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(54) FABRY-PEROT SENSOR AND METHOD FOR MANUFACTURING SAME

(57) Disclosed are a Fabry-Perot sensor (11) and a
method for manufacturing the same. A Fabry-Perot sen-
sor (11) including: a base part (6); a cavity (5) formed
between the base part (6) and a pressure-sensitive film
(4), and enclosed by the base part (6) and the pres-
sure-sensitive film (4); the pressure-sensitive film (4),
fixed to the base part (6), wherein the pressure-sensitive
film (4) has one or more localised areas (8), each local-
ised area (8) has a doping substance doped into a base
material of the pressure-sensitive film (4) to produce
stress, no localised area (8) penetrates the entire thick-
ness of the pressure-sensitive film (4), and under the
effect of stress, the pressure-sensitive film (4) has a cor-
rugated structure; an optic fibre (1) used for conducting
a light signal, one end part of the optic fibre (1) being
fixed to an optic fibre mounting part of the base part (6),
and the optic fibre mounting part being located at an end
part of the base part (6) opposite the cavity (5).
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the field of
sensors, in particular to a Fabry-Perot sensor with a non-
linear compensation design and an optimized structure,
and to a method of manufacturing the same.

BACKGROUND

[0002] Fiber optic sensors have been widely used in
various industries, such as petroleum, aviation, aero-
space, medical treatment, marine, or the like, and have
demonstrated excellent performance, such as advantag-
es of resistance to harsh environments, resistance to
electromagnetic radiation, anti-interference, passive ex-
plosion-proof, small size, simple structure, large dynamic
range, quasi-distribution measurement, and a small
amount of material used during manufacturing.
[0003] There are mainly two technologies relatively
mature of fiber optic sensors. A first one is the use of
fiber gratings attached to a model to be pressed so as to
perform pressure measurement through deformation of
the model under pressure; and a second one is a Fabry-
Perot cavity (or referred to as FP cavity for short) tech-
nology that senses the pressure or temperature through
a change in a cavity length. A fiber optic sensor using
the second technology may be referred to as a fiber optic
Fabry-Perot sensor, or may be referred to as a Fabry-
Perot sensor, an FP sensor, and the like for short, which
is particularly suitable for use as a pressure sensor.
[0004] Patent US7689071B2 discloses a Fabry-Perot
sensor for measuring pressure. FIG. 1 shows an exem-
plary diagram of such an existing Fabry-Perot sensor.
The Fabry-Perot sensor mainly includes a glass base
1_6 having a cavity 1_5, a single-layer pressure sensitive
diaphragm 1_4 fixed to the glass base 1_6, a first reflec-
tive mirror 1_3 provided at the bottom of the cavity of the
glass base 1_6, a second reflective mirror 1_2 provided
on a lower surface of the pressure sensitive diaphragm
1_4, and a bi-directional fiber optic 1_1 for conducting a
light signal. The first reflective mirror 1_3, the second
reflective mirror 1_2 and the cavity 1_5 constitute a Fab-
ry-Perot cavity. Since the length of the Fabry-Perot cavity
is an unambiguous function of pressure, pressure applied
to the pressure sensitive diaphragm 1-4 can be obtained
by obtaining the length of the Fabry-Perot cavity.
[0005] There are several problems in adopting the
above-mentioned Fabry-Perot sensor in a single-crystal
thin-film structure. As shown in FIG. 3, as pressure in-
creases, increase in the offset of the pressure sensitive
diaphragm decreases significantly, that is, the offset of
the pressure sensitive diaphragm is a nonlinear function
of the applied pressure. Due to the strong nonlinearity in
the offset of the pressure sensitive diaphragm in the full
pressure range, sensitivity of the Fabry-Perot sensor is
limited in the higher pressure range.

[0006] In response to the technical problem described
above, patent CN103534568B discloses a Fabry-Perot
sensor for measuring pressure where sensitivity around
specific bias pressure. FIG. 2 shows a partial schematic
diagram of the Fabry-Perot sensor disclosed in the patent
CN103534568B. Specifically, the Fabry-Perot sensor
comprises a base 2_1 and a pressure sensitive dia-
phragm mounted on the substrate. The pressure sensi-
tive diaphragm comprises a first layer 2_2 made of a first
material, and a second layer 2_3 made of a second ma-
terial and comprising internal stresses. The second layer
2_3 is mounted on the first layer 2 2, so that the pressure
sensitive diaphragm forms a double-layer structure.
[0007] The above Fabry-Perot sensor with a double-
layer or more-layer composite diaphragm structure still
has several problems, including but not limited to the fol-
lowing, first, the use of an additional and stressed struc-
tural layer to stretch a segment with linear sensitivity of
the sensor necessitate a non-single layer structure of the
pressure sensitive diaphragm, increasing the complexity
in structure of the pressure sensitive diaphragm; second,
compared with a single-layer diaphragm, a multi-layer
diaphragm will reduce the sensitivity of the overall sensor
due to the increase in diaphragm thickness; third, the
long-term stability of the material of the multi-layer dia-
phragm itself also comprehensively affects the long-term
performance of the sensor; and fourth, due to the micro
size, in the manufacturing method of the above patents,
complicated processes and steps are required in order
to add the second layer to the first layer, which increases
manufacturing costs of a sensor.

SUMMARY

[0008] Focusing on the above-mentioned problems in
the existing sensor designs, the present disclosure de-
signs a new type of Fabry-Perot sensor, which not only
avoids the above-mentioned problems in the existing
sensor designs, but also has other advantages described
below.
[0009] The present disclosure provides a Fabry-Perot
sensor including: a base; a cavity formed between the
base and a pressure sensitive diaphragm, and closed by
the base and the pressure sensitive diaphragm; the pres-
sure sensitive diaphragm fixed to the base, where the
pressure sensitive diaphragm has at least one local ar-
eas, each of the local areas has a doping substance
doped into a base material of the pressure sensitive di-
aphragm to generate stresses, any of the local areas
does not extend the entire thickness of the pressure sen-
sitive diaphragm, and the pressure sensitive diaphragm
exhibits a wavy structure under the action of the stresses;
and a fiber optic configured to conduct a light signal,
where one end of the fiber optic is fixed to a fiber optic
mounting portion of the base, and the fiber optic mounting
portion is located at an end of the base opposite the cav-
ity. By means of substance doping, nonlinearity of a sen-
sor can be reduced in an effective manner, and applica-
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bility of the sensor in different ranges can be improved.
[0010] Optionally, the pressure sensitive diaphragm is
an integrated single-layer structure. Achieving a wavy
structure of a diaphragm in a specific doping manner not
only avoids the aforementioned many problems in the
existing double-layer diaphragm structure, but also
avoids the complicated technical steps of constructing a
multilayer diaphragm structure.
[0011] Optionally, the pressure sensitive diaphragm
has a thickness of 1 mm to 5 mm. Optionally, the base
has a thickness of 200 mm to 500 mm. Optionally, the
cavity has a diameter of 80 mm to 300 mm. That is, the
technical solution defined by the present disclosure is
particularly suitable for implementation in miniature sen-
sors.
[0012] Optionally, the stresses are tensile stresses.
Optionally, the stresses are compressive stresses.
[0013] Optionally, the at least one local areas include
a substantially circular area located at the center of the
pressure sensitive diaphragm. Optionally, the at least
one local areas include a substantially annular area sur-
rounding the center of the pressure sensitive diaphragm.
[0014] Optionally, the local area is located in a local
thickness of the pressure sensitive diaphragm close to
the cavity. Optionally, the local area is located in a local
thickness of the pressure sensitive diaphragm away from
the cavity.
[0015] Optionally, different local areas are doped with
different doping substances. Optionally, the same local
area is doped with different doping substances.
[0016] Stress concentration is formed in a diaphragm
by doping, and stress type and a concentrated area are
set reasonably, so that an optimized and reasonable
wavy structure can be formed, thereby improving sensor
performance.
[0017] Optionally, the base material of the pressure
sensitive diaphragm is silicon.
[0018] Optionally, the doping substance is at least one
of P, B, As, Al, Ga, Sb, Ge, O, Au, Fe, Cu, Ni, Zn, and Mg.
[0019] Optionally, the fiber optic is fixed to a fiber optic
receiving portion by UV glue.
[0020] Optionally, the Fabry-Perot sensor further in-
cludes a first reflective film and a second reflective film,
the first reflective film is located on one side of the pres-
sure sensitive diaphragm, and the second reflective film
is located at the bottom of the cavity.
[0021] Optionally, materials forming the first reflective
film and the second reflective film are at least one of Cr,
Ti, Au, Ag, TaN, Al2O3, and Ta2O5.
[0022] Optionally, a material forming the base is at
least one of glass, single crystal silicon, silicon carbide,
and sapphire.
[0023] Optionally, the cavity is a vacuum cavity.
[0024] The present disclosure further proposes a
method of manufacturing a Fabry-Perot sensor including:

