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ULTRASOUND PROBE AND METHOD FOR
MANUFACTURING THE SAME

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/IP2016/063967, filed on
May 11, 2016 which designates the United States, incorpo-
rated herein by reference, and which claims the benefit of
priority from Japanese Patent Application No. 2015-105542,
filed on May 23, 2015, incorporated herein by reference.

BACKGROUND

1. Technical Field

[0002] The disclosure relates to an ultrasound probe
including an ultrasound transducer for emitting ultrasound to
an observation target, receiving an ultrasound echo reflected
from the observation target, converting the ultrasound echo
into an echo signal, and outputting the echo signal. The
disclosure also relates to a method for manufacturing the
ultrasound probe.

2. Related Art

[0003] Ultrasound is applied in some cases for observing
characteristics of a body tissue or material as an observation
target. Specifically, an ultrasound observation apparatus
performs predetermined signal processing onto an ultra-
sound echo received from an ultrasound transducer config-
ured to transmit and receive an ultrasound, whereby infor-
mation related to the characteristics of the observation target
can be obtained.

[0004] The ultrasound transducer includes a plurality of
piezoelectric elements that converts an electrical pulse sig-
nal into an ultrasound pulse (acoustic pulse), emits the
ultrasound pulse to the observation target, converts an
ultrasound echo reflected from the observation target into an
electrical echo signal, and outputs the echo signal. The
ultrasound echo is obtained from the observation target, for
example, by arranging the plurality of piezoelectric elements
in a predetermined direction, electronically switching the
elements related to transmission and reception, or delaying
transmission and reception of each of the elements.

[0005] There are a plurality of types of known ultrasound
transducers having different transmission and reception
directions of ultrasound beams, such as a convex ultrasound
transducer, a linear ultrasound transducer, and a radial
ultrasound transducer. Among these, a radial ultrasound
transducer includes a plurality of piezoelectric elements
arranged in a circumferential direction and radially emits an
ultrasonic beam (for example, see JP 63-14623 B). Such a
radial ultrasound transducer is manufactured by first deform-
ing a sheet-shaped acoustic matching layer on which the
plurality of piezoelectric elements is arranged, into a cylin-
drical shape along the arrangement direction of the piezo-
electric elements, and thereafter bonding ends in a circum-
ferential direction with each other using adhesive.

SUMMARY

[0006] In some embodiments, an ultrasound probe
includes: an acoustic matching layer having a sheet-shaped
member whose both ends are bonded together by an adhe-
sive to define a cylindrical shape and configured to adjust
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acoustic impedance of ultrasound; a plurality of piezoelec-
tric elements arranged along a circumferential direction on
an inner periphery of the acoustic matching layer and
configured to emit ultrasound in response to an input of an
electrical signal and configured to convert ultrasound that
has entered from outside, into an echo signal; a structural
member having a disc shape and provided on at least one end
side of the acoustic matching layer in a longitudinal direc-
tion orthogonal to the circumferential direction, at least a
part of an outer side surface of the structural member being
fixed inside the acoustic matching layer. The structural
member has a water repellent portion on a part of the outer
side surface such that the water repellent portion faces, in a
radial direction, a gap between the both ends of the acoustic
matching layer.

[0007] Insome embodiments, a method for manufacturing
an ultrasound probe includes: stacking an acoustic matching
layer base material on a piezoelectric element base material
to produce a molding member; cutting the molding member
at a predetermined pitch to form a piezoelectric element and
an acoustic matching layer; deforming the acoustic matching
layer to form a cylindrical first structure such that the
piezoelectric element is provided on an inner periphery side
of the cylindrical first structure; inserting a disc-shaped
structural member having a water repellent portion on a part
of an outer periphery thereof, into the cylindrical first
structure such that the water repellent portion faces an end
of the cylindrical first structure to produce a second struc-
ture; and introducing an adhesive between the disc-shaped
structural member and the cylindrical first structure in the
second structure, thereby bonding the outer periphery of the
disc-shaped structural member other than the water repellent
portion to the cylindrical first structure.

[0008] The above and other features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a diagram schematically illustrating an
endoscope system according to an embodiment of the pres-
ent invention;

[0010] FIG. 2 is a perspective view schematically illus-
trating a configuration of a distal end of an insertion unit of
an ultrasound endoscope according to the embodiment of the
present invention;

[0011] FIG. 3 is a diagram illustrating a configuration of
an ultrasound transducer according to the embodiment of the
present invention;

[0012] FIG. 4 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention;

[0013] FIG. 5 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention;

[0014] FIG. 6 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention;

[0015] FIG. 7 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention;
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[0016] FIG. 8 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention;

[0017] FIG. 9 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention;

[0018] FIG. 10 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention;

[0019] FIG. 11 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention;

[0020] FIG. 12 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention;

[0021] FIG. 13 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention;

[0022] FIG. 14 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention;

[0023] FIG. 15 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention; and

[0024] FIG. 16 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention.

