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Description

FIELD

[0001] The present invention relates to a detecting de-
vice.

BACKGROUND

[0002] One of the known detecting devices detects an
elastic wave propagating through air. As described in
Patent Literature 1, an example of a detecting device
includes a first plate-shape electrode and a second plate-
shape electrode being opposed to each other at a pre-
determined distance. The first electrode has a cantilever
structure in which the opposite ends along a predeter-
mined direction are a fixed end and a free end. The first
electrode vibrates by being bent by the elastic wave. The
detecting device detects the elastic wave on the basis of
a change in capacitance between the first electrode and
the second electrode.

[Prior Art Reference]

[Patent Literature]

[0003]

[Patent Literature 1] Japanese National Publication
of International Patent Application No. 2001-518246
also published as EP 1 012 547 B1: discloses a de-
tecting device according to the preamble of claim 1.
[Patent Literature 2] EP 2 582 156 A2: discloses two
electrodes opposed to each other which have differ-
ent sizes and which are used for sound generation
and not for detection of a capacitance change

SUMMARY

[Problems to be Solved by Invention]

[0004] The free end of the first electrode undergoes a
maximum displacement in the first electrode by the vi-
bration among the positions of the first electrode. The
distance from the fixed end to the end of the second elec-
trode in the direction of from the fixed end to the free end
is longer than the distance from the fixed end to the free
end of the first electrode. This means that the second
electrode extends to the position opposed to the free end
of the first electrode in the above detection device. With
this configuration, the air between the first and the second
electrodes tends to attenuate the vibration of the first
electrode in a larger extent. Consequently, there is pos-
sibility of not precisely detecting the elastic wave.
[0005] One of the objects of the present invention is to
provide a detecting device that can precisely detect an
elastic wave.

[Means to Solve the Problem]

[0006] According to an aspect of the present invention,
there is provided a detecting device that detects an elastic
wave propagating through air.
[0007] The detecting device includes a first electrode
that is a plate having a cantilever structure with a fixed
end and a free end and that vibrates by being bent by
the elastic wave; and a second electrode that is a plate,
that is opposed to the first electrode, and that has a pre-
determined distance from the first electrode.
[0008] In addition, the detecting device detects the
elastic wave on the basis of a change in capacitance
between the first electrode and the second electrode.
[0009] Furthermore, an end of the second electrode in
a direction from the fixed end to the free end is closer to
the fixed end than the free end.

[Effect of Invention]

[0010] An elastic wave can be precisely detected.

BRIEF DESCRIPTION OF DRAWINGS

[0011]

FIG. 1 is a graph depicting an example of a change
of the absorbance of a target being irradiated with
light in terms of the wavelength of the light;
FIG. 2 is a block diagram illustrating an example of
the configuration of a detecting device according to
a first embodiment;
FIG. 3 is a perspective view of a detector of FIG. 2;
FIG. 4 is a sectional view of a detector along a line
A-A of FIG. 3;
FIG. 5 is a front view of a detector of FIG. 2;
FIG. 6 is a diagram illustrating an example of a proc-
ess of manufacturing a detector of FIG. 2;
FIG. 7 is a graph depicting an example of a change
of the amplitude of electric potential difference be-
tween electrodes in terms of the frequency of an elas-
tic wave when the elastic wave arrives at a detector
of FIG. 2;
FIG. 8 is a block diagram illustrating a modification
to a light source of FIG. 2;
FIG. 9 is a front view of a detector according to a first
modification to the first embodiment;
FIG. 10 is a front view of a detector according to a
second modification to the first embodiment;
FIG. 11 is a diagram illustrating an example of Helm-
holtz resonance;
FIG. 12 is a sectional view of a detecting device ac-
cording to a second embodiment;
FIG. 13 is a sectional view of a detecting device ac-
cording to a first modification to the second embod-
iment;
FIG. 14 is a sectional view of a detecting device ac-
cording to a second modification to the second em-
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bodiment;
FIG. 15 is a sectional view of a detecting device ac-
cording to a third modification to the second embod-
iment;
FIG. 16 is a block diagram illustrating an example of
the configuration of a detecting device according to
a third embodiment;
FIG. 17 is a diagram illustrating estimation of the
position of a wave source by a processor of FIG. 16;
and
FIG. 18 is a diagram illustrating estimation of the
position of a wave source by a processor according
to a modification to the third embodiment.

DESCRIPTION OF EMBODIMENT(S)

[0012] Hereinafter, description will now be made in re-
lation to a detecting device according to various embod-
iments by referring to FIGs. 1-18.

<first embodiment>

[0013] It is known that irradiation of a target with light
produces a photoacoustic effect that the target generates
an elastic wave of a sound wave or ultrasound wave in
response to the irradiation of light. FIG. 1 denotes a
change in absorbance of a target, when being irradiated
with light, in terms of the wavelength of the light. The
absorbance here may also be referred to as an optical
density. FIG. 1 cites FIG. 2.1 of Reference 1.
[0014] Reference 1: Katsuhiko MARUO, "Study of non-
invasive blood glucose measurement by using near-in-
frared spectroscopy", theses for application for doctorate
(Engineering) of Graduate School of Electro-Communi-
cations of Graduate School of The University of Electro-
Communications, Graduate School of The University of
Electro-Communications, P22, June, 2007
[0015] The target is glucose powder, albumin powder,
cholesterol powder, water, glucose aqueous solution of
10 g/dL. In FIG. 1, the absorbance of glucose aqueous
solution is replaced by a difference of glucose aqueous
solution from water obtained by subtracting the absorb-
ance of water from the absorbance of glucose aqueous
solution.
[0016] As depicted in FIG. 1, the change in absorbance
of a target when being irradiated with light in terms of the
wavelength of the light varies with target. The intensity
of an elastic wave generated in response to the light that
the target is irradiated with has a strong correlation with
the absorbance. Accordingly, irradiation of a living body
with light having a particular wavelength corresponding
to a target in the living body makes it possible to precisely
detect the target. Considering the above, the detecting
device of the first embodiment detects a target by using
the photoacoustic effect.

(configuration)

[0017] As illustrated in FIG. 2, a detecting device 100
of the first embodiment detects a target by using the pho-
toacoustic effect. A target in this example is contained in
the living body, and is exemplified by glucose, albumin,
cholesterol, water, or tumor. For example, the detecting
device 100 may detect swelling of the living body by de-
tecting water served as the target.
[0018] The detecting device 100 includes a detector 1
and a light source 2.
[0019] The light source 2 generates laser light having
a particular wavelength. In this example, the light source
2 performs a pulse-oscillation. Specifically, each time a
predetermined oscillation cycle elapses, the light source
2 generates laser light (in other words, pulse laser light)
having a predetermined intensity for a predetermined os-
cillation period. The oscillation cycle of this example is
set to correspond to the resonance frequency f0 of a first
electrode 12 that is to be detailed below.
[0020] For example, the wavelength is in the range of
500 nm to 3000 nm; the oscillation cycle is in the range
of 0.1 ms to 1 s; and the oscillation period is in the range
of 0.01 ns to 0.1 ms. In this example, the wavelength is
905 nm; the oscillation cycle is 5 ms, and the oscillation
period is 0.5 ns.
[0021] As illustrated in FIG. 3, the detector 1 is a sensor
that detects an elastic wave propagating through air. The
detector 1 detects an elastic wave by converting the elas-
tic wave propagating through air into an electric signal.
An example of the elastic wave is a sound wave or a
ultrasound wave.
[0022] The detector 1 of this example is a capacitive
sensor. The detector 1 may also be referred to as an
acoustic transducer, a microphone, or a pressure sensor.
The detector 1 may be constituted by means of Micro
Electro Mechanical Systems (MEMS).
[0023] As illustrated in FIG. 3, the detector 1 has a
rectangular (particularly in this example, square) plate
shape. For example, the length of one side of the detector
1 is in the range of 1 mm to 10 mm. The length of one
side of the detector 1 of this example is 6 mm. As illus-
trated in FIGs. 3 and 4, the detector 1 includes a first
electrode layer 10 in a plate shape, an insulation layer
20 in a plate shape, and a second electrode layer 30 in
a plate shape. FIG. 4 illustrates the cross section of the
line A-A of the detector 1 of FIG. 3.
[0024] The insulation layer 20 is in contact with the first
electrode layer 10. The second electrode layer 30 is in
contact with the insulation layer 20 on the opposite side
of the first electrode layer 10. In other words, these layers
are deposited in sequence of the first electrode layer 10,
the insulation layer 20, and the second electrode layer
30. Furthermore, it can be said that the insulation layer
20 is sandwiched between the first electrode layer 10
and the second electrode layer 30.
[0025] For example, the first electrode layer 10 has a
thickness in the range of 1 mm to 20 mm; the insulation
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layer 20 has a thickness in the range of 0.1 mm to 10 mm;
and the second electrode layer 30 has a thickness in the
range of 10 mm to 1 mm. In this example, the first elec-
trode layer 10 has a thickness of 7 mm; the insulation
layer 20 has a thickness of 1 mm; and the second elec-
trode layer 30 has a thickness of 300 mm.
[0026] As illustrated in FIGs. 3-5, the detector 1 will
now be described by using the right-handed orthogonal
coordinate system having the X, Y, and Z axes. The Z
axis extends along the direction perpendicular to the de-
tector 1 (in other words, along the thickness direction of
the detector 1). The positive direction of the Z axis is a
direction from the second electrode layer 30 to the first
electrode layer 10.
[0027] The Y axis extends in the direction from a fixed
end FX to a free end FR of the first electrode 12 that is
to be detailed below. The positive direction of the Y axis
is a direction from the fixed end FX to the free end FR of
the first electrode 12 that is to be detailed below. The X
axis extends along the fixed end FX or the free end FR
of the first electrode 12 that is to be detailed below.
[0028] FIGs. 9, 10, and 12-15 to be detailed below uses
the same orthogonal coordinate system as FIGs. 3-5.
[0029] The first electrode layer 10 of this example is
made of silicon (Si). The first electrode layer 10 includes
a first support 11 and the first electrode 12.
[0030] As illustrated in FIG. 5, which is a view of the
detector 1 towards the negative direction of the Z axis,
the first support 11, if seen along the direction of the Z
axis, has a predetermined width and also extends along
the outer edge of the first electrode layer 10, so that the
first support 11 forms the outer edge of the first electrode
layer 10. In other words, the first support 11 has a shape
of a hollow rectangular prism extending along the Z axis
and having a hollow penetrating along the Z axis.
[0031] The first electrode 12, if being seen from the
direction along the Z axis, has a rectangular (in this ex-
ample, square) shape.
[0032] The first electrode 12 extends, in the positive
direction of the Y axis, from a portion on the negative
side of the Y axis of the two portions of the first support
11 extending along the direction of the X axis. In other
words, the end FX, which is on the negative side of the
Y axis of the first electrode 12, is coupled to a portion on
the negative side of the Y axis of the two portions of the
first support 11 extending along the direction of the X
axis, so that the first electrode 12 is supported by the first
support 11.
[0033] The first electrode 12 has a predetermined
space (in other words, slit) 13 between remaining portion
of the edge (in other words, the outer edge) thereof ex-
cept for the end FX on the negative side of the Y axis
and the first support 11. In other words, an end FX in a
direction along the Y axis of the first electrode 12 is fixed
on the detector 1, and the remaining portion except for
the end FX is not fixed on the detector 1 (in other words,
spaced apart from other element).
[0034] With this configuration, the first electrode 12 vi-

