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(57) ABSTRACT

An ultrasonic transducer module including: a plurality of
piezoelectric elements, each being aligned in the same
direction that is a longitudinal direction thereof; an electrode
formed on a surface of each of the piezoelectric elements; a
wiring member configured to be joined with the electrode
and electrically connected with the electrode; and a
dematching layer provided on a surface of each of the
piezoelectric elements, the surface being opposite to another
surface of the corresponding piezoelectric element on which
the electrode and the wiring member are joined.
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ULTRASONIC TRANSDUCER MODULE,
ULTRASONIC ENDOSCOPE AND
PROCESSING METHOD OF ULTRASONIC
TRANSDUCER MODULE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2017/017940 filed on
May 11, 2017 which designates the United States, incorpo-
rated herein by reference, and which claims the benefit of
priority from Japanese Patent Applications No. 2016-
101508, filed on May 20, 2016, incorporated herein by
reference.

BACKGROUND

[0002] The present disclosure relates to an ultrasonic
transducer module, an ultrasonic endoscope including this
ultrasonic transducer at a distal end of an insertion unit, and
a processing method of the ultrasonic transducer module.
[0003] Ultrasound is applied in some cases for observing
a characteristic of a living tissue or material as an observa-
tion target. Specifically, an ultrasound observation apparatus
performs predetermined signal processing onto an ultra-
sound echo received from an ultrasonic transducer config-
ured to transmit and receive an ultrasound, whereby infor-
mation related to the characteristic of the observation target
can be obtained.

[0004] The ultrasonic 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 on 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 and then electronically switch-
ing the elements related to transmission and reception.
[0005] There is a plurality of types of known ultrasonic
transducers having different transmission and reception
directions of ultrasound beams, such as convex, linear, and
radial types. Among these, the convex ultrasonic transducer
includes a plurality of piezoelectric elements arranged along
a curved surface, and each of elements emits an ultrasound
beam in a radial direction of a curved surface, as disclosed
in a Japanese Patent Application No. H1-109279, for
example. The Japanese Patent Application No. H1-109279
describes production of a convex ultrasonic transducer by
arranging a plurality of piezoelectric elements on a flat
surface to connect with a flexible printed circuit (FPC), and
thereafter, the plurality of piezoelectric elements is bent to
produce the ultrasonic transducer.

SUMMARY

[0006] An ultrasonic transducer module according to one
aspect of the present disclosure includes: a plurality of
piezoelectric elements, each being aligned in the same
direction that is a longitudinal direction thereof; an electrode
formed on a surface of each of the piezoelectric elements; a
wiring member configured to be joined with the electrode
and electrically connected with the electrode; and a
dematching layer provided on a surface of each of the
piezoelectric elements, the surface being opposite to another
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surface of the corresponding piezoelectric element on which
the electrode and the wiring member are joined.

[0007] An ultrasonic endoscope according to one aspect of
the present disclosure includes an insertion unit that includes
the ultrasonic transducer module provided at a distal end of
the insertion unit, the insertion unit being configured to be
inserted into a subject.

[0008] A processing method of an ultrasonic transducer
module according to one aspect of the present disclosure
includes: a joining step of joining an electrode formed on a
surface of individual piezoelectric elements, each being
aligned in the same direction that is a longitudinal direction,
and a wiring member electrically connected with the elec-
trode; and a dematching layer forming step of forming a
dematching layer on a surface of each of the piezoelectric
elements, the surface being opposite to another surface of
the corresponding piezoelectric element on which the elec-
trode and the wiring member are joined.

[0009] The above and other features, advantages and tech-
nical and industrial significance of this disclosure will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the disclosure,
when considered in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a diagram schematically illustrating an
endoscope system according to a first embodiment;

[0011] FIG. 2 is a perspective view schematically illus-
trating a configuration of a distal end of an insertion unit of
an ultrasonic endoscope according to the first embodiment;
[0012] FIG. 3 is a partial cross-sectional view correspond-
ing to line A-A illustrated in FIG. 2;

[0013] FIG. 4 is a schematic diagram illustrating a con-
figuration of a main portion of an ultrasonic transducer
module according to the first embodiment, being a sche-
matic diagram illustrating a configuration of a wiring mem-
ber,

[0014] FIG. 5 is a schematic diagram illustrating a con-
figuration of a main portion of a conventional ultrasonic
transducer module, being a schematic diagram illustrating a
configuration of a wiring member;

[0015] FIG. 6 is a schematic diagram illustrating a con-
figuration of a main portion of an ultrasonic transducer
module according to a first modification of the first embodi-
ment, being a schematic diagram illustrating a configuration
of a wiring member,

[0016] FIG. 7 is a schematic diagram illustrating a con-
figuration of a main portion of an ultrasonic transducer
module according to a second modification of the first
embodiment, being a schematic diagram illustrating a con-
figuration of a wiring member;

