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7) ABSTRACT

An ultrasonic device includes: an element substrate includ-
ing an ultrasonic transducer and a first connection electrode
connected to the ultrasonic transducer; a reinforcing plate
that is bonded to the element substrate to reinforce the
element substrate; and a second connection electrode pro-
vided on the reinforcing plate. The first and second connec-
tion electrodes are connected to each other in a bonding
portion between the element substrate and the reinforcing
plate.
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ULTRASONIC DEVICE, ULTRASONIC
PROBE, ULTRASONIC APPARATUS, AND
ULTRASONIC DEVICE MANUFACTURING

METHOD
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to an ultrasonic

device, an ultrasonic probe, an ultrasonic apparatus, and an
ultrasonic device manufacturing method.

[0003] 2. Related Art

[0004] An ultrasound probe having an ultrasonic wave
transmitting and receiving unit including a diaphragm,
which has a driving layer formed of a piezoelectric material,
and a support member, which supports the diaphragm and
has an opening at a position corresponding to the diaphragm,
is known (for example, refer to JP-A-2011-255024).

[0005] The ultrasonic probe includes a through silicon via
substrate as a sealing member disposed on a side (back
surface side) of the driving layer opposite to the support
member. The through silicon via substrate and the support
member are bonded to each other by anodic bonding, and
vacuum space is formed on the back surface side of the
diaphragm.

[0006] On the through silicon via substrate, a through
electrode and a solder bump are formed at positions facing
the driving layer. The solder bump is pressed against an
electrode layer forming the driving layer by pressure at the
time of bonding the support member and the through silicon
via substrate to each other. Accordingly, the electrode layer
on the driving layer side is connected to the through elec-
trode through the solder bump. As a result, the electrode
layer on the driving layer side is communicably connected
to a signal processing circuit unit for driving the ultrasonic
wave transmitting and receiving unit.

[0007] In the configuration disclosed in JP-A-2011-
255024, however, the ultrasonic wave transmitting and
receiving unit receives the pressing force from the solder
bump. Therefore, since it is not possible to obtain an
ultrasonic wave transmitting and receiving unit having
desired performance, there is a possibility that the reliability
will be lowered. That is, there is a possibility that the
piezoelectric performance of the piezoelectric body will be
lowered by the distortion of the driving layer and accord-
ingly the transmission and reception performance (transmis-
sion sensitivity (transmission output) or reception sensitiv-
ity) of the ultrasonic wave transmitting and receiving unit
will be lowered. In addition, there is a possibility that the
natural frequency of the diaphragm will be changed by the
distortion and accordingly the frequency characteristics of
the ultrasonic wave transmitting and receiving unit will be
changed. If the pressing force from the bump was large,
there is also a possibility that the ultrasonic wave transmit-
ting and receiving unit will be damaged. For example,
cracking may occur in the driving layer or the support
member.

SUMMARY

[0008] An advantage of some aspects of the invention is to
provide a highly reliable ultrasonic device, ultrasonic probe,
and ultrasonic apparatus and an ultrasonic device manufac-
turing method.
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[0009] An ultrasonic device according to an application
example of the invention includes: an element substrate that
includes an ultrasonic transducer and a first connection
electrode connected to the ultrasonic transducer; a reinforc-
ing plate that is bonded to the element substrate to reinforce
the element substrate; and a second connection electrode
provided on the reinforcing plate. The first and second
connection electrodes are connected to each other in a
bonding portion between the element substrate and the
reinforcing plate.