manufacturing a pressure sensitive diaphragm, in-
cluding:

step 1: providing a pressure sensitive dia-
phragm substrate for producing the pressure
sensitive diaphragm; and
step 2: doping at least one doping substances
into at least one local areas of the pressure sen-
sitive diaphragm substrate to generate stresses
in the local areas, where any of the local areas
does not extend the entire thickness of the pres-
sure sensitive diaphragm;

manufacturing a base with a cavity; and
bonding the pressure sensitive diaphragm and the
base together such that the cavity is closed by the
pressure sensitive diaphragm and the base.

[0025] Optionally, the pressure sensitive diaphragm
after substance doping is an integrated single-layer struc-
ture.
[0026] Optionally, the pressure sensitive diaphragm
has a thickness of 1 mm to 5 mm, and the base has a
thickness of 200 mm to 500 mm.
[0027] Optionally, the stresses are tensile stresses.
Optionally, the stresses are compressive stresses.
[0028] Optionally, in step 2, the doping substance and
a base material constituting the pressure sensitive dia-
phragm substrate are doped at the atomic or molecular
level.
[0029] Optionally, the local areas are at least one sub-
stantially annular areas. Optionally, the local areas are
at least one substantially circular areas.
[0030] Optionally, the pressure sensitive diaphragm
substrate is an SOI wafer.
[0031] Optionally, the pressure sensitive diaphragm
substrate is a silicon substrate on which a silicon dioxide
layer is formed.
[0032] Optionally, the step 1 further includes: cleaning
and drying the pressure sensitive diaphragm substrate.
[0033] Optionally, the step 2 further includes: applying
a photoresist to the pressure sensitive diaphragm sub-
strate, and removing part of the photoresist to expose
the local area to be doped.
[0034] Optionally, in step 2, doping is performed by
high temperature diffusion.
[0035] Optionally, the high temperature diffusion is
specifically concentrated boron diffusion at high temper-
ature.
[0036] Optionally, in step 2, doping is performed by ion
implantation.
[0037] Optionally, at least one of B, P, and As are se-
lected as implanted ions during the ion implantation.
[0038] Optionally, the step of manufacturing the pres-
sure sensitive diaphragm further includes: step 3: clean-
ing the pressure sensitive diaphragm after doping to re-
move impurities on the surface of the pressure sensitive
diaphragm; and step 4: annealing the cleaned pressure
sensitive diaphragm.
[0039] Optionally, the step of manufacturing the pres-
sure sensitive diaphragm further includes step 5: forming
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a first reflective film on one side of the pressure sensitive
diaphragm by one of evaporation, sputtering, chemical
vapor deposition, electrochemistry, and epitaxial growth.
[0040] Optionally, the pressure sensitive diaphragm is
bonded to the base in a vacuum environment.
[0041] Optionally, the step of manufacturing the base
includes: growing a mask on the base; applying a pho-
toresist on the mask; removing part of the photoresist to
expose part of the mask; removing the exposed mask to
expose part of the base; and etching the exposed base
to form the cavity.
[0042] Optionally, the step of manufacturing the base
further includes: forming a second reflective film at the
bottom of the cavity.
[0043] Optionally, the step of manufacturing the base
further includes: forming a fiber optic receiving portion at
the bottom of the cavity.
[0044] Optionally, the method further includes: mount-
ing a fiber optic to the fiber optic receiving portion of the
base using UV glue.
[0045] Optionally, the method further includes: after
bonding the pressure sensitive diaphragm to the base,
removing a thick silicon layer and a silicon dioxide layer
of the SOI.
[0046] Optionally, the method further includes: cutting
the pressure sensitive diaphragm and the base bonded
together to form multiple Fabry-Perot sensors.
[0047] Hereinafter, preferred embodiments for imple-
menting the present disclosure will be described in more
detail with reference to accompanying drawings, so that
features and advantages of the present disclosure can
be easily understood.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] In order to more clearly explain the technical
solutions of embodiments of the present disclosure,
drawings of the embodiments of the present disclosure
will be briefly described below. The drawings are only
used to show some embodiments of the present disclo-
sure, rather than limiting all embodiments of the present
disclosure thereto.

FIG. 1 is a schematic cross-sectional view of a cer-
tain Fabry-Perot sensor already existing;
FIG. 2 is a partial schematic diagram of another Fab-
ry-Perot sensor already existing;
FIG. 3 is a curve showing changes in the sensitivity
of the sensor for different pressures when the Fabry-
Perot sensor shown in FIG. 1 is used;
FIG. 4 is a curve showing changes in sensitivity of
the sensor for different pressures when a Fabry-Per-
ot sensor proposed by the present disclosure is
used, and the curve is given in contrast to the curve
measured when the traditional Fabry-Perot sensor
is used;
FIG. 5A is a cross-sectional view of a Fabry-Perot
sensor proposed by the present disclosure, and FIG.