[0017] FIG. 8 is a schematic diagram illustrating a con-
figuration of a main portion of an ultrasonic transducer
module according to a third modification of the first embodi-
ment, being a schematic diagram illustrating a configuration
of a wiring member; and

[0018] FIG. 9 is a schematic diagram illustrating a con-
figuration of a main portion of an ultrasonic transducer
module according to a second embodiment, being a sche-
matic diagram illustrating a configuration of a wiring mem-
ber.
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DETAILED DESCRIPTION

[0019] Hereinafter, embodiments of the present disclosure
(hereinafter, referred to as embodiment(s)) will be described
with reference to the drawings. Note that the present dis-
closure is not limited by the following embodiments. In the
drawings, same reference signs are attached to the same
portions.

First Embodiment

[0020] FIG. 1 is a diagram schematically illustrating an
endoscope system according to a first embodiment. An
endoscope system 1 is a system for performing ultrasound
diagnosis of internal portions of a subject such as a human
by using an ultrasonic endoscope. As illustrated in FIG. 1,
the endoscope system 1 includes an ultrasonic endoscope 2,
an ultrasound observation apparatus 3, an endoscopic
examination apparatus 4, a display device 5, and a light
source apparatus 6.

[0021] The ultrasonic endoscope 2 uses an ultrasonic
transducer disposed on a distal end portion to convert an
electrical pulse signal transmitted from the ultrasound obser-
vation apparatus 3 into an ultrasound pulse (acoustic pulse)
and emits it to the subject. The ultrasonic transducer also
converts an ultrasound echo reflected on the subject into an
electrical echo signal expressed by a voltage change and
outputs the signal.

[0022] The ultrasonic endoscope 2 typically includes an
imaging optical system and image sensors. The ultrasonic
endoscope 2 can be inserted into gastrointestinal tracts
(esophagus, stomach, duodenum, and large intestine) or
respiratory organs (trachea and bronchus) of the subject and
can image any of the gastrointestinal tracts and the respira-
tory organs. Moreover, it is possible to capture their sur-
rounding organs (pancreas, gall bladder, bile duct, biliary
tract, lymph nodes, mediastinal organs, blood vessels, or the
like) using ultrasound. The ultrasonic 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 ultrasonic endoscope 2
into the subject, while a proximal end portion thereof is
connected to the light source apparatus 6 that generates
illumination light.

[0023] As illustrated in FIG. 1, the ultrasonic endoscope 2
includes an insertion unit 21, an operating unit 22, a uni-
versal cord 23, and a connector 24. The insertion unit 21 is
aportion to be inserted into the subject. As illustrated in FIG.
1, the insertion unit 21 includes: a rigid distal end portion
211 provided on a distal end side to hold an ultrasonic
transducer 7; a bending portion 212 coupled to the proximal
end side of the distal end portion 211 and configured to be
bendable; and a flexible tube portion 213 having flexibility
and coupled to the proximal end side of the bending portion
212. Although not specifically illustrated herein, the inser-
tion unit 21 internally includes: a light guide that transmits
illumination light supplied from the light source apparatus 6;
a plurality of signal cables for transmitting various signals;
and a treatment instrument insertion passage for inserting
treatment instruments.

[0024] The ultrasonic transducer 7 is a convex ultrasonic
transducer having a plurality of piezoelectric elements
arranged in an array for electronically switching piezoelec-
tric elements related to transmission and reception or delay-

Apr. 25,2019

ing transmission and reception of each of the piezoelectric
elements to perform electronic scanning. The configuration
of the ultrasonic transducer 7 will be described below.

[0025] FIG. 2 is a perspective view schematically illus-
trating a configuration of a distal end of an insertion unit of
an ultrasonic endoscope according to the first embodiment.
As illustrated in FIG. 2, the distal end portion 211 includes
an ultrasonic transducer module 214 that holds the ultrasonic
transducer 7; an illumination lens 2154 that converges the
illumination light and emits the illumination light to the
outside; and an endoscope module 215 including an objec-
tive lens 2155 constituting the imaging optical system for
capturing external light. The endoscope module 215
includes a treatment instrument protrusion port 215¢ com-
municating with a treatment instrument insertion passage
formed in the insertion unit 21 to allow the treatment
instrument to protrude from the distal end of the insertion
unit 21. The treatment instrument insertion passage is pro-
vided to allow the vicinity of an end portion connected to the
treatment instrument protrusion port 215¢ to be inclined
with respect to the longitudinal axis of the insertion unit 21
and allow the treatment instrument to protrude from the
treatment instrument protrusion port 215¢ in a direction
inclined with respect to the longitudinal axis. Here, the
longitudinal axis is an axis along the longitudinal direction
of the insertion unit 21. While the axial direction varies
depending on individual positions in the bending portion
212 and the flexible tube portion 213, the longitudinal axis
of the rigid distal end portion 211 is a constant linear axis.