[0010] In the application example, the first connection
electrode connected to the vultrasonic transducer and the
second connection electrode provided on the reinforcing
plate are electrically connected to each other in the bonding
portion between the element substrate and the reinforcing
plate. That is, in the application example, in the bonding
portion between the element substrate and the reinforcing
plate, an electrode can be pulled out from the element
substrate side to the reinforcing plate side. Therefore, it is
possible to mount wiring lines on the second connection
electrode provided on the reinforcing plate. Therefore, since
the stress due to the mounting of wiring lines is applied to
the reinforcing plate, it is possible to suppress the applica-
tion of the stress to the element substrate. As a result, it is
possible to suppress the distortion of the element substrate.
[0011] As described above, in a case where a bump
electrode for connecting the first and second connection
electrodes to each other is provided at a position different
from the bonding portion so as to be pressed against the first
connection electrode or the second connection electrode, the
element substrate is distorted by the pressing force from the
bump electrode. For this reason, there is a possibility that the
performance of the ultrasonic transducer will be lowered or
the element substrate will be damaged.

[0012] In contrast, in the application example, in a bond-
ing portion where the reinforcing plate is bonded to the
element substrate, the first and second connection electrodes
are connected to each other. Therefore, as in a case where a
bump electrode is provided, it is possible to suppress the
stress applied to the element substrate. As a result, it is
possible to suppress the lowering of the performance of the
ultrasonic transducer or damage to the element substrate.
[0013] As described above, it is possible to provide a
highly reliable ultrasonic device including an ultrasonic
transducer having desired characteristics.

[0014] In the ultrasonic device according to the applica-
tion example, it is preferable that the ultrasonic transducer
includes a piezoelectric element.

[0015] 1In the application example with this configuration,
an ultrasonic transducer includes a piezoelectric element. In
such a configuration, since the distortion of the element
substrate can be suppressed, it is possible to suppress the
occurrence of a situation in which the piezoelectric layer of
the piezoelectric element is distorted according to the dis-
tortion of the element substrate and the piezoelectric per-
formance is lowered. Therefore, even in a configuration in
which the ultrasonic transducer includes a piezoelectric
element, it is possible to provide a highly reliable ultrasonic
device.

[0016] In the ultrasonic device according to the applica-
tion example, it is preferable that the element substrate has
a substrate body portion, in which an opening is formed, and
a vibration film provided in the substrate body portion so as
to close the opening and that the piezoelectric element is
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provided at a position, which overlaps the opening, on a
surface of the vibration film not facing the opening when
viewed from a thickness direction of the element substrate.
[0017] In the application example with this configuration,
the element substrate has the substrate body portion and the
vibration film that closes the opening provided in the sub-
strate body portion. Then, the piezoelectric element is pro-
vided at a position, which overlaps the opening, on the side
of the vibration film not facing the opening. In such an
ultrasonic device, the vibration film vibrates according to the
driving of the piezoelectric element, and ultrasonic waves
are transmitted from the opening. In addition, when the
vibration film is vibrated by the ultrasonic waves that have
propagated toward the vibration film from the opening side,
the vibration of the vibration film is detected by the piezo-
electric element.

[0018] Incidentally, in such a configuration, for example,
by forming an acoustic matching layer, which has interme-
diate acoustic impedance between the acoustic impedance of
a measurement target such as a living body and the acoustic
impedance of the ultrasonic device, within the opening,
reflection on the interface between the measurement target
and the ultrasonic device is suppressed. Accordingly, it is
possible to suppress a reduction in measurement accuracy.
On the other hand, if the thickness of the element substrate
is large, the depth of the opening is increased. As the
thickness of the acoustic matching layer increases, the
amount of attenuation of ultrasonic waves is increased. For
this reason, there is a possibility that the ultrasonic wave
transmission and reception performance will be lowered.
However, as described above, in a known configuration, if
the element substrate is made thin, the strength of the
element substrate is reduced. For this reason, there is a
possibility that distortion is likely to occur or the element
substrate is likely to be damaged.

[0019] In contrast, in the application example with the
configuration described above, since it is possible to sup-
press the stress applied to the element substrate, it is possible
to suppress the occurrence of distortion of the element
substrate while reducing the depth of the opening by making
the element substrate thin. Accordingly, it is possible to
improve the ultrasonic wave transmission and reception
performance.

[0020] In the ultrasonic device according to the applica-
tion example, it is preferable that the reinforcing plate has a
protruding portion that protrudes from the element substrate
when viewed from the thickness direction of the element
substrate and that a part of the second connection electrode
is provided in the protruding portion.