DETAILED DESCRIPTION

[0025] Exemplary embodiments of the present invention
will be described with reference to the drawings. The present
invention is not limited by the embodiments. The same
reference signs are used to designate the same elements
throughout the drawings.

Embodiments

[0026] FIG. 1 is a diagram schematically illustrating an
endoscope system according to an embodiment of the pres-
ent invention. An endoscope system 1 is a system for
performing ultrasound diagnosis of internal portions of a
subject such as a human using an ultrasound endoscope. As
illustrated in FIG. 1, the endoscope system 1 includes an
ultrasound endoscope 2, an ultrasound observation appara-
tus 3, an endoscopic examination apparatus 4, a display
device 5, and a light source device 6.

[0027] The ultrasound endoscope 2 includes, on its distal
end portion, an ultrasound transducer. The ultrasound trans-
ducer converts an electrical pulse signal received from the
ultrasound observation apparatus 3 into an ultrasound pulse
(acoustic pulse) and emits it to the subject. The ultrasound
transducer also converts an ultrasound echo reflected from
the subject into an electrical echo signal expressed by a
voltage change and outputs the signal. The configuration of
the ultrasound transducer will be described below.

[0028] The ultrasound endoscope 2 typically includes
imaging optics and imaging sensors. The ultrasound endo-
scope 2 can be inserted into gastrointestinal tracts (esopha-
gus, stomach, duodenum, and large intestine) or respiratory
organs (trachea, bronchus) of the subject and can capture the
gastrointestinal tract and the respiratory organs. Moreover, it
is possible to capture their surrounding organs (pancreas,
gall bladder, bile duct, biliary tract, lymph nodes, mediasti-
nal organs, blood vessels, or the like) using ultrasound. The
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ultrasound endoscope 2 includes a light guide that guides
illumination light emitted to the subject at the time of optical
imaging. The light guide is configured such that a distal end
portion thereof reaches a distal end of an insertion unit of the
ultrasound endoscope 2 into the subject, while a proximal
end portion thereof is connected to the light source device 6
that generates illumination light.

[0029] As illustrated in FIG. 1, the ultrasound endoscope
2 includes an insertion unit 21, an operating unit 22, a
universal cable 23, and a connector 24. The insertion unit 21
is a portion to be inserted into the subject. As illustrated in
FIG. 1, the insertion unit 21 includes a rigid member 211, a
bending portion 212, and a flexible tube portion 213. The
rigid member 211 includes an ultrasound transducer 10
provided on a distal end side. The bending portion 212 is
bendable and coupled to the proximal end side of the rigid
member 211. The flexible tube portion 213 is coupled to the
proximal end side of the bending portion 212. While specific
illustration is omitted herein, the insertion unit 21 internally
includes a light guide, a plurality of signal cables, and an
insertion passage for treatment tools. The light guide trans-
mits illumination light supplied from the light source device
6. The plurality of signal cables transmits various signals.
The insertion passage for treatment tools is used for insert-
ing treatment tools.

[0030] The ultrasound transducer 10 is a radial transducer.
The ultrasound transducer 10 performs electronic scanning
by arranging the plurality of piezoelectric elements in the
circumferential direction, electronically switching piezo-
electric elements related to transmission and reception, or
delaying transmission and reception of each of the piezo-
electric elements. The configuration of the ultrasound trans-
ducer 10 will be described below.

[0031] FIG. 2 is a perspective view schematically illus-
trating a configuration of a distal end of an insertion unit of
the ultrasound endoscope according to the embodiment,
being a diagram illustrating a configuration of the rigid
member 211. The rigid member 211 includes the ultrasound
transducer 10 and a proximal end portion 211a. The ultra-
sound transducer 10 is provided at the distal end side. The
proximal end portion 211a is provided on the proximal end
side of the ultrasound transducer 10 and includes an inclined
surface. Moreover, a balloon locking unit 2115 is formed at
the distal end of the rigid member 211. The balloon locking
unit 2115 is capable of locking a balloon. The proximal end
portion 2114 includes an illumination lens 211¢, an objective
lens 211d, and a treatment tool protruding port 211e. The
illumination lens 211¢ collects illumination light and emits
the illumination light to the outside. The objective lens 211d
is a portion of the imaging optics, and configured to take in
the light from the outside. The treatment tool protruding port
211e communicates with the insertion passage for treatment
tools formed inside the insertion unit 21, and configured to
cause the treatment tool to protrude from the distal end of the
insertion unit 21.

