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(57) ABSTRACT

An ultrasound imaging probe capable of securing an assem-
bly accuracy of and improving a resolution performance of
an obtained image is provided. A photoacoustic catheter
includes: a silicon substrate which includes an ultrasonic
transducer for detecting an ultrasonic wave formed thereon
and a through hole passing through front and rear surfaces;
an optical fiber which oscillates a laser; a lens which
condenses the laser and is arranged within the through hole;
a tubular housing; a glass cover which covers the lens; and
a resin which fills a gap between the through hole and the
lens. Further, the silicon substrate and the optical fiber are
fixed to a part of the housing in the housing.
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[FIG. 4]
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[FIG. 5]
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[FIG. 6]
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ULTRASOUND IMAGING PROBE,
MANUFACTURING METHOD THEREOF,
AND ULTRASONIC IMAGING DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound
imaging probe using an ultrasonic transducer, a manufac-
turing method thereof, and an ultrasonic imaging device.

BACKGROUND ART

[0002] In an ultrasonic imaging device in which a vascular
catheter used in a medical field is attached, for example, a
crimped state or the like of the stent and the vascular wall is
imaged by radiating an ultrasonic wave on an inspection
object part of a blood vessel to detect the ultrasonic wave
which is reflected therefrom.

[0003] A forward-looking member intended to image the
front side of the catheter is used to perform the ultrasonic
wave inspection on the inside of the blood vessel. A forward-
looking catheter is used to mainly image a portion (throm-
bus) of which the blood vessel is occluded by a tumor or the
like. For this reason, in the forward-looking catheter, it is
requested that the inside of the blood vessel is imaged with
a large field of view. In addition, the length of the thrombus
may reach several centimeters, and it is requested to image
the deep portion. In the conventional method of radiating the
ultrasonic wave and detecting the ultrasonic wave reflected
therefrom, the deep portion can be imaged, but it is difficult
to secure a visual field for imaging the inside of the entire
blood vessel including the thrombus.

[0004] In this regard, a photoacoustic catheter which cap-
tures an image by radiating laser on the inside of the entire
blood vessel including the thrombus with a wide angle and
detecting the ultrasonic wave output therefrom by an ultra-
sonic transducer is effective.

[0005] For example, JP-A-2013-99589 (PTL 1) discloses
a structure of an imaging probe in which a hole is formed in
a transducer itself, and a lens is arranged in the hole.

CITATION LIST

Patent Literature

[0006] PTL 1: JP-A-2013-99589
SUMMARY OF INVENTION
Technical Problem
[0007] In the photoacoustic catheter, it is necessary to

arrange and fix an acoustic element such as an ultrasonic
transducer and an optical element such as an optical fiber or
a lens with an accuracy of 100 um or less. In the assembly
of the above-described vascular catheter which transmits
and receives an ultrasonic wave, an element component of
1 mm or less is manually positioned under a microscope by
a visual observation. In the assembly method, it is difficult
to assemble the photoacoustic catheter, and there is a prob-
lem to establish a technology which can secure an assembly
accuracy of the photoacoustic catheter.

[0008] Incidentally, the imaging probe described in PTL 1
does not use a substrate (silicon substrate) in which the
element of the ultrasonic transducer is formed, and the
assembly method of the imaging probe cannot be applied to
the component mounting of the photoacoustic catheter.
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[0009] An object of the invention is to provide a technol-
ogy which can secure an assembly accuracy of an ultrasound
imaging probe to improve a resolution performance of an
obtained image.

[0010] The above object and novel features of the inven-
tion will become apparent from the description of this
specification and the accompanying drawings.

Solution to Problem

[0011] An outline of representative features in embodi-
ments disclosed in this application will be described in brief
as follows.

[0012] An ultrasound imaging probe according to one
embodiment includes: a substrate which includes an ultra-
sonic transducer for detecting an ultrasonic wave formed
thereon and a through hole passing through front and rear
surfaces; an optical fiber which oscillates a laser; a lens
which condenses the laser and is arranged in the through
hole; and a tubular housing. The substrate and the optical
fiber are fixed to the housing.

[0013] A manufacturing method of an ultrasound imaging
probe according to one embodiment includes: (a) a process
of preparing a substrate which includes an ultrasonic trans-
ducer for detecting an ultrasonic wave is formed thereon and
a through hole passing through front and rear surfaces; and
(b) a process of fixing the substrate to the inside of a tubular
housing after the process (a). The manufacturing method of
the ultrasound imaging probe further includes (c) a process
of arranging a lens within the through hole of the substrate
after the process (b); and (d) a process of fixing an optical
fiber for oscillating a laser to the inside of the housing after
the process (¢). The substrate and the optical fiber are fixed
to the housing.

