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Description
Technical Field

[0001] The present invention relates to a photoacous-
tic measurement probe that emits light toward a subject
and absorbs the light to detect photoacoustic waves gen-
erated within the subject.

[0002] In addition, the present invention relates to a
probe unit and a photoacoustic measurement apparatus
including such a probe.

Background Art

[0003] In recent years, a non-invasive measurement
method using a photoacoustic effect has been drawing
attention. In the measurement method, a photoacoustic
wave, which is an elastic wave generated as a result of
emission of pulsed light having an appropriate wave-
length (for example, a wavelength band of visible light,
near-infrared light, orintermediate infrared light) to a sub-
ject and absorption of the energy of the pulsed light by
an absorbing substance in the subject, is detected to
quantitatively measure the concentration of the absorb-
ing substance. The absorbing substance in the subject
is, for example, glucose or hemoglobin contained in
blood. In addition, a technique of detecting such a pho-
toacoustic wave and generating a photoacoustic image
based on the detection signal is called photoacoustic im-
aging (PAI) or photoacoustic tomography (PAT).

[0004] In photoacoustic imaging, for example, as dis-
closed in Patent Document 1 and Patent Document 2, a
probe configured to include a light emitting unit for emit-
ting measurement light, such as pulsed light, toward a
subject, an acoustic wave detector for detecting an
acoustic wave emitted from a part of the subject that has
absorbed the measurement light, and a housing in which
the light emitting unit and the acoustic wave detector are
housed is often used.

[0005] In the probe described above, it is required to
efficiently dissipate heat generated by the acoustic wave
detector and the like so that the temperature of the probe
surface in contact with the subject does not become ex-
cessively high. From such a viewpoint, Patent Document
3 discloses a configuration in which, among members
for transferring heat generated inside the probe, a mem-
ber for transferring heat to a probe portion in contact with
the inner wall of the lumen of the subject is formed of a
material having a relatively low heat conductivity and a
member for transferring heat to other probe portions is
formed of a relatively high heat conductivity.

[Prior Art Document]
[Patent Document]

[0006]
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[Patent Document 1] JP 2012-166009A
[Patent Document 2] JP 2012-179350A
[Patent Document 3] JP 2008-043440A

SUMMARY OF INVENTION
Technical Problem

[0007] Inthe probe configured to include the light emit-
ting unit, the acoustic wave detector, and the housing,
the detection signal of the photoacoustic wave output
from the acoustic wave detector is very weak. Therefore,
for example, in the case of acquiring a photoacoustic
image, it is desirable to amplify the detection signal of
the photoacoustic wave in the probe before amplifying
the detection signal of the photoacoustic wave with a
receiving circuit or the like outside the probe. In a case
where an amplifier is provided in the probe for that pur-
pose, the amplifier becomes a new heat source in addi-
tion to the acoustic wave detector. As a result, the tem-
perature of the subject of the probe in contact with the
surface tends to be higher.

[0008] Since the probe disclosed in Patent Document
3 does not have a configuration for detecting a photoa-
coustic wave, itis not possible to cope with a further tem-
perature rise in a case where the amplifier is provided as
described above.

[0009] WO2014017044A1 discloses a probe for
acoustic signal detection and a photoacoustic measuring
device provided with same.

[0010] The present invention has been made in view
of the above circumstances, and it is an object of the
present invention to obtain an efficient heat dissipation
structure capable of preventing the excessive tempera-
ture rise of the probe surface in a photoacoustic meas-
urement probe including an acoustic wave detector and
an amplifier for amplifying the detection signal of the pho-
toacoustic wave.

[0011] Inaddition, itis an objectofthe presentinvention
to provide a probe unit and a photoacoustic measure-
ment apparatus for realizing efficient heat dissipation as
described above.

Solution to Problem

[0012] According to one aspect, there is provided a
photoacoustic measurement probe according to claim 1
of the appended claims.

[0013] According to another aspect, there is provided
a probe unit according to claim 9 of the appended claims.
[0014] According to another aspect, there is provided
a photoacoustic measurement apparatus according to
claim 10 of the appended claims.

[0015] There is provided a photoacoustic measure-
ment probe according to the present invention compris-
ing: a light emitting unit that emits measurement light
toward a subject; an optical fiber that guides the meas-
urement light to the light emitting unit; an acoustic wave
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detector that detects an acoustic wave emitted from a
part of the subject that has absorbed the measurement
light and that includes a plurality of electroacoustic con-
version elements arranged in at least a first direction; an
amplifier that amplifies an output of the acoustic wave
detector; a housing which is a tubular member surround-
ed by a side plate and in which the light emitting unit, the
opticalfiber, the acoustic wave detector, and the amplifier
are housed; a first heat conductive member that is in
contact with a part of the side plate and the amplifier to
transfer heat generated by the amplifier to the side plate;
and a second heat conductive member that is in contact
with a part different from the part of the side plate and
the acoustic wave detector to transfer heat generated by
the acoustic wave detector to the side plate.

[0016] Inthe photoacoustic measurement probe of the
present invention having the configuration described
above, it is preferable that the tubular member has a
quadrangular tubular shape at least a part of which is
surrounded by four side plates, the first heat conductive
member is in contact with at least one of two side plates
facing each other in the first direction, and the second
heat conductive member is in contact with at least one
of two side plates different from the two side plates with
which the first heat conductive member is in contact.
[0017] In such a configuration, in particular, it is pref-
erable that a width of each of the two side plates with
which the second heat conductive member is in contact
is larger than a width of each of the two side plates with
which the first heat conductive member is in contact.
[0018] The above-described "quadrangular tubular
shape" is not only a tubular shape having a perfect quad-
rangular cross section but also an approximately quad-
rangular tubular shape in which a corner portion is round-
ed or each side plate has a rounded curved surface and
an approximately quadrangular tubular shape in which a
relatively large quadrangular tubular portion and a rela-
tively small quadrangular tubular portion are connected
to each other in the tube axis direction instead of having
the same cross-sectional shape over the entire length
(length in the tube axis direction) of the tubular member.
[0019] Inthe photoacoustic measurement probe of the
present invention, it is preferable that a plurality of the
optical fibers extend in a tube axis direction of the tubular
member and are arranged to be aligned in a direction
parallel to the first direction and the second heat conduc-
tive member has a portion disposed around the plurality
of optical fibers.

[0020] Inthe photoacoustic measurement probe of the
present invention, in a case where the photoacoustic
measurement probe further comprising: a fiber fixing
member that fixes the plurality of optical fibers to the
housing, it is preferable that the second heat conductive
member is in contact with the side plate on a proximal
end side of the side plate rather than the fiber fixing mem-
ber.

[0021] In the case of considering a structure in which
the probe is connected to the light source of the meas-
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urement light through the optical fiber, the "proximal end
of the side plate" refers to a side plate end on a side
where the optical fiber is exposed from the probe toward
the light source, that is, a side plate end opposite to the
probe surface in contact with the subject during photoa-
coustic measurement.

[0022] Inthe photoacoustic measurement probe of the
present invention, the second heat conductive member
may also serve as a fiber fixing member that fixes the
plurality of optical fibers to the housing.

[0023] Inthe photoacoustic measurement probe of the
present invention, it is preferable that the second heat
conductive member is in contact with an inner surface of
the side plate through a holding member.

[0024] Inthe photoacoustic measurement probe of the
present invention, it is preferable that two light emitting
units are provided, the acoustic wave detector is dis-
posed on a distal end side of the tubular member, and
on the distal end side of the tubular member, the two light
emitting units are disposed with the acoustic wave de-
tector interposed therebetween in a second direction
crossing the arrangement direction of a plurality of elec-
troacoustic conversion elements.

[0025] The "distal end of the tubular member" is a
member distal end on the probe surface side in contact
with the subject during photoacoustic measurement.
[0026] On the other hand, there is provided a probe
unit according to the present invention comprising: the
photoacoustic measurement probe according to the
present invention described above; a light source that
outputs measurement light; and a connection unit that
optically connects the measurementlightto the light emit-
ting unit of the photoacoustic measurement probe.
[0027] There is provided a photoacoustic measure-
ment apparatus according to the present invention com-
prising: the photoacoustic measurement probe accord-
ing to the presentinvention described above; and asignal
processing unit that generates a photoacoustic image
based on a photoacoustic wave detection signal output
from the photoacoustic measurement probe.