[0032] FIG. 3 is a diagram illustrating the configuration of
the ultrasound transducer according to the embodiment, a
diagram illustrating a cross section taken along line A-A in
FIG. 2. The ultrasound transducer 10 includes a plurality of
piezoelectric elements 11, a plurality of first acoustic match-
ing layers 12, a second acoustic matching layer 13, an
acoustic lens 14, a backing material 15, and a structural
member 16. The plurality of piezoelectric elements 11 has a
prismatic shape, being arranged in a circumferential direc-
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tion, aligned in a longitudinal direction. The plurality of first
acoustic matching layers 12 is provided on the inner periph-
ery side of the piezoelectric elements 11. The second acous-
tic matching layer 13 has a substantially cylindrical shape,
provided on the side (outer side surface side), opposite to the
side coming in contact with the piezoelectric element 11, on
the first acoustic matching layer 12. The acoustic lens 14 is
provided on the side opposite to the side coming in contact
with the first acoustic matching layer 12, on the second
acoustic matching layer 13. The backing material 15 is
provided on the opposite side of the side coming in contact
with the first acoustic matching layer 12, on the piezoelectric
element 11. The structural member 16 has a hollow disc
shape and is provided for maintaining the shape of the
ultrasound transducer 10. In the embodiments, the first
acoustic matching layer 12 is provided for each of the
piezoelectric elements 11, while the second acoustic match-
ing layer 13 and the acoustic lens 14 integrally cover the
plurality of piezoelectric elements 11 and the first acoustic
matching layer 12. Furthermore, the configuration in the
embodiment is such that the backing material 15 is filled into
the portions between the piezoelectric elements 11. On the
ultrasound transducer 10, one piezoelectric element 11 may
be defined as a unit of output or the plurality of piezoelectric
elements 11 may be defined as a unit of output.

[0033] The ultrasound transducer 10 is produced by roll-
ing the sheet-shaped second acoustic matching layer 13 on
which the plurality of piezoelectric elements 11 and the first
acoustic matching layer 12 are arranged, to be deformed into
a cylindrical shape, such that the piezoelectric element 11 is
provided on an inner periphery side, then, arranging the
structural member 16, thereafter, performing bonding by
applying an adhesive to a gap between both ends of the first
acoustic matching layer 12 and the second acoustic match-
ing layer 13 in an arrangement direction of the piezoelectric
elements 11, and filling the backing material 15. Details of
the method for manufacturing the ultrasound transducer 10
will be described below.

[0034] The piezoelectric element 11 converts an electrical
pulse signal into an ultrasound pulse (acoustic pulse), emits
the ultrasound pulse to the subject, converts an ultrasound
echo reflected from the subject into an electrical echo signal
represented by a voltage change, and outputs the echo
signal. An electrode 11a for signal input/output is provided
on a backing material 15-side main surface on the piezo-
electric element 11, and an electrode 115 for grounding is
provided on a first acoustic matching layer 12-side main
surface of the piezoelectric element 11 (refer to FIG. 4, etc.).
Each of the electrodes 11a and 114 is formed using a metal
material or a resin material, having conductivity. Moreover,
the piezoelectric element 11 is electrically connected with a
substrate 17 via an electrode 17a.

[0035] The piezoelectric element 11 is formed by PZT
ceramic material, PMN-PT single crystal, PMN-PZT single
crystal, PZN-PT single crystal, PIN-PZN-PT single crystal,
or relaxer-based material. The PMN-PT single crystal is an
abbreviation of a solid solution of lead magnesium niobate
and lead titanate. The PMN-PZT single crystal is an abbre-
viation of a solid solution of lead magnesium niobate and
lead zirconate titanate. The PZN-PT single crystal is an
abbreviation of a solid solution of lead zinc-niobate and lead
titanate. The PIN-PZN-PT single crystal is an abbreviation
of a solid solution of lead indium niobate, lead zinc-niobate,
and lead titanate. The relaxer-based material is a general
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term of a three-component piezoelectric material obtained
by adding lead-based complex perovskite as a relaxer mate-
rial is added to the lead zirconate titanate (PZT) for the
purpose of increasing the piezoelectric constant and dielec-
tric constant. The lead-based complex perovskite is repre-
sented by Pb(B1, B2)O,, in which Bl is any of magnesium,
zinc, indium, and scandium, while B2 is any of niobium,
tantalun, and tungsten. These materials have excellent
piezoelectric effects. These materials could reduce the value
of the electrical impedance even in a miniaturized form, and
thus, would be preferable from the viewpoint of impedance
matching with a thin film electrode provided on the piezo-
electric element 11.