brates as depicted by an Arrow SA of FIG. 4 by being
bent by the elastic wave. The end FX of the first electrode
12 on the negative side of the Y axis is an example of
the fixed end FX while the end FR of the first electrode
12 on the positive side of the Y axis is an example of the
free end FR.
[0035] This means that the first electrode 12 has a can-
tilever structure having the fixed end FX and the free end
FR. The first electrode 12 of this example can be regard-
ed as a Square Beam.
[0036] The insulation layer 20 is made of an insulator
material. In this example, the insulation layer 20 is made
of silicon dioxide (SiO2). The insulation layer 20 may also
be referred to as a silicon oxide layer.
[0037] As illustrated in FIG. 4, the insulation layer 20
includes an outer edge 21. The outer edge 21 has, if seen
along the direction along the Z axis, a predetermined
width and extends along the outer edge of the insulation
layer 20 so as to form the outer edge of the insulation
layer 20.
[0038] In other words, the outer edge 21 has a shape
of a hollow rectangular prism extending along the Z axis
and having a hollow penetrating along the Z axis. It is
considered that the insulation layer 20 has a first pene-
trating hole 22 that opens at a portion thereof opposed
to the first electrode 12 and that penetrates the insulation
layer 20 along the direction of the Z axis. In this example,
when the detector 1 is seen along the direction of the Z
axis, the width of the outer edge 21 matches with that of
the first support 11.
[0039] In this example, the second electrode layer 30
is made of silicon (Si). The second electrode layer 30
includes, a second support 31, a second electrode 32,
and an electret layer 33.
[0040] The second support 31, if seen along the direc-
tion of the Z axis, has a predetermined width and extends
along the outer edge of the second electrode layer 30 so
as to form the outer edge. In other words, the second
support 31 has a shape of a hollow rectangular prism
extending along the Z axis and having a hollow penetrat-
ing along the Z axis. If the detector 1 is seen along the
direction of the Z axis, the second support 31 has the
same width as that of the first support 11.
[0041] The second electrode 32 has, if seen along the
direction of the Z axis, a rectangular shape. The second
electrode 32 has a length along the direction of the Y axis
shorter than the length of the first electrode 12 along the
direction of the Y axis. The end of the second electrode
32 on the positive side of the Y axis is located at a position
closer to the fixed end FX than the free end FR along the
direction of the Y axis. In this example, the end of the
second electrode 32 on the positive side of the Y axis is
located at a position in the middle of the fixed end FX
and the free end FR along the direction of the Y axis.
[0042] It can be said that the second electrode layer
30 that has a second penetrating hole 34, that opens at
a portion closer to the free end FR than the second elec-
trode 32 along the direction of the Y axis of a portion of
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the second electrode layer 30 opposed to the first elec-
trode 12, and that penetrates the second electrode layer
30 along the direction of the Z axis.
[0043] The second electrode 32 extends towards the
positive direction of the X axis from a portion on the neg-
ative side of the X axis of the two portions of the second
support 31 extending along the direction of the Y axis. In
other words, the end of the second electrode 32 on the
negative side of the X axis is coupled to a portion on the
negative side of the X axis of the two portions of the sec-
ond support 31 extending along the direction of the Y axis.
[0044] In addition, the second electrode 32 extends
towards the negative direction of the X axis from a portion
on the positive side of the X axis of the two portions of
the second support 31 extending along the direction of
the Y axis. In other words, the end of the second electrode
32 on the positive side of the X axis is coupled to a portion
on the positive side of the X axis of the two portions of
the second support 31 extending along the direction of
the Y axis.
[0045] In other words, the both ends of the second elec-
trode 32 along the direction of the X axis are fixed on the
detector 1, so that the second electrode 32 is supported
by the second support 31.
[0046] As illustrated in FIGs. 3 and 4, the second elec-
trode 32 of this example is opposed to the first electrode
12 at a distance the same as the thickness of the insu-
lation layer 20. In this example, the second electrode 32
has a thickness slightly thinner than the thickness of the
second support 31.
[0047] As illustrated in FIG. 3, the second electrode 32
has multiple penetrating holes 35 that penetrate the sec-
ond electrode 32 along the direction of the Z axis.
[0048] As illustrated in FIGs. 3 and 4, the electret layer
33 covers the surfaces of the second support 31 and the
second electrode 32 on the positive side of the Z axis.
The electret layer 33 is made of electret. For example,
the electret layer 33 contains a polymer compound such
as fluorine resin. In this example, the electret layer 33 is
charged by corona discharge.
[0049] Alternatively, the detector 1 may omit the elec-
tret layer 33 and may apply a voltage between the first
electrode 12 and the second electrode 32.
[0050] The detecting device 100 detects an elastic
wave on the basis of a change in capacitance between
the first electrode 12 and the second electrode 32. In this
example, the detecting device 100 detects an elastic
wave by detecting the difference in voltage between the
first electrode 12 and the second electrode 32. Alterna-
tively, the detecting device 100 may detect an elastic
wave by detecting an electric current flowing between
the first electrode 12 and the second electrode 32.
[0051] For example, Expression 1 represents the res-
onance frequency f0 for the n-th order resonance of the
first electrode 12. Here, the symbol n represents a natural
number; the symbol L represents the length of the first
electrode 12 along the Y axis; the symbol αn represents
a coefficient predetermined for the n-th order resonance.

For example, the coefficient α1 may be 0.162. The symbol
d represents the thickness of the first electrode 12 (in
other words, the length of the first electrode 12 along the
Z axis). The symbol ρ represents the density of the ma-
terial of the first electrode 12. The symbol E represents
the Young’s modulus of the material of the first electrode
12. 

[0052] For example, it is assumed that a target, when
being irradiated with light having an intensity I0, gener-
ates an elastic wave having a frequency f close to the
resonance frequency f0 of the first electrode 12. In this
case, the amplitude A of the free end FR of the first elec-
trode 12 along the direction of Z axis is expressed by
Expression 2. The symbol α represents the absorption
coefficient of the target. An absorption coefficient may
also be referred to a light absorption coefficient. The sym-
bol γ represents the ratio specific heat (in other words,
heat capacity ratio) of the target. The symbol Q repre-
sents the Q value of the first electrode 12. 

[0053] As denoted in Expression 2, a higher Q value
increases the amplitude A of the first electrode 12. Con-
sequently, the elastic wave can be precisely detected.
Furthermore, according to Expression 2, a lower frequen-
cy f increases the amplitude A of the first electrode 12,
so that the elastic wave can be precisely detected. In
addition, according to Expression 2, a smaller thickness
d of the first electrode 12 increases the amplitude A of
the first electrode 12, so that the elastic wave can be
precisely detected.
[0054] In this example, at least part of the detector 1
is manufactured in the process of FIG. 6. Alternatively,
at least part of the detector 1 may be manufactured in a
process different from that of FIG. 6.
[0055] First of all, as illustrated in FIG. 6(A), a Silicon
On Insulator (SOI) substrate is prepared which includes
a first silicone layer LA, an insulation layer LB in contact
with the first silicon layer LA, and a second silicone layer
LC in contact with the insulation layer LB. The insulation
layer LB is made of silicon dioxide (SiO2).
[0056] As illustrated in FIG. 6(B), a photoresist layer
PR having a predetermined pattern is formed on the sec-
ond silicon layer LC on the opposite side of the insulation
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layer LB using a photolithography technique. Then, the
portion from which the photoresist layer PR is absent of
the second silicon layer LC is removed by using an etch-
ing technique.
[0057] As illustrated in FIG. 6(C), a photoresist layer
PR having a predetermined pattern is formed on the first
silicon layer LA on the opposite side of the insulation
layer LB using the photolithography technique. Then, the
portion from which the photoresist layer PR is absent of
the first silicon layer LA is removed by using the etching
technique.
[0058] After that, as illustrated in FIG. 6(D), the pho-
toresist layers PR are removed. Further, using the etch-
ing technique including critical point drying (in other
words, supercritical drying), the portion of the insulation
layer LB not being in contact with the first silicon layer
LA is removed.
[0059] At least part of the detector 1 is manufactured
in the above process. For example, the first electrode
layer 10 and the second electrode layer 30 may be man-
ufactured in the process of FIG. 6.
[0060] FIG. 7 depicts a change in amplitude of the elec-
tric potential difference between the first electrode 12 and
the second electrode 32 in terms of the frequency of an
elastic wave when the elastic wave arrives at the detector
1. As illustrated in FIG. 7, the amplitude changes in terms
of a frequency so as to have a sharp peak at a particular
frequency fp. The result of measuring the properties of
the detector 1 revealed that the detector 1 has a Q value
of about 104, a sensitivity of 16 dB, a Signal to Noise
ratio (SN ratio) of 42 dB. This means that the detector 1
is capable of precisely detecting an elastic wave having
a particular frequency.