[0028] The photoacoustic measurement probe of the
present invention comprises the first heat conductive
member that is in contact with a part of the side plate and
the amplifier to transfer the heat generated by the ampli-
fier to the side plate and the second heat conductive
member that is in contact with a part different from the
part of the side plate and the acoustic wave detector to
transfer the heat generated by the acoustic wave detector
to the side plate. Therefore, since the heat generated by
the amplifier and the heat generated by the acoustic wave
detector can be transferred to different portions of the
probe side plate to efficiently dissipate heat, it is possible
to prevent the excessive temperature rise of the probe
surface.

BRIEF DESCRIPTION OF DRAWINGS

[0029]
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Fig. 1 is a schematic diagram showing the overall
configuration of a photoacoustic measurement ap-
paratus according to an embodiment of the present
invention.

Fig. 2 is a side cross-sectional view showing a probe
according to a first embodiment of the presentinven-
tion.

Fig. 3 is a perspective view showing a part of the
probe shown in Fig. 2.

Fig. 4 is a horizontal cross-sectional view showing
the cross-sectional shape of a portiorﬁen along
the line A-Ain Fig. 2.

Fig. 5 is a horizontal cross-sectional view showing
the cross-sectional shape of a portion taken along
the line B-B in Fig. 2.

Fig. 6 is a side cross-sectional view showing a probe
according to a second embodiment of the present
invention.

Fig. 7 is a side cross-sectional view showing a probe
according to a third embodiment of the present in-
vention.

Fig. 8 is a side cross-sectional view showing a probe
according to a fourth embodiment of the present in-
vention.

Fig. 9 is a side cross-sectional view showing a probe
according to a fifth embodiment of the presentinven-
tion.

Fig. 10 is a side cross-sectional view showing a
probe according to a sixth embodiment of the present
invention.

Fig. 11 is a side cross-sectional view showing a
probe according to a seventh embodiment of the
present invention.

Fig. 12 is a side cross-sectional view showing a
probe according to an eighth embodiment of the
present invention.

Fig. 13 is a perspective view showing a detailed
shape example of a housing of a probe.

Fig. 14 is a side view of the probe shown in Fig. 13.
Fig. 15 is a schematic diagram showing the overall
configuration of a photoacoustic measurement ap-
paratus according to another embodiment of the
present invention.

DESCRIPTION OF THE EMBODIMENTS

[0030] Hereinafter, embodiments of the presentinven-
tion will be described in detail with reference to the dia-
grams.

<First embodiment>

[0031] First, a photoacoustic measurement probe, a
probe unit, and a photoacoustic measurement apparatus
according to a first embodiment of the present invention
will be described. Fig. 1 is a schematic diagram showing
the overall configuration of a photoacoustic measure-
ment apparatus 10 of the present embodiment. Figs. 2
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and 3 are a side cross-sectional view and a partial per-
spective view showing a photoacoustic measurement
probe (hereinafter, simply referred to as a probe) 11 used
in the photoacoustic measurement apparatus 10, re-
spectively. Fig. 4 is a horizontal cross-sectional view
showing a cross section taken along the line A-A in?g.
2,and Fig. 5 is a horizontal cross-sectional view showing
a cross section taken along the line B-B in Fig. 2. In Fig.
1, the shape of the probe 11 is schematically shown.
[0032] As an example, the photoacoustic measure-
ment apparatus 10 of the present embodiment has a
function of generating a photoacoustic image based on
a photoacoustic signal, and includes the probe 11 that is
an ultrasound probe, an ultrasound unit 12, a laser unit
13, adisplay unit 14, and the like as schematically shown
in Fig. 1. Hereinafter, these components will be sequen-
tially described.

[0033] The probe 11 has, for example, a function of
emitting measurement light and an ultrasound wave to-
ward a subject M, which is a living body, and a function
of detecting an acoustic wave U propagating through the
subject M. That is, the probe 11 can emit (transmit) ul-
trasound waves to the subject M and detect (receive)
reflected ultrasound waves (reflected acoustic waves)
thatreturn due to reflection from the subject M. The probe
11 can also detect ultrasound waves (photoacoustic
waves) generated within the subject M.

[0034] In this specification, the term "acoustic wave" is
a term including ultrasound waves and photoacoustic
waves. Here, the "ultrasound wave" means an elastic
wave transmitted by a probe and its reflected wave, and
the "photoacoustic wave" means an elastic wave gener-
ated due to an absorber 65 absorbing measurementlight.
The acoustic wave emitted from the probe 11 is not lim-
ited to the ultrasound wave, and an acoustic wave having
an audible frequency may be used as long as an appro-
priate frequency can be selected according to an exam-
ination target, measurement conditions, or the like. As
the absorber 65 in the subject M, for example, blood ves-
sels, a metal member, and the like can be mentioned.
[0035] Generally, the probe 11 corresponding to sector
scanning, the probe 11 corresponding to linear scanning,
the probe 11 corresponding to convex scanning, and the
like are prepared. Among these, an appropriate one se-
lected according to an imaging part is used. An optical
fiber 60 as a connection unit for guiding laser light L,
which is measurement light emitted from the laser unit
13 to be described later, to the light emitting unit 40 is
connected to the probe 11.

[0036] As shown in detail in Fig. 2, the probe 11 in-
cludes a transducer array 20 that is an acoustic wave
detector, a total of two light emitting units 40 disposed
on both sides of the transducer array 20 with the trans-
ducer array 20 interposed therebetween, and a housing
50 in which the transducer array 20 and the two light
emitting units 40 are housed.

[0037] AsshowninFig. 2, the housing 50 is configured
to include, for example, a tubular member surrounded
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by four side plates 50a and a top plate 50b and a bottom
plate 50d that close both ends of the tubular member.
The side plate 50a, the top plate 50b, and the bottom
plate 50d are formed of synthetic resin, such as acrylo-
nitrile butadiene styrene (ABS) resin, as an example. A
transparent window 50c formed of, for example, synthetic
resin or glass that transmits the laser light L emitted from
the light emitting unit 40 is fitted in the top plate 50b. The
side plate 50a, the top plate 50b, and the bottom plate
50d may be integrally molded, or may be bonded to each
other after being formed as separate members.

[0038] In the present embodiment, the transducer ar-
ray 20 also functions as an ultrasound wave transmission
element. The transducer array 20 is connected to a
preamplifier 44 to be described later, a circuit for ultra-
sound wave transmission, a circuit for acoustic wave re-
ception, and the like through aterminal 41 and awiring 42.
[0039] As shown in Fig. 3, the transducer array 20 in-
cludes a plurality of ultrasound transducers 20a as elec-
troacoustic conversion elements that are aligned in one
direction. The alignment direction of the ultrasound trans-
ducers 20a is referred to as a "first direction". The first
direction is a direction perpendicular to the plane of paper
in Fig. 2, and is a horizontal direction in Fig. 4. The ultra-
sound transducer 20a is, for example, a piezoelectric el-
ement formed of a polymer film, such as piezoelectric
ceramics or polyvinylidene fluoride (PVDF). The ultra-
sound transducer 20a has a function of converting the
received acoustic wave U into an electrical signal. The
transducer array 20 may include an acoustic lens.
[0040] In the present embodiment, as described
above, the transducer array 20 has a plurality of ultra-
sound transducers 20a arranged in a one-dimensional
manner. However, a transducer array in which a plurality
of ultrasound transducers 20a are arranged in a two-di-
mensional manner may be used.

