not limited to the use of
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an adhesive, the ’heat-shrink’ method or thermal fusion.
The fiber/ferrule 322 top may end above, within, or below
the base 204 top surface.
[0034] The base 204 may also have a partial center
hole 316 as shown in Figs. 8c and 8d. In Figure 8c, a
fiber collimator 324 with a cylindrical outer surface may
be used to collimate the light out of the fiber. One example
is a graded index cylindrical lens based fiber collimator
324. The collimated light may propagate to the hollow
FP cavity and collect the reflections from the interfaces,
such as sapphire-air interfaces, between the different
materials. A fiber/ferrule assembly 322 may also be used
as shown in Fig. 8d. The fiber collimator 324 or the fiber/ferrule assembly 322 may be mounted in the base
center hole by various methods which may include but
are not limited to the use of an adhesive, the ’heat-shrink’
method or thermal fusion.
[0035] The fiber or the collimator end may have an antireflection (AR) coating or simply bare glass without any
coating. An index-matching optical adhesive may also
be used between the fiber collimator or the fiber/ferrule
end and the bottom of the base partial hole. The optical
adhesive may be defined to be transparent to the wavelength of the light used in the sensor interrogation. The
index of refraction of the adhesive may match that of the
fiber or the sapphire. The index of the adhesive may also
be between the indices of the fiber and the sapphire. For
a given index of the adhesive, by controlling the geometrical thickness of the adhesive on the front end of the
fiber/ferrule assembly or the fiber collimator, the optical
reflection from the adhesive layer can be increased or
decreased to best support the sensor interrogation. The
adhesive applied to the cylindrical surface of the fiber/ferrule assembly or the fiber collimator may be or may be
not transparent adhesive for the wavelengths of the light
used in the sensor interrogation.
[0036] Figs. 9a-9d show exemplary embodiments for
close-up interrogation schemes where the well 206 may
be machined or otherwise formed in the sapphire base
204. In Fig. 9a, a fiber 300 may be directly inserted into
the hollow FP cavity. In Fig. 9b, a fiber/ferrule assembly
322 may be mounted in the through hole 312 of the sapphire base 204. In Fig. 9c, a fiber/ferrule assembly 322
may be placed in the partial hole 316 of the sapphire
base 204. In Fig. 9d, a graded index lens 324 may be
provided in the base partial hole 316.
[0037] When the sapphire is thin (L is comparable to
or smaller than the diaphragm outer diameter), the thin
base 205 may be bonded to a relatively long sapphire
support 204. As shown in Figs. 5 and 6, this sapphire
support 204 may be a solid piece, wherein standoff interrogation may be used, or may have a through or partial
center hole. The hole may also a varying diameter. Some
of the close-up interrogation fiber arrangements as previously described can directly be applied.
[0038] Figs. 10a-10c show exemplary close-up interrogation arrangements wherein a thin base 205 may be
bonded to a sapphire support long base 204, and a well
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206 may be provided in the diaphragm 202. In Fig. 10a,
a fiber/ferrule assembly 322 may directly contact the thin
base 205. The fiber 300 may be just the interrogation
fiber 302 directly or may have a graded index multimode
fiber 304 spliced as a light collimator. In Fig. 10b, a fiber
300 may be directly inserted into the base. In Fig. 10c, a
fiber/ferrule assembly 322 may be provided in the partial
hole 316 of the sapphire support. In some embodiments,
an optically transparent adhesive may be applied between the fiber end and the sapphire base.
[0039] Figs. 11a-11c show exemplary close-up interrogation arrangements wherein a thin base 205 may be