[0014] An ultrasonic imaging device according to one
embodiment includes: an ultrasound imaging probe which
includes a substrate in which an ultrasonic transducer for
detecting an ultrasonic wave is formed thereon, and an
optical fiber which oscillates a laser; a laser control part
which controls the laser; and a receiving part which receives
a signal which is converted from the ultrasonic wave by the
ultrasonic transducer. The ultrasonic imaging device further
includes: an image processing part which performs image
processing on the signal received by the receiving part; and
a display part which displays images processed by the image
processing part. In the ultrasound imaging probe, the laser is
condensed by alens arranged within a through hole included
by the substrate, and the substrate and the optical fiber are
fixed to a tubular housing.

Advantageous Effects of Invention

[0015] The effects obtained by representative aspects of
the invention disclosed in this application will be briefly
described below.

[0016] In the ultrasound imaging probe, it is possible to
improve the position accuracy of the acoustic element and
the optical element to secure the assembly accuracy of the
ultrasound imaging probe, and to improve the resolution
performance of the obtained image.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 is a schematic configuration diagram illus-
trating one example of an ultrasonic imaging device of an
embodiment of the invention.
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[0018] FIG. 2 is a perspective view partially illustrating
one example of a use situation of the ultrasonic imaging
device of FIG. 1.

[0019] FIG. 3 is a block diagram illustrating one example
of a configuration of the ultrasonic imaging device of FIG.
1.

[0020] FIG. 4 is a perspective view illustrating one
example of a structure of a catheter provided in the ultra-
sonic imaging device of FIG. 1.

[0021] FIG. 5 is an enlarged cross-sectional view partially
illustrating one example of a structure of a tip part in the
catheter of FIG. 4.

[0022] FIG. 6 is a transparent plan view illustrating one
example of a positional relation among members in the
catheter of FIG. 5.

[0023] FIG. 7 is a cross-sectional view partially illustrat-
ing one example (without any deviation) of a relation of a
positional deviation between a through hole and a lens in the
catheter of FIG. 5.

[0024] FIG. 8 is a cross-sectional view partially illustrat-
ing one example (maximum deviation) of the relation of the
positional deviation between the through hole and the lens in
the catheter of FIG. 5.

DESCRIPTION OF EMBODIMENTS

[0025] FIG. 1 is a schematic configuration diagram illus-
trating one example of an ultrasonic imaging device of an
embodiment of the invention, FIG. 2 is a perspective view
partially illustrating one example of a use situation of the
ultrasonic imaging device of FIG. 1, and FIG. 3 is a block
diagram illustrating one example of a configuration of the
ultrasonic imaging device of FIG. 1.

[0026] The ultrasonic imaging device of the embodiment
illustrated in FIG. 1 will be described.

[0027] An ultrasonic imaging device 1 illustrated in FIG.
1 is an inspection device in which a catheter used in a
medical field or the like is attached. For example, a crimped
state or the like of a stent and a vascular wall is imaged and
inspected by radiating laser on an inspection object part of
a blood vessel and detecting an ultrasonic wave which is
reflected therefrom.

[0028] In the ultrasonic imaging device 1 of the embodi-
ment, the attached catheter is an ultrasound imaging probe
which is also called a photoacoustic catheter 5.

[0029] The configuration of the ultrasonic imaging device
1 is described using FIGS. 1 to 3. The ultrasonic imaging
device 1 includes a main body part 2 which includes a laser
control part 25, a reception circuit part (receiving part) 2e,
an image processing part 2f, and the like as illustrated in
FIG. 3, a catheter connection part 6 which is connected to a
connection part 2a of the main body part 2 illustrated in FIG.
1, and a photoacoustic catheter 5 which is an ultrasound
imaging probe connected to the catheter connection part 6.
[0030] The ultrasonic imaging device 1 includes a display
part 3 which projects the image of the inspection object part
and an input part 4 which inputs various pieces of informa-
tion by a key operation at the time of inspecting.

[0031] As illustrated in FIG. 2, at the time of inspecting,
first, a laser 7 is oscillated from an optical fiber 54 provided
in the photoacoustic catheter 5 with respect to the inspection
object part, an ultrasonic wave 8 coming out therefrom is
detected and received, and the state of the inspection object
part is projected to the display part 3. Then, depending on
the situation, for example, a treatment is performed such that
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the laser 7 is radiated on a thrombus 9« of a blood vessel 9
which is an inspection object part to burn off the thrombus
9a.

[0032] As illustrated in FIGS. 1 to 3, the photoacoustic
catheter (ultrasound imaging probe) 5 which is connected to
the main body part 2 of the ultrasonic imaging device 1
through the catheter connection part 6 is provided with an
ultrasonic transducer (CMUT (Capacitive Micro-machined
Ultrasonic Transducers)) 5b and the optical fiber 54 which
oscillates the laser 7. The ultrasonic transducer 54 is a Micro
EBlectro Mechanical Systems (MEMS) sensor, and the ultra-
sonic transducer 55 of the embodiment is, for example, an
acoustic element formed in an array type.