[0036] In order to efficiently transmit the sound (ultra-
sound) between the piezoelectric element 11 and the obser-
vation target, the first acoustic matching layer 12 and the
second acoustic matching layer 13 perform acoustic imped-
ance matching between the piezoelectric element 11 and the
observation target. The first acoustic matching layer 12 and
the second acoustic matching layer 13 are formed of mutu-
ally different materials. The first acoustic matching layer 12
includes an electrode 12a electrically connected with the
electrode 115. In the embodiment, there are two acoustic
matching layers (first acoustic matching layer 12 and second
acoustic matching layer 13). Alternatively, one layer may be
provided or three or more layers may be provided in
accordance with characteristics of the piezoelectric element
11 and the observation target.

[0037] The acoustic lens 14 is formed by silicone, polym-
ethyl pentene, epoxy resin, polyetherimide, or the like. One
of the surfaces of the acoustic lens 14 is formed into a
protruding or recessed shape, leading to a function of
narrowing the ultrasound, thereby emitting the ultrasound
that passes through the acoustic matching layer to the
outside, or incorporating an ultrasound echo from the out-
side. The acoustic lens 14 may be provided optionally. That
is, the acoustic lens 14 may not be provided.

[0038] The backing material 15 attenuates unneeded ultra-
sound vibration generated by operation of the piezoelectric
element 11. The backing material 15 is formed of a material
having a high attenuation rate, for example, epoxy resin in
which a filler such as alumina and zirconia is dispersed, or
formed of a rubber in which the above-described filler is
dispersed.

[0039] The structural member 16 has a hollow disc shape
having an outer diameter corresponding to the diameter of a
circle formed by the plurality of first acoustic matching
layers 12 or corresponding to the diameter of a circle formed
by the inner periphery of the plurality of substrates 17.
Specifically, the structural member 16 includes a first struc-
tural member 16A and a second structural member 16B
(refer to F1G. 6). The first structural member 16A is provided
on one end side in a direction (longitudinal direction)
orthogonal to a plane formed by the circumferential direc-
tion of the second acoustic matching layer 13. The second
structural member 16B is provided on the other end side of
the second acoustic matching layer 13 in the longitudinal
direction. The first structural member 16A has a hollow
shape having an outer diameter corresponding to the diam-
eter of a circle formed by the plurality of first acoustic
matching layers 12, one surface of which being covered with
a conductive material such as copper foil. The second
structural member 16B has a hollow disc shape having an
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outer diameter corresponding to the diameter of a circle
formed by the inner periphery of the plurality of substrates
17.

[0040] Moreover, water repellent portions (16a and 165,
refer to FIG. 6) having fluorine coating are formed at a
portion of the outer side surface of the structural member 16,
that is, on an outer side surface facing a bonding portion
(gap) at the ends of the first acoustic matching layer 12 and
the second acoustic matching layer 13.

[0041] The piezoelectric element 11 vibrates with the
input of the pulse signal, whereby the above-configured
ultrasound transducer 10 emits ultrasound to the observation
target via the first acoustic matching layer 12, the second
acoustic matching layer 13, and the acoustic lens 14. At this
time, the piezoelectric element 11 is configured such that the
backing material 15 attenuates vibration of the piezoelectric
element 11, thereby suppressing the transmission of vibra-
tion of the piezoelectric element 11, on the opposite side of
the arrangement side of the first acoustic matching layer 12,
the second acoustic matching layer 13, and the acoustic lens
14. Moreover, the ultrasound reflected from the observation
target is transmitted to the piezoelectric element 11 via the
first acoustic matching layer 12, the second acoustic match-
ing layer 13, and the acoustic lens 14. The transmitted
ultrasound causes the piezoelectric element 11 to vibrate,
then, the piezoelectric element 11 converts the vibration into
an electrical echo signal, and outputs, as an echo signal, the
electrical echo signal to the ultrasound observation appara-
tus 3 via wiring (not illustrated).

[0042] Returning to FIG. 1, the operating unit 22 is
coupled to the proximal end side of the insertion unit 21 and
receives various types of operation from a doctor, or the like.
As illustrated in FIG. 1, the operating unit 22 includes a
bending knob 221 for performing bending operation on the
bending portion 212, and a plurality of operating members
222 for performing various types of operation. Moreover,
the operating unit 22 has a treatment tool insertion port 223
that communicates with the treatment tool insertion passage
and that is used for inserting treatment tools into the treat-
ment tool insertion passage.

[0043] Extending from the operating unit 22, the universal
cable 23 includes a plurality of signal cables for transmitting
various signals and an optical fiber for transmitting illumi-
nation light supplied from the light source device 6.
[0044] The connector 24 is provided at the distal end of the
universal cable 23. The connector 24 includes first to third
connector units 241 to 243 each of which being connected
with an ultrasound cable 31, a video cable 41, and an optical
fiber cable 61, respectively.