bonded to a sapphire support long base 204, and a well
206 may be provided in the thin base 205. In Fig. 11a, a
fiber/ferrule assembly 322 may directly contact the thin
base 205. The fiber may be just the interrogation fiber
302 directly or may have a graded index multimode fiber
304 spliced as a light collimator. In Fig. 11b, a fiber 300
may be directly inserted to the thin base 305. In Fig. 11c,
a fiber/ferrule assembly 322 may be provided the partial
hole 316 of the sapphire support 304. In some exemplary
embodiments, an optically transparent adhesive may be
applied between the fiber end and the sapphire base. In
alternative embodiments, an optically transparent adhesive may not be applied between the fiber end and the
sapphire base.
[0040] Exemplary embodiments of the formation of the
hollow FP cavity defined between the diaphragm and the
end of the interrogation fiber may be shown in Figs. 12a
and 12b. In Fig. 12a, the fiber may be mounted in fiber
ferrule 322. The ferrule may be firmly held in the center
hole of the sapphire base by various methods, which may
include but are not limited to adhesives, ’thermal shrink’
or any other methods that can hold the ferrule firmly. The
top surface of the ferrule may be separated from the diaphragm by a distance, which may be the hollow FP cavity distance. The cavity may be filled with air, an inert gas
or vacuum. In Fig. 12 b, the ferrule may have an indented
well in the center at the top end. The edges of the well
may or may not have a physical contact with the diaphragm. Also, the well may have different geometrical
shapes. The fiber may extend above or recess below the
center surface of the well in the ferrule.
[0041] For applications where the sensor may be
placed in a high temperature environment, the interrogation fiber 302 may be connected to a segment of sapphire
fiber 306 as shown in Fig. 7c. Another method to make
the sensor capable of operation in temperatures above
the limit of silica glass fiber, which is usually between
800°C and 1000°C, is standoff interrogation. Figs. 13a13d show four exemplary embodiments of standoff interrogation schemes wherein the interrogation fiber 302
may be distanced from the FP cavity. In Fig. 13a, a fiber
300 may be coupled to a fiber collimator 324 which may
engage a portion of a through hole. The fiber collimator
324 may engage a portion of the through hole spaced
away from the FP cavity. In Fig. 13b-d, a base 204 may
be provided, and a lens 354 may be used to collimate
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light reflected through the base 204 such that the light
passes through a fiber 300. As shown in Fig. 13c, an antireflective (AR) coating 207 may be disposed on base
204. In Fig. 13d, the lower end of the sapphire base may
be angled such that the reflection from this angled surface
does not enter in the interrogation fiber. In the meantime,
the surface angle is designed so that the collimated light
from the interrogation fiber is refracted at normal incidence to the FP cavities.
[0042] For the different close-up and standoff interrogation schemes as previously described, multiple reflections from the interfaces between different elements may
be generated. Fig. 14 shows an exemplary illustration of
optical reflections from different material interfaces in the
sensor. The example in Fig. 14 may correspond to the
structure of the embodiment shown in Fig. 10a. The light
out of the fiber or the graded index quarter pitch multimode fiber generates four reflections, namely R1, R2, R3,
and R4 at the interfaces as shown in Fig. 14. Here R4
may actually contain two reflections generated at the fiber/adhesive and adhesive/sapphire interfaces. However,
when the adhesive thickness is sufficiently small, these
two reflections can be grouped in one, namely R4. Also,
as previously mentioned, this reflection can be increased