[0041] The ultrasound transducer 20a also has a func-
tion of transmitting ultrasound waves. That is, in a case
where an alternating voltage is applied to the ultrasound
transducer 20a, the ultrasound transducer 20a generates
an ultrasound wave having a frequency corresponding
to the frequency of the alternating voltage. Transmission
and reception of ultrasound waves may be separated
from each other. That is, for example, ultrasound waves
may be transmitted from a position different from the
probe 11, and reflected ultrasound waves of the trans-
mitted ultrasound waves may be received by the probe
11.

[0042] The light emitting unit 40 is a unit that emits the
laser light L guided by the optical fiber 60 toward the
subject M. In the present embodiment, the light emitting
unit40is formed by using adistal end portion of the optical
fiber 60, that is, an end portion far from the laser unit 13
that is a light source of measurement light. As shown in
Figs. 1 and 2, in the present embodiment, the two light
emitting units 40 are disposed on both sides of the trans-
ducer array 20, for example, in the elevation direction
with the transducer array 20 interposed therebetween.
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In a case where a plurality of ultrasound transducers 20a
are arranged in a one-dimensional manner, the elevation
direction is a direction perpendicular to the arrangement
direction (first direction described above) and parallel to
the detection surface of the transducer array 20. The el-
evation direction is referred to as a "second direction".
The second direction is a horizontal direction in Fig. 2,
and is a vertical direction in Fig. 4.

[0043] As shown in Fig. 2, a portion close to the distal
end of the optical fiber 60 is fixed to the inner surface of
the side plate 50a of the housing 50 by a fiber fixing mem-
ber 43. In the fiber fixing member 43, grooves into which
one optical fiber 60 or a plurality of optical fibers 60 are
fitted so as to be fixed are formed on one surface (surface
facing the wiring 42 side in Fig. 2) side of a rectangular
parallelepiped member formed of, for example, synthetic
resin.

[0044] The light emitting unit may be formed by using
a light guide plate and a diffusion plate that are optically
coupled to the distal end of the optical fiber 60. Such a
light guide plate can be formed by using, for example, an
acrylic plate or a quartz plate. As the diffusion plate, it is
possible to use a lens diffusion plate in which microlenses
are randomly arranged on a substrate, a quartz plate in
which, for example, diffusing fine particles are dispersed,
or the like. As the lens diffusion plate, a holographic dif-
fusion plate or an engineering diffusion plate may be
used.

[0045] The laser unit 13 shown in Fig. 1 has, for exam-
ple, a flash lamp excitation Q-switch solid state laser,
such as a Q-switch alexandrite laser, and emits the laser
light L as measurement light. The laser unit 13 is config-
ured to receive a trigger signal from a control unit 34 of
the ultrasound unit 12 and output the laser light L, for
example. Itis preferable that the laser unit 13 outputs the
pulsed laser light L having a pulse width of 1 to 100 nsec
(nanoseconds).

[0046] The wavelength of the laser light L is appropri-
ately selected according to the light absorption charac-
teristics ofthe absorber 65 in the subject M thatis a meas-
urement target. For example, in a case where the meas-
urement target is hemoglobin in the living body, that is,
in the case of imaging blood vessels, it is generally pref-
erable that the wavelength is a wavelength belonging to
the near-infrared wavelength range. The near-infrared
wavelength range means a wavelength range of approx-
imately 700 to 850 nm. However, it is natural that the
wavelength of the laser light L is not limited thereto. In
addition, the laser light L may have a single wavelength,
or may include a plurality of wavelengths of, for example,
750 nm and 800 nm. In a case where the laser light L
includes a plurality of wavelengths, light beams having
these wavelengths may be simultaneously emitted, or
may be emitted while being switched alternately.
[0047] In addition to the alexandrite laser described
above, the laser unit 13 can be formed by using a YAG-
second harmonic generation (SHG)-optical parametric
oscillation (OPO) laser, a Ti-Sapphire (titanium sapphire)
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laser, or the like capable of outputting laser light in the
near-infrared wavelength range similarly.

[0048] Thelaserunit13asalightsource forms a probe
unit together with the probe 11 and the optical fiber 60.
[0049] The optical fiber 60 guides the laser light L emit-
ted from the laser unit 13 to the two light emitting units
40. The optical fiber 60 is not particularly limited, and
known fibers, such as a quartz fiber, can be used. For
example, one thick optical fiber may be used, or a bundle
fiber in which a plurality of optical fibers are bundled may
be used. As an example, in a case where a bundle fiber
is used, the bundle fiber is arranged so that the laser light
L is incident from the light incidence end surface of a
group of fiber portions, and distal end portions of two
branched fiber portions of the bundle fiber form the light
emitting unit 40 as described above.

[0050] The ultrasound unit 12 has a receiving circuit
21, a receiving memory 22, a data separation unit 23, a
photoacoustic image generation unit 24, an ultrasound
image generation unit 29, a display control unit 30, a
transmission control circuit 33, and the control unit 34.
[0051] The controlunit 34 controls each unit of the pho-
toacoustic measurement apparatus 10, and includes a
trigger control circuit (not shown) in the present embod-
iment. The trigger control circuit transmits an optical trig-
ger signal to the laser unit 13, for example, in the case
of acquiring a photoacoustic image. As a result, the flash
lamp of the excitation source is turned on in the Q-switch
solid state laser of the laser unit 13, and excitation of the
laserrod is started. While the excitation state of the laser
rod is maintained, the laser unit 13 is ready to output the
laser light L.

[0052] Thereafter, the control unit 34 transmits a Q-
switch trigger signal to the laser unit 13 from the trigger
control circuit. That is, the control unit 34 controls the
output timing of the laser light L from the laser unit 13
using the Q-switch trigger signal. The control unit 34
transmits a sampling trigger signal to the receiving circuit
21 simultaneously with the transmission of the Q-switch
trigger signal. This sampling trigger signal specifies the
sampling start timing of the photoacoustic signal in an
analog to digital convertor (AD converter) of the receiving
circuit 21. Thus, it is possible to sample a photoacoustic
signal in synchronization with the output of the laser light
L by using the sampling trigger signal.

[0053] In the case of acquiring an ultrasound image,
the control unit 34 transmits an ultrasound wave trans-
mission trigger signal for giving an instruction to transmit
ultrasound waves to the transmission control circuit 33.
In a case where the ultrasound wave transmission trigger
signal is received, the transmission control circuit 33
makes the probe 11 transmit ultrasound waves. The con-
trol unit 34 transmits a sampling trigger signal to the re-
ceiving circuit 21 according to the timing of ultrasound
wave transmission, thereby starting the sampling of a
reflected ultrasound signal.

[0054] In the case of acquiring the photoacoustic im-
age or the ultrasound image described above, the posi-
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tion of the probe 11 is gradually changed in the above-
described elevation direction with respect to the subject
M, and the subject M is scanned with the laser light L or
ultrasound waves. Therefore, sampling of the photoa-
coustic signal or the reflected ultrasound signal is per-
formed while shifting the acoustic wave detection line line
by line in synchronization with the scanning. The scan-
ning may be performed by manually moving the probe
11 by the operator or may be performed using an auto-
matic scanning mechanism.

[0055] The receivingcircuit21 receives a detection sig-
nal output from the transducer array 20 of the probe 11,
and stores the received detection signal in the receiving
memory 22. Typically, the receiving circuit 21 is config-
ured to include a low noise amplifier, a variable gain am-
plifier, a low pass filter, and an AD converter. The detec-
tion signal of the probe 11 is amplified by the low noise
amplifier, and then gain adjustment according to the
depth is performed by the variable gain amplifier and a
high-frequency component is cut by the low pass filter.
Then, conversion into a digital signal is performed by the
AD converter, and the digital signal is stored in the re-
ceiving memory 22. The receiving circuit 21 is formed by
using one IC, for example.