[0033] On the other hand, the main body part 2 of the
ultrasonic imaging device 1 is provided with the laser
control part 25 which controls the oscillation of the laser 7
radiated from the optical fiber 5d, a bias part 2¢ which
supplies the bias current to the ultrasonic transducer 55, the
reception circuit part (receiving part) 2e which receives the
signal which is converted from the ultrasonic wave 8
detected by the ultrasonic transducer 56 provided in the
photoacoustic catheter 5, and the image processing part 2/
which performs image processing on the signal received by
the reception circuit part 2e.

[0034] The main body part 2 is provided with the bias part
2¢ which supplies the bias current to the ultrasonic trans-
ducer 56 and the control part 2d which drives the optical
fiber 5d or controls the image processing part 2f.

[0035] The display part 3 of the ultrasonic imaging device
11is a monitor which displays images processed by the image
processing part 2/

[0036] Accordingly, in the ultrasonic imaging device 1, it
is possible to image the front side of the catheter by the
photoacoustic catheter 5.

[0037] When the thrombus is imaged and treated by using
the ultrasonic imaging device 1, first, the photoacoustic
catheter 5 is advanced close to the thrombus under the
guidance using an X-ray image. Then, as illustrated in FIG.
2, the optical fiber 5d is driven to be rotated, the laser 7 is
radiated on the thrombus 9a, the ultrasonic wave 8 coming
out therefrom is detected by the ultrasonic transducer 55,
and the state of the thrombus 9« is projected to the display
part 3.

[0038] Next, the laser 7 is similarly radiated on the throm-
bus 9¢ while checking the image of the display part 3, and
the thrombus 9« is burnt off to be removed. Accordingly, the
occluded place of the blood vessel 9 is penetrated. There-
after, the stent is arranged within the blood vessel 9, and the
stent is expanded.

[0039] The laser 7 is radiated by the photoacoustic cath-
eter 5 to image and check the indwelled state of the stent.
[0040] Next, a specific structure of the photoacoustic
catheter 5 which is the ultrasound imaging probe of the
embodiment will be described.

[0041] FIG. 4 is a perspective view illustrating one
example of the structure of the catheter provided in the
ultrasonic imaging device of FIG. 1. FIG. 5 is an enlarged
cross-sectional view partially illustrating one example of the
structure of the tip part in the catheter of FIG. 4. FIG. 6 is
a transparent plan view illustrating one example of a posi-
tional relation among members in the catheter of FIG. 5.
[0042] As illustrated in FIG. 1, the photoacoustic catheter
(ultrasound imaging probe) 5 is connected to the catheter
connection part 6 which is connected to the connection part
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2a of the main body part 2 of the ultrasonic imaging device
1, and is an elongated tubular member as illustrated in FIG.
4.

[0043] As illustrated in FIG. 5, near the tip part of the
photoacoustic catheter 5, the ultrasonic transducer 56 for
detecting the ultrasonic wave 8 illustrated in FIG. 2 is
formed on the surface thereof, and there are provided with
a silicon substrate (substrate) 5a including a through hole 5¢
passing through front and rear surfaces and a lens 5e¢ which
condenses the laser 7 and is arranged in the through hole 5¢.
That is, the silicon substrate 5a and the lens 5e are arranged
within the tip part of a housing 5/ The housing 5/ has a
cylindrical shape (tubular shape) and is an elongated tubular
member, In FIG. 5, an electronic circuit substrate or a cable
required to transfer the signal of the ultrasonic transducer 55
is omitted. In FIG. 5, a cable for transferring a voltage signal
required to drive an actuator 5z is omitted.

[0044] The optical fiber 5d which oscillates the laser 7 is
stored in the housing 5f'in the state of being arranged along
the central axis thereof.

[0045] In the photoacoustic catheter 5 of the embodiment,
the silicon substrate 5¢ and the optical fiber 54 are fixed to
a part of the housing 5/ within the housing 5/

[0046] In the silicon substrate 5a, the cylindrical through
hole 5¢ is formed in the central portion, and thus the planar
shape thereof is a ring shape and a disc shape. On the other
hand, the housing 5/ has a cylindrical appearance and also
has an almost cylindrical hollow portion therein. Further, the
outer circumferential portion of the silicon substrate 5a is
fixed to an inner circumferential wall 5f¢ of the housing 5/
[0047] The ultrasonic transducer 5b is an electrostatic
capacitance sensor which is formed on the silicon substrate
5a having a ring shape in plan view and is arranged to
surround the through hole 5¢ in plan view as illustrated in
FIG. 6. Further, the cylindrical lens 5e is arranged on the
inner circumferential side of the ultrasonic transducer 55.
That is, the cylindrical lens 5S¢ is arranged within the
cylindrical through hole 5¢ of the central portion of the
silicon substrate 5a.