(operation)

[0061] Next, the operation of the detecting device 100
will now be detailed.
[0062] First of all, the light source 2 generates laser
light having the frequency for the oscillation period each
time the oscillation cycle elapses. A living body is irradi-
ated with the laser light generated by the light source 2.
The target in the living body generates an elastic wave
having a frequency corresponding to the oscillation cycle
in response to the laser light. The generated elastic wave
propagates through the air and finally arrives at the first
electrode 12. Thereby, the first electrode 12 responsively
vibrates in the direction along the Z axis.
[0063] Consequently, the capacitance between the
first electrode 12 and the second electrode 32 changes
to accompany a change in electric potential difference
between the first electrode 12 and the second electrode
32. In this example, the oscillation cycle is set to corre-
spond to the resonance frequency f0 of the first electrode
12. Accordingly, the elastic wave generated in response
to the laser light, with which the target is irradiated, has
a frequency close to the resonance frequency f0 of the
first electrode 12. This vibrates the first electrode 12 at

a frequency close to the resonance frequency f0 of the
first electrode 12.
[0064] Accordingly, the electric potential difference be-
tween the first electrode 12 and the second electrode 32
vibrates at a frequency close to the resonance frequency
f0 of the first electrode 12. The detecting device 100 de-
tects an elastic wave by detecting the vibration of the
electric potential difference between the first electrode
12 and the second electrode 32, so that the detecting
device 100 detects the target in the living body.
[0065] As described above, the first electrode 12 of the
detecting device 100 of the first embodiment has a can-
tilever structure with the fixed end FX and the free end
FR and also has a plate shape that vibrates by being
bent by an elastic wave. Furthermore, the second elec-
trode 32 has a plate shape opposed to the first electrode
12 at a predetermined distance. In addition, the detecting
device 100 detects an elastic wave on the basis of a
change in capacitance between the first electrode 12 and
the second electrode 32. The end of the second electrode
32 in the direction from the fixed end FX to the free end
FR is located at a position closer to the fixed end FX than
the free end FR.
[0066] This means that the second electrode 32 is ab-
sent from a position opposed to the free end FR of the
first electrode 12. This can suppress the extent of atten-
uating the vibration of the first electrode 12, which atten-
uating is caused by the air between the first electrode 12
and the second electrode 32, so that the elastic wave
can be precisely detected.
[0067] Here, when a target is to be detected by using
the photoacoustic effect, the target generates an elastic
wave having a particular frequency. This means that
there is possibility of failing in precisely detecting the tar-
get unless the detection uses a detecting device capable
of precisely detecting an elastic wave having a particular
frequency.
[0068] In contrast to the above, the detecting device
100 produces resonance of the first electrode 12 when
an elastic wave having a frequency close to the reso-
nance frequency of the first electrode 12 arrives at the
first electrode 12. Advantageously, the detecting device
100 is capable of precisely detecting an elastic wave hav-
ing a frequency close to the resonance frequency of the
first electrode 12. This allows the detecting device 100
to precisely detect a target in the living body using the
photoacoustic effect.
[0069] Further, in the detecting device 100, the second
electrode layer 30 has the second penetrating hole 34 at
a portion closer to the free end FR than the second elec-
trode 32 in the direction from the fixed end FX to the free
end FR within a portion of the second electrode layer 30
opposed to the first electrode 12.
[0070] This means that the second penetrating hole 34
is disposed at a position opposed to the free end FR of
the first electrode 12. This can suppress the extent of
attenuating the vibration of the first electrode 12, which
attenuating is caused by the air between the first elec-
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trode layer 10 and the second electrode layer 30, so that
the elastic wave can be precisely detected.
[0071] Furthermore, the second electrode 32 of the de-
tecting device 100 of the first embodiment includes mul-
tiple penetrating holes 35.
[0072] This can suppress the extent of attenuating the
vibration of the first electrode 12, which attenuating is
caused by the air between the first electrode 12 and the
second electrode 32, so that the elastic wave can be
precisely detected.
[0073] As illustrated in FIG. 8, the detecting device 100
may include a light source 2A generating multiple laser
light beams having respective different wavelengths in
place of the light source 2. The light source 2A includes
a first light generator 201, a second light generator 202,
and a halfmirror 203. The light source 2A may include
three or more light generators.
[0074] The first light generator 201 generates a laser
light beam having a first wavelength while the second
light generator 202 generates a laser light beam having
a second wavelength different from the first wavelength.
The halfmirror 203 passes the light having the first wave-
length and reflects the light having the second wave-
length.
[0075] This configuration allows the light source 2A to
irradiate the same position with the laser light beam hav-
ing the first wavelength and the laser light beam having
the second wavelength. The detecting device 100 de-
tects two elastic waves generated by irradiation with the
two laser light beams, and detects an elastic wave gen-
erated by a predetermined target on the basis of the result
of the detection.
[0076] The intensity of an elastic wave that an article
generates in response to being irradiated with light
changes with the wavelength of the light. Consequently,
this modification can remove a component of an elastic
wave generated by an article except for the target from
the detected elastic wave, so that the target can be pre-
cisely detected.
[0077] For example, assuming that a target generates,
when being irradiated with the light having the first wave-
length, an elastic wave having a larger intensity than that
of an elastic wave that the target generates when being
irradiated with the light having the second wavelength,
the detecting device 100 may detect an elastic wave gen-
erated by the target on the basis of a difference obtained
by subtracting the result of detecting of an elastic wave
for the second wavelength from the result of detecting of
an elastic wave for the first wavelength.
[0078] The detecting device 100 may detect a target
included in an article except for a living body. For exam-
ple, the detecting device 100 may be used in a flaw de-
tection test that detects flaw or defect in a device, a part,
or a structure. The flaw detection test may also be re-
ferred to as a flaw detecting inspection or a nondestruc-
tive inspection. Alternatively, the detecting device 100
may be used for water quality examination that detects
a component such as a mineral and a bacterium con-

tained in water. The detecting device 100 may be applied
to food inspection that detects water, vitamin, mineral,
salt, sugar, or additive contained in food. In addition, the
detecting device 100 may be used as a gas sensor that
detects a component such as water vapor or carbon di-
oxide contained in gas.
[0079] The detector 1 may be applied to a detecting
device not using the photoacoustic effect.

<first modification to first embodiment>

[0080] Here, description will now be made in relation
to a detecting device according to a first modification to
the first embodiment. The detecting device of the first
modification to the first embodiment is different from the
detecting device of the first embodiment in the shape of
the first electrode. Hereinafter, the description focuses
on the difference of the first modification to the first em-
bodiment from the first embodiment. Like reference num-
bers designate the same or similar parts and elements
both in the first embodiment and the first modification
thereof.
[0081] As illustrated in FIG. 9, the detector 1 of the first
modification to the first embodiment includes a first elec-
trode layer 10A in place of the first electrode layer 10 of
the first embodiment.
[0082] The first electrode layer 10A includes a first sup-
port 11A and a first electrode 12A. The first electrode
12A includes a body 12A1 and two legs 12A2.
[0083] The first support 11A, if seen along the direction
of the Z axis, has a predetermined width and extends
along the outer edge so as to form the outer edge of the
first electrode layer 10A. In other words, the first support
11A has a shape of a hollow rectangular prism extending
along the Z axis and having a hollow penetrating along
the Z axis.
[0084] A portion on the negative side of the Y axis of
the two portions of the first support 11A extending along
the direction of the X axis has a wider portion 11A1 at a
center portion along the direction of the X axis. The wider
portion 11A1 is wider than the remaining portion of the
first support 11A seen along the direction of the Z axis.
[0085] The body 12A1, if the first electrode 12A is seen
along a direction of the Z axis, has a rectangular shape
having longer sides extending along the direction of the
X axis and shorter sides extending along the direction of
the Y axis. The two legs 12A2 extend in the negative
direction of the Y axis from the end portions along the
direction of the X axis on the end of the body 12A1 on
the negative side of the Y axis. Furthermore, the two legs
12A2 extend in the positive direction of the Y axis from
the portion on the negative side of the Y axis of the two
portions of the first support 11A extending along the di-
rection of the X axis.
[0086] In other words, the end FX of each leg 12A2 on
the negative side of the Y axis is coupled to the portion
on the negative side of the Y axis of the two portions of
the first support 11A extending along the direction of the
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X axis. Accordingly, the first electrode 12A is supported
by the first support 11A.
[0087] The first electrode 12A has a predetermined
space (in other words, slit) 13A between remaining por-
tion of the edge (in other words, the outer edge) of the
first electrode 12A except for the ends FX of the first
electrode 12A on the negative side of the Y axis and the
first support 11A. In other words, the first electrode 12A
has ends FX on the negative side of the Y axis being
fixed on the detector 1 and the remaining portion except
for the ends FX not being fixed on the detector 1 (in other
words, being spaced apart from other element).
[0088] With this configuration, the first electrode 12A
vibrates by being bent by the elastic wave. Each of the
ends FX of the first electrode 12A on the negative side
of the Y axis is an example of the fixed end FX while the
end FR of the first electrode 12A on the positive side of
the Y axis is an example of the free end FR.
[0089] This means that the first electrode 12A has a
cantilever structure having the fixed end FX and the free
end FR. The first electrode 12A of this example can be
regarded as a Long Leg Beam.
[0090] The detecting device 100 of the first modifica-
tion to the first embodiment ensures the same effects
and advantages as those of the detecting device 100 of
the first embodiment.