[0021] In the application example with this configuration,
the reinforcing plate has a protruding portion that protrudes
from the element substrate in the plan view, and a part of the
second connection electrode is provided in the protruding
portion. In such a configuration, the second connection
electrode can be pulled out to a position (for example, an end
of the protruding portion) on the reinforcing plate away from
the bonding portion between the element substrate and the
reinforcing plate. Therefore, for example, when making a
connection to a circuit board using a wiring material, such
as an FPC, it is possible to separate the wiring position from
the element substrate. As a result, it is possible to suppress
the distortion of the element substrate more reliably.
[0022] In the ultrasonic device according to the applica-
tion example, it is preferable that the bonding portion
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surrounds a region where the ultrasonic transducer of the
element substrate is provided.

[0023] In the application example with this configuration,
the bonding portion is disposed so as to surround a region
where the ultrasonic transducer is provided, and the element
substrate is bonded to the reinforcing plate by the bonding
portion. In such a configuration, compared with a configu-
ration in which apart of the periphery of a region where the
ultrasonic transducer is provided is bonded to the reinforcing
plate, it is possible to firmly fix the element substrate to the
reinforcing plate. Therefore, it is possible to suppress the
distortion of the element substrate more reliably.

[0024] In addition, as described above, in a case where the
piezoelectric element is formed on the reinforcing plate side
of the element substrate, it is possible to seal the space where
the piezoelectric element is formed by the element substrate,
the reinforcing plate, and the bonding portion. Therefore,
since it is possible to suppress the permeation of water into
the space where the piezoelectric element is formed, it is
possible to suppress the deterioration of the piezoelectric
element.

[0025] In the ultrasonic device according to the applica-
tion example, it is preferable that the element substrate and
the reinforcing plate are bonded to each other using an
adhesive.

[0026] In the application example with this configuration,
the element substrate and the reinforcing plate are bonded to
each other using an adhesive. In such a configuration, since
bonding between the element substrate and the reinforcing
plate can be easily performed, it is possible to improve the
manufacturing efficiency.

[0027] An ultrasonic probe according to an application
example of the invention includes: an ultrasonic device; and
a housing in which the ultrasonic device is housed. The
ultrasonic device includes: an element substrate that
includes an ultrasonic transducer and a first connection
electrode connected to the ultrasonic transducer; a reinforc-
ing plate that is bonded to the element substrate to reinforce
the element substrate; and a second connection electrode
provided on the reinforcing plate. The first and second
connection electrodes are connected to each other in a
bonding portion between the element substrate and the
reinforcing plate.

[0028] In the application example, the first connection
electrode connected to the ultrasonic transducer and the
second connection electrode provided on the reinforcing
plate are electrically connected to each other in the bonding
portion between the element substrate and the reinforcing
plate. In such a configuration, in the same manner as in the
application example relevant to the ultrasonic device
described above, an electrode can be pulled out from the
element substrate side to the reinforcing plate side in the
bonding portion between the element substrate and the
reinforcing plate. Therefore, it is possible to mount wiring
lines on the second connection electrode of the reinforcing
plate. Therefore, since the stress due to the mounting of
wiring lines is applied to the reinforcing plate, it is possible
to suppress the application of the stress to the element
substrate. As a result, it is possible to suppress the distortion
of the element substrate.

[0029] In addition, as described above, compared with a
configuration in which the first and second connection
electrodes are connected to each other using a bump elec-
trode, it is possible to suppress the stress applied to the



US 2017/0244022 Al

element substrate. Therefore, it is possible to suppress the
lowering of the performance of the ultrasonic transducer or
damage to the element substrate.

[0030] As described above, it is possible to provide a
highly reliable ultrasonic probe including an ultrasonic
transducer having desired characteristics.