5B is a front view and a top view of two different
configurations of the Fabry-Perot sensor;
FIGS. 6A and 6B are schematic diagrams showing
substance doping at the center of a pressure sensi-
tive diaphragm of a Fabry-Perot sensor;
FIGS. 7A and 7B are cross-sectional views of one
embodiment of a Fabry-Perot sensor proposed by
the present disclosure, which show respectively
schematic diagrams of deformation of an area of a
pressure sensitive diaphragm that is not doped with
a substance and of an area thereof that is doped with
a substance when external intensity of pressure is
different for the Fabry-Perot sensor;
FIG. 8 is a schematic diagram of a processing flow
of a base of a Fabry-Perot sensor;
FIG. 9 is a schematic diagram of a processing flow
of a pressure sensitive diaphragm of a Fabry-Perot
sensor;
FIG. 10 is a schematic diagram of a base and a pres-
sure sensitive diaphragm after vacuum bonding;
FIG. 11 is one embodiment of a Fabry-Perot sensor
proposed by the present disclosure, in which a cavity
is formed in a pressure sensitive diaphragm;
FIGS. 12A and 12B are two embodiments of a Fabry-
Perot sensor proposed by the present disclosure, a
substance being doped in a shallow circular area on
one side of a pressure sensitive diaphragm;
FIGS. 13A and 13B are two embodiments of a Fabry-
Perot sensor proposed by the present disclosure, a
substance being doped in a shallow annular area on
one side of a pressure sensitive diaphragm;
FIGS. 14A and 14B are two embodiments of a Fabry-
Perot sensor proposed by the present disclosure, in
a pressure sensitive diaphragm of the sensor, a cir-
cular area and an annular area that are concentric
being doped with different substances; and
FIG. 15 is one embodiment of a Fabry-Perot sensor
proposed by the present disclosure, substances with
opposite stresses being doped on either sides of a
pressure sensitive diaphragm of the sensor.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0049] To make the objectives, technical solutions, and
advantages of technical solutions of the present disclo-
sure clearer, in the following, the technical solutions of
embodiments of the present disclosure will be clearly and
completely described with reference to accompanying
drawings for the specific embodiments of the present dis-
closure. In the drawings, like reference signs represent
like components. It shall be noted that the described em-
bodiments are some but not all of the embodiments of
the present disclosure. All other embodiments obtained
by a person of ordinary skill in the art based on the de-
scribed embodiments of the present disclosure without
inventive efforts shall fall within the protection scope of
the present disclosure.
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[0050] Unless otherwise defined, technical or scientific
terms used herein shall have the usual meanings under-
stood by those with ordinary skills in the art to which the
present disclosure belongs. The terms "first", "second"
and similar words used in the specification and claims of
the present disclosure do not indicate any order, quantity
or significance, but are only used to distinguish different
components. Similarly, words such as "a" or "an" do not
necessarily mean quantity limitation. Similar words such
as "include" or "comprise" mean that an element or object
appearing before the words covers an element or object
listed after the words and their equivalents, but do not
exclude other elements or objects. Similar words such
as "connect" or "connected" are not limited to physical
or mechanical connections, but can include electrical
connections, whether direct or indirect. Words such as
up", "down", "left", and "right" are only used to indicate
the relative positional relationship. When the absolute
position of the described object changes, the relative po-
sitional relationship may also change accordingly.
[0051] Unless the context specifically dictates or clear-
ly states, the term "approximately" as used herein should
be understood to be within the range of normal tolerances
in the art. Unless otherwise clear from the context, all
numerical values provided herein can be modified by the
term "approximately".

I. Structure of a Fabry-Perot Sensor

[0052] FIGS. 5A-B and 10 show schematic diagrams
of a Fabry-Perot sensor 11 proposed by the present dis-
closure. In general, the Fabry-Perot sensor 11 mainly
includes the following components: a base 6, a pressure
sensitive diaphragm 4 fixed to the base 6, a cavity 5
formed between and closed by the base 6 and the pres-
sure sensitive diaphragm, a first reflective film 2 and a
second reflective film 3 located on the pressure sensitive
diaphragm 4 and the base 6 respectively, and a fiber
optic 1 fixed to the base 6 and used for conducting a light
signal. The cavity 5 may also be referred to as a Fabry-
Perot cavity. In preferred embodiments of examples in
FIGS. 5A-B and FIG. 10, the cavity 5 is disposed in the
base 6. Alternatively, as shown in the embodiment shown
in FIG. 11, the cavity 5 can also be realized in the pressure
sensitive diaphragm 4. Generally, the cavity 5 is formed
to be in a vacuum state. The cavity may be a cavity with
a circular cross section, as shown in FIG. 5B, but is not
limited thereto.
[0053] The present disclosure is mainly implemented
as a miniature sensor. For example, the pressure sensi-
tive diaphragm may optionally have a thickness of 1 mm
to 5 mm, and the base may optionally have a thickness
(which is indicated by H in FIG. 5B) of 200 mm to 500
mm. For a circular cavity, a diameter thereof may be op-
tionally from 80 mm to 300 mm.
[0054] The base 6 is preferably made of glass, but may
also be made of other materials, such as including but
not limited to single crystal silicon, silicon carbide, sap-