<second modification to first modification>

[0091] Here, description will now be made in relation
to a detecting device according to a second modification
to the first embodiment. The detecting device of the sec-
ond modification to the first embodiment is different from
the detecting device of the first embodiment in the shape
of the first electrode. Hereinafter, the description focuses
on the difference of the second modification to the first
embodiment from the first embodiment. Like reference
numbers designate the same or similar parts and ele-
ments both in the first embodiment and the second mod-
ification thereof.
[0092] As illustrated in FIG. 10, the detector 1 of the
second modification to the first embodiment includes a
first electrode layer 10B in place of the first electrode
layer 10 of the first embodiment.
[0093] The first electrode layer 10B includes a first sup-
port 11B and a first electrode 12B. The first electrode
12B includes a body 12B1, a first leg 12B2, and a second
leg 12B3.
[0094] The first support 11B, if seen along the direction
of the Z axis, has a predetermined width and extends
along the outer edge so as to form the outer edge of the
first electrode layer 10B. In other words, the first support
11B has a shape of a hollow rectangular prism extending
along the Z axis and having a hollow penetrating along
the Z axis.
[0095] Each of the two portions of the first support 11B
extending along the direction of the Y axis has a wider
portion 11B1 at a portion except for the end portion on

the negative side of the Y axis. The wider portion 11B1
is wider than the remaining portion of the first support
11B seen along the direction of the Z axis.
[0096] The body 12B1, if the first electrode 12B is seen
along the direction of the Z axis, has a rectangular shape
having longer sides extending along the direction of the
Y axis and shorter sides extending along the direction of
the X axis.
[0097] The first leg 12B2 extends in the negative di-
rection of the X axis from the end portion on the negative
side of the Y axis of the body 12B1 of the end of the body
12B1 on the negative side of the X axis. In addition, the
first leg 12B2 extends in the positive direction of the X
axis from a portion on the negative side of the X axis of
the two portions of the first support 11B extending along
the direction of the Y axis. In other words, the end FX of
the first leg 12B2 on the negative side of the X axis is
coupled to the portion on the negative side of the X axis
of the two portions of the first support 11B extending
along the direction of the Y axis.
[0098] The second leg 12B3 extends in the positive
direction of the X axis from the end portion on the negative
side of the Y axis of the end of the body 12B1 on the
positive side of the X axis. In addition, the second leg
12B3 extends in the negative direction of the X axis from
a portion on the positive side of the X axis of the two
portions of the first support 11B extending along the di-
rection of the Y axis. In other words, the end FX of the
second leg 12B3 on the positive side of the X axis is
coupled to the portion on the positive side of the X axis
of the two portions of the first support 11B extending
along the direction of the Y axis.
[0099] With this configuration, the first electrode 12B
is supported by the first support 11B.
[0100] The first electrode 12B has a predetermined
space (in other words, slit) 13B between remaining por-
tion except for the end portions FX on the negative side
of the Y axis of the both ends along the direction of the
X axis of the edge (in other words, the outer edge) of the
first electrode 12B and the first support 11B. In other
words, the first electrode 12B has end portions FX along
the direction of the Y axis being coupled to the detector
1 and the remaining portion except for the end portions
FX not being coupled to the detector 1 (in other words,
being apart from other element).
[0101] With this configuration, the first electrode 12B
vibrates by being bent by the elastic wave. Each of the
end portions FX of the first electrode 12B on the negative
side of the Y axis is an example of the fixed end FX while
the end FR of the first electrode 12B on the positive side
of the Y axis is an example of the free end FR.
[0102] This means that the first electrode 12B has a
cantilever structure with the fixed end FX and the free
end FR. The first electrode 12B of this example can be
regarded as a Torsion Beam.
[0103] The detecting device 100 of the second modi-
fication to the first embodiment ensures the same effects
and advantages as those of the detecting device 100 of
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the first embodiment.

<second embodiment>

[0104] Next, description will now be made in relation
to a detecting device according to a second embodiment.
The detecting device of the second embodiment is dif-
ferent from the detecting device of the first embodiment
in the point of having a space to resonate air by an elastic
wave. Hereinafter, the description focuses on the differ-
ence of the second embodiment from the first embodi-
ment. Like reference numbers designate the same or
similar parts and elements both in the first embodiment
and the second embodiment.
[0105] First, description will now be made in relation
to Helmholtz resonance in a vessel 90 illustrated in FIG.
11. The vessel 90 has a space 900 (inner space) thereof
and an opening 901 communicated with the space 900.
The space 900 includes a base 902 and a pipe 903 that
communicates the base 902 with the opening 901.
[0106] The base 902 has a volume V. The pipe 903
has a pillar shape whose cross section has an area S
and a length L. In this example, the volume LS of the pipe
903 is sufficiently smaller than the volume V of the base
902.
[0107] Since the air in the base 902 functions as a
spring, the air in the pipe 903 can be regarded as a rigid
body and also a piston having a mass of pSL and making
reciprocating motion in the pipe 903. The symbol ρ rep-
resents the density of air. Accordingly, the natural angular
frequency ω0 in the space 900 is expressed by Expres-
sion 3. 

[0108] As denoted in Expression 4, the symbol c rep-
resents the velocity of sound; the symbol γ represents
the ratio of specific heat of air; and the symbol p repre-
sents the pressure of air. 

[0109] Accordingly, an elastic wave having a frequen-
cy corresponding to the natural angular frequency ω0 ar-
rives at a position close to the opening 901, the air in the
space 900 resonances. The resonance of the air in space
900 by an elastic wave having a frequency corresponding
to the natural angular frequency ω0 may be referred to

Helmholtz resonance.
[0110] The detecting device of the second embodi-
ment detects a target in a living body using Helmholtz
resonance.
[0111] As illustrated in FIG. 12, the detecting device
100A of the second embodiment includes a body 101, a
detector 1, and a light source 2.
[0112] The body 101 has an inner space 102 and an
opening 103 communicated with the inner space 102.
The end on the positive side of the Z axis of the body 101
has a plate shape. The opening 103 is located at the
edge face on the positive side of the Z axis of the body
101.
[0113] The inner space 102 includes a base 102a and
a pipe 102b that communicates the base 102a with the
opening 103.
[0114] In this example, the base 102a has a shape of
a rectangular parallelepiped (in other words, cuboid) hav-
ing two faces perpendicular to each of the X axis, the Y
axis, and the Z axis. For example, the base 102a has a
length along each of the X axis, the Y axis, and the Z axis
in the range of 1 mm to 100 mm.
[0115] The pipe 102b includes a first pipe 102b1 and
a second pipe 102b2. In this example, the first pipe 102b1
and the second pipe 102b2 both have circular cross sec-
tions. For example, the diameters of the respective cross
sections of the first pipe 102b1 and the second pipe
102b2 are in the range of 0.1 mm to 10 mm. For example,
the pipe 102b has a length in the range of 1 mm to 100
mm. Alternatively, the cross sections of the first pipe
102b1 and the second pipe 102b2 may be different
shapes (e.g., a rectangular shape) from a circular shape.
[0116] The first pipe 102b1 extends in the positive di-
rection of the Y axis from the position at the end portion
of the base 102a on the negative side of the Z axis and
also at the end of the base 102a on the positive side of
the Y axis. The second pipe 102b2 extends from the end
portion of the first pipe 102b1 on the positive side of the
Y axis in the positive direction of the Z axis. In other words,
the first pipe 102b1 communicates the base 102a and
the second pipe 102b2. The second pipe 102b2 commu-
nicates with the first pipe 102b1 with the opening 103.
[0117] The detector 1 is embedded in a wall forming
the base 102a of the body 101 in such a manner that the
first electrode layer 10 is in contact with the base 102a.
Consequently, the detector 1 is fixed on the body 101.
In this example, the detector 1 is located on a wall forming
the end face on the negative side of the Z axis of the
base 102a.
[0118] The body 101 has, in a wall forming the pipe
102b, a vent 104 through which light passes. Specifically,
the vent 104 is located on the wall forming the end portion
on the negative side of the Z axis of the pipe 102b. In
other words, the vent 104 is located on the same side as
the detector 1 with respect to the inner space 102 along
the direction of the Z axis. The vent 104 of this example
is in contact with a portion connecting between the first
pipe 102b1 and the second pipe 102b2 of the pipe 102b.
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This means that the vent 104 is located on the straight
line extending along the second pipe 102b2. The second
pipe 102b2 extends along the straight line connecting
the vent 104 and the opening 103. The vent 104 of this
example is made of a material that allows light to pass
through. The vent 104 may be an opening.
[0119] The light source 2 is fixed on the body 101 such
that the opening 103 of the body 101 is irradiated with
the laser light generated by the light source 2 through
the vent 104 and the second pipe 102b2. The light source
2 of this example is located on the negative side of the
Z axis with respect to the vent 104.
[0120] The body 101 has a shape such that the reso-
nance frequency of the Helmholtz resonance in the inner
space 102 matches with the resonance frequency of the
first electrode 12. Alternatively, the shape of the inner
space 102 may be different from that of the above exam-
ple. The body 101 is an example of the Helmholtz reso-
nator.