[0056] In the present embodiment, the probe 11 out-
puts a detection signal of photoacoustic waves and a
detection signal of reflected ultrasound waves. There-
fore, digitized detection signals (sampling data) of pho-
toacoustic waves and reflected ultrasound waves are
stored in the receiving memory 22. The data separation
unit 23 reads the sampling data (photoacoustic data) of
the photoacoustic wave detection signal from the receiv-
ing memory 22, and transmits the sampling data to the
photoacoustic image generation unit 24. The data sep-
aration unit 23 reads the sampling data (reflected ultra-
sound data) of the reflected ultrasound detection signal
from the receiving memory 22, and transmits the sam-
pling data to the ultrasound image generation unit 29.
[0057] The photoacoustic image generation unit 24 re-
constructs data of one line by adding up the pieces of
photoacoustic data stored in the receiving memory 22
with a delay time corresponding to the position of the
transducer array 20 of the probe 11, and generates data
of a tomographic image (photoacoustic image) based on
the photoacoustic data of each line. The photoacoustic
image generation unit 24 may perform reconstruction us-
ing a circular back projection (CBP) instead of the delay
addition method. Alternatively, the photoacoustic image
generation unit 24 may perform reconstruction using a
Hough transform method or a Fourier transform method.
The photoacoustic image generation unit 24 outputs the
data of the photoacoustic image generated as described
above to the display control unit 30.

[0058] As is apparent from the above description, the
photoacoustic image generation unit 24 forms a signal
processing unit in the photoacoustic measurement ap-
paratus of the present invention.

[0059] The ultrasound image generation unit 29 gen-
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erates data of a tomographic image (ultrasound image)
by performing basically the same processing as for the
photoacoustic data on the reflected ultrasound data
stored in the receiving memory 22. The ultrasound image
generation unit 29 outputs the data of the ultrasound im-
age generated as described above to the display control
unit 30.

[0060] The display control unit 30 displays a photoa-
coustic image on the display unit 14 based on the data
of the photoacoustic image, and displays an ultrasound
image on the display unit 14 based on the data of the
ultrasound image. These two images are separately dis-
played on the display unit 14, or are combined to be dis-
played on the display unit 14 as a composite image. In
the latter case, the display control unit 30 performs image
combination by superimposing the photoacoustic image
and the ultrasound image, for example. In this manner,
in a case where the ultrasound image is generated and
displayed in addition to the photoacoustic image, a por-
tion that cannot be imaged in the photoacoustic image
can be observed in the ultrasound image.

[0061] Next, in the photoacoustic measurement appa-
ratus 10 having the basic constitution as described
above, a configuration for efficiently dissipating heatgen-
erated by the probe 11 will be described. Unless other-
wise stated, the directions of up, down, left, and right in
the probe 11 described below refer to directions in a state
in which the probe 11 is disposed as shown in Fig. 2.
[0062] The detection signal output from the transducer
array 20 of the probe 11 is input to the receiving circuit
21 shown in Fig. 1 as described above. However, since
the detection signal of the photoacoustic wave is weaker
than the detection signal of the reflected ultrasound
wave, it is desirable to amplify the detection signal of the
photoacoustic wave at the stage before the receiving cir-
cuit 21. In the present embodiment, therefore, as shown
in Fig. 2, the preamplifier 44 is provided in the housing
50. The preamplifier 44 is connected to the transducer
array 20 and the receiving circuit 21 through the wiring
42. The preamplifier 44 is formed by using one integrated
circuit (IC), for example. In this case, the IC may be con-
figured to include a circuit other than the preamplifier 44.
[0063] Originally, in the probe 11, the heat generated
by the transducer array 20 is easily transferred to the
subject M directly or through the top plate 50b. In a case
where the preamplifier 44 as a new heat source is pro-
vided in addition to the transducer array 20, there is a
possibility that the transducer array 20 and the top plate
50b in contact with the subject M will be further heated.
Therefore, it is necessary to suppress a temperature rise
in the transducer array 20 and the top plate 50b. For this
purpose, suppressing the heat generation itself of the
preamplifier 44 may be considered. In such a case, how-
ever, problems relevant to the degree of satisfaction or
the display image quality of the photoacoustic measure-
mentapparatus 10, such as areductionina value applied
to the transducer array 20 in order to transmit ultrasound
waves or a reduction in the sampling rate of the detection
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signal in the receiving circuit 21, occur.

[0064] Therefore, in the present embodiment, the
aforementioned problem can be prevented by efficiently
dissipating the heat generated from the transducer array
20 and the preamplifier 44. Hereinafter, the configuration
for the purpose will be described in detail. A heat transfer
plate 51 as a first heat conductive member formed of a
high heat conductivity material is tightly fixed to both the
left and right sides of the preamplifier 44. One end and
the other end of each heat transfer plate 51 are tightly
fixed to the inner surfaces of the two side plates 50a
facing each other of the housing 50. The two side plates
50a are the left and right side plates 50a in Fig. 4, that
is, the side plates 50a facing each other in the first direc-
tion described above.

[0065] Here, the above "high heat conductivity mate-
rial" generally refers to a material having a heat conduc-
tivity of 1 W/m-K or more. As specific examples of such
a high heat conductivity material, it is possible to apply
pyrolytic graphite, such as aluminum, stainless steel, and
"PGS graphite sheet" manufactured by Panasonic Elec-
tronic Devices Co., Ltd., and high heat conductivity resin
represented by "3M (registered trademark) hyper soft
heat dissipation material" manufactured by 3M Compa-
ny. One end and the other end of the heat transfer plate
51 are each processed into a T shape, and the fixing
strength with respect to the side plate 50a is enhanced.
This fixing is realized, for example by bonding using an
adhesive with heatresistance or by bonding using screw-
ing.

[0066] On the other hand, an upper end portion of a
heat transfer plate 52 formed of a high heat conductivity
material is fixed to each of the left and right sides of the
lower portion of the transducer array 20. The heat transfer
plate 52 can be formed of the same high heat conductivity
material as that used for the heat transfer plate 51 ex-
emplified above. As shown in the diagram, the heat trans-
ferplate 52is formedin a plate shape bent at three places,
and the lower end of each heat transfer plate 52 is fixed
to the upper portion of the heat transfer member 53.
[0067] As shown in Fig. 5, one heat transfer member
53 has an approximately thin quadrangular tubular shape
having a portion disposed around a plurality of optical
fibers 60 arranged in a column, and is formed of a high
heat conductivity material. As the high heat conductivity
material, for example, a metal foil, such as a copper foil
or an aluminum foil, can be applied.

[0068] One end of a heat transfer plate 54 is fixed to a
portion close to the lower end of the heat transfer member
53. The other ends of the two heat transfer plates 54 are
tightly fixed to the inner surfaces of the two side plates
50a facing each other of the housing 50. That s, the heat
transfer member 53 is fixed to the side plate 50a through
the heat transfer plate 54 on the proximal end side (side
opposite to the surface of the probe 11) of the side plate
50a rather than the fiber fixing member 43. The two side
plates 50a are the upper and lower side plates 50a in
Fig. 4, that is, the side plates 50a facing each other in
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the second direction described above. The heat transfer
plate 54 can also be formed of the same high heat con-
ductivity material as that used for the heat transfer plate
51 exemplified above.

[0069] The heat transfer plate 52, the heat transfer
member 53, and the heat transfer plate 54 described
above form a second heat conductive member in the
presentinvention. The heat transfer member 53 also has
a function of protecting a plurality of optical fibers 60. In
particular, in a case where the heat transfer member 53
is a highly elastic member, it is possible to prevent the
optical fiber 60 from being damaged by vibration exter-
nally applied to the probe 11 or to prevent positional de-
viation.

[0070] The widths of the heat transfer plate 52 and the
heat transfer plate 54 are almost the same as the width
of the heat transfer member 53 surrounding a plurality of
optical fibers 60. The heat transfer plate 52 is fixed to the
transducer array 20 and the heat transfer plate 54 is fixed
to the housing side plate 50a, for example, by bonding
using an adhesive with heat resistance or by bonding
using screwing. On the other hand, the heat transfer plate
52 and the heat transfer plate 54 are fixed to the heat
transfer member 53, for example, by bonding using an
adhesive with heat resistance.