[0048] A gap 10 between the cylindrical lens Se and the
through hole 5¢ of the silicon substrate 5a is filled with a
transparent resin 5g. Further, the planar shape and the
positional relation regarding the housing 5/, the silicon
substrate 5a, the ultrasonic transducer 55, the resin 5g, and
the lens Se are illustrated in FIG. 6.

[0049] As illustrated in FIG. 5, the ultrasonic transducer
56 formed on the silicon substrate 5a is covered with a
protective film 5/ and is protected by the protective film 5.
[0050] The lens 5e has a first surface Sea which intersects
with the oscillating direction P of the laser 7 and a second
surface 5eb which is on an opposite side thereto. The second
surface Seb which is positioned on the outside (tip side)
between the first surface Sea and the second surface 5eb is
covered with a transparent glass cover 5i which contacts the
second surface 5eb. That is, the glass cover 5i has a disc
shape and is arranged to block the opening portion on the tip
side of the through hole 5¢ of the silicon substrate Sa.
[0051] The ultrasonic transducer 55 is arranged on the
circumferential outside of the disc-shaped glass cover 5i,
and the circumferential outside is covered with the protec-
tive film 5% which fills the position between the glass cover
5i and the housing 5/

[0052] The side surface (third surface) Sec which is posi-
tioned between the first surface Sea and the second surface
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Seb of the lens Se is partially covered with the transparent
resin 5S¢ as described above. Specifically, the above-de-
scribed gap 10, which is formed in the through hole 5¢ of the
silicon substrate Sa with the inner wall of the through hole
5c of the silicon substrate 5a, the side surface Sec of the lens
Se, and a part of the glass cover 5i, is filled with the
transparent resin 5g.

[0053] A resin sheath 5k is provided outside the housing 5/
to cover the housing 5. Accordingly, the area between the
sheath 5k and the housing 5/ serves as a flow path 5m of a
blood removal liquid.

[0054] Herein, in the photoacoustic catheter 5 of the
embodiment, the silicon substrate 5a and the optical fiber 54
are fixed to the housing 5/. Specifically, the silicon substrate
5a is arranged on a ring-shaped support part 5fa protruding
from the inner circumferential wall §fc toward the center of
the housing 5/in the housing 5f, and is fixed to the support
part 5fa.

[0055] On the other hand, the optical fiber 54 is arranged
along the extending direction of the housing 5f'in the inner
central portion of the cylindrical housing 5, and is rotatably
supported by the support part 56 protruding from the inner
circumferential wall 5/¢ of the housing 5f

[0056] Accordingly, in the photoacoustic catheter 5 of the
embodiment, the silicon substrate 5a and the optical fiber 54
are fixed to the housing 5f. Thus, it is possible to align three
axes of the ultrasonic transducer 556 formed on the silicon
substrate 5a, the lens 5e arranged in the through hole 5¢ of
the silicon substrate 54, and the optical fiber 5d.

[0057] That is, the positioning of the lens 5e is determined
by the through hole 5¢ of the silicon substrate 5a, and the
positioning of the silicon substrate 5a and the optical fiber 54
are determined by the housing 5f. Thus, it is possible to align
three axes of the ultrasonic transducer 55, the lens 5e, and
the optical fiber 5d. In other words, a center C3 of the optical
fiber 5d illustrated in FIG. 5, a center C1 of the silicon
substrate Sa illustrated in FIG. 8 which will be described
later, and a center C2 of the lens 5S¢ can be matched with a
high position accuracy.

[0058] As a result, it is possible to secure the assembly
accuracy in the photoacoustic catheter (ultrasound imaging
probe) 5. In other words, in the photoacoustic catheter 5, it
is possible to establish a component mounting method in
which the position accuracy of the laser 7 (lens 5¢) and the
ultrasonic transducer 55 is improved.

[0059] For example, in the photoacoustic catheter 5 of the
embodiment, it is possible to arrange and fix the acoustic
element (ultrasonic transducer 55) and the optical element
(the optical fiber 54 or the lens 5e) with the accuracy of
about 100 pm.

[0060] In the photoacoustic catheter 5 of the embodiment,
the optical fiber 54 is attached such that the tip side thereof
is rotatable. Specifically, as illustrated in FIG. 5, the actuator
5n is attached on the tip side of the optical fiber 54, and the
tip side of the optical fiber 5d can be rotated.

[0061] Accordingly, it is possible to secure the viewing
angle of the laser 7 which is oscillated from the optical fiber
5d.