[0045] The ultrasound observation apparatus 3 is electri-
cally connected with the ultrasound endoscope 2 via the
ultrasound cable 31 (refer to FIG. 1), outputs a pulse signal
to the ultrasound endoscope 2 via the ultrasound cable 31,
while inputting echo signals from the ultrasound endoscope
2. Then, the ultrasound observation apparatus 3 performs
predetermined processing on the echo signal and generates
an ultrasound image.

[0046] The endoscopic examination apparatus 4 is elec-
trically connected with the ultrasound endoscope 2 via the
video cable 41 (refer to FIG. 1), and inputs an image signal
from the ultrasound endoscope 2 via the video cable 41.
Then, the endoscopic examination apparatus 4 performs
predetermined processing on the image signal and generates
an endoscopic image.

Oct. 26, 2017

[0047] The display device 5 is formed by liquid crystal,
organic electroluminescence (EL), or the like, and displays
an ultrasound image generated by the ultrasound observation
apparatus 3 and an endoscopic image generated by the
endoscopic examination apparatus 4, or the like.

[0048] The light source device 6 is connected with the
ultrasound endoscope 2 via the optical fiber cable 61 (refer
to FIG. 1) and supplies illumination light for illuminating
portions inside the subject, to the ultrasound endoscope 2 via
the optical fiber cable 61.

[0049] Subsequently. a method for manufacturing the
above-described ultrasound transducer 10 will be described
with reference to FIGS. 4 to 15. First, processing of pro-
ducing a molding member (molding member 100 described
below) for forming the plurality of piezoelectric elements
11, the first acoustic matching layer 12, or the like, will be
described. FIG. 4 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention, a diagram illustrating
formation of the plurality of piezoelectric elements 11, the
first acoustic matching layer 12, or the like.

[0050] First, a first thin film 110« formed of a material for
constituting an electrode 11a, and a second thin film 11056
formed of a material for constituting an electrode 115 are
stacked onto opposing main surfaces of a cuboid-shaped
piezoelectric element base material 110 formed of a material
for constituting the piezoelectric element 11. Thereafter, the
piezoelectric element base material 110 and a substrate base
material 170 formed of a material for constituting the
substrate 17, are arranged side by side, then, the two base
materials are connected by an electrode material 170a
formed using a material for constituting the electrode 17a. In
a state where the piezoelectric element base material 110 and
the substrate base material 170 are arranged side by side, a
first acoustic matching layer base material 120 formed of a
material for constituting the first acoustic matching layer 12
(including a material 120a for constituting the electrode
12a) is stacked on a side of the second thin film 1105, on the
side opposite to the piezoelectric element base material 110
side, while the sheet-shaped second acoustic matching layer
13 is stacked on a side of the first acoustic matching layer
base material 120, on the side opposite to the second thin
film 1104 side. The molding member 100 illustrated in FIG.
4 is produced by the above-described stacking processing.

[0051] Thereafter, using a blade, such as a dicing saw, for
the molding member 100, the piezoelectric element base
material 110, the first thin film 110a, the second thin film
1105, and the first acoustic matching layer base material 120
are cut at a predetermined pitch. With this process, it is
possible to form the plurality of piezoelectric elements 11
(including the electrodes 11a and 115) and the first acoustic
matching layer 12 (including the electrode 12a). on the
sheet-shaped second acoustic matching layer 13.

[0052] FIG. 5 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention. When the second
acoustic matching layer 13 on which the plurality of piezo-
electric elements 11 and the first acoustic matching layer 12
are formed is deformed into a cylindrical shape along the
arrangement direction of the piezoelectric elements 11, it is
possible to obtain a cylindrical shaped structure 101 con-
figured such that the piezoelectric element 11 is arranged on
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the inner periphery side and the second acoustic matching
layer 13 is arranged on the outer periphery side, as illustrated
in FIG. 5.

[0053] FIGS. 6 and 7 are diagrams each illustrating a
method for manufacturing the ultrasound transducer accord-
ing to the embodiment of the present invention, a diagram
illustrating attachment of the structural member 16. By
arranging the structural member 16 inside the cylindrically-
deformed structure, it is possible to stabilize the shape of the
ultrasound transducer 10. As illustrated in FIG. 6, the first
structural member 16A is inserted at an end on the side
where the piezoelectric element 11 is exposed, while the
second structural member 16B is inserted at an end on the
side where the substrate 17 is exposed. At this time, insertion
of the first structural member 16A and the second structural
member 16B is performed such that the water repellent
portions 16a and 165 of the first structural member 16A and
the second structural member 16B face the bonding portion
at the ends of the first acoustic matching layer 12 and the
second acoustic matching layer 13. With this process, it is
possible to obtain a structure 102 (refer to FIG. 7) in which
the first structural member 16A and the second structural
member 168 are arranged on both ends of the structure 101.
Alternatively, the second acoustic matching layer 13 may be
wound around the structural member 16 to integrate, thereby
producing the structure 102. The first structural member 16A
is arranged such that a conductive surface thereof is
exposed.