[0031] An ultrasonic apparatus according to an application
example of the invention includes: an ultrasonic device; and
a control unit that controls the ultrasonic device. The ultra-
sonic device includes: an element substrate that includes an
ultrasonic transducer and a first connection electrode con-
nected to the ultrasonic transducer; a reinforcing plate that is
bonded to the element substrate to reinforce the element
substrate; and a second connection electrode provided on the
reinforcing plate. The first and second connection electrodes
are connected to each other in a bonding portion between the
element substrate and the reinforcing plate.

[0032] In the application example, the first connection
electrode connected to the ultrasonic transducer and the
second connection electrode provided on the reinforcing
plate are electrically connected to each other in the bonding
portion between the element substrate and the reinforcing
plate. In such a configuration, in the same manner as in the
application example relevant to the ultrasonic device
described above, an electrode can be pulled out from the
element substrate side to the reinforcing plate side in the
bonding portion between the element substrate and the
reinforcing plate. Therefore, it is possible to mount wiring
lines on the second connection electrode of the reinforcing
plate. Therefore, since the stress due to the mounting of
wiring lines is applied to the reinforcing plate, it is possible
to suppress the application of the stress to the element
substrate. As a result, it is possible to suppress the distortion
of the element substrate.

[0033] In addition, as described above, compared with a
configuration in which the first and second connection
electrodes are connected to each other using a bump elec-
trode, it is possible to suppress the stress applied to the
element substrate. Therefore, it is possible to suppress the
lowering of the performance of the ultrasonic transducer or
damage to the element substrate.

[0034] As described above, it is possible to provide a
highly reliable ultrasonic apparatus including an ultrasonic
transducer having desired characteristics.

[0035] An ultrasonic device manufacturing method
according to an application example of the invention
includes: forming an element substrate including an ultra-
sonic transducer and a first connection electrode connected
to the ultrasonic transducer; forming a reinforcing plate for
reinforcing the element substrate; and bonding the element
substrate and the reinforcing plate to each other. The form-
ing of the element substrate includes forming the ultrasonic
transducer and forming the first connection electrode in at
least a bonding portion between the element substrate and
the reinforcing plate. The forming of the reinforcing plate
includes forming the second connection electrode in at least
the bonding portion. In the bonding, the element substrate
and the reinforcing plate are bonded to each other while
making the first and second connection electrodes in contact
with each other in the bonding portion.

[0036] In the ultrasonic device manufactured according to
the manufacturing method of the application example, the
first connection electrode connected to the ultrasonic trans-
ducer and the second connection electrode provided on the
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reinforcing plate are electrically connected to each other in
the bonding portion between the element substrate and the
reinforcing plate. In such a configuration, in the same
manner as in the application example relevant to the ultra-
sonic device described above, an electrode can be pulled out
from the element substrate side to the reinforcing plate side
in the bonding portion between the element substrate and the
reinforcing plate. Therefore, it is possible to mount wiring
lines on the second connection electrode of the reinforcing
plate. Therefore, since the stress due to the mounting of
wiring lines is applied to the reinforcing plate, it is possible
to suppress the application of the stress to the element
substrate. As a result, it is possible to suppress the distortion
of the element substrate.

[0037] In addition, as described above, compared with a
configuration in which the first and second connection
electrodes are connected to each other using a bump elec-
trode, it is possible to suppress the stress applied to the
element substrate. Therefore, it is possible to suppress the
lowering of the performance of the ultrasonic transducer or
damage to the element substrate.

[0038] As described above, it is possible to manufacture a
highly reliable ultrasonic device including an ultrasonic
transducer having desired characteristics.

[0039] In the ultrasonic device manufacturing method
according to the application example, it is preferable to
further include processing the element substrate. It is pref-
erable that the forming of the element substrate includes
forming a vibration film in a substrate body portion. Pref-
erably, in the forming of the first connection electrode, the
substrate body portion is exposed by removing a part of the
vibration film, and the first connection electrode is formed
along an exposed portion where at least the substrate body
portion is exposed. Preferably, in the processing of the
element substrate, the exposed portion and the first connec-
tion electrode formed along the exposed portion are
removed.