[0062] Herein, for example, preferably, the housing 5/ is
formed of a metal such as an SUS (stainless steel) or a resin.
When the housing 5/is formed of the SUS, it is possible to
improve the processing accuracy of the housing 5/ since the
SUS is a material having a high processing accuracy. It is
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possible to improve the accuracy of the housing 5/ position-
ing the silicon substrate Sa or the optical fiber 5d.

[0063] However, the housing 5 may be formed of a resin
on which a fine processing can be performed.

[0064] The transparent resin 5g with which the gap 10
between the lens 5e and the through hole 5¢ of the silicon
substrate 5a is filled is, for example, a UV curable resin, a
thermosetting resin, or a two-liquid curable resin.

[0065] The lens Se is, for example, a GRIN lens.

[0066] Next, the positional deviation amount between the
through hole 5¢ formed in the silicon substrate 5a and the
lens 5e will be described. FIG. 7 is a cross-sectional view
partially illustrating one example (without any deviation) of
the relation of the positional deviation between the through
hole and the lens in the catheter of FIG. 5. FIG. 8 is a
cross-sectional view partially illustrating one example
(maximum deviation) of the relation of the positional devia-
tion between the through hole and the lens in the catheter of
FIG. 5.

[0067] Tt is ideal that the position of the lens 5e with
respect to the through hole 5S¢ of the silicon substrate Sa is
the position as illustrated in FIG. 7. That is, the lens 5e is
arranged in the center of the through hole 5¢. Herein, the
center C1 of the through hole 5¢ is arranged to match the
center C2 of the lens 5e when the diameter L1 of the lens Se
is 350 pm, the diameter 1.2 of the through hole 5¢ is 500 pum,
and the range [.3 of the laser scan is 200 pm. Further, since
the range L3 of the laser scan is 200 pm, the laser scan can
be performed on the vicinity of the center with respect to 350
um of the diameter L1 of the lens Se.

[0068] FIG. 8 is the case where the center C2 of the lens
5e is arranged to be maximally deflected to the left side with
respect to the center C1 of the through hole 5¢ (a case where
an allowable deviation amount is maximum). In this case,
the end of the range L3 of the laser scan is overlapped with
the end of the range of the diameter L1 of the lens Se, and
the range L3 of the laser scan indicates a range where the
positional deviation of the lens 5S¢ is maximum when the
range is set not to be out of the lens.

[0069] In the positional deviation of the lens Se with
respect to the through hole 5¢ of the silicon substrate 5a, it
is important to keep the range L3 of the laser scan from
being out of the lens. If the range L3 of the laser scan is out
of the lens, the power of the laser 7 is reduced, the desired
photoacoustic signal is not generated, and the quality of the
captured image is lowered due to the sensitivity deficiency.
At that time, the deviation amount of the lens 5e with respect
to the through hole 5c¢ is associated with the range L3 of the
laser scan and the diameter L1 of the lens 5e.

[0070] Therefore, a case where the deviation amount of
the lens 5e is maximum as illustrated in FIG. 8 is the limit
of the allowable range. In the structure illustrated in FIG. 8,
a difference 7 between the diameter 1.2 of the through hole
5c of the silicon substrate 5a and the diameter L1 of the lens
5e is 150 um, and the limit value of the numerical value of
the difference Z is 150 um. That is, the difference Z between
the diameter 1.2 of the through hole 5¢ of the silicon
substrate Sa and the diameter L1 of the lens Se is preferably
within 150 um.

[0071] The difference Z between the diameter L2 of the
through hole 5¢ and the diameter L1 of the lens 5e is within
150 um as described above, thereby avoiding the reduction
of the power of the laser 7 and preventing the lowering of the
quality of the captured image.
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[0072] The ultrasonic imaging device 1 illustrated in FIG.
1 according to the embodiment includes the above-described
photoacoustic catheter (ultrasound imaging probe) 5 illus-
trated in FIG. 5. That is, in the above-described photoacous-
tic catheter 5, the laser 7 is condensed by the lens 5e which
is arranged within the through hole 5¢ included in the silicon
substrate 5a, and the silicon substrate 5a (ultrasonic trans-
ducer 54) and the optical fiber 54 are respectively fixed to a
part of the housing 5/ inside the tubular housing 5.

[0073] According to the ultrasonic imaging device 1 of the
embodiment, in the photoacoustic catheter 5 included in the
ultrasonic imaging device 1, the lens 5e is arranged in the
through hole 5¢ of the silicon substrate 5a, and the silicon
substrate Sa and the optical fiber 54 are fixed to the housing
5f, thereby improving the position accuracy of the ultrasonic
transducer 55 (acoustic element) on the silicon substrate Sa
and an optical element such as the optical fiber 5d or the lens
Se.