or decreased by the application and control of the index
matching adhesive. Generally the optical path distances
(OPDs) between R1 and R2, between R2 and R3, and
between R3 and R 4 are designed to be sufficiently different from one another. The OPD of an FP cavity may be
given by the product of the cavity geometric distance and
the index of refraction of the material in the cavity. When
whitelight interferometric signal processing is employed
to demodulate these OPDs, these OPDs are designed
such that no major harmonic of a Fourier transform frequency peak corresponding to an OPD coincides with
any other frequency peaks corresponding to the other
OPDs.
[0043] To realize simultaneous measurement of pressure and temperature, at least two OPDs including the
one between R2 and R3 (the OPD of the hollow FP cavity)
may be demodulated. Two exemplary methods by which
to demodulate these OPDs will be discussed. The first
is whitelight interferometry.
[0044] Whitelight interferometry (WLI) allows the demodulation of a fiber Fabry-Perot interferometer. A WLI
system may use either a tunable laser as the source or
uses a broadband source such as a light emitting diode
(LED) along with an optical spectrometer. The optical
spectrum returned from the FP cavity may be measured.
This spectrum may be modulated by the FP cavity so
fringes with peaks and valleys may be observed in the
detected optical spectrum. The peaks and valleys may
correspond to constructive and destructive optical interference between the reflections from the FP cavity. By
detecting the phase changes of the fringes in response
to the FP cavity variation, the cavity OPD can be determined. When more than two reflections are returned from
a composite FP cavity structure, fast Fourier transform
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(FFT) may be performed first. In the FFT spectrum, multiple peaks may appear which correspond to the interference between any pair of two reflections. When the OPDs
of the composite FP structure are sufficiently different,
these peaks may appear at different frequencies without
overlap. These peaks may then be separated by the use
of digital or analog bandpass filters. The interference
fringes for each pair of reflections can be reconstructed
and demodulated to determine the OPD between the two
reflections [C. Ma, et al., "Optimization of single-/Multi-/single-mode intrinsic Fabry-Perot fiber sensors," J.
Lightwave Tech., 30, p2281, 2012; C. Ma and A. Wang,
"Signal processing of white-light interferometric low-finesse fiber-optic Fabry-Perot sensors," Appl. Opt., 52,
p127, 2013].
[0045] Figs. 15a and 15b show exemplary WLI systems that can use either a tunable laser or a broadband
light source, such as a light emitting diode (LED), along
with an optical spectrometer. Besides an LED, there are
many other types of broadband optical sources that may
also serve as the source in Fig. 15b. Some of these sources include but are not limited to superluminescent LEDs
(SLEDs), amplified spontaneous emission (ASE) sources, and supercontinuum.
[0046] Fig. 15a shows an exemplary tunable laser
based whitelight interferometric sensor system. Fig. 15b
shows an exemplary broadband light source plus an optical spectrometer.
[0047] To mathematically explain how each of the sensor OPDs can be determined using the WLI, we assign
these OPDs to be the OPDd between R1 and R2, the
OPDp between R2 and R3, and the OPDb between R3
and R4. As discussed previously OPDp is primarily sensitive to pressure. Due to the thermal expansion of the
diaphragm shoulders that define the FP cavity distance
and the thermal dependence of the Young’s modulus of
the diaphragm material, the OPDp is also temperature
dependent. In the meantime, OPDd and OPDb are primarily sensitive to temperature but still show some degree sensitivity to pressure. To the first order of approximation, these three OPDs may be expressed as