[0026] The operating unit 22 is coupled to the proximal
end side of the insertion unit 21 and receives various types
of operation from a user such as a doctor. 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 perform-
ing various types of operation. Moreover, the operating unit
22 has a treatment instrument insertion port 223 communi-
cating with the treatment instrument insertion passage to be
used for inserting treatment instruments into the treatment
instrument insertion passage.

[0027] The universal cord 23 is a cable extending from the
operating unit 22 and including a plurality of signal cables
for transmitting various signals and an optical fiber for
transmitting illumination light supplied from the light source
apparatus 6.

[0028] The connector 24 is provided at the distal end of the
universal cord 23. The connector 24 includes first to third
connector units 241 to 243 each of which is connected with
an ultrasound cable 31, a video cable 41, and an optical fiber
cable 61, respectively.

[0029] The ultrasound observation apparatus 3 is electri-
cally connected with the ultrasonic endoscope 2 via the
ultrasound cable 31 (FIG. 1), outputs a pulse signal to the
ultrasonic endoscope 2 via the ultrasound cable 31, while
inputting echo signals from the ultrasonic endoscope 2. The
ultrasound observation apparatus 3 subsequently performs
predetermined processing on the echo signal and generates
an ultrasound image.

[0030] The endoscopic examination apparatus 4 is elec-
trically connected with the ultrasonic endoscope 2 via the
video cable 41 (FIG. 1), and inputs an image signal from the
ultrasonic endoscope 2 via the video cable 41. The endo-
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scopic examination apparatus 4 subsequently performs pre-
determined processing on the image signal and generates an
endoscopic image.

[0031] The display device 5 is formed with liquid crystal,
organic electroluminescence (EL), a projector, a cathode ray
tube (CRT), or the like, and displays an ultrasound image
generated by the ultrasound observation apparatus 3, an
endoscopic image generated by the endoscopic examination
apparatus 4, or the like.

[0032] The light source apparatus 6 is connected with the
ultrasonic endoscope 2 via the optical fiber cable 61 (FIG. 1)
and supplies illumination light for illuminating portions
inside the subject, to the ultrasonic endoscope 2 via the
optical fiber cable 61.

[0033] Subsequently, a configuration of the ultrasonic
transducer 7 provided at the distal end of the insertion unit
21 will be described with reference to FIGS. 2 to 5. FIG. 3
is a partial cross-sectional view corresponding to line A-A
illustrated in FIG. 2. The first embodiment is described as an
exemplary case where the ultrasonic transducer 7 is a
convex ultrasonic transducer as illustrated in FIG. 2 includ-
ing a one-dimensional array (1D array) of the plurality of
piezoelectric elements 71 arranged in a line. In other words,
in the ultrasonic transducer 7 according to the first embodi-
ment, the plurality of piezoelectric elements 71 is arranged
along the outer surface forming the curved surface of the
ultrasonic transducer 7, and transmits and receives ultra-
sound on a plane including the longitudinal axis and parallel
to the longitudinal axis.

[0034] The ultrasonic transducer 7 includes: a plurality of
piezoelectric elements 71 having a prismatic shape and each
being aligned in the same direction that is the longitudinal
direction thereof; a first acoustic matching layer 72 provided
on an outer surface side of the ultrasonic transducer 7 with
respect to the piezoelectric element 71; a second acoustic
matching layer 73 provided on the side on the first acoustic
matching layer 72 opposite to the side coming in contact
with the piezoelectric element 71; a backing material 74
provided on the side on the piezoelectric element 71 oppo-
site to the side coming in contact with the first acoustic
matching layer 72; and an acoustic lens 75 provided on a
side on the second acoustic matching layer 73 opposite to the
side coming in contact with the first acoustic matching layer
72. The backing material 74 is filled in a hollow space
formed by the piezoelectric element 71, the first acoustic
matching layer 72, a wall portion 76 erected on the side on
the first acoustic matching layer 72 on which the piezoelec-
tric element 71 is disposed, and a lid portion 77 formed with
a hard resin to seal one end side of the wall portion 76. The
acoustic lens 75 covers outer surfaces of the first acoustic
matching layer 72, the second acoustic matching layer 73,
the wall portion 76, and the lid portion 77. The acoustic lens
75 forms the outer surface of the ultrasonic transducer 7.
[0035] The piezoelectric element 71 converts an electrical
pulse signal into an acoustic pulse, emits this pulse to the
subject, converts an ultrasound echo reflected on the subject
into an electrical echo signal expressed by a voltage change,
and outputs the echo signal. On the piezoelectric element 71,
a signal input/output electrode 71a is provided on a backing
material 74-side main surface, and a ground electrode 715
for grounding is provided on a first acoustic matching layer
72-side main surface of the piezoelectric element 71. Each
of the electrodes is formed using a metal material or a resin
material, having conductivity. The main surface herein
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refers to an acoustic radiation surface and a surface facing
the acoustic radiation surface. The surface continuous with
the main surface is referred to as a side surface.