[0074] As a result, it is possible to improve the acoustic
performance of the ultrasonic imaging device 1. Specifically,
in the ultrasonic imaging device 1, the assembly accuracy of
the photoacoustic catheter 5 included in the ultrasonic
imaging device 1 can be secured. Accordingly, in the ultra-
sonic imaging device 1, the resolution performance of the
obtained image can be improved.

[0075] Theultrasonic imaging device 1 of the embodiment
includes the photoacoustic catheter 5. Thus, the thrombus
can be removed mainly with respect to chronic total occlu-
sion lesion (CTO) by the front-side imaging of the catheter
and the laser radiation with high power. As a result, it is
possible to perform the stent treatment of the CTO which is
considered to be difficult.

[0076] Next, the manufacturing method of the photoa-
coustic catheter (ultrasound imaging probe) 5 of the embodi-
ment will be described. In the embodiment, described is a
case in which the photoacoustic catheter 5 is manufactured
by using the manufacturing process of the semiconductor
process.

[0077] First, as illustrated in FIG. 5, the electrostatic
capacitance ultrasonic transducer 55 is formed on the silicon
substrate 5a by using the semiconductor process. That is, on
the silicon substrate Sa, the ultrasonic transducer 55 which
is an electrostatic capacitance type and an MEMS sensor is
formed to surround the through hole 5¢ in plan view.

[0078] Next, the through hole 5¢ which passes through the
front and rear surfaces is formed in the central portion of the
silicon substrate 5a. Here, for example, the through hole 5¢
is formed in the substantially central portion of the silicon
substrate 5a by etching processing.

[0079] That is, the ultrasonic transducer (CMUT) 5&
which detects the ultrasonic wave is formed on the surface,
and the silicon substrate 5a which includes the through hole
5c passing through the front and rear surfaces is prepared on
the inner circumferential side of the ultrasonic transducer 54.
Further, the elongated housing 5/ having a tubular shape is
prepared. The outer circumferential shape (circular shape) of
the silicon substrate 5a is also formed by the etching
processing at the time of forming the through hole 5¢. That
is, the silicon substrate 5a is formed in a disc shape by the
same etching processing with the through hole 5¢. Accord-
ingly, the silicon substrate 5a also has a ring shape (disc
shape) in plan view.
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[0080] However, each of the through hole 5¢ and the outer
circumferential shape of the silicon substrate 5o may be
processed by separate processes.

[0081] Next, the silicon substrate 5a in which the ultra-
sonic transducer 55 is formed thereon is fixed to the inside
of the tubular housing 5/ Herein, in the housing 5, the
silicon substrate 5a is fixed to the support part 5fa protruding
from the inner circumferential wall 5f¢ of the housing 5. At
that time, the outer circumferential portion of the silicon
substrate Sq is fixed to the inner circumferential wall 5f¢ of
the housing 5/, and is arranged on the support part 5fa.
Accordingly, the silicon substrate 5a and the ultrasonic
transducer 5b are positioned by the inner circumferential
wall 5f¢ of the housing 5/

[0082] Next, the transparent glass cover 5i is attached to
the silicon substrate 5a. At that time, on the inner ¢ircum-
ferential side of the ultrasonic transducer 55 formed on the
silicon substrate 5a, the disc-shaped glass cover 5i is
attached to the silicon substrate Sa to block the opening
portion on the tip side of the through hole 5¢ of the silicon
substrate Sa.

[0083] Accordingly, in plan view, the ultrasonic trans-
ducer 55 is arranged between the housing 5/ and the glass
cover 5i.

[0084] Next, the arca between the glass cover 5i and the
housing 5f7s filled with the protective film 5/ which protects
the ultrasonic transducer 5b.

[0085] Next, both sides of the housing 5f are reversed, and
the cylindrical lens Se is arranged within the through hole 5¢
of the silicon substrate 5a in the state (a state where the
opening portion of the through hole 5¢ of the silicon
substrate 5a is directed upward).

[0086] At that time, the lens 5e is fitted into the through
hole 5c¢ to contact the second surface 5eb of the lens 5e with
the glass cover 5i. Further, after the lens 5e is arranged in the
through hole 5¢ of the silicon substrate 5a, the gap 10
between the lens 5e and the through hole 5¢ is filled with the
transparent resin 5¢.

[0087] Specifically, the transparent resin 5g is poured into
the gap 10 formed by the cylindrical lens 5e, the inner wall
of the through hole 5¢ of the silicon substrate 5a, and the
glass cover 5i with the disc shape to firmly fix the lens Se.
[0088] Accordingly, the cylindrical lens 5e is positioned
by the through hole 5¢ of the silicon substrate 5a.