(operation)

[0121] Next, description will now be made in relation
to the operation of the detecting device 100A.
[0122] For example, at least one of a living body and
the detecting device 100A is moved such that the living
body closes the opening 103. The living body does not
have to close the opening 103.
[0123] First of all, the light source 2 generates laser
light having the frequency for the oscillation period each
time the oscillation cycle elapses. The living body is irra-
diated with the laser light generated by the light source
2 through the vent 104 and the second pipe 102b2. The
target in the living body generates an elastic wave having
a frequency corresponding to the oscillation cycle in re-
sponse to the laser light. The generated elastic wave
resonates the air in the inner space 102.
[0124] The air resonated in the inner space 102 arrives
at the first electrode 12, being in the form of an elastic
wave, so that the first electrode 12 vibrates along the
direction of the Z axis.
[0125] The vibration changes the capacitance be-
tween the first electrode 12 and the second electrode 32,
which leads to a change in electric potential difference
between the first electrode 12 and the second electrode
32. In this example, the oscillation cycle is set to a cycle
corresponding to the resonance frequency f0 of the first
electrode 12. The frequency of the elastic wave gener-
ated in response to the laser light, with which the target
is irradiated, has a frequency close to the resonance fre-
quency f0 of the first electrode 12. This vibrates the first
electrode 12 at a frequency close to the resonance fre-
quency f0 of the first electrode 12.
[0126] Accordingly, the electric potential difference be-
tween the first electrode 12 and the second electrode 32
vibrates at a frequency close to the resonance frequency
f0 of the first electrode 12. The detecting device 100A
detects an elastic wave by detecting the vibration of the

electric potential difference between the first electrode
12 and the second electrode 32, so that the detecting
device 100A detects the target in the living body.
[0127] As described above, the detecting device 100A
of the second embodiment brings the same effects and
advantages as those of the detecting device 100 of the
first embodiment.
[0128] Furthermore, in the detecting device 100A of
the second embodiment, the body 101 has the inner
space 102 being in contact with the detector 1 and also
has the opening 103 communicated with the inner space
102.
[0129] With this configuration, the air in the inner space
102 of the body 101 can be resonated by an elastic wave
having a particular frequency. Consequently, the detect-
ing device 100A can precisely detect the elastic wave
having the particular frequency.
[0130] In addition, the detecting device 100A of the
second embodiment has the vent 104 through which the
light generated by the light source 2 passes.
[0131] With this configuration, the target is irradiated
through the opening 103 with the light that enters from
the vent 104 and the elastic wave generated by the target
can be detected by the detector 1. Accordingly, even
when the detecting device 100A is moved, since the po-
sitional relationship between a position irradiated with
light and the position of the detector 1 can be maintained,
the elastic wave can be precisely detected. Consequent-
ly, the target can be precisely detected.
[0132] Besides, in the detecting device 100A of the
second embodiment, the vent 104 is located on the same
side as the detector 1 with respect to the inner space 102.
[0133] The light source 2 is disposed in the vicinity of
the vent 104. This allows the detecting device 100A to
arrange the detector 1 on the same side as the light
source 2 with respect to the inner space 102. This con-
figuration can reduce the size of the detecting device
100A as compared with the case where the detector 1 is
disposed on a different side from the light source 2 with
respect to the inner space 102.
[0134] Furthermore, in the detecting device 100A of
the second embodiment, the inner space 102 includes
the base 102a and the pipe 102b that communicates the
base 102a with the opening 103, and the second pipe
102b2 being part of the pipe 102b extends along the
straight line connecting the vent 104 with the opening
103.
[0135] This configuration allows the second pipe
102b2 of the pipe 102b used for Helmholtz resonance to
be used also as a light path through which the laser light
generated by the light source 2 passes. Accordingly,
there is no need to provide a light path through which the
laser light generated by the light source 2 passes at a
different position from the pipe 102b of the body 101, so
that the size of the detecting device 100A can be reduced.
[0136] Furthermore, in the detecting device 100A of
the second embodiment, the body 101 has a shape such
that the resonance frequency of the Helmholtz resonance
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in the inner space 102 matches with the resonance fre-
quency of the first electrode 12.
[0137] With this configuration, an elastic wave having
a frequency the same as the resonance frequency of the
first electrode 12 resonates the air in the inner space 102
of the body 101. Consequently, the elastic wave having
a frequency the same as the resonance frequency of the
first electrode 12 can be precisely detected.
[0138] The detecting device 100A may include, in
place of the detector 1, a diaphragm having a cantilever
structure and a piezoelectric element that detects defor-
mation of the diaphragm, and may further include a de-
tector that detects an elastic wave on the basis of defor-
mation of the diaphragm. Alternatively, the detecting de-
vice 100A may include, in place of the detector 1, a dia-
phragm having a cantilever structure, a light source gen-
erating a laser light to irradiate the diaphragm, and mul-
tiple light detectors that detect a change in direction of
reflection of the laser light from the diaphragm by detect-
ing the laser light reflected from the diaphragm at each
of multiple positions, and may also include a detector that
detects an elastic wave on the basis of a change in di-
rection of reflection of the laser light reflected from the
diaphragm.

<first modification to second embodiment>

[0139] Here, description will now be made in relation
to a detecting device according to a first modification to
the second embodiment. The detecting device of the first
modification to the second embodiment is different from
the detecting device of the second embodiment in the
point of vibrating the wall that forms a space to be used
for Helmholtz resonance. Hereinafter, description will fo-
cus on the difference of the detecting device of the first
modification to the second embodiment from that of the
second embodiment. Like reference numbers designate
the same or similar parts and elements between the sec-
ond embodiment and the first modification thereof.
[0140] As illustrated in FIG. 13, a detecting device
100B of the first modification to the second embodiment
includes a detector 105, a diaphragm 106, and a vibration
controller 107 in addition to the elements in the detecting
device 100A of the second embodiment.
[0141] The detector 105 is a sensor that detects an
elastic wave propagating through the air. In this example,
the detector 105 has a frequency band of a detectable
elastic wave wider than that for the detector 1. Further-
more, the detector 105 has a quicker response of detect-
ing an elastic wave than the detector 1. An example of
the detector 105 is a capacitive sensor having a dia-
phragm structure.
[0142] The detector 105 is embedded in a wall forming
the base 102a of the body 101 so as to be in contact with
the base 102a. Consequently, the detector 105 is fixed
on the body 101. In this example, the detector 105 is
located on the wall forming the end face on the negative
side of the Z axis of the base 102a.

[0143] The diaphragm 106 is vibratably embedded in
the wall forming the base 102a of the body 101 so as to
be in contact with the base 102a. In this example, the
diaphragm 106 is located on the wall forming the end
face on the negative side of the Y axis of the base 102a.
The diaphragm 106 includes an actuator, which causes
the diaphragm 106 to vibrate. The actuator of this exam-
ple is a piezoelectric actuator, but may alternatively be
of another type (such as an electromagnetic actuator).
[0144] The vibration controller 107 controls the vibra-
tion of the diaphragm 106 on the basis of a result of the
detection by the detector 105. The vibration controller
107 of this example removes noise from a signal detected
by the detector 105 with a filter (e.g., a low-pass filter),
adjusts the amplitude and the phase of a signal subjected
to the removal, and outputs the adjusted signal as a driv-
ing signal to the actuator.
[0145] The control of the vibration of the diaphragm
106 by the vibration controller 107 may be referred to as
feedback control. Specifically, the vibration controller 107
of this example adjusts the amplitude in order to suppress
oscillation caused by the feedback control. For example,
the total of the gain in the feedback control may be set
to be one or less. In addition, the vibration controller 107
may adjust the phase such that the phase of the driving
signal lags 90 degrees behind the phase of the signal
detected by the detector 105.
[0146] The above feedback control amplifies the res-
onance of the air in the inner space 102 of the body 101.
In this example, the feedback control can be regarded
as electromechanical active control on the Q value of a
Helmholtz resonator.
[0147] As described above, the detecting device 100B
of the first modification to the second embodiment brings
the same effects and advantages as those of the detect-
ing device 100A of the second embodiment.
[0148] Furthermore, in the detecting device 100B of
the first modification of the second embodiment, the body
101 includes the diaphragm 106 vibratably provided on
the wall forming the inner space 102. The detecting de-
vice 100B further includes the second detector 105 that
has a frequency band of a detectable elastic wave wider
than that for the detector 1 serving as a first detector, that
detects an elastic wave propagating through air, and that
is in contact with the inner space 102. In addition, the
detecting device 100B further includes the vibration con-
troller 107 that controls the vibration of the diaphragm
106 on the basis of the result of the detecting by the
second detector 105.
[0149] This configuration can amplify the resonance of
the air in the inner space 102 of the body 101. Conse-
quently, an elastic wave having a particular frequency
can be detected more precisely.
[0150] Alternatively, the detecting device 100B may
omit the detector 105 and control the vibration of the di-
aphragm 106 on the basis of the result of the detection
by the detector 1.
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<second modification to second embodiment>

[0151] Here, description will now be made in relation
to a detecting device according to a second modification
to the second embodiment. The detecting device of the
second modification to the second embodiment is differ-
ent from the detecting device of the second embodiment
in the point of changing a position irradiated with laser
light. Hereinafter, description will focus on the difference
of the detecting device of the second modification to the
second embodiment from that of the second embodi-
ment. Like reference numbers designate the same or
similar parts and elements between the second embod-
iment and the second modification thereof.
[0152] As illustrated in FIG. 14, a detecting device
100C of the second modification to the second embodi-
ment includes an irradiation controller 108 in addition to
the configuration of the detecting device 100A of the sec-
ond embodiment.
[0153] The body 101 of the second modification to the
second embodiment includes a first inner space 102 in-
side thereof and an opening 103 communicated with the
first inner space 102. The body 101 includes a recess
101a at the end on the negative side of the Y axis. The
opening 103 is located at the center of the recess 101a.
[0154] The recess 101a defines a second space 109.
In this example, the second space 109 has a shape of a
rectangular parallelepiped having two faces perpendic-
ular to each of the X axis, the Y axis, and the Z axis. For
example, the second space 109 has a length along each
of the X axis, the Y axis, and the Z axis in the range of 1
mm to 100 mm.
[0155] The first inner space 102 includes a base 102a
and a pipe 102b. The base 102a of this example has a
shape of a rectangular parallelepiped having two faces
perpendicular to each of the X axis, the Y axis, and the
Z axis. For example, the base 102a has a length along
each of the X axis, the Y axis, and the Z axis in the range
of 1 mm to 100 mm.
[0156] In this example, the pipe 102b has a circular
cross section. For example, the diameter of the cross
section of the pipe 102b is in the range of 0.1 mm to 10
mm. For example, the pipe 102b has a length in the range
of 1 mm to 100 mm. The cross section of the pipe 102b
may be a different shape (e.g., a rectangular shape) from
a circular shape.
[0157] The pipe 102b extends from the center of the
end face on the negative side of the Y axis of the base
102a in the negative direction of the Y axis. The pipe
102b communicates the base 102a with the opening 103.
[0158] The detector 1 is embedded in a wall forming
the base 102a of the body 101 such that the first electrode
layer 10 is in contact with the base 102a. Consequently,
the detector 1 is fixed on the body 101. In this example,
the detector 1 is located on the wall forming the end face
on the negative side of the Z axis of the base 102a.
[0159] The body 101 has, on the recess 101a, a vent
104 through which light passes. Specifically, the vent 104