[0036] In order to allow the sound (ultrasound) to be
efficiently transmitted between the piezoelectric element 71
and an observation target, the first acoustic matching layer
72 and the second acoustic matching layer 73 perform
matching of acoustic impedance of the piezoelectric element
71 and the acoustic impedance of the observation target. The
first acoustic matching layer 72 and the second acoustic
matching layer 73 are formed of mutually different materi-
als. Note that while the first embodiment describes a case
where there are two acoustic matching layers (first acoustic
matching layer 72 and second acoustic matching layer 73),
it is also allowable to have one layer or three layers or more,
in accordance with characteristics of the piezoelectric ele-
ment 71 and the observation target.

[0037] The first acoustic matching layer 72 includes a
ground electrode 72a electrically connected to the ground
electrode 715 of the piezoelectric element 71. The ground
electrode 72a is formed of a conductive material having
higher conductivity than the acoustic impedance of the
piezoelectric element 71 and functions as a dematching
layer. The piezoelectric element 71 is grounded to the
outside via the ground electrode 72a.

[0038] The backing material 74 attenuates unnecessary
ultrasound vibration generated by operation of the piezo-
electric element 71. The backing material 74 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 acoustic lens 75 is formed with silicone,
polymethylpentene, epoxy resin, polyetherimide, or the like.
One of the surfaces of the acoustic lens 75 is formed into a
protruding or recessed shape, leading to a function of
narrowing the ultrasound, thereby emitting the ultrasound
that passes through the second acoustic matching layer 73 to
the outside, or incorporating an ultrasound echo from the
outside. Whether to provide the acoustic lens 75 may be
optional, and thus, it is allowable to have a configuration
without the acoustic lens 75.

[0040] The piezoelectric element 71 vibrates with an input
of a pulse signal, whereby the above-configured ultrasonic
transducer 7 emits ultrasound to the observation target via
the first acoustic matching layer 72, the second acoustic
matching layer 73, and the acoustic lens 75. At this time, the
piezoelectric element 71 is configured such that the backing
material 74 attenuates unnecessary vibration of the piezo-
electric element 71 on the opposite side of the arrangement
side of the first acoustic matching layer 72, the second
acoustic matching layer 73, and the acoustic lens 75. More-
over, the ultrasound reflected from the observation target is
transmitted to the piezoelectric element 71 via the acoustic
lens 75, the second acoustic matching layer 73, and the first
acoustic matching layer 72. The transmitted ultrasound
causes the piezoelectric element 71 to vibrate, and then, the
piezoelectric element 71 converts the vibration into an
electrical echo signal, and outputs the echo signal to the
ultrasound observation apparatus 3 via a wiring member 101
described below.

[0041] As illustrated in FIG. 3, the ultrasonic transducer
module 214 has a housing 214a in which a housing hole
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214b capable of housing the ultrasonic transducer 7 and a
relay substrate 100 described later is formed.

[0042] The ultrasonic transducer module 214 includes a
relay substrate 100 that relays electrical connection between
the ultrasonic transducer 7 and a cable forming a part of a
path for electrically connecting the ultrasonic transducer 7
(ultrasonic transducer module 214) to the ultrasound obser-
vation apparatus 3. The relay substrate 100 includes: an
insulating member 1001 being a flexible printed circuit
(FPC) held by the ultrasonic transducer 7 on one end side of
the ultrasonic transducer 7 and on the side opposite to the
surface used for transmitting/receiving ultrasound; and a
wiring member 101 which is a conductive member extend-
ing in a flying lead structure so as to be electrically con-
nected to the signal input/output electrode 71a. The insu-
lating member 1001 is formed with an insulating material
such as polyimide. A plurality of the wiring members 101 is
provided corresponding to the number of the piezoelectric
elements 71 to be connected. A part of the plurality of wiring
members 101 may be integrated at a portion where the
insulating member 1001 is provided.