phire, etc., in order to achieve good light guiding perform-
ance. As shown in FIG. 5A, the base 6 includes a fiber
optic receiving portion 15.
[0055] The first reflective film 2 and the second reflec-
tive film 3 may be selected from, but not limited to, Cr,
Ti, Au, Ag, TaN, Al2O3, Ta2O5, dielectric film, and the
like. The first reflective film 2 is located on the pressure
sensitive diaphragm 4, and may be located either on a
side of the pressure sensitive diaphragm 4 close to the
cavity 5 or on a side of the pressure sensitive diaphragm
4 away from the cavity 5. The second reflective film 3 is
located at the bottom of the cavity 5.
[0056] The fiber optic 1 is fixed to the base 6 at the
fiber optic receiving portion 15, and may be selected from,
but not limited to, a multi-mode quartz fiber optic 1. Pref-
erably, the fiber optic 1 may be fixed by UV glue 7 that
can not only play a fixing role, but also ensure good light
guiding performance due to its dual functions of both
bonding and light guiding.
[0057] As pressure changes, the pressure sensitive di-
aphragm 4 can be deformed toward or away from the
base 6, changing the length of the cavity 5 and the dis-
tance between the first reflective film 2 and the second
reflective film 3, and making it possible to sense the pres-
sure. Specifically, when pressure measurement is per-
formed, measurement light is introduced by the fiber optic
1. A portion of the measurement light generates reflected
signal by the first reflective film 2, and the remaining light
is reflected back to the first reflective film 2 through the
second reflective film 3 and is superimposed on the lower
surface of the first reflective film 2. A change in external
pressure causes the pressure sensitive diaphragm 4 to
deform, changing the length of the cavity 5 and thereby
the optical path difference. By detecting the light signal
transmitted back through the fiber optic 1, magnitude of
deformation of the pressure sensitive diaphragm 4 can
be obtained through demodulation.
[0058] As mentioned above, for the existing Fabry-Per-
ot sensor design as shown in FIG. 1, deformation of the
pressure sensitive diaphragm 4 exhibits a very significant
nonlinearity, especially when the pressure sensitive dia-
phragm 4 has a small thickness or when there is a large
pressure range. This characteristic restricts the improve-
ment of sensor performance and limits its application oc-
casions. For the existing Fabry-Perot sensor design
shown in FIG. 2, although it has a certain improvement
in nonlinearity, an additional second layer has to be add-
ed, bringing about many problems such as a complicated
structure of the pressure sensitive diaphragm, manufac-
turing difficulties, reduced overall sensitivity and reduced
service life.
[0059] In order to improve the serious non-linearity
problem of the existing Fabry-Perot sensor shown in FIG.
1 while avoiding sacrifice of performance in terms of
structure, sensitivity and processing method in the exist-
ing Fabry-Perot sensor shown in FIG. 2, the present dis-
closure proposes a novel design and a novel manufac-
turing method of the sensor, which uses a substance
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doping method to generate local stress concentration ar-
ea on the pressure sensitive diaphragm 4, achieving re-
duction in non-linearity of the sensor while maintaining a
single-layer pressure sensitive diaphragm structure. The
pressure sensitive diaphragm 4 with stress concentration
area will be described in more detail below.
[0060] The pressure sensitive diaphragm 4 includes a
base material, and has at least one local areas 8, each
local area 8 having a doping substance doped into the
base material of the pressure sensitive diaphragm 4 to
generate stresses, and any of the local areas 8 not pen-
etrating the entire thickness of the pressure sensitive di-
aphragm 4. The pressure sensitive diaphragm 4 exhibits
a wavy configuration under the action of the stresses.
The doping of material does not change the single-layer
structure of the diaphragm, that is, the pressure sensitive
diaphragm 4 is still an integrated single-layer structure.
This not only avoids the aforementioned many problems
in the existing double-layer diaphragm structure, but also
avoids the complicated technical steps for the construc-
tion thereof. The local area 8 doped with a substance
may also be referred to as a doped area.
[0061] By means of substance doping, internal stress-
es are generated in the doped area, and cause the pres-
sure sensitive diaphragm 4 to exhibit uneven wavy ef-
fects as shown in FIGS. 12A-15, at least including one
wave crest at the middle of the pressure sensitive dia-
phragm, and an annular wave trough separated radially
from the wave crest. In embodiments shown in FIGS.
12A-15, the pressure sensitive diaphragm cambers up-
ward (i.e., away from a base) at the center to form a wave
crest, but the diaphragm may also camber downward
(i.e., toward the base) at the center to form a wave trough,
that is, it may have a wave trough located at the middle
of the pressure sensitive diaphragm, and an annular
wave crest spaced radially from the wave trough. In ad-
dition, the pressure sensitive diaphragm 4 may exhibit
multiple wave crests and troughs.
[0062] In the experiment, it is found that the wavy pres-
sure sensitive diaphragm realized by doping at local area
has a better linearity with pressure change than the dou-
ble-layer diaphragm. Although there is no theoretical ba-
sis, analysis of experiment results suggests that a first
reason may be the more optimized wavy shape of the
single-layer diaphragm. On the one hand, stresses can
be injected into the interior of the pressure sensitive di-
aphragm by doping, rather than just being applied to the
surface of the diaphragm as in existing the double-layer
structure, so that it is easier to control the wavy deforma-
tion shape of the diaphragm itself, making it is easier to
realize a more optimized and reasonable wavy structure.
On the other hand, since there is no additional layer struc-
ture, its wavy configuration is not restricted or affected
by the additional layer structure, that is, factors affecting
the optimized wavy configuration are eliminated. In ad-
dition, a second reason may be that the pressure sensi-
tive diaphragm of the double-layer structure causes un-
evenness in the structure of the pressure sensitive dia-

phragm. In a state of a specific diaphragm position, the
unevenness in the structure may affect further response
of the diaphragm to pressure. The solution of the present
disclosure solves the above problems, thereby improving
performance.
[0063] In order for the diaphragm to produce the wavy
configuration shown in FIGS. 12A-15 when local stresses
are released, the local area 8 cannot extend the entire
thickness of the pressure sensitive diaphragm 4. Specif-
ically, the local area may be located in a part of the thick-
ness of the pressure sensitive diaphragm 4 close to the
cavity 5 or in a part of the thickness of the pressure sen-
sitive diaphragm 4 away from the cavity 5, but do not
extend the entire pressure sensitive diaphragm 4.
[0064] Due to the wavy effect of the diaphragm and
the stress effect brought about thereby, non-linear char-
acteristics of the pressure sensitive diaphragm 4 under
the same stresses are improved. As shown in FIG. 7A,
when external pressure intensity is small, the deforma-
tion of an area of the pressure sensitive diaphragm 4 that
is not doped with a substance is relatively large, while
the deformation of an area that is doped with a substance
is relatively small. As shown in FIG. 7B, when external
pressure intensity is large, the deformation of an area of
the pressure sensitive diaphragm 4 that is not doped with
a substance is relatively small, while the deformation of
an area that is doped with a substance is relatively large.
The overall deformation displacement of the pressure
sensitive diaphragm 4 is a composite result of the above
two reasons, therefore improving the sensitivity nonline-
arity problem. As shown in FIG. 4, a dotted line shows
changes in sensitivity when a Fabry-Perot sensor of the
present disclosure is used. Compared with a Fabry-Perot
sensor without stresses, degree of nonlinearity is signif-
icantly reduced with the Fabry-Perot sensor of the
present disclosure .
[0065] The base material constituting the pressure
sensitive diaphragm 4 includes but is not limited to single
crystal silicon. The doping material includes P, B, As, Al,
Ga, Sb, Ge, O, Au, Fe, Cu, Ni, Zn, and Mg, preferably
boron. According to the position of the doping material
in a lattice of a semiconductor material, the doping ma-
terial may be divided into a substitution type and an in-
terstitial type. Doping material of substitution type in-
cludes P, B, As, Al, Ga, Sb, Ge, etc., and doping material
of interstitial type includes O, Au, Fe, Cu, Ni, Zn, Mg, etc.
[0066] During doping, the doping substance and the
base material constituting the substrate of the pressure
sensitive diaphragm are doped at atomic or molecular
level, as shown in FIGS. 6A-B. Optional doping methods
include interstitial doping, direct exchange doping, va-
cancy doping, push interstitial doping, extrusion doping,
and Frank-Turnbull doping. Preferably, vacancy doping
or push interstitial doping is used. Specifically, FIG. 6A
shows vacancy diffusion, in which a molecule or atom 9
of a doped material moves in the vacancy between mol-
ecules or atoms 10 of a base material. Since activation
energy required for vacancy diffusion is relatively small,
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this method is easy to perform. FIG. 6B shows push in-
terstitial diffusion, in which a molecule or atom 9 of a
doped material occupies a lattice position, a molecule or
atom 10 of a base material at which is moved to an in-
terstitial position and becomes a self-interstitial molecule
or atom. Due to forces between molecules or atoms,
stresses may be generated in the doped area. The stress-
es may be tensile stresses or compressive stresses. The
magnitude of the stresses depends on the degree of mis-
match in lattice and the concentration of substance dop-
ing.
[0067] Based on the above principles, the position of
doped area and the type of stress can be flexibly selected.
The doped area may be a substantially circular area lo-
cated at the center of the pressure sensitive diaphragm
4, or may be a substantially annular area surrounding
the center of the pressure sensitive diaphragm 4, or there
may be at least one concentric circular area and at least
one annular area at the same time. According to a pos-
sible embodiment, there may be different doping mate-
rials in different doped areas, or in a same doped area.
[0068] FIGS. 12A-15 show several possible embodi-
ments of a Fabry-Perot sensor.
[0069] As shown in FIG. 12A, a circular area at the
center of a pressure sensitive diaphragm 4 is doped with
a substance that generates tensile stresses. The circular
area is located in an upper part of the pressure sensitive
diaphragm 4 and does not extend its entire thickness. As
shown in FIG. 12B, a circular area of a pressure sensitive
diaphragm 4 of a Fabry-Perot sensor is doped with a
substance that generates compressive stresses. The cir-
cular area is located in a lower part of the pressure sen-
sitive diaphragm 4 and does not extend its entire thick-
ness.
[0070] As shown in FIG. 13A, an annular area of a pres-
sure sensitive diaphragm 4 of a Fabry-Perot sensor is
doped with a substance that generates compressive
stresses. The annular area is located in an upper part of
the pressure sensitive diaphragm 4 and does not extend
its entire thickness. As shown in FIG. 13B, an annular
area of a pressure sensitive diaphragm 4 of a Fabry-Perot
sensor is doped with a substance that generates tensile
stresses. The annular area is located in a lower part of
the pressure sensitive diaphragm 4 and does not extend
its entire thickness.
[0071] As shown in FIGS. 14A-B, different substances
are dope in circular and annular areas. In FIG. 14A, a
circular area in a lower part of a pressure sensitive dia-
phragm 4 of a Fabry-Perot sensor is doped with a sub-
stance that generates compressive stresses, and an an-
nular area in an upper part of the pressure sensitive di-
aphragm 4 is doped with a substance that generates
compressive stresses. In FIG. 14B, a circular area in an
upper part of a pressure sensitive diaphragm 4 of a Fabry-
Perot sensor is doped with a substance that generates
tensile stresses, and an annular area in lower part of the
pressure sensitive diaphragm 4 is doped with a sub-
stance that generates tensile stresses.