is located on the wall forming the end face on the negative
side of the Z axis of the second space 109. In other words,
the vent 104 is located on the same side as the detector
1 with respect to the inner space 102 along the direction
of the Z axis. The vent 104 of this example is made of a
material that allows light to pass through. The vent 104
may be an opening.
[0160] The light source 2 is fixed on the body 101 such
that the generated laser light enters the irradiation con-
troller 108 through the vent 104 and the second space
109. In this example, the light source 2 is located on the
negative side of the Z axis with respect to the vent 104.
[0161] The body 101 has a shape such that the reso-
nance frequency of the Helmholtz resonance in the first
inner space 102 matches with the resonance frequency
of the first electrode 12. Alternatively, the shape of the
first inner space 102 may be different from that of the
above example. The body 101 is an example of the Helm-
holtz resonator.
[0162] The irradiation controller 108 is supported by
the body 101. The irradiation controller 108 is located at
a position deviated from a straight line extending along
the pipe 102b in the second space 109. In this example,
the irradiation controller 108 is located on the negative
side of the Z axis with respect to the pipe 102b when
being seen along the direction of the Z axis. Alternatively,
the irradiation controller 108 may be located on the pos-
itive side of the Z axis with respect to the pipe 102b when
being seen along the direction of the Z axis.
[0163] The irradiation controller 108 controls a position
irradiated with the laser light generated by the light source
2 to each of multiple positions being different from one
another. In this example, the irradiation controller 108
includes a mirror (e.g., a micromirror or a galvano mirror)
having a reflecting face that reflects the laser light entered
through the vent 104 thereon, and changes the direction
of the reflecting face to change the position to be irradi-
ated with the laser light. The change of the position irra-
diated with light may be referred to as scanning of the
laser light. Alternatively, the irradiation controller 108 may
be equipped with a mechanism (e.g., a deformable mir-
ror) that changes the focus, and may change the position
irradiated with the laser light using the mechanism.
[0164] As described above, the detecting device 100C
of the second modification to the second embodiment
ensures the same effects and advantages as those of
the detecting device 100A of the second embodiment.
[0165] Furthermore, in the detecting device 100C of
the second modification to the second embodiment, the
irradiation controller 108 controls a position irradiated
with the generated laser light to each of multiple positions
being different from one another.
[0166] This allows the detecting device 100C to detect
a target at respective different positions. For example, a
spatial distribution of the target can be obtained.
[0167] In addition, the irradiation controller 108 of the
detecting device 100C of the second modification to the
second embodiment is located at a position deviated from
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a straight line extending along the pipe 102b.
[0168] This can reduce the extent of hindering the elas-
tic wave from propagating to the opening 103 by the ir-
radiation controller 108.

<third modification to second embodiment>

[0169] Here, description will now be made in relation
to a detecting device according to a third modification to
the second embodiment. The detecting device of the third
modification to the second embodiment is different from
the detecting device to the second modification to the
second embodiment in the point of vibrating the wall that
forms a space to be used for Helmholtz resonance. Here-
inafter, description will focus on the difference of the de-
tecting device of the third modification to the second mod-
ification from that of the second modification to the sec-
ond embodiment. Like reference numbers designate the
same or similar parts and elements between the second
modification and the third modification to the second em-
bodiment.
[0170] As illustrated in FIG. 15, a detecting device
100D of the third modification to the second embodiment
includes a detector 105, a diaphragm 106, and a vibration
controller 107 in addition to the elements in the detecting
device 100C of the second modification to the second
embodiment.
[0171] The detector 105 is a sensor that detects an
elastic wave propagating through the air. In this example,
the detector 105 has a frequency band of a detectable
elastic wave wider than that for the detector 1. Further-
more, the detector 105 has a quicker response of detect-
ing an elastic wave than the detector 1. An example of
the detector 105 is a capacitive sensor having a dia-
phragm structure.
[0172] The detector 105 is embedded in a wall forming
the base 102a of the body 101 so as to be in contact with
the base 102a. Consequently, the detector 105 is fixed
on the body 101. In this example, the detector 105 is
located on the wall forming the end face on the positive
side of the Z axis of the base 102a.
[0173] The diaphragm 106 is vibratably embedded in
the wall forming the base 102a of the body 101 so as to
be in contact with the base 102a. In this example, the
diaphragm 106 is located on the wall forming the end
face on the positive side of the Y axis of the base 102a.
The diaphragm 106 includes an actuator, which causes
the diaphragm 106 to vibrate. The actuator of this exam-
ple is a piezoelectric actuator, but may alternatively be
of another type (such as an electromagnetic actuator).
[0174] The vibration controller 107 controls the vibra-
tion of the diaphragm 106 on the basis of a result of the
detection by the detector 105. The vibration controller
107 of this example removes noise from a signal detected
by the detector 105 with a filter (e.g., a low-pass filter),
adjusts the amplitude and the phase of a signal subjected
to the removal, and outputs the adjusted signal as a driv-
ing signal to the actuator.

[0175] The control of the vibration of the diaphragm
106 by the vibration controller 107 may be referred to as
feedback control. Specifically, the vibration controller 107
of this example adjusts the amplitude in order to suppress
oscillation caused by the feedback control. For example,
the total of the gain in the feedback control may be set
to be one or less. In addition, the vibration controller 107
adjusts the phase of the driving signal to lag 90 degrees
behind the phase of the signal detected by the detector
105.
[0176] The above feedback control amplifies the res-
onance of the air in the first inner space 102 of the body
101. In this example, the feedback control can be regard-
ed as electromechanical active control on the Q value of
a Helmholtz resonator.
[0177] As described above, the detecting device 100D
of the third modification to the second embodiment brings
the same effects and advantages as those of the detect-
ing device 100C of the second modification to the second
embodiment.
[0178] Furthermore, in the detecting device 100D of
the third modification of the second embodiment, the
body 101 includes the diaphragm 106 vibratably provided
on the wall forming the first inner space 102. The detect-
ing device 100D further includes the second detector 105
that has a frequency band of a detectable elastic wave
wider than that for the detector 1 serving as a first detec-
tor, that detects an elastic wave propagating through air,
and that is in contact with the first inner space 102. In
addition, the detecting device 100D further includes the
vibration controller 107 that controls the vibration of the
diaphragm 106 on the basis of the result of the detecting
by the second detector 105.
[0179] This configuration can amplify resonance of the
air in the first inner space 102 of the body 101. Conse-
quently, an elastic wave having a particular frequency
can be detected more precisely.
[0180] Alternatively, the detecting device 100D may
omit the detector 105 and control the vibration of the di-
aphragm 106 on the basis of the result of the detection
by the detector 1.

<third embodiment>

[0181] Here, description will now be made in relation
to a detecting device according to a third embodiment.
The detecting device of the third embodiment is different
from the detecting device of the first embodiment in the
point of estimating the position of the wave source of an
elastic wave using multiple detectors. Hereinafter, de-
scription will focus on the difference of the detecting de-
vice of the third embodiment from that of the first embod-
iment. Like reference numbers designate the same or
similar parts and elements between the first embodiment
and the third embodiment.
[0182] As illustrated in FIG. 16, the detecting device
100E according to the third embodiment includes two
detectors 1-1, 1-2, a light source 2, a lens 111, an irra-
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diation controller 112, and a processor 113.
[0183] Each of the detectors 1-1, 1-2 has the same
configuration as the detector 1 of the first embodiment.
The lens 111 causes the laser light that enters the lens
111 from the light source 2 to form an image on a pre-
determined position in a living body BD.
[0184] The irradiation controller 112 controls a position
irradiated with the laser light generated by the light source
2 to each of multiple positions being different from one
another. In this example, the irradiation controller 112
includes a mirror (e.g., a micromirror or a galvano mirror)
having a reflecting face that reflects the laser light entered
through the lens 111 thereon, and changes the direction
of the reflecting face to change the position to be irradi-
ated with the light. The change of the position irradiated
with light may be referred to as scanning of the laser light.
Alternatively, the irradiation controller 112 may be
equipped with a mechanism (e.g., a deformable mirror)
that changes the focus, and may change the position
irradiated with the laser light using the mechanism.
[0185] The processor 113 obtains a time period from
a time point at which the laser light is generated by the
light source 2 to a time point at which an elastic wave is
detected by each of the detectors 1-1, 1-2. The processor
113 estimates the position WS of the wave source of the
elastic wave on the basis of the obtained time periods.
[0186] For example, the processor 113 obtains a time
period t1 from the generation of the laser light by the light
source 2 to the detection of an elastic wave by the de-
tector 1-1, and obtains a time period t2 from the gener-
ation of the laser light by the light source 2 to the detection
of the elastic wave by the detector 1-2.
[0187] The processor 113 estimates the distance R1
between the detector 1-1 and the position WS of the wave
source of the elastic wave by multiplying the time period
t1 and the velocity v of the elastic wave. For example,
the processor 113 retains the velocity v of the elastic
wave in advance. Alternatively, the processor 113 may
detect the temperature and estimate the velocity v of the
elastic wave based on the detected temperature. Like-
wise, the processor 113 estimates the distance R2 be-
tween the detector 1-2 and the position WS of the wave
source of the elastic wave by multiplying the time period
t2 and the velocity v of the elastic wave.
[0188] As illustrated in FIG. 17, the processor 113 fur-
ther calculates the positions WS1 and WS2 of the cross-
ings of a circle C1 and a circle C2. The circle C1 has the
center at the position SP1 of the detector 1-1 and a radius
R1. The circle C2 has the center at the position SP2 of
the detector 1-2 and a radius R2. Then the processor
113 estimates one of the calculated positions WS1 and
WS2 to be the position WS of the wave source of the
elastic wave.
[0189] As described above, the detecting device 100E
of the third embodiment ensures the same effects and
advantages as those of the detecting device 100 of the
first embodiment.
[0190] Furthermore, in the detecting device 100E of