[0043] The wiring member 101 is formed with a conduc-
tive material such as nickel, copper, or an alloy containing
nickel or copper as a main component. An end portion of the
wiring member 101 on the side connected to the signal
input/output electrode 71a is curved to form an L-shape. The
wiring member 101 is positioned in an area extending in a
stacking direction of the piezoelectric element 71, the first
acoustic matching layer 72 and the second acoustic match-
ing layer 73, being an area R, that passes through a matching
layer of the piezoelectric element 71. The term “matching
layer” as used herein refers to a portion of the first acoustic
matching layer 72 and the second acoustic matching layer 73
that allow the ultrasound from the piezoelectric element 71
to pass, being a layer formed by a portion excluding a
dematching layer formed by the ground electrode 715 or the
like. Ultrasound and the above-described unnecessary vibra-
tion are also transmitted from the piezoelectric element 71 to
the backing material 74 side of this area R,, and the
ultrasound transmitted as unnecessary vibration is attenu-
ated by the backing material 74.

[0044] The signal input/output electrode 71a and the wir-
ing member 101 are joined with each other by a joint 102.
The joint 102 is an electrolytic plating layer formed by an
electrolytic plating method using a conductive material such
as nickel, copper, or an alloy containing nickel or copper as
a main component. The electrolytic plating method controls
voltage or time so as to perform quantitative control of the
material forming the joint 102. Note that the joint 102 may
be formed by a molten solder method.

[0045] Here, it is preferable that a joining portion on the
piezoelectric element 71 with the joint 102 is a piezoelec-
trically inactive area in order to accurately transmit and
receive ultrasound. Being piezoelectrically inactive means
that it is not polarized or that no electric field is applied.

[0046] FIG. 4 is a schematic diagram illustrating a con-
figuration of a main portion of an ultrasonic transducer
module according to the first embodiment, being a sche-
matic diagram illustrating a configuration of a wiring mem-
ber. The wiring member 101 extends from the relay substrate
100 so as to have a bent distal end. A recess 103 is formed
at distal end of the wiring member 101. The recess 103 has
a notch shape cut out from the distal end of the wiring

Apr. 25,2019

member 101 along the longitudinal direction of the wiring
member 101. A joining area with the joint 102 includes this
recess 103.

[0047] In the joining area on the wiring member 101 with
the joint 102, in a case where a length in the longitudinal
direction of the wiring member 101 is L,, a thickness of the
wiring member 101 is T, a length in the short direction of
the wiring member 101 is W, and a groove width of notch
in the recess 103 is d, T,>d, is satisfied. The contact area
on the wiring member 101 with the joint 102, namely, a
surface area S, on the wiring member 101 to be joined with
the joint 102 is expressed by:

S1=((W1=d)2+T XL xd+{(W,~d|)/2 }xT1x2.

[0048] FIG. 5 is a schematic diagram illustrating a con-
figuration of a main portion of a conventional ultrasonic
transducer module, being a schematic diagram illustrating a
configuration of a wiring member. A conventional wiring
member 200 without the recess 103 extends from an insu-
lating member 1001 so as to have a bend distal end.
Hereinafter, it is assumed that the signal input/output elec-
trode 71a and the wiring member 200 are joined by the joint
102.

[0049] In the joining area on the wiring member 200 with
the joint 102, in a case where a length in the longitudinal
direction of the wiring member 200 is L,,,, a thickness of
the wiring member 200 is T,,,, and a length in the short
direction of the wiring member 200 is W, the contact area
on the wiring member 200 with the joint 102, namely, a
surface area S,,, on the wiring member 200 to be joined
with the joint 102 is expressed by:

S100=W 100 T 100)%L100%2+W 106X T 100-

[0050] For example, in a case where the lengths L, and
Lo are 300 (um), the thicknesses T, and T, are 25 (um),
the lengths W, and W, are 70 (um), and the groove width
d; is 10 (um), the surface area ratio S,:S, 4 1s 115:100. This
indicates that the wiring member 101 according to the first
embodiment has a larger surface area. This leads to the
larger joining area of the wiring member 101 when being
joined with the joint 102 than the joining area of the
conventional wiring member 200, making it possible to
improve the joining strength.

[0051] Subsequently, a processing method of the above-
described ultrasonic transducer module 214 will be
described. A first step of manufacturing the ultrasonic trans-
ducer module 214 is to stack the first acoustic matching layer
72 and the second acoustic matching layer 73 on the
piezoelectric element 71. At this time, the ground electrode
7154 in the piezoelectric element 71 comes in contact with the
ground electrode 72a in the first acoustic matching layer 72.
[0052] Thereafter, the signal input/output electrode 71a
and the wiring member 101 are joined with each other at the
joint 102 (joining step) in a state where the signal input/
output electrode 71a of the piezoelectric element 71 and the
wiring member 101 are in contact with each other. The joint
102 is formed by the above-described electrolytic plating
method, for example. The use of the electrolytic plating
method makes it possible to suppress the generation of heat
when joining the signal input/output electrode 71a with the
wiring member 101 as compared with the conventional
soldering, enabling suppression of thermal deterioration of
the piezoelectric element 71. In addition, the electrolytic
plating method can be used to collectively join a plurality of
pairs of the signal input/output electrodes 71a and the wiring
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members 101, enabling reduction of the manufacturing cost.
The joint 102 may be formed by a molten solder method.