[0072] As shown in FIG. 15, an upper part of a circular
area of a pressure sensitive diaphragm 4 is doped with
a substance that generates tensile stresses, and a lower
part thereof is doped with a substance that generates
compressive stresses. The combined force of the upper
and lower areas will produce a force that enables the
diaphragm center to camber upward.
[0073] The above Fabry-Perot sensor formed by sub-
stance doping has many advantages, including but not
limited to: by means of substance doping, it can effec-
tively reduce the nonlinearity of the sensor and improve
the applicability of the sensor in different ranges; while
reducing the nonlinearity of the sensor, the single-layer
structure of the sensor diaphragm is ensured, and the
above-mentioned many problems caused by the existing
double-layer structure are avoided; in addition, due to
injecting stresses into the interior of the pressure sensi-
tive diaphragm in the doping method, more optimized
wavy deformation can be achieved, and the nonlinearity
is further weakened. Furthermore, the above Fabry-Per-
ot sensor also has advantages in terms of manufacturing
method. This will be described in detail below.

II. Manufacturing method of Fabry-Perot sensor

[0074] FIGS. 8 to 9 show some steps of a preferred
method of manufacturing a Fabry-Perot sensor 11 ac-
cording to the present disclosure. The manufacturing of
the Fabry-Perot sensor 11 may mainly include steps of
manufacturing a base 6, manufacturing a pressure sen-
sitive diaphragm 4, bonding the base 6 with the pressure
sensitive diaphragm 4, cutting, and mounting a fiber optic
1, and the steps will be respectively described in detail
below.
[0075] It should be noted that the steps listed below
are preferred steps for manufacturing the sensor of the
present disclosure, not necessarily necessary steps.
Based on the content described below, those skilled in
the art can also modify or omit a specific operation, add
a specific operation, or adjust the order of at least one
specific operation steps according to specific conditions.

2.1. Manufacturing of pressure sensitive diaphragm

[0076] Step 1. A pressure sensitive diaphragm sub-
strate for producing a pressure sensitive diaphragm 4 is
provided. The pressure sensitive diaphragm substrate
finally forms the main part of the pressure sensitive dia-
phragm 4. Generally, multiple pressure sensitive dia-
phragms or multiple sensors can be manufactured one
time, that is, the pressure sensitive diaphragm substrate
can be finally cut into multiple pressure sensitive dia-
phragms.
[0077] Preferably, a silicon-on-insulator (SOI) wafer is
used as the pressure sensitive diaphragm substrate. The
SOI wafer is formed by thermal bonding of a thin silicon
substrate 12 (which ultimately forms the main part of the
pressure sensitive diaphragm 4), a silicon dioxide layer
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16 and a thick silicon layer 17 (or referred to as a handle
layer), and SOI wafers with different thicknesses of sili-
con substrates are available from the market.
[0078] Alternatively, a silicon substrate with silicon ox-
ide or silicon dioxide layer formed thereon can also be
selected as the pressure sensitive diaphragm substrate.
Specifically, after cleaning the silicon substrate, a silicon
dioxide layer is formed on the silicon substrate by thermal
oxidation growth. The thermal oxidation process may be
selected from, but not limited to, dry oxygen oxidation,
water vapor oxidation, wet oxygen oxidation, H2 and O2
heating oxidation, RTO, etc.
[0079] Hereinafter, description is given by an example
where the pressure sensitive diaphragm 4 is manufac-
tured by using an SOI wafer.
[0080] The step 1 may include cleaning the SOI wafer
to remove impurities on the surface of the wafer. The
cleaning step of the SOI wafer can include at least one
of the following steps: selecting a mixed solution of
H2SO4:H2O = 4:1 for cleaning to remove an organic on
the surface, where cleaning temperature is 120°C, and
cleaning time is 10 minutes; selecting a mixed solution
of NH4OH (28%):H2O2 (30%):H2O = 1:1:5 to remove fine
dust on the surface, where cleaning temperature is 80°C,
and cleaning time is 10 minutes; selecting a mixed solu-
tion of HCl:H2O2:H2O = 1:1:6 to remove a metal ion on
the surface, where cleaning temperature is 80°C, and
cleaning time is 10 minutes; and selecting a mixed solu-
tion of HF:H2O = 1:50 to remove an oxide layer on the
surface, where cleaning temperature is room tempera-
ture.
[0081] After cleaning, the SOI wafer is dried. Prefera-
bly, pre-baking is performed at 100 °C for 10 minutes.
[0082] Step 2: substance doping is performed in a local
area of the pressure sensitive diaphragm substrate to
generate stresses in the local area.
[0083] The step 2 may specifically include spin-coating
a photoresist 14 on the SOI wafer and performing a pat-
terning operation, that is, partially removing the photore-
sist to expose a local area that needs to be doped with
a substance, as shown in FIG. 9. Specifically, first, a part
of the thickness of the thick silicon layer 17 can be re-
moved by grinding, and then an EDP solution is used to
make chemical etching . The silicon dioxide layer 16
serves as the first etching self-stop layer. Once the silicon
dioxide layer 16 is etched, the etching rate can be re-
duced by more than 10,000 times. The silicon dioxide
layer 16 can be removed by etching with a buffered HF
solution. Since the etching rate of silicon in the HF solu-
tion is 10,000 times smaller than that of silicon dioxide,
the silicon substrate 12 (finally forming the pressure sen-
sitive diaphragm 4) may not be etched in the HF solution,
and thus, the local areas to be doped with the substance
are exposed, as shown in FIG. 9. If the pressure sensitive
diaphragm substrate finally forms only one pressure sen-
sitive diaphragm, the local area may include only a sub-
stantially circular area, a substantially annular area, or a
combination of concentric circular area(s) and annular