the third embodiment, the irradiation controller 112 con-
trols a position irradiated with the generated laser light
to each of multiple positions being different from one an-
other.
[0191] This allows the detecting device 100E to detect
a target at respective different positions. For example,
the spatial distribution of the target can be obtained.
[0192] Besides, in the detecting device 100E of the
third embodiment, the processor 113 estimates the po-
sition WS of the wave source of the elastic wave on the
basis of the respective time periods from the generation
of the laser light to the detection of an elastic wave by
the detectors 1-1, 1-2.
[0193] This allows the detecting device 100E to pre-
cisely estimate the position WS of the wave source of
the elastic wave, so that the position of the target that
generates the elastic wave can be precisely estimated.
For example, a spatial distribution of a target can be pre-
cisely obtained.
[0194] Alternatively, the detecting device 100E may in-
clude three or more detectors. For example, assuming
that the detecting device 100E includes three detectors,
the processor 113 obtains the time periods t1-t3 from the
generation of the laser light by the light source 2 to the
detection of an elastic wave by the respective three de-
tectors. Then the processor 113 estimates the respective
distances R1-R3 between the three detectors and the
position WS of the wave source of the elastic wave by
multiplying the respective time periods t1-t3 and the ve-
locity v of the elastic wave.
[0195] As illustrated in FIG. 18, the processor 113 cal-
culates the position WS of the crossing of a circle C1, a
circle C2, and a circle C3. The circle C1 has the center
at the position SP1 of the detector 1-1 and a radius R1.
The circle C2 has the center at the position SP2 of the
detector 1-2 and a radius R2. The circle C3 has the center
at the position SP3 of the detector 1-3 and a radius R3.
The processor 113 estimates the calculated position WS
to be the position WS of the wave source of the elastic
wave.
[0196] This can further precisely estimate the position
WS of the wave source of the elastic wave.
[0197] The detecting device 100E may include, in
place of each of the detectors 1-1, 1-2, a diaphragm hav-
ing a cantilever structure and a piezoelectric element that
detects deformation of the diaphragm, and may further
include a detector that detects an elastic wave on the
basis of deformation of the diaphragm. Alternatively, the
detecting device 100E may include, in place of each of
the detectors 1-1, 1-2, a diaphragm having a cantilever
structure, a light source generating a laser light to irradi-
ate the diaphragm, and multiple light detectors that detect
a change in direction of the laser light reflected from the
diaphragm by detecting the laser light reflected from the
diaphragm at each of multiple positions, and may also
include a detector that detects an elastic wave on the
basis of the change in direction of the laser light reflected
from the diaphragm.
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[0198] The detecting device 100E may include a body
having an inner space to resonate air by an elastic wave
likewise the detecting device 100A of the second embod-
iment. In this case, the multiple detectors 1-2, 1-2 are
provided to the body. Further alternatively, the detecting
device 100E may include a body having an inner space
to resonate air by an elastic wave for each detector.

[Description of reference numbers]

[0199]

100, 100A-100E detecting device
1 detector
10, 10A-10B first electrode layer
11, 11A, 11B first support
11A1, 11B1 wider portion
12, 12A, 12B first electrode
12A1, 12B1 body
12A2 leg
12B2 first leg
12B3 second leg
20 insulation layer
21 outer edge
22 first penetrating hole
30 second electrode layer
31 second support
32 second electrode
33 electret layer
34 second penetrating hole
35 penetrating hole
101 body
101a recess
102 space
102a base
102b pipe
102b1 first pipe
102b2 second pipe
103 opening
104 vent
105 detector
106 diaphragm
107 vibration controller
108 irradiation controller
109 space
111 lens
112 irradiation controller
113 processor
2, 2A light source
201 first light generator
202 second light generator
203 halfmirror
90 vessel
900 space
901 opening
902 base
903 pipe
BD living body

FR free end
FX fixed end
LA first silicon layer
LB insulation layer
LC second silicon layer
PR photoresist layer

Claims

1. A detecting device configured to detect an elastic
wave propagating through air, the detecting device
comprising:

a first electrode (12) that is a plate having a can-
tilever structure with a fixed end (FX) and a free
end (FR) and that vibrates by being bent by the
elastic wave; and
a second electrode (32) that is a plate, that is
opposed to the first electrode, and that has a
predetermined distance from the first electrode,
wherein
the detecting device (100) is further configured
to detect the elastic wave on the basis of a
change in capacitance between the first elec-
trode and the second electrode, characterised
in that
an end of the second electrode in a direction
from the fixed end to the free end is closer to the
fixed end than the free end.

2. The detecting device according to claim 1, further
comprising:

a first electrode layer;
an insulation layer that includes insulator mate-
rial and that is in contact with the first electrode
layer; and
a second electrode layer that is in contact with
the insulation layer on the opposite side of the
first electrode layer, wherein
the first electrode layer comprises the first elec-
trode and a first support that is configured to
support the first electrode,
the second electrode layer comprises the sec-
ond electrode and a second support that is con-
figured to support the second electrode,
the fixed end of the first electrode is coupled to
the first support,
a portion of an end of the first electrode except
for the fixed end is spaced apart from the first
support,
the insulation layer has a first penetrating hole
that opens at a portion opposed to the first elec-
trode, and
the second electrode layer has a second pene-
trating hole that opens at a portion that is op-
posed to the first electrode and that is closer to
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the free end than the second electrode in the
direction from the fixed end to the free end.

3. The detecting device according to claim 1 or 2,
wherein
the second electrode comprises a plurality of pene-
trating holes.

4. The detecting device according to any one of claims
1-3, further comprising:

a detector that includes the first electrode and
the second electrode; and
a body that has an inner space being in contact
with the detector and an opening being commu-
nicated with the inner space.

5. The detecting device according to claim 4, further
comprising a light source that is configured to gen-
erate light, wherein the body has a vent through
which the generated light passes.

6. The detecting device according to claim 5, wherein
the vent is located at the same side as the detector
with respect to the inner space.

7. The detecting device according to claim 5 or 6,
wherein
the inner space includes a base and a pipe that is
configured to communicate the base with the open-
ing; and
at least part of the pipe extends along a straight line
connecting the vent to the opening.

8. The detecting device according to any one of claims
4-7, wherein
the body includes a diaphragm that is vibratably pro-
vided on a wall of the inner space, and
the detecting device further comprises:

a second detector that has a frequency band of
a detectable elastic wave wider than that for the
detector serving as a first detector, that is con-
figured to detect an elastic wave propagating
through air, and that is in contact with the inner
space; and
a vibration controller that is configured to control
vibration of the diaphragm on the basis of a result
of the detecting by the second detector.

9. The detecting device according to any one of claims
4-8, wherein
the body has a shape such that a resonance fre-
quency of Helmholtz resonance in the inner space
matches with a resonance frequency of the first elec-
trode.

10. The detecting device according to any one of claims

1-9, further comprising:

a plurality of detectors each including the first
electrode and the second electrode;
a light source that generates light; and
a processor that is configured to estimate a po-
sition of a wave source of the elastic wave on
the basis of a time period from a time point at
which the light is generated to a time point at
which each of the plurality of detectors is con-
figured to detect the elastic wave.

11. The detecting device according to any one of claims
5-10, further comprising an irradiation controller that
configured to control a position irradiated with the
generated light to each of a plurality of positions be-
ing different from one another.

12. The detecting device according to one of claims any
1-11, further comprising a light source that is config-
ured to generate light beams having respective dif-
ferent wavelengths, wherein
the detecting device is configured to detect a plurality
of elastic waves respectively generated by irradia-
tions with the light beams and configured to detect
an elastic wave generated by a target on the basis
of a result of the detecting.

Patentansprüche

1. Detektionsvorrichtung, die konfiguriert ist, um eine
elastische Welle zu detektieren, die sich durch Luft
ausbreitet, wobei die Detektionsvorrichtung um-
fasst:

eine erste Elektrode (12), die eine Platte mit ei-
ner Kragarmstruktur mit einem fixierten Ende
(FX) und einem freien Ende (FR) ist und die
schwingt, indem sie von der elastischen Welle
gebogen wird; und
eine zweite Elektrode (32), die eine Platte ist,
die der ersten Elektrode gegenüberliegt und die
einen vorbestimmten Abstand von der ersten
Elektrode aufweist, wobei
die Detektionsvorrichtung (100) weiter konfigu-
riert ist, um die elastische Welle auf der Basis
einer Kapazitätsänderung zwischen der ersten
Elektrode und der zweiten Elektrode zu detek-
tieren, dadurch gekennzeichnet, dass
ein Ende der zweiten Elektrode in einer Richtung
von dem fixierten Ende zu dem freien Ende nä-
her an dem fixierten Ende liegt als dem freien
Ende.

2. Detektionsvorrichtung nach Anspruch 1, weiter um-
fassend:
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eine erste Elektrodenschicht;
eine Isolationsschicht, die Isoliermaterial ein-
schließt und die mit der ersten Elektroden-
schicht in Kontakt steht; und
eine zweite Elektrodenschicht, die mit der Iso-
lationsschicht auf der gegenüberliegenden Sei-
te der ersten Elektrodenschicht in Kontakt steht,
wobei
die erste Elektrodenschicht die erste Elektrode
und einen ersten Träger umfasst, der konfigu-
riert ist, um die erste Elektrode zu tragen,
die zweite Elektrodenschicht die zweite Elektro-
de und einen zweiten Träger umfasst, der kon-
figuriert ist, um die zweite Elektrode zu tragen,
das fixierte Ende der ersten Elektrode an den
ersten Träger gekoppelt ist,
ein Abschnitt eines Endes der ersten Elektrode,
mit Ausnahme des fixierten Endes, von dem ers-
ten Träger beabstandet ist,
die Isolationsschicht ein erstes durchdringen-
des Loch aufweist, das sich an einem Abschnitt
gegenüber der ersten Elektrode öffnet, und
die zweite Elektrodenschicht ein zweites durch-
dringendes Loch aufweist, das sich an einem
Abschnitt öffnet, welcher der ersten Elektrode
gegenüberliegt und der näher an dem freien En-
de liegt als die zweite Elektrode in der Richtung
von dem fixierten Ende zu dem freien Ende.