[0040] 1In the application example, in the forming of the
element substrate, a part of the first connection electrode is
formed in the exposed portion that is exposed by removing
the vibration film formed in the substrate body portion.
Then, in the processing of the element substrate, the exposed
portion where a part of the first connection electrode is
formed and the first connection electrode formed along the
exposed portion are removed. By removing the exposed
portion in this manner, it is possible to form a plurality of
element substrates simultaneously from the long substrate.
[0041] Usually, the first connection electrode is formed of
a material (for example, a conductive material, such as
metal) different from the material of the element substrate or
the reinforcing plate having an insulation property. Accord-
ingly, it is possible to selectively remove the first connection
electrode. Since this is easy, it is possible to improve the
production efficiency.

[0042] In the ultrasonic device manufacturing method
according to the application example, it is preferable that, in
the processing of the element substrate, the exposed portion
is removed from an opposite side of the first connection
electrode and then the first connection electrode formed
along the exposed portion is removed.

[0043] In the application example, the exposed portion is
removed from the side opposite to a side where the first
connection electrode is provided. Then, the first connection
electrode formed along the exposed portion is removed. That
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is, a portion of the first connection electrode overlapping the
exposed portion in a plan view as viewed from the thickness
direction of the element substrate is removed.

[0044] For example, in the case of removing the exposed
portion by etching, a portion of the first connection electrode
formed along the exposed portion can be used as an etching
stopper layer. Therefore, in the case of forming a plurality of
element substrates simultaneously from the long substrate as
described above, it is possible to suppress the occurrence of
a situation in which a member, which is located on a side
opposite to the exposed portion with respect to the first
connection electrode, comes in contact with an etching
material to deteriorate.

[0045] In the ultrasonic device manufacturing method
according to the application example, it is preferable that, in
the forming of the first connection electrode, when the
element substrate and the reinforcing plate are bonded to
each other, the exposed portion is formed at a position of the
substrate body portion overlapping the second connection
electrode in a plan view as viewed from a thickness direction
of the element substrate.

[0046] In the application example, in a plan view as
viewed from the thickness direction of the element substrate,
when the element substrate and the reinforcing plate are
bonded to each other, the exposed portion is formed at a
position overlapping the second connection electrode. In
such a configuration, in the processing of the element
substrate, the second connection electrode can be exposed
by removing the exposed portion and the first connection
electrode formed along the exposed portion.

[0047] In the ultrasonic device manufacturing method
according to the application example, it is preferable that, in
the bonding, the element substrate and the reinforcing plate
are bonded to each other using an adhesive and the adhesive
is provided at a position where at least the second connection
electrode is covered on the reinforcing plate.

[0048] In the application example, the element substrate
and the reinforcing plate are bonded to each other using an
adhesive, and the adhesive is provided at a position where at
least the second connection electrode is covered on the
reinforcing plate. In such a configuration, in the bonding, the
element substrate and the reinforcing plate can be bonded to
each other, and the second connection electrode can be
covered with an adhesive. Accordingly, when removing the
first connection electrode formed along the exposed portion
by processing the element substrate after the bonding, it is
possible to use the adhesive as a protective film of the
second connection electrode. Therefore, it is possible to
suppress the deterioration of the second connection elec-
trode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0050] FIG. 1 is a diagram showing the schematic con-
figuration of an ultrasonic measurement apparatus.

[0051] FIG. 2 is a block diagram showing the schematic
configuration of the ultrasonic measurement apparatus.
[0052] FIG. 3 is a plan view when an element substrate
and a reinforcing plate in an ultrasonic device are viewed
from the acoustic lens side.

[0053] FIG. 4 is a sectional view of the ultrasonic device
corresponding to line A-A in FIG. 3.
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[0054] FIG. 5 is a sectional view of the ultrasonic device
corresponding to line B-B in FIG. 3.

[0055] FIG. 6 is a plan view when the element substrate
forming the ultrasonic device is viewed from the reinforcing
plate side.

[0056] FIG. 7 is a plan view when the reinforcing plate
forming the ultrasonic device is viewed from the element
substrate side.