45

50

[0048]
55

where

(i=1, 2 and 3) are the dependence

coefficients of OPDp, OPDd, and OPDb on pressure, respectively, and

are the dependence coefficients of

OPDp, OPDd, and OPDb on temperature. Generally, we
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13
have

and

and
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and

By solving Eqs. (1), (2) and (3), both pressure and temperature can be simultaneously determined. Here both OPDd and OPDb are mainly sensitive
to temperature variations but insensitive to pressure. For
some applications where the sensor probe is immersed
into a medium, such as oil, whose index of refraction may
be relatively close to that of sapphire, R1 may be much

5

coherence length of a source with a Gaussian spectrum
distribution is given by

10

weaker that R3 and R4, the temperature measured from
OPDb may be more accurate.
[0049] When an optical spectrometer is used to measure optical spectrum from the sensor, the response time
may be limited below several kilohertz. Although high
speed tunable lasers are available, they are generally
expensive. However, many applications require cost-effective high-speed dynamic pressure measurement. In
the meantime, the response time for temperature measurement may not be a strong requirement. This is also
partially because the thermal mass of the sensor tip may
prevent the temperature of the sensor tip to vary rapidly.
In these cases, different sensor interrogation techniques
may be used.
[0050] Quadrature phase detection is a technique to
measure relative changes of the OPD of an optical interferometer such as an FP cavity. The method may provide
a low implementation cost and high speed signal demodulation. In addition, whitelight interferometry may require
a minimum OPD for a given optical spectral range of detection. For example, for an LED at 1550nm that has a
spectral width of 50nm, a minimum OPD may be more
than 100mm to warrant a high demodulation accuracy.
In contrast, the quadrature phase detection does not
have this contingent requirement.
[0051] The principle of quadrature phase detection is
to inject two light beams at two different wavelengths λ1
and λ2. These two beams may also have a broadband
spectrum. In this case the two wavelengths are effective
center wavelengths of the two broadband spectra. For a
given FP cavity, these two wavelengths are chosen such
that their optical phases are different by Nπ 6 π/2 where
N is an integer. Using a standard quadrature phase detection, any change in the OPD can be determined [P.
L. M. Heydemann, "Determination and correction of
quadrature fringe measurement errors in interferometers," Applied Optics, 20(19), 3382, 1981]. For the quadrature detection, it is preferred for the interrogation light
to see interference fringes from only one FP cavity, which
in the sapphire sensor case is the pressure sensitive hollow FP cavity. However, as described earlier, there are
additional reflections from the sensor besides the two
from the hollow FP cavity, such as R1 and R4 as shown
in Figure 14. To eliminate the optical interference from
R1 and R4 with R2 and R3, the sensor is designed to have

where Lc is the coherence length of the sources. The
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where λ0 is the

center wavelength and Δλ is the spectral width [Principle
of Optics by M. Born and E. Wolf, 7th Edition, Cambridge
University Press, Cambridge, UK, 1999]. Here we assume the two sources have similar coherence lengths.
When the condition in Eq. (4) is met, effective optical
interference between R2 and R3 occurs but the other re-

flections namely R1 and R4 do not contribute to the gen-

eration of interference fringes.
[0052] Fig. 16 shows an exemplary sensor system that
may combine quadrature phase detection primarily for
dynamic pressure measurement and whitelight interferometry mainly for temperature measurement. Two
broadband sources, such as LEDs, at λ1 and λ2 are used.
The light from the sources may propagate to the sensor
through a fiber cable. The light reflected from the sensor
may be divided into two detection channels. One may
measure the spectrum of either one of the two sources
or both of the sources for whitelight signal processing.
This channel may permit accurate determination of all
OPDs of the sensor, including the most temperature sensitive OPDd and OPDb. The other channel may be further
split into two paths by a wavelength division multiplexer
(WDM). The WDM may or may not be a fiber-based device. As shown in Fig. 16, these two paths may detect
the light at λ1 and λ2. The wavelength and optical spectral
width of each of the two paths are chosen to satisfy the
condition in Eq. (4) and the quadrature phase shift so the
signals of the two paths can resolve any change in the
OPD between R2 and R3.
[0053] The sources in the exemplary embodiment of
Fig. 16 may be replaced by a single broadband source
such as an LED as shown in Fig. 17. The broadband
spectrum may be split into two parts by a WDM, which
may in some embodiments be an optical edge filter, in
the signal detection. The WDM may alternatively be any
acceptable WDM as would be reasonably understood by
a person having ordinary skill in the art. Each of the two
slit spectrum parts may have an equivalent center wavelength and spectral width that simultaneously satisfy the
quadrature phase condition and Eq. (4).
[0054] Quadrature detection may be useful for highspeed sensor signal processing. Figs. 18-20 show an
alternative exemplary technique that may be used for
high-speed, low cost sensor signal processing. The technique may be used with quadrature detection and whitelight interferometric signal processing. The system may
include a pulse driver and a broadband light source. An
optical pulse may be launched into one of the two ports
of the 2x2 fiber coupler. The broadband light source may
include, but is not limited to an LED, a SLED, a semicon-