[0053] Note that the manufacturing order described above
may be reversed. Specifically, the signal input/output elec-
trode 71a and the wiring member 101 may be joined to each
other first, and then, the first acoustic matching layer 72 and
the second acoustic matching layer 73 may be stacked on the
piezoelectric element 71.

[0054] The first acoustic matching layer 72 and the second
acoustic matching layer 73 are first stacked on the piezo-
electric element 71 and next the wiring member 101 is
joined to the signal input/output electrode 71a, and then, the
wall portion 76 is erected on the first acoustic matching layer
72. Thereafter, the liquid backing material 74 is cast using
the wall portion 76 as an ingate and cured. When casting and
curing the backing material 74, the relay substrate 100 is
placed at a desired position. Thereafter, the lid portion 77 is
formed on the backing material 74 by using an epoxy resin,
for example. Note that although FIG. 3 illustrates two wall
portions 76 alone, another wall portion may also be formed
on the end portion side of the arranged piezoelectric element
71 to form a frame.

[0055] Thereafter, the acoustic lens 75 is attached to the
outer peripheries of the first acoustic matching layer 72, the
second acoustic matching layer 73, the wall portion 76, and
the lid portion 77. Furthermore, the acoustic lens 75 is
attached to the housing 214a. With this processing, the
ultrasonic transducer module 214 illustrated in FIG. 3 is
manufactured.

[0056] According to the first embodiment described
above, the recess 103 is formed in the joining area on the
wiring member 101 in the process of joining, at the joint
102, the signal input/output electrode 71a of the piezoelec-
tric element 71 with the wiring member 101 extending from
the relay substrate 100. According to the first embodiment,
it is possible to increase the joining area on the wiring
member 101 with the joint 102 compared with the case of
the wiring member 200 without the recess 103, making it
possible to ensure the joining strength between the piezo-
electric element and the wiring even in a case where the
pitch is reduced. With this configuration, it is possible to
improve the durability of the connection between the piezo-
electric element and the wiring.

[0057] Furthermore, according to the above-described first
embodiment, the groove width d, of the recess 103 is made
smaller than the thickness T, of the wiring member 101. This
increases the contact area between the wiring member 101
and the joint 102 compared with the conventional configu-
ration, making it possible to improve the joining strength
between the piezoelectric element and the wiring.

[0058] Moreover, according to the above-described first
embodiment, forming the recess 103 can reduce the weight
of the wiring member 101 as compared with the conven-
tional configuration, making it possible to reduce unneces-
sary vibration, leading to improvement of the image quality
of the obtained image.

[0059] In the first embodiment described above, the recess
103 is described as having a notch shape cut out from the
distal end of the wiring member 101 along the longitudinal
direction of the wiring member 101. The shape of the recess,
however, is not limited to this shape. For example, the shape
may be different from the notch shape according to the first
embodiment, or it is allowable to increase the surface area
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by using porous material. Hereinafter, other examples of
recesses will be described in first to third modifications.
[0060] First Modification of the First Embodiment
[0061] FIG. 6 is a schematic diagram illustrating a con-
figuration of a main portion of an ultrasonic transducer
module according to a first modification of the first embodi-
ment, being a schematic diagram illustrating a configuration
of a wiring member. A wiring member 101A illustrated in
FIG. 6 includes a plurality of recesses 104 cut out from the
side surface of the wiring member 101A. Each of the
recesses 104 extends in a direction parallel or perpendicular
to the extending direction of the wiring member 101A. With
the first modification, it is also possible to increase the
joining area with the joint 102 as compared with the con-
ventional case.

[0062] Second Modification of the First Embodiment
[0063] FIG. 7 is a schematic diagram illustrating a con-
figuration of a main portion of an ultrasonic transducer
module according to a second modification of the first
embodiment, being a schematic diagram illustrating a con-
figuration of a wiring member. A wiring member 101B
illustrated in FIG. 7 includes a plurality of recesses 105 cut
out from the side surface of the wiring member 101B. Each
of the recesses 105 extends in a direction parallel to the
extending direction of the wiring member 101B, or extends
in a direction inclined with respect to a direction orthogonal
to the extending direction. With the second modification, it
is also possible to increase the joining area with the joint 102
as compared with the conventional case.

Third Modification of the First Embodiment

[0064] FIG. 8 is a schematic diagram illustrating a con-
figuration of a main portion of an ultrasonic transducer
module according to a third modification of the first embodi-
ment, being a schematic diagram illustrating a configuration
of a wiring member. A wiring member 101C illustrated in
FIG. 8 includes a recess 106 having a hole shape penetrating
from one main surface to the other main surface of opposing
main surfaces of the wiring member 101C. With the third
modification, the surface area is increased by the inner
peripheral surface of the recess 106, also making it possible
to increase the joining area with the joint 102 as compared
with the conventional case.