[0054] FIG. 8 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention, a diagram illustrating
a configuration of a portion of the structure 102 viewed from
the arrow B direction in FIG. 7. In this case, the portion
includes the bonding portion at the ends of the first acoustic
matching layer 12 and the second acoustic matching layer
13. FIG. 9 is a diagram illustrating a method for manufac-
turing the ultrasound transducer according to the embodi-
ment of the present invention, a cross-sectional view taken
along line C-C in FIG. 8.

[0055] As illustrated in FI1G. 8, the water repellent portion
16a faces a gap R between the both ends in the circumfer-
ential direction of the first acoustic matching layer 12 and
the second acoustic matching layer 13, and is in contact with
a part of the first acoustic matching layer 12. Moreover, as
illustrated in FIG. 9, a masking material 124 is provided at
a part of a surface forming the gap R of the first acoustic
matching layer 12, that is, at an inner periphery side edge of
the first acoustic matching layer 12. The masking material
124 is provided at a stacking-side edge of the piezoelectric
element 11, for example, before forming the structure 101,
for example, when the molding member 100 is produced.
The masking material 125 is formed of a silicone rubber for
modeling, for example.

[0056] Moreover, the first structural member 16A is fixed
onto the first acoustic matching layer 12 by introducing an
adhesive G1 from the outside of the structure 102 and
solidifying the adhesive G1. The adhesive G1 is not flown
into the water repellent portion 16a having high water
repellency, and thus, the adhesive G1 is not arranged at the
water repellent portion 16a when the first structural member
16A is bonded to the first acoustic matching layer 12. In
other words, the first structural member 16A is bonded to the
first acoustic matching layer 12 on a side surface other than
the portion where the water repellent portion 16a is formed,
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among the side surfaces of the disc. Herein, the side surface
represents a surface different from a surface having the
largest area (main surface).

[0057] FIG. 10 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention, a diagram illustrating
a configuration in which an adhesive G2 is provided at the
gap R of the first acoustic matching layer 12 and the second
acoustic matching layer 13. FIG. 10 is a diagram corre-
sponding to the arrow B direction in FIG. 7. As illustrated in
FIG. 10, the ends of the first acoustic matching layer 12 and
the second acoustic matching layer 13 in the circumferential
direction are fixed with each other, by introducing the liquid
adhesive G2 into the gap R of the first acoustic matching
layer 12 and the second acoustic matching layer 13 to
solidify the adhesive G2. At this time, since the masking
material 125 is provided at the first acoustic matching layer
12, the liquid adhesive G2 is not going to flow into the
piezoelectric element 11.

[0058] In a case where the water repellent portion 164 is
not provided on the structural member 16A, the adhesive G2
may flow from a gap between the structural member 16A
and the first acoustic matching layer 12, into the adjacent
piezoelectric elements 11, due to capillary phenomenon. In
contrast, since the water repellent portion 16a is provided on
the structural member 16A in the embodiment, water repel-
lent action suppresses the occurrence of capillary phenom-
enon even if the above-described gap exists, which makes 1t
possible to prevent the adhesive G2 from flowing between
the piezoelectric elements 11.

[0059] FIG. 11 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention, a diagram illustrating
the structure 102 before the backing material 15 is filled.
FIG. 12 is a diagram illustrating a method for manufacturing
the ultrasound transducer according to the embodiment of
the present invention, a diagram illustrating a structure 103
after the backing material 15 is filled. A liquid backing
material constituting the backing material 15 is introduced
into a space formed by the structural member 16, onto the
structure 102 illustrated in FIG. 11, and the material for the
backing material is solidified, thereby forming the backing
material 15 on the side opposite to the first acoustic match-
ing layer 12 side of the piezoelectric element 11, and on
portions between the piezoelectric elements 11.

[0060] At this time, since the adhesive G2 has not been
flown into the portions between the piezoelectric elements
11 as described above, it is possible to introduce and fill the
backing material 15 between the piezoelectric elements 11.

[0061] FIG. 13 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention. After formation of the
backing material 15, a conductive member 18 electrically
connecting the surface of the first structural member 16 A
and the electrode 124 is provided. This enables the electrode
12a to be electrically connected to an external circuit (for
example, ground) via the first structural member 16A.

[0062] FIG. 14 is a diagram illustrating a method for
manufacturing the ultrasound transducer according to the
embodiment of the present invention, a diagram illustrating
attachment of the acoustic lens 14. After producing the
structure 103 by providing the structure 102 with the back-
ing material 15 and the conductive member 18, the acoustic
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lens 14 is provided on an external side surface of the second
acoustic matching layer 13, as illustrated in FIG. 14, thereby
producing a structure 104.