area(s) for doping and ultimately forming a wavy structure
of the diaphragm. If the pressure sensitive diaphragm
substrate is finally cut into multiple pressure sensitive
diaphragms, multiple spaced-apart local areas/local ar-
eas combinations are simultaneously formed on the pres-
sure sensitive diaphragm substrate in this step, so as to
finally form multiple wavy areas, and the multiple wavy
areas are finally cut into different pressure sensitive di-
aphragms.
[0084] Optionally, the thickness of the pressure sensi-
tive diaphragm 4 can be accurately controlled by grind-
ing.
[0085] Second, the exposed area is doped with a sub-
stance. Doping may be selected from, but not limited to,
high temperature diffusion and ion implantation.
[0086] For high temperature diffusion, it may be select-
ed from, but not limited to, solid source diffusion (such
as BN), liquid source diffusion (such as B, P), gaseous
source diffusion, rapid gas phase diffusion, gas immer-
sion laser diffusion, etc. Diffusion source may be selected
from, but not limited to, P, B, As, Al, Ga, Sb, Ge, O, Au,
Fe, Cu, Ni, Zn, and Mg. According to a preferred embod-
iment, concentrated boron diffusion or phosphorus diffu-
sion is adopted. Parameters such as diffusion tempera-
ture, diffusion concentration, and annealing temperature
in a diffusion process influence sensitivity of a Fabry-
Perot sensor, and preferably, in concentrated boron dif-
fusion, diffusion temperature is 900°C∼1200°C, concen-
tration after diffusion is 1017∼1021/cm3 ; in phosphorus
diffusion, diffusion temperature is 900°C∼1200°C, and
concentration after diffusion is 1018∼5∗1021/cm3 . For the
silicon substrate 12, it can also be doped directly by mask,
lithography, development and other processes.
[0087] For ion implantation, implanted ions may be se-
lected from, but not limited to, using B, P, and As, and
an ion source may be selected from, but not limited to,
BF3, PH3, AsH3 and so on.
[0088] As mentioned above, the doping should be per-
formed on a part of the thickness of the pressure sensitive
diaphragm 4. According to different doping materials, the
stresses formed in the local area 8 of the pressure sen-
sitive diaphragm 4 substrate may be tensile stresses or
compressive stresses.
[0089] Step 3, the pressure sensitive diaphragm 4 is
cleaned after doping to remove impurities on the surface
of the pressure sensitive diaphragm 4. The cleaning is
performed by the method in the above step 1.
[0090] Step 4. the cleaned pressure sensitive dia-
phragm 4 is annealed to remove the damage of the pres-
sure sensitive diaphragm 4 caused by the doping process
such as ion implantation, and restore the silicon lattice
to its original perfect crystal structure while allowing a
substance to enter into an electrically active position, that
is, a substitution position. The high temperature anneal-
ing may be selected from, but not limited to, thermal an-
nealing, rapid heat treatment, rapid annealing, etc. The
thermal annealing temperature is about 400°C∼1000°C,
and the rapid annealing temperature is about
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600°C∼1100°C.
[0091] Step 5, as shown in FIG. 9, a reflective film 2 is
grown on the bottom of the pressure sensitive diaphragm
4 after doping the substance, which is configured to form
the cavity 5 to obtain an optical reflection signal, so as
to form interference, and also avoid a resonant cavity
formed on inner and outer surfaces of the pressure sen-
sitive diaphragm 4; and the method of growing the re-
flective film 2 may be selected from, but not limited to,
evaporation, sputtering, chemical vapor deposition, elec-
trochemistry, epitaxial growth, etc. The reflective film 2
should be as thin as possible, and produce the stresses
effects as small as possible, and it may be a metal layer,
and may be selected from, but not limited to, Cr, Ti, Au,
Ag, TaN, Al2O3, Ta2O5, dielectric film, etc., which has
high reflectivity.

2.2. Manufacturing of base

[0092] Step 1, an untreated base is provided. In the
case of producing multiple sensors one time, the untreat-
ed base provided at this time will finally be cut into multiple
bases 6. The base preferably has a thickness of 200-500
mm. The base 6 is cleaned to remove impurities on the
substrate surface. For cleaning, a mixed solution of
H2SO4:H2O = 4:1 may be selected to remove an organic
on the surface, where cleaning temperature is 120°C and
cleaning time is 10 minutes. After cleaning, the base 6
is pre-baked at 100°C for 10 minutes.
[0093] Step 2, as shown in FIG. 8, a mask 13 is grown
on the base 6. The method for growing the mask 13 may
be selected from, but not limited to, evaporation, sputter-
ing, chemical vapor deposition, electrochemistry, epitax-
ial growth, etc. The mask 13 may be selected from, but
not limited to, Au, Ag, Cr, Ti, Cu, W, TiN, TaN, Si3N4,
SiON, SiGe, metal alloy, or a combination of several ma-
terials. Preferably, a chromium metal mask 13 with a
thickness of 1000 angstroms is grown on the base 6.
[0094] Step 3, as shown in FIG. 8, a photoresist 14 is
spin-coated on the mask 13, and a part of the photoresist
14 can be removed by existing exposure and develop-
ment techniques to form an exposed area that meets a
specific shape. Although the diameter of the cavity 5 may
be of various sizes, it is preferable to select the cavity 5
with a diameter of about 80-300 mm, which can not only
ensure good reflection of the pressure sensitive dia-
phragm 4 but also ensure good mechanical characteris-
tics of the sensor. After the photoresist 14 is partially re-
moved, the exposed mask 13 may be removed by a chro-
mium etching solution. The chromium etching solution is
composed of HCl and glycerin. After the exposed mask
13 is removed, a part of the base 6 is exposed.
[0095] Step 4, as shown in FIG. 8, the base 6 is etched
to form the cavity 5. Etching may be selected from, but
not limited to, wet etching and dry etching. A chemical
solution for wet etching may be selected from, but not
limited to, HF and BOE solutions; dry etching may be
selected from, but not limited to, sputtering and ion mill-