[0057] FIG. 8 is a flowchart showing a method of manu-
facturing an ultrasonic device.

[0058] FIG. 9 is a diagram showing the state of an
ultrasonic device in an element substrate forming step.
[0059] FIG. 10 is a diagram showing the state of the
ultrasonic device in the element substrate forming step.
[0060] FIG. 11 is a diagram showing the state of the
ultrasonic device in the element substrate forming step.
[0061] FIG. 12 is a diagram showing the state of the
ultrasonic device in the element substrate forming step.
[0062] FIG. 13 is a diagram showing the state of the
ultrasonic device in the element substrate forming step.
[0063] FIG. 14 is a diagram showing the state of the
ultrasonic device in a reinforcing plate forming step.
[0064] FIG. 15 is a diagram showing the state of the
ultrasonic device in a bonding step.

[0065] FIG. 16 is a diagram showing the state of the
ultrasonic device in the bonding step.

[0066] FIG. 17 is a diagram showing the state of the
ultrasonic device in an element substrate processing step.
[0067] FIG. 18 is a diagram showing the state of the
ultrasonic device in the element substrate processing step.
[0068] FIG. 19 is a diagram showing the state of the
ultrasonic device in the element substrate processing step.
[0069] FIG. 20 is a diagram showing the state of the
ultrasonic device in a reinforcing plate processing step.
[0070] FIG. 21 is a diagram showing the state of the
ultrasonic device in a division step.

[0071] FIG. 22 is a diagram showing the state of the
ultrasonic device in the division step.

DESCRIPTION OF EXEMPLARY

EMBODIMENTS
[0072] Hereinafter, an embodiment of the invention will
be described.
[0073] FIG. 1 is a diagram showing the schematic con-

figuration of an ultrasonic measurement apparatus 1 of the
present embodiment. FIG. 2 is a block diagram showing the
schematic configuration of the ultrasonic measurement
apparatus 1.

[0074] As shown in FIG. 1, the ultrasonic measurement
apparatus 1 (ultrasonic apparatus) of the present embodi-
ment includes an ultrasonic probe 2 and a control device 10
(control unit) that is electrically connected to the ultrasonic
probe 2 through a cable 3.

[0075] In the ultrasonic measurement apparatus 1, the
ultrasonic probe 2 is brought into contact with the surface of
the living body (for example, a human body), ultrasonic
waves are transmitted to the inside of the object (for
example, a living body) from the ultrasonic probe 2, ultra-
sonic waves reflected by the organ in the living body are
received by the ultrasonic probe 2, and, for example, an
internal tomographic image in the living body is obtained or
the state of the organ in the living body (for example, a blood
flow) is measured based on the received signal.
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Configuration of Ultrasonic Probe

[0076] The ultrasonic probe 2 includes a housing 21 (refer
to FIG. 1), an ultrasonic device 22 housed in the housing 21,
and a circuit board 23 in which a driver circuit for control-
ling the ultrasonic device 22 and the like are provided.

Configuration of Housing

[0077] As shown in FIG. 1, the housing 21 is formed in a
rectangular box shape in a plan view, for example. A sensor
window 21B is provided on one surface (sensor surface
21A) perpendicular to the thickness direction, so that a part
of the ultrasonic device 22 is exposed. A passage hole 21C
of the cable 3 is provided in a part of the housing 21 (in the
example shown in FIG. 1, on a side surface), and the cable
3 is connected to the circuit board 23 by being inserted to the
inside of the housing 21 through the passage hole 21C. In
addition, a gap between the cable 3 and the passage hole 21C
is filled with, for example, a resin material. Accordingly,
waterproofness is ensured.

[0078] In the present embodiment, an example of the
configuration is shown in which the ultrasonic probe 2 and
the control device 10 are connected to each other using the
cable 3. However, without being limited thereto, for
example, the ultrasonic probe 2 and the control device 10
may be connected to each other by wireless communication,
or various components of the control device 10 may be
provided in the ultrasonic probe 2.