Second Embodiment

[0065] FIG. 9 is a schematic diagram illustrating a con-
figuration of a main portion of an ultrasonic transducer
module according to a second embodiment, being a sche-
matic diagram illustrating a configuration of a wiring mem-
ber. In the above-described first embodiment, the wiring
member 101 is located inside the area R, that passes through
the matching layer of the piezoelectric element 71. In the
second embodiment, however, a wiring member 101D is
arranged in an area R, extending in the stacking direction of
the piezoelectric element 71, the first acoustic matching
layer 72, and the second acoustic matching layer 73, that is,
the area R, being the area that corresponds to a dematching
layer formed by the ground electrode 72a and suppressing
the passing of the ultrasound from the piezoelectric element
71, and in the area R, not including the piezoelectric element
71.

[0066] Ultrasound is transmitted from the piezoelectric
element 71 to the matching layer. Accordingly, when a
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wiring material exists in an area passing through the match-
ing layer, the ultrasound would be reflected on the wiring
member toward the piezoelectric element 71 side, leading to
reception of an unnecessary ultrasound echo by the piezo-
electric element 71 in some cases. In the second embodi-
ment, as illustrated in FIG. 9, the wiring member 101D is
arranged in the area R, passing through the dematching layer
so as to suppress the reception of unnecessary ultrasound
echo by the piezoelectric element 71. In addition, disposing
a matching layer on a surface opposite to the joining portion
with the joint 102 might cause disturbance in the sound field
due to the addition of the joint 102. By adopting the
above-described arrangement, however, it is possible to
suppress the disturbance of the sound field, leading to
improvement of the image quality of the obtained image.
[0067] Similarly to the above-described first embodiment,
according to the second embodiment described above, the
recess 103 is formed in the joining area on the wiring
member 101D in the process of joining, at the joint 102, the
signal input/output electrode 71a of the piezoelectric ele-
ment 71 with the wiring member 101D extending as a flying
lead structure from the relay substrate 100. According to the
second embodiment, it is possible to increase the joining
area on the wiring member 101D with the joint 102 com-
pared with the case of the wiring member 200 without the
recess 103, making it possible to ensure the joining strength
between the piezoelectric element and the wiring even in a
case where the pitch is reduced.

[0068] In addition, according to the second embodiment,
the wiring member 101D is positioned within the area R,
corresponding to the dematching layer. This configuration
suppresses incidence of the ultrasound reflected on the
wiring member 101D onto the piezoelectric element 71 of
the matching layer, making it possible to suppress reception
of an unnecessary ultrasound echo by the piezoelectric
element 71. This makes it possible to suppress noise due to
unnecessary ultrasound echo and to improve the image
quality of the ultrasound image obtained by the ultrasonic
transducer 7.

[0069] Note that while the above-described second
embodiment is a case where the wiring member 101D is
disposed in an area corresponding to the dematching layer
through which the ultrasound from the piezoelectric element
71 would not pass and in an area not including the piezo-
electric element 71, it is sufficient as long as the wiring
member 101D is arranged in either one of the areas. Spe-
cifically, the wiring member 101D may be disposed in an
area corresponding to the dematching layer through which
the ultrasound from the piezoelectric element 71 would not
pass, or may be arranged in an area not including the
piezoelectric element 71.

[0070] While embodiments of the present disclosure have
been described hereinabove, the present disclosure is not
intended to be limited to the above-described embodiments
and the modifications. The present disclosure is not intended
to be limited to the above-described embodiments and
modifications but may include various forms of embodi-
ments without deviating from the technical spirit and scope
of the general inventive concept as defined in the appended
claims of this disclosure. Furthermore, the components
described in each of the embodiments and modifications
may be appropriately combined with each other.

[0071] Moreover, while the above-described first and sec-
ond embodiments are cases where the recess has a groove
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shape in which a part of the wiring member is cut out so as
to penetrate the opposing main surfaces, the recess may have
a bottomed groove shape. The recess may have a bottomed
groove shape or a recessed shape, or may have a groove
shape or a hole shape not having a bottom. In addition, the
surface roughness of the wiring member may be increased to
increase the surface area, or the above-described bottomed
groove shape and the groove shape not having the bottom
may be combined with each other.

[0072] While the above-described first and second
embodiments are exemplary cases where the cross section
having the plane orthogonal to the extending direction of the
wiring member as a section has a rectangular shape, the
present disclosure is not limited to this and the shape may be
trapezoidal. The shape of the wiring member can be appro-
priately designed corresponding to the way of cutting at the
time of forming the recess.