ing, plasma etching, reactive ion etching, HDP, ICP, ALE,
ICP-RIE, HWP, and ECR; sputtering and ion milling may
be selected from, but not limited to, inert gas (such as
Ar), and plasma etching may be selected from, but not
limited to, fluorocarbon (such as CF4, CHF3, C2F6, and
C3F8). In this example, it is preferable to use a buffered
HF solution to etch the cavity 5 with a diameter of 80-300
mm and a depth of approximately 19 mm. The buffered
HF solution is composed of a mixed solution of 3ml water
and 2g NH4F and a 48% HF solution according to the
ratio of 4:1. The length of the cavity 5 in the base 6 should
be controlled within a certain range to meet the require-
ments of optical interference intensity. In the case of pro-
ducing multiple sensors one time, multiple cavities 5 are
formed in the base at this time, and after the final cutting,
each base will have only one cavity.
[0096] Step 5, as shown in FIG. 8, in order to obtain a
better optical contrast signal, a reflective film 3 is grown
on the bottom of the cavity 5 as a mirror of the cavity 5.
The method for growing the reflective film 3 may be se-
lected from, but not limited to, evaporation, sputtering,
chemical vapor deposition, electrochemistry, epitaxial
growth, etc. The material of the reflective film 3 may be
different oxides, and may be selected from, but not limited
to, Au, Ag, Cr, TaN, Al2O3, Ta2O5, dielectric film, etc.
[0097] Step 6, after the reflective film 3 is grown, a
mixed solution of H2SO4:H2O = 4:1 may be selected to
clean and remove an organic on the surface of the base
6, and preferably, cleaning temperature is 120°C, and
cleaning time is 10 minutes. After cleaning, the base 6
may be pre-baked at 100°C for 10 minutes for drying.
[0098] Step 7, in order to facilitate alignment and fixa-
tion of the fiber optic 1, a fiber optic receiving portion 15
may be formed on the bottom of the base 6. The forming
method of the fiber optic receiving portion 15 may be
selected from, but not limited to: laser processing, wet
etching, dry etching, and mechanical drilling. The angle
of the fiber optic receiving portion 15 may be greater than
15°. Alternatively, in order to ensure greater bonding
strength, a hole-punching method may not be used, but
a glass capillary is applied as a bonding material to obtain
a larger contact area with the fiber optic 1.

2.3. Bonding of pressure sensitive diaphragm 4 and 
base 6

[0099] After the preliminary manufacture of the pres-
sure sensitive diaphragm 4 and the base 6 is completed
according to the above steps, the pressure sensitive di-
aphragm 4 and the base 6 are bonded. It may specifically
include the following steps.
[0100] Step 1, the prepared pressure sensitive dia-
phragm 4 and the base 6 are bonded in a vacuum envi-
ronment. The pressure sensitive diaphragm 4 and the
base 6 are aligned so that the cavity 5 is sealed by the
pressure sensitive diaphragm 4 and the base 6. The
bonding method may be selected from, but not limited
to: low temperature vacuum electrostatic bonding, glass
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paste bonding, anodic bonding, metal diffusion bonding,
metal eutectic bonding, polymer adhesive bonding, plas-
ma bonding, etc. In this example, a low temperature vac-
uum electrostatic bonding method or an anodic bonding
method is preferably used.
[0101] Step 2: The thick silicon layer 17 and the silicon
dioxide layer 16 of SOI are removed. Specifically, the
thick silicon layer 17 may be etched using potassium hy-
droxide or TMAH, and then the silicon dioxide layer 16
is then etched with hydrofluoric acid. After the thick silicon
layer 17 and the silicon dioxide layer 16 are removed,
the pressure sensitive diaphragm will exhibit a wavy
structure.

2.4 Cutting

[0102] In the case of producing multiple sensors one
time, it is necessary to cut the pressure sensitive dia-
phragm and the base bonded together. The cutting meth-
od includes quadrangle, hexagon or octagon cutting, as
shown in FIG. 5B. Optionally, an ultraviolet laser of 193
nm may also be used for laser cutting to cut out circular
pieces.

2.5. Mounting Fiber

[0103] The fiber optic 1 is aligned and fixed to the fiber
optic receiving portion 15 of the base 6. Preferably, the
fiber optic 1 is fixed by means of bonding and curing of
UV glue 7. The curing method may be selected from, but
not limited to, glass solder bonding, electromagnetic
heating, laser heating, and laser welding.
[0104] The above method has several advantages, in-
cluding but not limited to:

multiple sensors can be produced in batches one
time, thereby the production costs is reduced;
the sensor product has good consistency;
by doping a pressure sensitive diaphragm with a sub-
stance, it reduces nonlinearity of the sensor and im-
proves applicability of the sensor in different ranges
while ensuring an optimized structure of a sensor;
and
internal stresses are formed by doping, and the op-
eration is simple; compared with formation of a multi-
layer structure, especially the multi-layer structure
for a miniature sensor, the doping method is simpler
and easier to implement in terms of production op-
eration.

[0105] The Fabry-Perot sensor proposed by the
present disclosure can be applied to many fields, for ex-
ample, it is particularly suitable for the medical field. In
addition, it can also be used for other measurements.
[0106] The exemplary embodiments of the present dis-
closure have been described in detail above with refer-
ence to preferred embodiments. However, those skilled
in the art can understand that various variations and mod-

ifications can be made to the above specific embodi-
ments without departing from the concept of the present
disclosure, and multiple combinations of various techni-
cal features and structures proposed by the present dis-
closure can be made without going beyond the protection
scope of the present disclosure. The protection scope of
the present disclosure is determined by the appended
claims.

LIST OF REFERENCE SIGNS

[0107]

1_1 Fiber optic
1_2 First reflective mirror
1_3 Second reflective mirror
1_4 Pressure sensitive diaphragm
1_5 Cavity
1_6 Base
1_7 UV glue
2_1 Base
2_2 First layer of pressure sensitive diaphragm
2_3 Second layer of pressure sensitive diaphragm
1 Fiber optic
2 First reflective film
3 Second reflective film
4 Pressure sensitive diaphragm
5 Cavity
6 Base
7 UV glue
8 Local area
9 Molecule or atom of base material
10 Molecule or atom of doped material
11 Fabry-Perot sensor
12 Silicon substrate
13 Mask
14 Photoresist
15 Fiber optic receiving portion
16 Silicon dioxide layer
17 Thick silicon layer

Claims

1. A Fabry-Perot sensor comprising:

a base;
a cavity formed between the base and a pres-
sure sensitive diaphragm, and closed by the
base and the pressure sensitive diaphragm;
the pressure sensitive diaphragm fixed to the
base, wherein the pressure sensitive diaphragm
has at least one local areas, each of the local
areas has a doping substance doped into a base
material of the pressure sensitive diaphragm to
generate stresses, any of the local areas does
not extend the entire thickness of the pressure
sensitive diaphragm, and the pressure sensitive
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diaphragm exhibits a wavy structure under the
action of the stresses; and
a fiber optic configured toconduct a light signal,
wherein one end of the fiber optic is fixed to a
fiber optic mounting portion of the base, and the
fiber optic mounting portion is located at an end
of the base opposite the cavity.

2. The Fabry-Perot sensor as claimed in claim 1,
wherein the pressure sensitive diaphragm is an in-
tegrated single-layer structure.

3. The Fabry-Perot sensor as claimed in claim 1,
wherein the pressure sensitive diaphragm has a
thickness of 1 mm to 5 mm.

4. The Fabry-Perot sensor as claimed in claim 1,
wherein the base has a thickness of 200 mm to 500
mm.

5. The Fabry-Perot sensor as claimed in claim 1,
wherein the cavity has a diameter of 80 mm to 300
mm.

6. The Fabry-Perot sensor as claimed in claim 1,
wherein the stresses are tensile stresses.

7. The Fabry-Perot sensor as claimed in claim 1,
wherein the stresses are compressive stresses.

8. The Fabry-Perot sensor as claimed in claim 1,
wherein the at least one local areas comprise a sub-
stantially circular area located at the center of the
pressure sensitive diaphragm.