3. Detektionsvorrichtung nach Anspruch 1 oder 2, wo-
bei
die zweite Elektrode eine Vielzahl von durchdringen-
den Löchern umfasst.

4. Detektionsvorrichtung nach einem der Ansprüche
1-3, weiter umfassend:

einen Detektor, der die erste Elektrode und die
zweite Elektrode einschließt; und
einen Körper, der einen inneren Raum, der mit
dem Detektor in Kontakt steht, und eine Öff-
nung, die mit dem inneren Raum verbunden ist,
aufweist.

5. Detektionsvorrichtung nach Anspruch 4, weiter eine
Lichtquelle umfassend, die konfiguriert ist, um Licht
zu erzeugen, wobei der Körper eine Entlüftung auf-
weist, durch die das erzeugte Licht hindurchtritt.

6. Detektionsvorrichtung nach Anspruch 5, wobei die
Entlüftung auf der gleichen Seite wie der Detektor in
Bezug auf den inneren Raum angeordnet ist.

7. Detektionsvorrichtung nach Anspruch 5 oder 6, wo-
bei
der innere Raum eine Basis und ein Rohr ein-
schließt, das konfiguriert ist, um die Basis mit der
Öffnung zu verbinden; und

mindestens ein Teil des Rohres sich entlang einer
geraden Linie erstreckt, welche die Entlüftung mit
der Öffnung verbindet.

8. Detektionsvorrichtung nach einem der Ansprüche
4-7, wobei
der Körper eine Membran einschließt, die schwin-
gend an einer Wand des inneren Raumes bereitge-
stellt ist, und
die Detektionsvorrichtung weiter umfasst:

einen zweiten Detektor, der ein Frequenzband
einer detektierbaren elastischen Welle aufweist,
das breiter ist als das für den Detektor, der als
erster Detektor dient, der konfiguriert ist, um ei-
ne elastische Welle zu detektieren, die sich
durch Luft ausbreitet, und der in Kontakt mit dem
inneren Raum steht; und
eine Schwingungssteuerung, die konfiguriert
ist, um die Schwingung der Membran auf der
Basis eines Ergebnisses der Detektion durch
den zweiten Detektor zu steuern.

9. Detektionsvorrichtung nach einem der Ansprüche
4-8, wobei
der Körper eine Form aufweist, sodass eine Reso-
nanzfrequenz der Helmholtz-Resonanz in dem in-
neren Raum mit einer Resonanzfrequenz der ersten
Elektrode übereinstimmt.

10. Detektionsvorrichtung nach einem der Ansprüche
1-9, weiter umfassend:

eine Vielzahl von Detektoren, die jeweils die ers-
te Elektrode und die zweite Elektrode einschlie-
ßen;
eine Lichtquelle, die Licht erzeugt; und
einen Prozessor, der konfiguriert ist, um eine
Position einer Wellenquelle der elastischen
Welle auf der Basis einer Zeitspanne von einem
Zeitpunkt, an dem das Licht erzeugt wird, bis zu
einem Zeitpunkt zu schätzen, an dem jeder der
Vielzahl von Detektoren konfiguriert ist, um die
elastische Welle zu detektieren.

11. Detektionsvorrichtung nach einem der Ansprüche
5-10, weiter eine Bestrahlungssteuerung umfas-
send, die konfiguriert ist, um eine mit dem erzeugten
Licht bestrahlte Position zu steuern, wobei jede von
einer Vielzahl von Positionen voneinander verschie-
den ist.

12. Detektionsvorrichtung nach einem der Ansprüche
1-11, weiter eine Lichtquelle umfassend, die konfi-
guriert ist, um Lichtstrahlen mit jeweils unterschied-
lichen Wellenlängen zu erzeugen, wobei
die Detektionsvorrichtung konfiguriert ist, um eine
Vielzahl von elastischen Wellen zu detektieren, die
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jeweils durch Bestrahlungen mit den Lichtstrahlen
erzeugt werden, und konfiguriert ist, um eine von
einem Ziel auf der Basis eines Ergebnisses der De-
tektion erzeugte elastische Welle zu detektieren.

Revendications

1. Dispositif de détection configuré pour détecter une
onde élastique se propageant dans l’air, le dispositif
de détection comprenant :

une première électrode (12) qui est une plaque
ayant une structure en porte-à-faux avec une
extrémité fixe (FX) et une extrémité libre (FR) et
qui vibre en étant incurvée par l’onde élastique ;
et
une seconde électrode (32) qui est une plaque,
qui est opposée à la première électrode, et qui
est à une distance prédéterminée de la première
électrode, dans lequel
le dispositif de détection (100) est en outre con-
figuré pour détecter l’onde élastique sur la base
d’un changement de capacité entre la première
électrode et la seconde électrode, caractérisé
en ce que
une extrémité de la seconde électrode dans une
direction allant de l’extrémité fixe à l’extrémité
libre est plus proche de l’extrémité fixe que de
l’extrémité libre.

2. Dispositif de détection selon la revendication 1, com-
prenant en outre :

une première couche d’électrode ;
une couche d’isolation qui inclut un matériau iso-
lant et qui est en contact avec la première cou-
che d’électrode ; et
une seconde couche d’électrode qui est en con-
tact avec la couche d’isolation sur le côté opposé
de la première couche d’électrode, dans lequel
la première couche d’électrode comprend la
première électrode et un premier support qui est
configuré pour supporter la première électrode,
la seconde couche d’électrode comprend la se-
conde électrode et un second support qui est
configuré pour supporter la seconde électrode,
l’extrémité fixe de la première électrode est cou-
plée au premier support,
une partie d’une extrémité de la première élec-
trode à l’exception de l’extrémité fixe est écartée
du premier support,
la couche d’isolation a un premier trou traversant
qui s’ouvre au niveau d’une partie opposée à la
première électrode, et
la seconde couche d’électrode a un second trou
traversant qui s’ouvre au niveau d’une partie qui
est opposée à la première électrode et qui est

plus proche de l’extrémité libre que la seconde
électrode dans la direction allant de l’extrémité
fixe à l’extrémité libre.

3. Dispositif de détection selon la revendication 1 ou 2,
dans lequel
la seconde électrode comprend une pluralité de
trous traversants.

4. Dispositif de détection selon l’une quelconque des
revendications 1 à 3, comprenant en outre :

un détecteur qui inclut la première électrode et
la seconde électrode ; et
un corps qui a un espace interne en contact avec
le détecteur et une ouverture en communication
avec l’espace interne.

5. Dispositif de détection selon la revendication 4, com-
prenant en outre une source de lumière qui est con-
figurée pour générer de la lumière, dans lequel le
corps présente un évent à travers lequel passe la
lumière générée.

6. Dispositif de détection selon la revendication 5, dans
lequel l’évent est situé sur le même côté que le dé-
tecteur par rapport à l’espace interne.

7. Dispositif de détection selon la revendication 5 ou 6,
dans lequel
l’espace interne inclut une base et un tuyau qui est
configuré pour faire communiquer la base avec
l’ouverture ; et
au moins une partie du tuyau s’étend le long d’une
ligne droite reliant l’évent à l’ouverture.

8. Dispositif de détection selon l’une quelconque des
revendications 4 à 7, dans lequel
le corps inclut un diaphragme qui est prévu de ma-
nière à vibrer sur une paroi de l’espace interne, et
le dispositif de détection comprend en outre :

un second détecteur qui a une bande de fré-
quence d’une onde élastique détectable plus
large que celle pour le détecteur faisant office
de premier détecteur, qui est configuré pour dé-
tecter une onde élastique se propageant dans
l’air, et qui est en contact avec l’espace interne ;
et
un contrôleur de vibrations qui est configuré
pour contrôler la vibration du diaphragme sur la
base d’un résultat de la détection par le second
détecteur.

9. Dispositif de détection selon l’une quelconque des
revendications 4 à 8, dans lequel
le corps a une forme telle qu’une fréquence de ré-
sonance de résonance de Helmholtz dans l’espace
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interne correspond à une fréquence de résonance
de la première électrode.

10. Dispositif de détection selon l’une quelconque des
revendications 1 à 9, comprenant en outre :

une pluralité de détecteurs incluant chacun la
première électrode et la seconde électrode ;
une source de lumière qui génère de la lumière ;
et
un processeur qui est configuré pour estimer
une position d’une source d’onde de l’onde élas-
tique sur la base d’une période de temps à partir
d’un moment auquel la lumière est générée jus-
qu’à un moment auquel chacun de la pluralité
de détecteurs est configuré pour détecter l’onde
élastique.

11. Dispositif de détection selon l’une quelconque des
revendications 5 à 10, comprenant en outre un con-
trôleur d’irradiation qui est configuré pour contrôler
une position irradiée avec la lumière générée vers
chacune d’une pluralité de positions différentes les
unes des autres.

12. Dispositif de détection selon l’une quelconque des
revendications 1 à 11, comprenant en outre une
source de lumière qui est configurée pour générer
des faisceaux de lumière ayant des longueurs d’on-
de différentes respectives, dans lequel
le dispositif de détection est configuré pour détecter
une pluralité d’ondes élastiques générées respecti-
vement par des irradiations avec les faisceaux de
lumière et configuré pour détecter une onde élasti-
que générée par une cible sur la base d’un résultat
de la détection.
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