[0089] Next, the optical fiber 54 which oscillates the laser
7 is fixed inside the housing 5f. Specifically, in the housing
5f, the optical fiber 5d is fixed to the support part 5/b which
protrudes from the inner circumferential wall 5f¢ of the
housing 5f. At that time, the fixing position of the optical
fiber 5d is adjusted such that the center C1 of the disc-shaped
silicon substrate 5a illustrated in FIG. 8 matches the center
C3 of the optical fiber 54 illustrated in FIG. 5. For example,
the adjusting method of the optical fiber 54 may be per-
formed such that the laser for adjustment is radiated from the
optical fiber 5d, and the laser is radiated on a predetermined
position. For example, the optical fiber 5d is easily adjusted
when visible light such as red laser is used as the laser for
adjustment.

[0090] When the fixing position of the optical fiber 54 is
adjusted, the actuator 57 may be driven to check whether the
laser 7 radiated from the optical fiber 5d is rotated within a
predetermined range.

[0091] Next, the outer circumferential portion of the hous-
ing 5fis covered with the resin sheath 5% Accordingly, the
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photoacoustic catheter 5 in which the silicon substrate 5a
and the optical fiber 54 are fixed to the housing 5f is
assembled completely.

[0092] In the assembly of the photoacoustic catheter 5 of
the embodiment, by the etching processing of the semicon-
ductor manufacturing process, the through hole 5¢ of the
silicon substrate 5a is formed, and the outer circumferential
portion of the silicon substrate 5a is formed in a circular
shape. Therefore, it is possible to improve the processing
accuracy of the through hole 5¢ and the inner circumference
of the substrate.

[0093] Accordingly, it is possible to improve the position-
ing accuracy of the lens 5e arranged within the through hole
5c¢ or the positioning accuracy of the silicon substrate 5a
attached to the inside of the housing 5. As a result, it is
possible to improve the position accuracy of the lens 5e and
the ultrasonic transducer 55 on the silicon substrate 5a. That
is, it is possible to improve the assembly accuracy of the
photoacoustic catheter 5, and it is possible to improve the
resolution performance of the obtained image in the ultra-
sonic imaging device 1 using the photoacoustic catheter 5.
[0094] In the photoacoustic catheter 5 of the embodiment,
since the optical fiber 5d is rotatable, it is possible to rotate
and radiate the laser 7 and to widen the angle of the visual
field as compared to the probe which performs the ultrasonic
wave radiation.

[0095] Since the ultrasonic transducer 55 is formed on the
silicon substrate Sa by the semiconductor manufacturing
process, the ultrasonic transducer 55 can be formed on the
silicon substrate 5@ with a high position accuracy.

[0096] Hereinbefore, the invention made by the present
inventors has been described in detail based on the embodi-
ment. However, the invention is not limited to the above-
described embodiment and includes various modifications.
For example, the above-described embodiment is intended
to be illustrative of the invention in an easily understandable
manner, and the invention is not necessarily limited to the
one that includes all of the components described in the
embodiment.

[0097] Some of a configuration of one embodiment can be
substituted by the configuration of another embodiment. In
addition, the configuration of the another embodiment can
be added to the configuration of the one embodiment. Also,
in some of the configuration of each embodiment, addition
of another configuration, deletion and substitution are pos-
sible. Each member or a relative size in the drawings is
simplified and idealized for explaining the invention in an
easily understandable manner, and has more complicated
shapes when mounted.

[0098] In the embodiment, the description is given about
a case where the optical fiber 5d is fixed to the support part
5/b of the housing 5f. However, the silicon substrate Sa may
be formed to be thick by sticking the silicon substrates 5a,
and the optical fiber 54 may be supported in the structure
which is formed by the assembly using the semiconductor
manufacturing process.

REFERENCE SIGNS LIST

[0099] 1: ultrasonic imaging device
[0100] 2: main body part

[0101] 2a: connection part

[0102] 2b: laser control part

[0103] 2c: bias part

[0104] 2d: control part
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[0105] 2e: reception circuit part (receiving part)

[0106] 2f image processing part

[0107] 3: display part

[0108] 4: input part

[0109] 5: photoacoustic catheter (ultrasound imaging
probe)

[0110] 5a: silicon substrate (substrate)

[0111] 5b: ultrasonic transducer

[0112] 5¢: through hole

[0113] 5d: optical fiber

[0114] SBe: lens

[0115] Sea: first surface

[0116] 5eb: second surface

[0117] Sec: side surface (third surface)

[0118] 5/ housing

[0119] 5fa: support part

[0120] 5/b: support part

[0121] 5fe: inner circumferential wall

[0122] 5g: resin

[0123] 5h: protective film

[0124] 5i: glass cover

[0125] 5k: sheath

[0126] 5m: flow path

[0127] Sn: actuator

[0128] 7: laser

[0129] 8: ultrasonic wave

[0130] 9: blood vessel

[0131] 9a: thrombus

[0132] 10: gap

1. An ultrasound imaging probe comprising:

a substrate which includes an ultrasonic transducer for
detecting an ultrasonic wave formed thereon and a
through hole passing through front and rear surfaces;

an optical fiber which oscillates a laser;

a lens which condenses the laser and is arranged in the
through hole; and

a tubular housing, wherein

the substrate and the optical fiber are fixed to the housing.