15

EP 2 989 429 B1

ductor optical amplifier (SOA) switch or shutter, or any
other broadband light source as may reasonably be understood by a person having ordinary skill in the art. The
light pulse generated by the source may be split into two
pulses. One pulse may propagate to the sapphire sensor
probe. Reflections from the sensor probe may travel to
serial fiber Bragg gratings (FBGs), which may have different reflection or Bragg wavelengths. The Bragg wavelengths may cover part of or the entire optical spectrum
of the light source.
[0055] The spatial separation between two neighboring FBGs may be denoted as D. D may be constant or
varying. In the present explanation, D may be assumed
to be constant. The FBGs may be disposed in one fiber
or in different fibers. If the FBGs are disposed in different
fibers, another 1xN, NxN fiber coupler or any other type
of optical beam splitter, as would be reasonably understood by a person having ordinary skill in the art, may be
used to split the reflections from the sensor into N channels of fiber. The optical distances between the FBGs
and the fiber coupler may be different from each other.
[0056] The optical signal reflected from the sensor may
be reflected by the serial FBGs. Each FBG may reflect
only a portion of the incident optical spectrum. The reflections from the serial FBGs may then be detected by
a light detector (DET). The photoelectric signal may be
amplified by an electronic amplifier (AMP) and digitized
by an analog-to-digital converter (A/D) for further signal
processing.
[0057] Since the reflections from the serial FBGs may
be delayed by different amounts of time, successive light
pulses may appear at the DET. The magnitude of each
pulse from each of the FBGs may offer a sampling of the
optical spectrum of the signal reflected from the sensor.
The sensor OPDs may then be determined by the application of an interferometric signal processing technique.
The interferometric signal processing technique may include, but is not limited to, quadrature detection, whitelight interferometry, or any other technique as would reasonably be understood by a person having ordinary skill
in the art.
[0058] The temporal separation between neighboring
pulses reflected from the serial FBGs may be designed
to be relatively large by choosing a large D. As a result,
the light source pulse width may be large and the requirement on the speed of the DET and AMP may be relaxed.
Additionally, the requirement on the speed of the A/D
may be reduced. This combination of features may allow
high-speed sensor signal demodulation at a low cost.
[0059] Fig. 19 shows an alternative embodiment utilizing a 3-port optical circulator. Fig. 20 shows an alternative
embodiment where the serial FBGs may be disposed
before the light from the source reaches the sensor.
[0060] The sensing schemes shown in Figs. 18-20 may
be applicable to multiple sensors. The sensors may be
connected to the source via different fiber delay lines and
a fiber star coupler or fiber switch. The signals from the
sensors may be separated at the photodetection by the
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arrival times.
[0061] The foregoing description and accompanying
figures illustrate the principles, preferred embodiments
and modes of operation of the invention.
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Claims
1.
10

a diaphragm (202) configured to respond to a
change in temperature or pressure, the diaphragm (202) comprising at least one first sapphire element;
a base (204,205) comprising at least one second
sapphire element;
a cavity between the diaphragm (202) and the
base (204,205) defined by a well (206) in at least
one of said base (204,205) and said diaphragm
(202); and
an optical fiber (300) that is configured to conduct light reflected off of a surface of the diaphragm (202); wherein
the optical fiber (300) terminates at a distal end
thereof, and the optical fiber distal end is coupled
to the base (204,205) and is disposed proximal
to the cavity, wherein the base (204, 205) has a
channel defined therein;
characterized in that
the optical fiber (300) comprises a length of
graded-index fiber; wherein
a portion of the optical fiber is coupled to a fiber
collimator (308) that is mounted within the channel; and wherein
at least a center region of the well (206) partially
reflects an incident light through the channel
back to the collimator (308).
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2.

The sensor apparatus of claim 1, wherein the at least
two sapphire elements are connected via sapphireto-sapphire direct bonds.

3.

The sensor apparatus of claim 2, wherein the at least
two sapphire elements are directly bonded such that
the cavity is defined by a substantially homogenous
sapphire structure.

4.

The sensor apparatus of claim 1, wherein a portion
of the sensor that substantially surrounds the cavity
consists essentially of sapphire.

5.

The sensor apparatus of claim 1, wherein the diaphragm (202) has a diameter or width extending
across a surface of the diaphragm (202), and a length
of the base is greater than a bonded diameter or
width of the diaphragm (202).
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A sensor apparatus for measuring a pressure, a temperature, or both, the sensor comprising:

17
6.

7.

8.