[0073] While the above-described first and second
embodiments are cases where the recesses are provided in
the wiring member and the wiring member and the electrode
are joined with each other on the joint 102. Alternatively,
however, the wiring member and the electrode may be
joined to each other by using the molten solder method.
[0074] Moreover, the above-described first and second
embodiments are exemplary cases where a piezoelectric
element is used for emitting ultrasound and converting the
ultrasound incident from the outside into an echo signal. The
present disclosure, however, is not limited to this, and may
use a device utilizing Micro Electro Mechanical Systems
(MEMS), such as Capacitive Micromachined Ultrasonic
Transducers (C-MUT) or Piezoelectric Micromachined
Ultrasonic Transducers (P-MUT), for example.

[0075] Furthermore, it is allowable to apply the present
technique as an ultrasonic endoscope to a small-diameter
ultrasound probe not including an optical system and con-
figured to perform scanning by mechanically rotating the
transducer. In typical cases, the ultrasound miniature probe
is inserted into biliary tract, bile duct, pancreatic duct,
trachea, bronchus, urethra, and ureter, and is applicable to
the examination of the surrounding organs (pancreas, lung,
prostate gland, bladder, lymph nodes, and the like).

[0076] The ultrasonic transducer may be any of a linear
transducer, radial transducer, and a convex transducer. In a
case where the ultrasonic transducer is a linear transducer,
the scanning area has a quadrangular shape (rectangle or
square). In a case where the ultrasonic transducer is a radial
transducer or a convex transducer, the scanning area is
fan-shaped or circular. The ultrasonic endoscope may cause
the ultrasonic transducer to perform mechanical scan, or
may provide, as the ultrasonic transducer, a plurality of
elements in an array, and may cause the ultrasonic trans-
ducer to perform electronic scan by electronically switching
elements related to transmission/reception or imposing
delay onto transmission/reception of each of elements.
[0077] Moreover, although an example is described as an
ultrasonic endoscope, the ultrasonic transducer module of
the present disclosure may be applied to an external ultra-
sound probe that emits ultrasound from a body surface of a
subject. The external ultrasound probe is typically used to
examine abdominal organs (liver, gall bladder, and bladder),
breast (mammary gland, in particular), and the thyroid.
[0078] Additional advantages and modifications will read-
ily occur to those skilled in the art. Therefore, the disclosure
in its broader aspects is not limited to the specific details and
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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 ultrasonic transducer module comprising:

aplurality of piezoelectric elements, each being aligned in

the same direction that is a longitudinal direction
thereof;,

an electrode formed on a surface of each of the piezo-

electric elements;

a wiring member configured to be joined with the elec-

trode and electrically connected with the electrode; and

a dematching layer provided on a surface of each of the

piezoelectric elements, the surface being opposite to
another surface of the corresponding piezoelectric ele-
ment on which the electrode and the wiring member are
joined.

2. The ultrasonic transducer module according to claim 1,
wherein

the wiring member includes a recess that is provided at a

joining area where the wiring member is joined with
the electrode,

the recess has a groove shape that is formed by cutting out

part of one end of the wiring member, and

a groove width of the recess being smaller than a thick-

ness of the wiring member.

3. The ultrasonic transducer module according to claim 1,
further comprising a joint configured to join the electrode
and the wiring member,

wherein the joint is an electrolytic plating layer formed by

using a metal containing nickel or copper as a main
component.
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4. The ultrasonic transducer module according to claim 1,
wherein the plurality of piezoelectric elements is arranged
along a curved surface.

5. An ultrasonic endoscope, comprising:

an ultrasonic transducer module provided at a distal end
of the ultrasonic endoscope, the ultrasonic transducer
module including;: a plurality of piezoelectric elements,
each being aligned in the same direction that is a
longitudinal direction thereof; an electrode formed on a
surface of each of the piezoelectric elements; a wiring
member configured to be joined with the electrode and
electrically connected with the electrode; and a
dematching layer provided on a surface of each of the
piezoelectric elements, the surface being opposite to
another surface of the corresponding piezoelectric ele-
ment on which the electrode and the wiring member are
joined; and

an insertion unit configured to be inserted into a subject.

6. A processing method of an ultrasonic transducer mod-
ule, the method comprising:

a joining step of joining an electrode formed on a surface
of individual piezoelectric elements, each being aligned
in the same direction that is a longitudinal direction,
and a wiring member electrically connected with the
electrode; and

a dematching layer forming step of forming a dematching
layer on a surface of each of the piezoelectric elements,
the surface being opposite to another surface of the
corresponding piezoelectric element on which the elec-
trode and the wiring member are joined.

7. The method according to claim 6, wherein the joining
step is performed by joining the electrode and the wiring
member by means of an electrolytic plating method or a
molten solder method.

I S I
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