2. The ultrasound imaging probe according to claim 1,

wherein

the lens includes a first surface which intersects with an
oscillating direction of the laser and a second surface
which is on an opposite side to the first surface,

the second surface which is positioned on an outer side
among the first surface and the second surface is
covered with a glass cover which contacts the second
surface, and

a third surface which is positioned between the first
surface and the second surface is covered with a resin.

3. The ultrasound imaging probe according to claim 1,

wherein

each of the lens and the through hole has a cylindrical
shape, and

a difference between a diameter of the through hole and
a diameter of the lens is within 150 pum.

4. The ultrasound imaging probe according to claim 1,

wherein

the ultrasonic transducer is an electrostatic capacitance
sensor formed on a silicon substrate and is arranged
around the through hole in plan view, and

the lens having a cylindrical shape is arranged on an inner
circumferential side of the ultrasonic transducer.

5. The ultrasound imaging probe according to claim 1,

wherein
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the substrate has a disc shape,

the housing has a cylindrical shape, and

an outer circumferential portion of the substrate contacts
an inner circumferential wall of the housing.

6. A manufacturing method of an ultrasound imaging

probe comprising;

(a) a process of preparing a substrate which includes an
ultrasonic transducer for detecting an ultrasonic wave
formed thereon and a through hole passing through
front and rear surfaces;

(b) a process of fixing the substrate to the inside of a
tubular housing after the process (a);

(c) a process of arranging a lens within the through hole
of the substrate after the process (b); and,

(d) a process of fixing an optical fiber for oscillating a
laser to the inside of the housing after the process (c),
wherein

the substrate and the optical fiber are fixed to the housing.

7. The manufacturing method of the ultrasound imaging

probe according to claim 6, wherein

the process (a) has

(al) a process of forming the ultrasonic transducer which
is an electrostatic capacitance type on a silicon sub-
strate which is the substrate, and

(a2) a process of forming the through hole passing
through the front and rear surfaces in the silicon
substrate after the process (al).

8. The manufacturing method of the ultrasound imaging

probe according to claim 7, wherein

in the process (a2), the through hole is formed by an
etching processing.

9. The manufacturing method of the ultrasound imaging

probe according to claim 6, wherein

in the process (c), the lens is fitted into the through hole,
and a gap between the lens and the through hole is filled
with a resin.

10. An ultrasonic imaging device comprising:

an ultrasound imaging probe which includes a substrate in
which an ultrasonic transducer for detecting an ultra-
sonic wave is formed thereon, and an optical fiber
which oscillates a laser;

a laser control part which controls the laser;

a receiving part which receives a signal which is con-
verted from the ultrasonic wave by the ultrasonic
transducer;

an image processing part which performs image process-
ing on the signal received by the receiving part; and

a display part which displays images processed by the
image processing part, wherein

in the ultrasound imaging probe, the laser is condensed by
a lens arranged within a through hole included by the
substrate, and the substrate and the optical fiber are
fixed to a tubular housing.

11. The ultrasonic imaging device according to claim 10,

wherein

the lens provided in the ultrasound imaging probe
includes a first surface which intersects with an oscil-
lating direction of the laser and a second surface which
is on an opposite side to the first surface,

the second surface which is positioned on an outer side
among the first surface and the second surface is
covered with a glass cover which contacts the second
surface, and
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a third surface which is positioned between the first
surface and the second surface is covered with a resin.
12. The ultrasonic imaging device according to claim 10,
wherein
each of the lens and the through hole included by the
substrate, which are provided in the ultrasound imaging
probe, has a cylindrical shape, and
a difference between a diameter of the through hole and
a diameter of the lens is within 150 pum.
13. The ultrasonic imaging device according to claim 10,
wherein
the ultrasonic transducer included in the ultrasound imag-
ing probe is an electrostatic capacitance sensor formed
on a silicon substrate and is arranged around the
through hole in plan view, and
the lens having a cylindrical shape is arranged on an inner
circumferential side of the ultrasonic transducer.
14. The ultrasonic imaging device according to claim 10,
wherein
the substrate provided in the ultrasound imaging probe
has a disc shape,
the housing has a cylindrical shape, and
an outer circumferential portion of the substrate is fixed to
an inner circumferential wall of the housing.
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