9.
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Patentansprüche

The sensor apparatus of claim 5, wherein the length
of the base (204,205) is at least twice the bonded
diameter or width of the diaphragm (202).
The sensor apparatus of claim 1, wherein the graded-index fiber is configured to collimate light that
passes through the optical fiber (300).
The sensor apparatus of claim 1, wherein the optical
fiber (300) comprises a length of glass fiber spliced
to a length of graded-index fiber.
The sensor apparatus of claim 1, wherein a portion
of the optical fiber is disposed within a ferrule assembly (322) that is mounted within the channel.

10. The sensor apparatus of claim 1, wherein said base
comprises a thin base bonded to a thicker or long
base and wherein said partially reflecting surface at
said boundary of said base is a boundary of said thin
base.
11. The sensor apparatus of claim 1, wherein the system
is configured to demodulate one or more signals received by an interrogator (400) to determine desired
OPDs or wherein the interrogator includes a tunable
laser or a broadband light source and an optical
spectrometer.
12. The sensor apparatus of claim 1, wherein a whitelight
interferometry unit is provided, the whitelight interferometry unit being configured to demodulate one
or more signals received by the interrogator to determine desired OPDs.
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1.
5

Sensorvorrichtung zum Messen eines Drucks, einer
Temperatur oder von beidem, wobei der Sensor aufweist:
eine Membran (202), die dazu ausgebildet ist,
auf eine Veränderung der Temperatur oder des
Drucks zu reagieren, wobei die Membran (202)
mindestens ein erstes Saphirelement aufweist;
eine Basis (204, 205) mit mindestens einem
zweiten Saphirelement;
einen Hohlraum zwischen der Membran (202)
und der Basis (204, 205), der durch eine Vertiefung (206) in der Basis (204, 205) und/oder der
Membran (202) gebildet ist; und
eine optische Faser (300), die dazu ausgebildet
ist, von einer Fläche der Membran (202) reflektiertes Licht zu leiten; wobei
die optische Faser (300) an einem distalen Ende
derselben endet, und das distale Ende der optischen Faser mit der Basis (204, 205) gekoppelt
ist und proximal des Hohlraums angeordnet ist,
wobei die Basis (204, 205) einen darin ausgebildeten Kanal aufweist,
dadurch gekennzeichnet, dass
die optische Faser (300) ein Stück Gradientenindexfaser aufweist; wobei ein Bereich der optischen Faser mit einem Faserkollimator (308)
gekoppelt ist, der in dem Kanal angebracht ist;
und wobei
mindestens ein Mittelbereich der Vertiefung
(206) einfallendes Licht teilweise durch den Kanal zu dem Kollimator (30) zurück reflektiert.
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2.

Sensorvorrichtung nach Anspruch 1, bei welcher die
mindestens zwei Saphirelemente durch direkte Saphir-Saphir-Bonds verbunden sind.

40

3.

Sensorvorrichtung nach Anspruch 2, bei welcher die
mindestens zwei Saphirelemente derart direkt verbondet sind, dass der Hohlraum durch eine im Wesentlichen homogene Saphirstruktur gebildet ist.

45

4.

Sensorvorrichtung nach Anspruch 1, bei welcher ein
Bereich des Sensors, der den Hohlraum im Wesentlichen umgibt, im Wesentlichen aus Saphir besteht.

5.

Sensorvorrichtung nach Anspruch 1, bei welcher die
Membran (202) einen Durchmesser oder eine Breite
aufweist, die sich über eine Fläche der Membran
(202) erstreckt, und wobei eine Länge der Basis größer als ein verbondeter Durchmesser oder eine verbondete Breite der Membran (202) ist.

6.