[0071] Inthe configuration described above, heat gen-
erated mainly from the preamplifier 44 is satisfactorily
transferred to the two side plates 50a through the heat
transfer plate 51. In addition, heat generated mainly from
the transducer array 20 is satisfactorily transferred to the
two side plates 50a through the heat transfer plate 52,
the heat transfer member 53, and the heat transfer plate
54. Since the total area of the four side plates 50a is
considerably larger than the area of the top plate 50b of
the housing 50, heat can be satisfactorily dissipated from
the side plates 50a. As a result, an excessive increase
in the temperature of the top plate 50b of the housing 50
in contact with the subject M or the transducer array 20
and an excessive increase in the temperature of the vi-
cinity thereof are prevented.

[0072] Heat generated mainly from the preamplifier 44
may be transferred to one side plate 50a through the heat
transfer plate 51. In addition, heat generated mainly from
the transducer array 20 may be transferred to one side
plate 50a through the heat transfer plate 52, the heat
transfer member 53, and the heat transfer plate 54.
[0073] The heat conductivity of the high heat conduc-
tivity materials listed above is usually about two to three
orders (in the case of metal) and one to two orders (in
the case of high heat conductivity resin) higher than the
heat conductivity of ordinary resins, such as ABS resin
thatis often used as the material of the housing 50. There-
fore, compared with a case where the housing itself is
used as the heat transfer path, heat generated near the
surface of the probe 11 (the surface of the top plate 50b
or the surface of the transducer array 20) can be effi-
ciently transferred to the base side of the probe 11, that
is, a side far from the probe surface.
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[0074] Inthe presentembodiment, the heat generated
mainly from the transducer array 20 is transferred to the
side plate 50a through the heat transfer member 53 hav-
ing the above-described shape. Therefore, in a case
where the above-described second direction (elevation
direction) is considered, even if a plurality of optical fibers
60 are present between the transducer array 20 and the
side plate 50a, the above heat transfer can be realized.
[0075] Inthe presentembodiment, the heat generated
mainly from the preamplifier 44 is transferred in the
above-described first direction, that s, in the array direc-
tion of the ultrasound transducer 20a in the transducer
array 20, and the heat generated mainly from the trans-
ducer array 20 is transferred in the above-described sec-
ond direction (elevation direction). However, on the con-
trary, the heat generated mainly from the preamplifier 44
may be transferred in the second direction (elevation di-
rection), and the heat generated mainly from the trans-
ducer array 20 may be transferred in the first direction
(array direction). The above points also apply to second
to fourth embodiments to be described later.

[0076] However, asshowninFig.4,the two side plates
50a facing each other in the second direction (elevation
direction) among the four side plates 50a of the housing
50 generally have larger widths than the two side plates
50a facing each otherin the firstdirection (array direction)
since it is necessary for the transducer array 20 to have
a sufficient length to some extent. In addition, the amount
of heat generated by the transducer array 20 is usually
larger than the amount of heat generated by the pream-
plifier 44. Therefore, it can be said that it is more efficient
interms of heatdissipation thatthe heat generated mainly
from the transducer array 20 is transferred in the second
direction (elevation direction) so as to be dissipated from
the two wider side plates 50a facing each other in the
second direction.

<Second embodiment>

[0077] Next, a probe 211 according to a second em-
bodiment of the present invention will be described with
reference to Fig. 6. Fig. 6 shows the side cross-sectional
shape of the probe 211 of the present embodiment. In
Fig. 6, the same elements as in Fig. 2 described previ-
ously are denoted by the same reference numerals, and
the explanation thereof will be omitted unless particularly
required (the same hereinbelow). The probe 211 is dif-
ferent from the probe 11 shown in Fig. 2 in terms of the
configuration of the second heat conductive member.
That is, in the present embodiment, instead of the fiber
fixing member 43 shown in Fig. 2, a fiber fixing member
55 formed of a high heat conductivity material is applied.
As specific examples of such a high heat conductivity
material, it is possible to apply pyrolytic graphite, such
as aluminum, stainless steel, and "PGS graphite sheet"
manufactured by Panasonic Electronic Devices Co., Ltd.,
high heat conductivity resin represented by "3M (regis-
tered trademark) hyper soft heat dissipation material"
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manufactured by 3M Company, and a material in which
a high heat conductivity material, such as a copper foil,
is disposed on the surface of such a high heat conduc-
tivity resin. In the fiber fixing member 55, grooves into
which one optical fiber 60 or a plurality of optical fibers
60 are fitted so as to be fixed are formed on the slightly
inner side from one surface (surface facing the wiring 42
side in Fig. 6) of a rectangular parallelepiped member.
[0078] The heat transfer plate 52 is tightly fixed to the
heat transfer member 53 and is also tightly fixed to the
fiber fixing member 55. The heat transfer member 53 and
the fiber fixing member 55 are tightly fixed to a frame
member 56 as a holding member, and the frame member
56 is tightly fixed to the inner surface of the side plate
50a of the housing 50. That is, the heat transfer member
53 and the fiber fixing member 55 are fixed to the inner
surface of the side plate 50a with the frame member 56
interposed therebetween. In this manner, a portion close
to the distal end of the optical fiber 60 is fixed to the inner
surface of the side plate 50a of the housing 50 by the
fiber fixing member 55. The frame member 56 can also
be formed of the same high heat conductivity material as
thatused for the heat transfer plate 51 exemplified above.
[0079] The heat transfer plate 52, the heat transfer
member 53, the fiber fixing member 55, and the frame
member 56 described above form a second heat con-
ductive member in the present invention. On the other
hand, the firstheat conductive member is formed by using
the heat transfer plate 51 in the same manner as in the
configuration shown in Fig. 2.

[0080] In the configuration described above, heat gen-
erated mainly from the preamplifier 44 is satisfactorily
transferred to the two side plates 50a through the heat
transfer plate 51. In addition, heat generated mainly from
the transducer array 20 is satisfactorily transferred to the
two side plates 50a through the heat transfer plate 52,
the fiber fixing member 55, and the frame member 56
and through the heat transfer plate 52, the heat transfer
member 53, and the frame member 56. Therefore, heat
can be satisfactorily dissipated from the four side plates
50a. As a result, also in the present embodiment, an ex-
cessive increase in the temperature of the top plate 50b
of the housing 50 in contact with the subject M or the
transducer array 20 and an excessive increase in the
temperature of the vicinity thereof are prevented.
[0081] In particular, in the present embodiment, by ap-
plying the fiber fixing member 55 and the frame member
56 that are formed of a high heat conductivity material,
the area of the second heat conductive member in con-
tact with the side plate 50a of the housing 50 can be
further increased compared to the first embodiment. As
aresult, in the probe 211 of the present embodiment, the
heat dissipation effect is particularly high.

<Third embodiment>

[0082] Next, a probe 311 according to a third embod-
iment of the present invention will be described with ref-
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erence to Fig. 7. Fig. 7 shows the side cross-sectional
shape of the probe 311 of the present embodiment. The
probe 311 is basically different from the probe 211 shown
in Fig. 6 in that a heat transfer plate 58 having one end
portion and the other end portion tightly fixed to the trans-
ducer array 20 and the fiber fixing member 55, respec-
tively, is used instead of the heat transfer plate 52 and
the heat transfer member 53 is omitted. Since the heat
transfer member 53 is omitted, a simple plate-shaped
frame member 57 is used, which is somewhat different
from the frame member 56 in the configuration shown in
Fig. 6.

[0083] Inthe configuration described above, heat gen-
erated mainly from the preamplifier 44 is satisfactorily
transferred to the two side plates 50a through the heat
transfer plate 51. In addition, heat generated mainly from
the transducer array 20 is satisfactorily transferred to the
two side plates 50a through the heat transfer plate 58,
the fiber fixing member 55, and the frame member 57.
Therefore, heat can be satisfactorily dissipated from the
four side plates 50a. As a result, also in the present em-
bodiment, an excessive increase in the temperature of
the top plate 50b of the housing 50 in contact with the
subject M or the transducer array 20 and an excessive
increase in the temperature of the vicinity thereof are
prevented.