9. The Fabry-Perot sensor as claimed in claim 1,
wherein the at least one local areas comprise a sub-
stantially annular area surrounding the center of the
pressure sensitive diaphragm.

10. The Fabry-Perot sensor as claimed in claim 1,
wherein the local area is located in a local thickness
of the pressure sensitive diaphragm close to the cav-
ity.

11. The Fabry-Perot sensor as claimed in claim 1,
wherein the local area is located in a local thickness
of the pressure sensitive diaphragm away from the
cavity.

12. The Fabry-Perot sensor as claimed in claim 1,
wherein different local areas are doped with different
doping substances.

13. The Fabry-Perot sensor as claimed in claim 1,
wherein the same local area is doped with different
doping substances.

14. The Fabry-Perot sensor as claimed in claim 1,
wherein the base material of the pressure sensitive
diaphragm is silicon.

15. The Fabry-Perot sensor as claimed in claim 1,
wherein the doping substance is selected from a
group consisting of P, B, As, Al, Ga, Sb, Ge, O, Au,
Fe, Cu, Ni, Zn, and Mg.

16. The Fabry-Perot sensor as claimed in claim 1,
wherein the fiber optic is fixed to a fiber optic receiv-
ing portion by UV glue.

17. The Fabry-Perot sensor as claimed in claim 1,
wherein the Fabry-Perot sensor further comprises a
first reflective film and a second reflective film, the
first reflective film is located on one side of the pres-
sure sensitive diaphragm, and the second reflective
film is located at the bottom of the cavity.

18. The Fabry-Perot sensor as claimed in the preceding
claim, wherein materials forming the first reflective
film and the second reflective film are selected from
a group consisting of Cr, Ti, Au, Ag, TaN, Al2O3, and
Ta2O5.

19. The Fabry-Perot sensor as claimed in claim 1,
wherein a material forming the base is selected from
a group consisting of glass, single crystal silicon, sil-
icon carbide, and sapphire.

20. The Fabry-Perot sensor as claimed in claim 1,
wherein the cavity is a vacuum cavity.

21. A method of manufacturing a Fabry-Perot sensor
comprising:

manufacturing a pressure sensitive diaphragm,
comprising:

step 1: providing a pressure sensitive dia-
phragm substrate for producing the pres-
sure sensitive diaphragm; and
step 2: doping at least one doping substanc-
es into at least one local areas of the pres-
sure sensitive diaphragm substrate to gen-
erate stresses in the local areas, wherein
any of the local areas does not extend the
entire thickness of the pressure sensitive di-
aphragm;

manufacturing a base with a cavity; and
bonding the pressure sensitive diaphragm and
the base together such that the cavity is closed
by the pressure sensitive diaphragm and the
base.

22. The method as claimed in claim 21, wherein the pres-
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sure sensitive diaphragm after substance doping is
an integrated single-layer structure.

23. The method as claimed in claim 21, wherein the pres-
sure sensitive diaphragm has a thickness of 1 mm
to 5 mm, and the base has a thickness of 200 mm to
500 mm.

24. The method as claimed in claim 21, wherein the
stresses are tensile stresses.

25. The method as claimed in claim 21, wherein the
stresses are compressive stresses.

26. The method as claimed in claim 21, wherein in step
2, the doping substance and a base material consti-
tuting the pressure sensitive diaphragm substrate
are doped at the atomic or molecular level.

27. The method as claimed in claim 21, wherein the local
areas are at least one substantially annular areas.

28. The method as claimed in claim 21, wherein the local
areas are at least one substantially circular areas.

29. The method as claimed in claim 21, wherein the pres-
sure sensitive diaphragm substrate is an SOI wafer.

30. The method as claimed in claim 21, wherein the pres-
sure sensitive diaphragm substrate is a silicon sub-
strate on which a silicon dioxide layer is formed.

31. The method as claimed in claim 21, wherein the step
1 further comprises: cleaning and drying the pres-
sure sensitive diaphragm substrate.

32. The method as claimed in claim 21, wherein the step
2 further comprises: applying a photoresist to the
pressure sensitive diaphragm substrate, and remov-
ing part of the photoresist to expose the local area
to be doped.

33. The method as claimed in claim 21, wherein in step
2, doping is performed by high temperature diffusion.

34. The method as claimed in the preceding claim,
wherein the high temperature diffusion is concen-
trated boron diffusion at high temperature.

35. The method as claimed in claim 21, wherein in step
2, doping is performed by ion implantation.

36. The method as claimed in the preceding claim,
wherein implanted ions are selected from a group
consisting of B, P, and As during the ion implantation.

37. The method as claimed in claim 21, wherein the step
of manufacturing the pressure sensitive diaphragm

further comprises:

step 3: cleaning the pressure sensitive dia-
phragm after doping to remove impurities on the
surface of the pressure sensitive diaphragm;
and
step 4: annealing the cleaned pressure sensitive
diaphragm.

38. The method as claimed in claim 21, wherein the step
of manufacturing the pressure sensitive diaphragm
further comprises:
step 5: forming a first reflective film on one side of
the pressure sensitive diaphragm by one of evapo-
ration, sputtering, chemical vapor deposition, elec-
trochemistry, and epitaxial growth.

39. The method as claimed in claim 21, wherein the pres-
sure sensitive diaphragm is bonded to the base in a
vacuum environment.

40. The method as claimed in claim 21, wherein the step
of manufacturing the base comprises:

growing a mask on the base;
applying a photoresist on the mask;
removing part of the photoresist to expose part
of the mask;
removing the exposed mask to expose part of
the base; and
etching the exposed base to form the cavity.

41. The method as claimed in claim 21, wherein the step
of manufacturing the base further comprises: form-
ing a second reflective film at the bottom of the cavity.

42. The method as claimed in claim 21, wherein the step
of manufacturing the base further comprises: form-
ing a fiber optic receiving portion at the bottom of the
cavity.

43. The method as claimed in the preceding claim, fur-
ther comprising: mounting a fiber optic to the fiber
optic receiving portion of the base using UV glue.

44. The method as claimed in claim 29, further compris-
ing: after bonding the pressure sensitive diaphragm
to the base, removing a thick silicon layer and a sil-
icon dioxide layer of the SOI.

45. The method as claimed in claim 21, further compris-
ing: cutting the pressure sensitive diaphragm and
the base bonded together to form multiple Fabry-
Perot sensors.

21 22 



EP 3 722 766 A1

13



EP 3 722 766 A1

14



EP 3 722 766 A1

15



EP 3 722 766 A1

16



EP 3 722 766 A1

17



EP 3 722 766 A1

18



EP 3 722 766 A1

19



EP 3 722 766 A1

20



EP 3 722 766 A1

21



EP 3 722 766 A1

22



EP 3 722 766 A1

23



EP 3 722 766 A1

24



EP 3 722 766 A1

25



EP 3 722 766 A1

26



EP 3 722 766 A1

27

5

10

15

20

25

30

35

40

45

50

55



EP 3 722 766 A1

28

5

10

15

20

25

30

35

40

45

50

55



EP 3 722 766 A1

29

5

10

15

20

25

30

35

40

45

50

55



EP 3 722 766 A1

30

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 7689071 B2 [0004] • CN 103534568 B [0006]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