Sensorvorrichtung nach Anspruch 5, bei welcher die
Länge der Basis (204, 205) mindestens das Doppelte des verbondeten Durchmessers oder der verbon-

13. The sensor apparatus of claim 1, wherein the well
(206) which defines the cavity between the diaphragm (202) and the base (204,205) is formed by
chemical etching in the diaphragm (202).
14. The sensor apparatus of claim 1, wherein the light
out of the optical fiber (300) generates at least four
reflections (R1, R2, R3, R4) forming optical path distances (OPDs) between the reflections R1 and R2,
R2 and R3, and R3 and R4 being sufficiently different
from one another, wherein whitelight interferometric
signal processing is employed to demodulate at least
two OPDs including the one between R2 and R 3 in
order to realize simultaneous measurement of pressure and temperature, the OPDs being designed
such that no major harmonic of a Fourier transform
frequency peak corresponding to an OPD coincides
with any other frequency peaks corresponding to the
other OPDs.
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ren OPD entspricht.

deten Breite der Membran (202) ist.
7.

8.

9.

Sensorvorrichtung nach Anspruch 1, bei welcher die
Gradientenindexfaser dazu ausgebildet ist, Licht zu
kollimieren, das die optische Faser (300) passiert.

5

Sensorvorrichtung nach Anspruch 1, bei welcher die
optische Faser (300) ein Stück Glasfaser aufweist,
das mit einem Stück Gradientenindexfaser verspleißt ist.

10

Sensorvorrichtung nach Anspruch 1, bei welcher ein
Bereich der optischen Faser in einer Hülsenanordnung (322) angeordnet ist, der in dem Kanal angebracht ist.
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10. Sensorvorrichtung nach Anspruch 1, bei welcher die
Basis eine dünne Basis aufweist, die mit einer dickeren oder längeren Basis verbondet ist, und wobei die
teilweise reflektierende Fläche an der Grenze der
Basis eine Grenze der dünnen Basis ist.
11. Sensorvorrichtung nach Anspruch 1, bei welcher
das System dazu ausgebildet ist, ein oder mehrere
von einem Interrogator (400) empfangene Signale
zu demodulieren, um gewünschte OPD zu bestimmen, oder wobei der Interrogator einen einstellbaren
Laser oder eine Breitbandlichtquelle und ein optisches Spektrometer aufweist.

Revendications
1.

13. Sensorvorrichtung nach Anspruch 1, bei welcher die
Vertiefung (206), welche den Hohlraum zwischen
der Membran (202) und der Basis (204, 205) bildet,
durch chemisches Ätzen in der Membran (202) gebildet ist.
14. Sensorvorrichtung nach Anspruch 1, bei welcher
das Licht aus der optischen Faser (300) mindestens
vier Reflexionen (R1, R2, R3, R4) erzeugt, die optische Weglängen (OPD) zwischen den Reflexionen
R1 und R2, R2 und R3, und R3 und R4 bilden, die
ausreichend voneinander verschieden sind, wobei
Weisslichtinterferometriesignalverarbeitung
verwendet wird, um zumindest zwei OPD,
einschließlich derjenigen zwischen R2 und R3, zu
demodulieren, um ein gleichzeitiges Messen von
Druck und Temperatur zu erreichen, wobei die OPD
derart ausgebildet sind, dass keine Haupt-Oberschwingung einer Fouriertransformationsfrequenzspitze, die einer OPD entspricht, mit irgendeiner anderen Frequenzspitze zusammenfällt, die den ande-
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2.

Appareil de capteur selon la revendication 1, dans
lequel les au moins deux éléments de saphir sont
reliés via des liaisons directes saphir-saphir.

3.

Appareil de capteur selon la revendication 2, dans
lequel les au moins deux éléments de saphir sont
liés directement de telle sorte que la cavité est définie
par une structure de saphir sensiblement homogène.

4.

Appareil de capteur selon la revendication 1, dans
lequel une portion du capteur qui entoure sensiblement la cavité consiste essentiellement en du saphir.

5.

Appareil de capteur selon la revendication 1, dans
lequel le diaphragme (202) a un diamètre ou une
largeur s’étendant à travers une surface du
diaphragme (202), et une longueur de la base est
plus grande qu’un diamètre ou une largeur lié(e) du
diaphragme (202).