[0063] FIGS. 15 and 16 are diagrams each illustrating a
method for manufacturing the ultrasound transducer accord-
ing to the embodiment of the present invention, a diagram
illustrating attachment of a wiring member 70 onto the
structure 104. After production of the structure 104, the
substantially cylindrical shaped wiring member 70 is
inserted from one opening portion side of the structure 104,
that is the side on which the substrate 17 is provided, as
illustrated in FIG. 15. The wiring member 70 includes a
cylindrical-shaped cylinder portion 71 and a flange portion
72 provided at one end of the cylinder portion 71, having an
external diameter greater than the diameter of the cylinder
portion 71. The surface of the flange portion 72 includes a
printed circuit board 725 on which several tens to several
hundreds of electrode pads 72a are formed.

[0064] A bundle of cables 721 is inserted through an inner
portion of the cylinder portion 71, and one end of each of the
cables 721 is soldered with each of the electrode pads 724
(cable 721 is soldered onto the inner side portion (center
direction of the ring) of the electrode pad 72a to be con-
nected). For noise reduction, a coaxial cable is normally
used as the cable 721.

[0065] The cylinder portion 71 is formed by insulating
material (e.g., engineering plastic) and has a plating of
conductor (metal thin film) on the surface. Examples of
insulating materials include polysulfone, polyetherimide,
polyphenylene oxide, and epoxy resins. On the surface of
the cylinder portion 71, a hole 71a is formed to penetrate
from the inner periphery to the outer periphery. A ground
line 715 extending from the bundle of cables inserted
through the wiring member 70 further extends from a hole
71a, to be joined with the metal thin film plated on the outer
side surface of the cylinder portion 71.

[0066] When the wiring member 70 connecting with the
cable 721 is inserted into the structure 104, the flange
portion 72 is abutted against the second structural member
16B of the structure 104, then, the wiring member 70 is
positioned inside the structure 104.

[0067] After insertion and positioning of the wiring mem-
ber 70 are performed, an outer periphery side portion
(electrode pad portion in outer peripheral direction of the
ring) of the electrode pad 72a is connected with the electrode
17a of the substrate 17 using a wire 722, as illustrated in
FIG. 16. With this process, it is possible to obtain the
ultrasound transducer 10 that is electrically connected to the
cable 721. Thereafter, the balloon locking unit 2115 is
attached so as to produce the rigid member 211 together with
the proximal end portion 211a.

[0068] According to the above-described embodiment, the
water repellent portions 16a and 165 are formed correspond-
ing to the gap R formed by the end portions in the circum-
ferential direction on the cylindrical-shaped acoustic match-
ing layer, on the first structural member 16A and the second
structural member 16B of the ultrasound transducer 10,
thereby suppressing the capillary phenomenon that occurs at
a gap between the structural member 16 and the first acoustic
matching layer 12, formed by the adhesive G2. This con-
figuration prevents the adhesive G2 from flowing into the
portion between the piezoelectric elements 11, and enables
the backing material 15 to be filled into the portion between
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the piezoelectric elements 11, making it possible to suppress
deterioration in acoustic performance in the radial ultra-
sound transducer.

[0069] Moreover, by providing the water repellent por-
tions 16a and 164 in a smallest region possible to suppress
capillary phenomenon, on the bonding portion at the end of
the acoustic matching layer in the above-described embodi-
ment, it is possible to ensure a large region to which the
adhesive G1 is applicable, on portions other than the water
repellent portions 16a and 165, on the first structural mem-
ber 16A and the second structural member 16B. Accord-
ingly, it is possible to fix the structural member 16 onto the
first acoustic matching layer 12, or onto the substrate 17
further tightly. Therefore, it is preferable to have a formation
region of the water repellent portions on the outer side
surface of the structural member 16, to be smaller than the
region other than the water repellent portions. It would be
more preferable that the water repellent portions 16a and
165 are at least arranged in accordance with the portion
between the ends of the acoustic matching layer and that the
portions are formed in a smallest possible region.

[0070] Moreover, since the above-described embodiment
forms the water repellent portions 16a and 165 using a thin
film with fluorine coating, it is possible to reduce the radial
length of the structural member 16 compared with the water
repellent treatment such as water repellent sealing.

Modification of Embodiments

[0071] Although the water repellent portions 16a and 165
are formed using fluorine coating in the above-described
embodiment, alternative structure may be employed as long
as super-water repellent processing can be performed on the
structural member 16. For example, hydrophobic silica
coating or a double roughness structure may be employed.
Specifically, the double roughness structure means a surface
roughness structure having a plurality of micrometer-size
projections (concave-convex shape) including nanometer-
size projections. Water repellent coating such as fluorine
coating or hydrophobic silica coating is more easily manu-
factured with lower cost compared with the double rough-
ness structure, while the double roughness structure has an
advantage of higher water repellency compared with the
water repellent coating. The “super-water repellent” is a
phenomenon of a water droplet being in contact with a water
droplet holding surface with a contact angle greater than
150°.