<Fourth embodiment>

[0084] Next, a probe 411 according to a fourth embod-
iment of the present invention will be described with ref-
erence to Fig. 8. Fig. 8 shows the side cross-sectional
shape of the probe 411 of the present embodiment. The
probe 411 is basically different from the probe 311 shown
in Fig. 7 in that the frame member 57 is omitted. That is,
the fiber fixing member 55 is tightly fixed directly to the
inner surface of the side plate 50a of the housing 50.
[0085] Inthe configuration described above, heat gen-
erated mainly from the preamplifier 44 is satisfactorily
transferred to the two side plates 50a through the heat
transfer plate 51. In addition, heat generated mainly from
the transducer array 20 is satisfactorily transferred to the
two side plates 50a through the heat transfer plate 58
and the fiber fixing member 55. Therefore, heat can be
satisfactorily dissipated from the four side plates 50a. As
a result, also in the present embodiment, an excessive
increase in the temperature of the top plate 50b of the
housing 50 in contact with the subject M or the transducer
array 20 and an excessive increase in the temperature
of the vicinity thereof are prevented.

[0086] Compared with the probe 411 of the present
embodiment, in the probe 311 shown in Fig. 7, the frame
member 57 that extends largely up to the base side of
the probe is used. Therefore, since the area of the second
heat conductive member in contact with the side plate
50a of the housing 50 is larger than that in the probe 411
of the present embodiment by the amount of extension,
the heat dissipation effect is high.
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<Fifth embodiment>

[0087] Next, a probe 511 according to a fifth embodi-
ment of the present invention will be described with ref-
erence to Fig. 9. Fig. 9 shows the side cross-sectional
shape of the probe 511 of the present embodiment. The
probe 511 is different from the probe 11 of the first em-
bodiment shown in Fig. 2 in that a heat transfer plate 71
tightly fixed to the transducer array 20 and the preampli-
fier 44 and a heat transfer plate 72 having one end and
the other end tightly fixed to the heat transfer plate 71
and the heat transfer member 53, respectively, are used
instead of the heat transfer plate 51 and the heat transfer
plate 52.

[0088] In the configuration described above, heat gen-
erated mainly from the preamplifier 44 and heat gener-
ated mainly fromthe transducer array 20 are satisfactorily
transferred to the two side plates 50a through the heat
transfer plate 71, the heat transfer plate 72, the heat
transfer member 53, and the heat transfer plate 54.
Therefore, heat can be satisfactorily dissipated from the
two side plates 50a. As a result, also in the present em-
bodiment, an excessive increase in the temperature of
the top plate 50b of the housing 50 in contact with the
subject M or the transducer array 20 and an excessive
increase in the temperature of the vicinity thereof are
prevented.

[0089] In the present embodiment, the heat generated
mainly from the preamplifier 44 and the transducer array
20is transferred in the above-described second direction
(elevation direction). However, on the contrary, heat may
be transferred in the above-described first direction (ar-
ray direction). The above points also apply to sixth to
eighth embodiments to be described later.

<Sixth embodiment>

[0090] Next, a probe 611 according to a sixth embod-
iment of the present invention will be described with ref-
erence to Fig. 10. Fig. 10 shows the side cross-sectional
shape of the probe 611 of the present embodiment. The
probe 611 is different from the probe 211 of the second
embodiment shown in Fig. 6 in that a heat transfer plate
71 tightly fixed to the transducer array 20 and the pream-
plifier 44 and heat transfer plates 72 and 73 each having
one end and the other end tightly fixed to the heat transfer
plate 71 and the heat transfer member 53, respectively,
are used instead of the heat transfer plate 51 and the
heat transfer plate 52.

[0091] Inthe configuration described above, heat gen-
erated mainly from the preamplifier 44 and heat gener-
ated mainly fromthe transducer array 20 are satisfactorily
transferred to the two side plates 50a through the heat
transfer path of the heat transfer plate 71, the heat trans-
fer plate 73, the fiber fixing member 55, and the frame
member 56 and the heat transfer path of the heat transfer
plate 71, the heat transfer plate 72, the heat transfer
member 53, and the frame member 56. Therefore, heat
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can be satisfactorily dissipated from the two side plates
50a. As a result, also in the present embodiment, an ex-
cessive increase in the temperature of the top plate 50b
of the housing 50 in contact with the subject M or the
transducer array 20 and an excessive increase in the
temperature of the vicinity thereof are prevented.

<Seventh embodiment>

[0092] Next, a probe 711 according to a seventh em-
bodiment of the present invention will be described with
reference to Fig. 11. Fig. 11 shows the side cross-sec-
tional shape of the probe 711 of the presentembodiment.
The probe 711 is different from the probe 311 of the third
embodiment shown in Fig. 7 in that a heat transfer plate
71 tightly fixed to the transducer array 20 and the pream-
plifier 44 and a heat transfer plate 72 having one end and
the other end tightly fixed to the heat transfer plate 71
and the fiber fixing member 55, respectively, are used
instead of the heat transfer plate 51 and the heat transfer
plate 58.

[0093] Inthe configuration described above, heat gen-
erated mainly from the preamplifier 44 and heat gener-
ated mainly from the transducer array 20 are satisfactorily
transferred to the two side plates 50a through the heat
transfer path of the heat transfer plate 71, the heat trans-
fer plate 72, the fiber fixing member 55, and the frame
member 57. Therefore, heat can be satisfactorily dissi-
pated from the two side plates 50a. As a result, also in
the present embodiment, an excessive increase in the
temperature of the top plate 50b of the housing 50 in
contact with the subject M or the transducer array 20 and
an excessive increase in the temperature of the vicinity
thereof are prevented.

<Eighth embodiment>

[0094] Next, a probe 811 according to an eighth em-
bodiment of the present invention will be described with
reference to Fig. 12. Fig. 12 shows the side cross-sec-
tional shape of the probe 811 of the presentembodiment.
The probe 811 is different from the probe 411 of the fourth
embodiment shown in Fig. 8 in that a heat transfer plate
71 tightly fixed to the transducer array 20 and the pream-
plifier 44 and a heat transfer plate 72 having one end and
the other end tightly fixed to the heat transfer plate 71
and the fiber fixing member 55, respectively, are used
instead of the heat transfer plate 51 and the heat transfer
plate 58.

[0095] Inthe configuration described above, heat gen-
erated mainly from the preamplifier 44 and heat gener-
ated mainly from the transducer array 20 are satisfactorily
transferred to the two side plates 50a through the heat
transfer path of the heat transfer plate 71, the heat trans-
fer plate 72, and the fiber fixing member 55. Therefore,
heat can be satisfactorily dissipated from the two side
plates 50a. As a result, also in the present embodiment,
an excessive increase in the temperature of the top plate
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50b of the housing 50 in contact with the subject M or
the transducer array 20 and an excessive increase in the
temperature of the vicinity thereof are prevented.
[0096] In all of the probes of the embodiments de-
scribed above, one light emitting unit 40 is disposed on
each of both sides of the transducer array 20, which is
an acoustic wave detector, with the transducer array 20
interposed therebetween. However, the present inven-
tion is not limited to such probes, and the present inven-
tion can also be applied to a probe in which a plurality of
light emitting units are disposed on at least one of both
sides of one acoustic wave detector, a probe in which
only one acoustic wave detector and one light emitting
unit are provided, or a probe in which a plurality of acous-
tic wave detectors are provided.

[0097] Inthe diagrams showing each embodiment de-
scribed above, the housing 50 has been described as a
quadrangular tubular shape having a constant cross-sec-
tional shape over the entire length (length in the tube axis
direction). However, the housing in the photoacoustic
measurement probe of the presentinvention is notlimited
to such a quadrangular tubular shape. Even in a case
where a part or the entirety of the housing 50 is formed
in a quadrangular tubular shape, the housing 50 may be
formed in various approximate quadrangular tubular
shapes without being limited to a complete quadrangular
tubular shape.