40

45

50

55

11

Appareil de capteur destiné à mesurer une pression,
une température, ou les deux, le capteur
comprenant :
un diaphragme (202) configuré pour répondre à
un changement de température ou de pression,
le diaphragme (202) comprenant au moins un
premier élément de saphir ;
une base (204, 205) comprenant au moins un
second élément de saphir ;
une cavité entre le diaphragme (202) et la base
(204, 205) définie par un puits (206) dans au
moins l’un de ladite base (204, 205) et dudit
diaphragme (202) ; et
une fibre optique (300) qui est configurée pour
conduire la lumière réfléchie d’une surface du
diaphragme (202) ; dans lequel
la fibre optique (300) se termine à une extrémité
distale de celle-ci, et l’extrémité distale de la fibre
optique est couplée à la base (204, 205) et est
disposée à proximité de la cavité, dans lequel
la base (204, 205) comporte un canal défini à
l’intérieur ;
caractérisé en ce que
la fibre optique (300) comprend une longueur
de fibre à gradient d’indice ; dans lequel une portion de la fibre optique est couplée à un collimateur de fibre (308) qui est monté au sein du
canal ; et dans lequel
au moins une région centrale du puits (206) réfléchit partiellement une lumière incidente à travers le canal de retour vers le collimateur (308).

30

12. Sensorvorrichtung nach Anspruch 1, bei welcher eine Weisslichtinterferometrieeinheit vorgesehen ist,
wobei die Weisslichtinterferometrieeinheit dazu ausgebildet ist, ein oder mehrere von dem Interrogator
empfangene Signale zu demodulieren, um gewünschte OPD zu bestimmen.
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formée de Fourier correspondant à une DCO ne
coïncide avec un autre pic de fréquence quelconque
correspondant aux autres DCO.

Appareil de capteur selon la revendication 5, dans
lequel la longueur de la base (204, 205) est au moins
de deux fois le diamètre ou la largeur lié(e) du
diaphragme (202).
5

7.

Appareil de capteur selon la revendication 1, dans
lequel la fibre à gradient d’indice est configurée pour
collimater la lumière qui passe à travers la fibre optique (300).

8.

Appareil de capteur selon la revendication 1, dans
lequel la fibre optique (300) comprend une longueur
de fibre de verre épissée sur une longueur de fibre
à gradient d’indice.

9.

Appareil de capteur selon la revendication 1, dans
lequel une portion de la fibre optique est disposée
au sein d’un ensemble virole (322) qui est monté au
sein du canal.
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10. Appareil de capteur selon la revendication 1, dans
lequel ladite base comprend une base fine liée à une
base plus épaisse ou longue et dans lequel ladite
surface partiellement réfléchissante à ladite frontière
de ladite base est une frontière de ladite base fine.
11. Appareil de capteur selon la revendication 1, dans
lequel le système est configuré pour démoduler un
ou plusieurs signaux reçus par un interrogateur (400)
pour déterminer des DCO (Distances de Chemin Optique) ou dans lequel l’interrogateur inclut un laser
accordable ou une source de lumière à large bande
et un spectromètre optique.
12. Appareil de capteur selon la revendication 1, dans
lequel une unité d’interférométrie en lumière blanche
est prévue, l’unité d’interférométrie en lumière blanche étant configurée pour démoduler un ou plusieurs
signaux reçus par l’interrogateur pour déterminer
des DCO souhaitées.
13. Appareil de capteur selon la revendication 1, dans
lequel le puits (206) qui définit la cavité entre le
diaphragme (202) et la base (204, 205) est formé
par gravure chimique dans le diaphragme (202).
14. Appareil de capteur selon la revendication 1, dans
lequel la lumière hors de la fibre optique (300) génère
au moins quatre réflexions (R1, R2, R3, R4) formant
des distances de chemin optique (DCO) entre les
réflexions R1 et R2, R2 et R3, R3 et R4 qui sont suffisamment différentes les unes des autres, dans lequel un traitement de signal interférométrique en lumière blanche est employé pour démoduler au
moins deux DCO dont celles entre R2 et R3 afin de
réaliser une mesure simultanée de pression et température, les DCO étant conçues pour qu’aucune
harmonique majeure d’un pic de fréquence de trans-
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