[0072] Moreover, instead of the masking material 124,
super-water repellent processing, such as fluorine coating,
hydrophobic silica coating, and double roughness structure,
may be employed.

[0073] Moreover, two structural members (first structural
member 16A and second structural member 16B) are pro-
vided in the above-described embodiments. Alternatively,
only one of the first structural member 16A and the second
structural member 16B may be provided.

[0074] Embodiments of the present invention have been
described hereinabove, however, the present invention is not
intended to be limited to the above-described embodiments
and the modification. In this manner, the present invention
is not intended to be limited to the above-described embodi-
ments and modification but may include various forms of
embodiments without deviating from the technical spirit and
scope of the general inventive concept as defined in the
appended claims of this invention. Furthermore, the ele-
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ments described in each of the embodiments and modifica-
tions may be appropriately combined with each other.
[0075] As the ultrasound probe, an ultrasound miniature
probe that has a small diameter and has no optical system
may be employed. In typical cases, the ultrasound miniature
probe is inserted into biliary tract, bile duct, pancreatic duct,
trachea, bronchus, urethra, and ureter to observe the nearby
organs (pancreas, lung, prostate gland, bladder, and lymph
nodes, or the like).

[0076] Alternatively, an external ultrasound probe for
emitting ultrasound from a body surface of the subject may
be employed as the ultrasound probe. The external ultra-
sound probe is typically used to observe abdominal organs
(liver, gall bladder, and bladder), breast (mammary gland, in
particular), and the thyroid.

[0077] According to some embodiments, it is possible to
suppress deterioration in acoustic performance of the radial
ultrasound transducer.

[0078] Additional advantages and modifications will read-
ily occur to those skilled in the art. Therefore, the invention
in its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. An ultrasound probe comprising:

an acoustic matching layer having a sheet-shaped member
whose both ends are bonded together by an adhesive to
define a cylindrical shape and configured to adjust
acoustic impedance of ultrasound,

a plurality of piezoelectric elements arranged along a
circumferential direction on an inner periphery of the
acoustic matching layer and configured to emit ultra-
sound in response to an input of an electrical signal and
configured to convert ultrasound that has entered from
outside, into an echo signal,

a structural member having a disc shape and provided on
at least one end side of the acoustic matching layer in
a longitudinal direction orthogonal to the circumferen-
tial direction, at least a part of an outer side surface of
the structural member being fixed inside the acoustic
matching layer,

wherein the structural member has a water repellent
portion on a part of the outer side surface such that the
water repellent portion faces, in a radial direction, a gap
between the both ends of the acoustic matching layer.

2. The ultrasound probe according to claim 1, further

comprising a second structural member having a disc shape
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and provided on the other end side in the longitudinal
direction of the acoustic matching layer, an outer side
surface of the second structural member being fixed inside
the acoustic matching layer,
wherein the second structural member has a second water
repellent portion on the outer side surface so as to face
the gap in the radial direction.
3. The ultrasound probe according to claim 1,
wherein the water repellent portion is formed by a surface
having water repellent coating.
4. The ultrasound probe according to claim 3,
wherein the water repellent coating is one of fluorine
coating and hydrophobic silica particle coating.
5. The ultrasound probe according to claim 1,
wherein the water repellent portion has a double rough-
ness structure having a plurality of micrometer-size
projections including nanometer-size projections.
6. The ultrasound probe according to claim 1,
wherein the water repellent portion is exposed to outside
by the gap.
7. The ultrasound probe according to claim 1,
wherein the structural member is configured such that the
outer side surface other than the water repellent portion
is bonded to the acoustic matching layer via an adhe-
sive.
8. A method for manufacturing an ultrasound probe,
comprising:
stacking an acoustic matching layer base material on a
piezoelectric element base material to produce a mold-
ing member;
cutting the molding member at a predetermined pitch to
form a piezoelectric element and an acoustic matching
layer;
deforming the acoustic matching layer to form a cylin-
drical first structure such that the piezoelectric element
is provided on an inner periphery side of the cylindrical
first structure;
inserting a disc-shaped structural member having a water
repellent portion on a part of an outer periphery thereof,
into the cylindrical first structure such that the water
repellent portion faces an end of the cylindrical first
structure to produce a second structure; and
introducing an adhesive between the disc-shaped struc-
tural member and the cylindrical first structure in the
second structure, thereby bonding the outer periphery
of the disc-shaped structural member other than the
water repellent portion to the cylindrical first structure.
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