[0098] Figs. 13 and 14 show examples of the shape of
the housing 50 in detail. The following explanation will
be continued on the assumption that this example of
shape is applied to the probe 11 of the first embodiment.
Figs. 13 and 14 show the oblique shape and the side
surface shape of the probe 11 of this example, respec-
tively. As shown in these diagrams, the side plate 50a,
which is formed in an approximate quadrangular tubular
shape, of the housing 50 has a shape in which a quad-
rangular tubular portion on the distal end side having a
relatively large cross section and connected to the top
plate 50b and a quadrangular tubular portion, which is
relatively long and has a relatively small cross section,
are connected to each other in a tube axis direction. In
using the probe 11, the above relatively long quadran-
gular tubular portion is gripped by the operator. A cylin-
drical base portion 50e is formed in the housing 50 con-
tinuously to this portion, and a sleeve 50f for allowing the
wiring 42, the optical fiber 60, and the like shown in Fig.
2 to pass therethrough is provided continuously to the
base portion 50e.

[0099] In addition, although the probe 11 applied to the
photoacoustic measurement apparatus 10 capable of
generating and displaying not only a photoacoustic im-
age but also a reflected ultrasound image has been de-
scribed, it is needless to say that the probe of the present
invention can be applied to a photoacoustic measure-
ment apparatus configured not to generate and display
a reflected ultrasound image but only to generate and
display a photoacoustic image. Fig. 15 shows an exam-
ple of the photoacoustic measurement apparatus 10 con-
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figured as described above. The photoacoustic meas-
urement apparatus 10 shown in Fig. 15 has a configura-
tion in which the data separation unit 23, the ultrasound
image generation unit 29, and the transmission control
circuit 33 are removed compared with that shown in Fig.
1.

[0100] Inaddition, the photoacoustic measurement ap-
paratus 10 described above is configured to generate
and display a photoacoustic image. However, the probe
of the present invention is not limited to such a photoa-
coustic measurement apparatus, and can be applied to
all photoacoustic measurement apparatuses that per-
form certain measurement based on the detected pho-
toacoustic wave. That is, in a case where the probe of
the present invention is applied to the photoacoustic
measurement apparatus, it is possible to prevent the
probe surface in contact with the subject M and the vi-
cinity thereof from excessively rising in temperature as
described above.

Explanation of References
[0101]

10: photoacoustic measurement apparatus
11, 211, 311, 411, 511, 611, 711, 811: probe
12: ultrasound unit

13: laser unit

14: display unit

20: transducer array

21: receiving circuit

22: receiving memory

23: data separation unit

24: photoacoustic image generation unit
29: ultrasound image generation unit

30: display control unit

33: transmission control circuit

34: control unit

40: light emitting unit

43: fiber fixing member

44: preamplifier

50: housing

50a: side plate of housing

50b: top plate of housing

50d: bottom plate of housing

51, 52, 54, 58, 71, 72: heat transfer plate
53: heat transfer member

55: fiber fixing member

56, 57: frame member (holding member)
60: optical fiber

65: absorber

L: laser light (measurement light)

M: subject

U: acoustic wave
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Claims the second heat conductive member has a por-
tion disposed around the plurality of optical fib-
1. A photoacoustic measurement probe, comprising: ers.

alight emitting unit (40) that emits measurement 5 5. The photoacoustic measurement probe according

light toward a subject (M);

an optical fiber (60) that guides the measure-
ment light to the light emitting unit;

an acoustic wave detector (20) that detects an

tical fibers extending in a tube axis direction of
the tubular member, the plurality of optical fibers
being arranged to be aligned in a direction par-
allel to the first direction, and

12

to any one of claims 1 to 4, including a plurality of
the optical fibers, the probe further comprising:

a fiber fixing member that fixes the plurality of

acoustic wave emitted from a part of the subject 70 optical fibers to the housing,
that has absorbed the measurement light and wherein the second heat conductive member is
that includes a plurality of electroacoustic con- in contact with the side plate on a proximal end
version elements arranged in at least a first di- side of the side plate and not in contact with the
rection; fiber fixing member.
an amplifier (9) that amplifies an output of the 15
acoustic wave detector; The photoacoustic measurement probe according
a housing (50) which is a tubular member includ- to any one of claims 1 to 5, including a plurality of
ing a side plate (50a) and in which the light emit- the optical fibers,
ting unit (40), the optical fiber (60), the acoustic wherein the second heat conductive member also
wave detector (20), and the amplifier are 20 serves as afiber fixing member that fixes the plurality
housed; of optical fibers to the housing.
a first heat conductive member (51) that is in
contact with a first part of the side plate and the The photoacoustic measurement probe according
amplifier to transfer heat generated by the am- to any one of claims 1 to 6,
plifier to the side plate; and 25 wherein the second heat conductive member is in
a second heat conductive member (52, 53, 54) contactwith aninner surface of the side plate through
that is in contact with a second part of the side a holding member.
plate, different from the first part, and the acous-
tic wave detector to transfer heat generated by The photoacoustic measurement probe according
the acoustic wave detector to the side plate. 30 to any one of claims 1 to 7,
2. The photoacoustic measurement probe according wherein two light emitting units are provided,
to claim 1, the acoustic wave detector is disposed on a dis-
tal end side of the tubular member, and
wherein the tubular member has a quadrangular 35 on the distal end side of the tubular member, the
tubular shape at least a part of which is formed two light emitting units are disposed with the
by four side plates including the side plate, acoustic wave detector interposed therebe-
the first heat conductive member is in contact tween in a second direction crossing the first di-
with at least one of a first two side plates facing rection.
each other in the first direction, and 40
the second heat conductive member is in con- 9. A probe unit, comprising:
tact with at least one of a second two side plates
different from the first two side plates. the photoacoustic measurement probe accord-
ing to any one of claims 1 to 8;
The photoacoustic measurement probe according 45 a light source that outputs measurement light;
to claim 2, and
wherein a width of each of the second two side plates a connection unit that optically connects the
is larger than a width of each of the first two side measurement light to the light emitting unit of
plates. the photoacoustic measurement probe.
50
The photoacoustic measurement probe according 10. A photoacoustic measurement apparatus, compris-
to any one of claims 1 to 3, ing:
wherein the probe includes a plurality of the op- the photoacoustic measurement probe accord-
55

ing to any one of claims 1 to 8; and

a signal processing unit that generates a pho-
toacoustic image based on a photoacoustic
wave detection signal output from the photoa-
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coustic measurement probe.

Patentanspriiche

1.

Optoakustische Messsonde, umfassend:

eine Lichtemissionseinheit (40), die Messlicht
auf ein Subjekt (M) emittiert;

eine optische Faser (60), die das Messlicht zu
der Lichtemissionseinheit leitet;

einen Akustikwellendetektor (20), der eine von
einem Teil des Subjekts, der das Messlicht ab-
sorbiert hat, emittierte Akustikwelle detektiert,
und der mehrere elektroakustische Wandlere-
lemente enthalt, die zumindest in einer ersten
Richtung angeordnet sind;

einen Verstarker (9), der ein Ausgangssignal
des akustischen Wellendetektors verstarkt;

ein Gehause (50), bei dem es sich um ein rohr-
formiges Element mit einer Seitenplatte (50a)
handelt, und in dem das Lichtemissionselement
(40), die optische Faser (60), der Akustikwellen-
detektor (20) und der Verstarker aufgenommen
sind;

ein erstes Warmeleitelement (51), das in Beriih-
rung mit einem ersten Teil der Seitenplatte und
mit dem Verstarker steht, um von dem Verstar-
ker erzeugte Warme zu der Seitenplatte zu tiber-
tragen; und

ein zweites warmeleitendes Element (52, 53,
54), das in Beriihrung mit einem zweiten Teil der
Seitenplatte verschieden von dem ersten Teil
und dem Akustikwellendetektor steht, um von
dem Akustikwellendetektor erzeugte Warme
auf die Seitenplatte zu Ubertragen.

Optoakustische Messsonde nach Anspruch 1,

bei der das rohrférmige Element eine Rechteck-
Rohrform aufweist, von der zumindest ein Teil durch
vier Seitenplatten gebildet wird, die die Seitenplatte
enthalten,

das erste warmeleitende Element in Beriihrung mit
mindestens einer von ersten zwei Seitenplatten
steht, die einander in der ersten Richtung gegenii-
berliegen, und

das zweite warmeleitende Element in Beriihrung mit
mindestens einer von zweiten zwei Seitenplatten
steht, verschieden von den ersten zwei Seitenplat-
ten.

Optoakustische Messsonde nach Anspruch 2,

bei der eine Breite jeder der zweiten zwei Seitenplat-
ten grofRer ist als eine Breite jeder der ersten zwei
Seitenplatten.

Optoakustische Messsonde nach einem der Ansprii-
che 1 bis 3,
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beiderdie Sonde mehrere der optischen Fasern ent-
halt, die sich in einer Rohrachsenrichtung des
Rohrelements erstrecken, wobei die mehreren opti-
schen Fasern so angeordnet sind, dass sie in einer
Richtung parallel zu der ersten Richtung ausgerich-
tet sind, und

das zweite warmeleitende Element einen Abschnitt
aufweist, der um die mehreren optischen Fasern he-
rum angeordnet ist.

Optoakustische Messsonde nach einemder Anspri-
che 1 bis 4, enthaltend mehrere der optischen Fa-
sern, wobei die Sonde auRerdem aufweist:

ein Faserfixierelement, welches die mehreren opti-
schen Fasern an dem Geh&use fixiert, wobei das
zweite warmeleitende Element in Berlihrung mit der
Seitenplatte auf einer proximalen Endseite der Sei-
tenplatte und nichtin Beriihrung mit dem Faserfixier-
element steht.

Optoakustische Messsonde nach einemder Anspri-
che 1 bis 35, enthaltend eine Mehrzahl der optischen
Fasern,

wobei das zweite warmeleitende Element auch als
Faserfixierelement dient, das die mehreren opti-
schen Fasern an dem Gehause fixiert.

Optoakustische Messsonde nach einemder Anspri-
che 1 bis 6,

bei der das zweite warmeleitende Element UGber ein
Halteelementin Beriihrung mit einer Innenflache der
Seitenplatte steht.

Optoakustische Messsonde nach einemder Anspri-
che 1 bis 7,

bei der zwei Lichtemissionseinheiten vorgesehen
sind,

der Akustikwellendetektor sich an einer distalen
Endseite des Rohrelements befindet, und

auf der distalen Endseite des Rohrelements die bei-
den Lichtemissionseinheiten so angeordnet sind,
dass sich der Akustikwellendetektor zwischen ihnen
in einer zweiten, die erste Richtung kreuzenden
Richtung befindet.

Sondeneinheit, umfassend:

eine optoakustische Messsonde nach einem
der Anspriche 1 bis 8;

eine Lichtquelle, die Messlicht abgibt; und
eine Verbindungseinheit, welche das Messlicht
mit der Lichtemissionseinheit der optoakusti-
schen Messsonde optisch verbindet.

10. Optoakustische Messvorrichtung, umfassend:

die optoakustische Messsonde nach einem der
Anspriiche 1 bis 8; und
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eine Signalverarbeitungseinheit, die ein optoa-
kustisches Bild basierend auf einem von der op-
toakustischen Messsonde ausgegebenen Op-
toakustikwellen-Detektorsignal erzeugt.

Revendications

1.

Sonde de mesure photoacoustique, comprenant :

une unité d’émission de lumiére (40), laquelle
émet une lumiére de mesure vers un sujet (M) ;
une fibre optique (60), laquelle guide la lumiere
de mesure vers 'unité d’émission de lumiére ;
un détecteur d’'onde acoustique (20), lequel dé-
tecte une onde acoustique émise a partir d’'une
partie du sujet ayant absorbé la lumiére de me-
sure, et lequel inclut une pluralité d’éléments de
conversion électroacoustique agencés dans au
moins une premiére direction ;

un amplificateur (9), lequel amplifie une sortie
du détecteur d’onde acoustique ;

un logement (50), lequel est un élément tubu-
laire incluant une plaque latérale (50a) et dans
lequel I'unité d’émission de lumiére (40), la fibre
optique (60), le détecteur d’'onde acoustique
(20), et 'amplificateur sont logés ;

un premier élément thermoconducteur (51), le-
quel est en contact avec une premiére partie de
la plaque latérale et 'amplificateur afin de trans-
férer la chaleur générée par 'amplificateur a la
plaque latérale, et

un second élément thermoconducteur (52, 53,
54), lequel esten contactavec une seconde par-
tie delaplaque latérale, différente de la premiére
partie, et le détecteur d’'onde acoustique afin de
transférer la chaleur générée par le détecteur
d’onde acoustique a la plaque latérale.

Sonde de mesure photoacoustique selon la reven-
dication 1,

danslaquelle I'élément tubulaire présente une forme
tubulaire quadrangulaire dont au moins une partie
est formée par quatre plaques latérales incluant la
plaque latérale ;

le premier élément thermoconducteur est en contact
avec au moins une plagque parmi deux premiéres
plaques latérales se faisant face dans la premiére
direction, et

le second élément thermoconducteur est en contact
avec au moins une plaque parmi deux secondes pla-
ques latérales différentes des deux premieres pla-
ques latérales.

Sonde de mesure photoacoustique selon la reven-
dication 2,

dans laquelle une largeur de chacune des deux se-
condes plaques latérales est plus grande qu’une lar-
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geur de chacune des deux premiéres plaques laté-
rales.

Sonde de mesure photoacoustique selon I'une quel-
conque des revendications 1 a 3,

dans laquelle la sonde inclut une pluralité des fibres
optiques s’étendant dans une direction d’axe de tube
de I'élément tubulaire, la pluralité de fibres optiques
étant agencée de maniere a étre alignée dans une
direction paralléle a la premiére direction, et

le second élément thermoconducteur présente une
portion disposée autour de la pluralité de fibres op-
tiques.

Sonde de mesure photoacoustique selon I'une quel-
conque des revendications 1 a 4, incluant une plu-
ralité des fibres optiques, la sonde comprenant en
outre :

un élément de fixation de fibre, lequel fixe la plu-
ralité de fibres optiques sur le logement,
danslaquelle le second élémentthermoconduc-
teur est en contact avec la plaque latérale sur
un c6té d’extrémité proximale de la plaque laté-
rale et n’est pas en contact avec I'élément de
fixation de fibre.

Sonde de mesure photoacoustique selon I'une quel-
conque des revendications 1 a 5, incluant une plu-
ralité des fibres optiques,

dans laquelle le second élément thermoconducteur
sert également d’élément de fixation de fibre, lequel
fixe la pluralité de fibres optiques sur le logement.

Sonde de mesure photoacoustique selon I'une quel-
conque des revendications 1 a 6,

dans laquelle le second élément thermoconducteur
est en contact avec une surface intérieure de la pla-
que latérale par le biais d’'un élément de serrage.

Sonde de mesure photoacoustique selon I'une quel-
conque des revendications 1 a 7,

dans laquelle sont prévues deux unités d’émission
de lumiére,

le détecteur d’'onde acoustique est disposé sur un
coté d’extrémité distale de I'élément tubulaire, et
sur le coté d’extrémité distale de I'élément tubulaire,
les deux unités d’émission de lumiére sont dispo-
sées avec le détecteur d’onde acoustique intercalé
entre elles dans une seconde direction croisant la
premiére direction.

Unité de sonde, comprenant :

lasonde de mesure photoacoustique selonl'une
quelconque des revendications 1 a 8,

une source de lumiére, laquelle produit la lumié-
re de mesure, et
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une unité de connexion, laquelle connecte par
voie optique la lumiére de mesure a l'unité
d’émission de lumiére de la sonde de mesure
photoacoustique.

10. Appareil de mesure photoacoustique, comprenant :
lasonde de mesure photoacoustique selonl'une
quelconque des revendications 1 a 8, et
une unité de traitement de signaux, laquelle gé- 10
nére une image photoacoustique sur la base
d’'un signal de détection d’'onde photoacousti-

que produit a partir de la sonde de mesure pho-

toacoustique.
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