Configuration of Ultrasonic Device

[0079] FIG. 3 is a plan view when an element substrate 41
and a reinforcing plate 42 in the ultrasonic device 22 are
viewed from the acoustic lens 44 side. FIG. 4 is a sectional
view of the ultrasonic device 22 corresponding to line A-A
in FIG. 3. FIG. 5 is a sectional view of the ultrasonic device
22 corresponding to line B-B line in FIG. 3. FIG. 6 is a plan
view when the element substrate 41 is viewed from the
reinforcing plate 42 side. FIG. 7 is a plan view when the
reinforcing plate 42 is viewed from the element substrate 41
side.

[0080] As shown in FIGS. 4 and 5, the ultrasonic device
22 includes the element substrate 41, the reinforcing plate
42, an acoustic matching layer 43, the acoustic lens 44, and
a bonding member 47.

Configuration of Element Substrate

[0081] As shown in FIGS. 3 to 5, the element substrate 41
includes a substrate body portion 411, a vibration film 412
provided on the reinforcing plate 42 side of the substrate
body portion 411, and a piezoelectric element 413 laminated
on the vibration film 412. In addition, in a plan view when
the element substrate 41 is viewed from the substrate
thickness direction, the central region of the element sub-
strate 41 is an array region Arl, and a plurality of piezo-
electric elements 413 are arranged in a matrix in the array
region Arl. The element substrate 41 is bonded to the
reinforcing plate 42 by the bonding member 47 in a bonding
region Ar2 that is located in the outer peripheral portion of
the element substrate 41 in the above-described plan view.
[0082] The substrate body portion 411 is, for example, a
semiconductor substrate formed of Si. In the array region
Arl in the substrate body portion 411, an opening 411A
corresponding to each piezoelectric element 413 is provided.
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Bach opening 411A is closed by the vibration film 412
provided on the reinforcing plate 42 side of the substrate
body portion 411.

[0083] The vibration film 412 is provided so as to cover
the entire reinforcing plate 42 side of the substrate body
portion 411. The thickness of the vibration film 412 is
sufficiently smaller than the thickness of the substrate body
portion 411.

[0084] In the present embodiment, as shown in FIGS. 4
and 5, the vibration film 412 includes a support layer 412A
and a base layer 412B.

[0085] The support layer 412A is formed of, for example,
Si0,, is located on the substrate body portion 411 side, and
closes the opening 411A. In a case where the substrate body
portion 411 is formed of Si and the support layer 412A is
formed of S10.,, it is possible to easily form the support layer
412A by performing thermal oxidation treatment on the one
substrate body portion 411.

[0086] The base layer 412B is formed of, for example,
transition metal oxide such as ZrQ,, and is provided on a
side of the support layer 412A opposite to the substrate body
portion 411. The base layer 412B is located on the side of the
support layer 412A opposite to the substrate body portion
411. The base layer 412B is a layer on which the piezoelec-
tric element 413 is laminated.

[0087] In addition, the piezoelectric element 413 that is a
laminate of a lower electrode 414, a piezoelectric film 415,
and an upper electrode 416 is provided on the vibration film
412 (-7 side) that closes the opening 411 A. By the vibration
film 412 that closes the opening 411A and the piezoelectric
element 413, one ultrasonic transducer 45 is formed.
[0088] In such an ultrasonic transducer 45, a rectangular
wave voltage having a predetermined frequency can be
applied between the lower electrode 414 and the upper
electrode 416 to vibrate the vibration film 412 in the opening
region of the opening 411A. As a result, it is possible to
transmit ultrasonic waves. In addition, when the vibration
film 412 is vibrated by ultrasonic waves reflected from the
object, a potential difference occurs between the upper and
lower sides of the piezoelectric film 415. Accordingly, it is
possible to detect the received ultrasonic waves by detecting
the potential difference between the lower electrode 414 and
the upper electrode 416.

[0089] In the present embodiment, as shown in FIG. 6, a
plurality of ultrasonic transducers 45 described above are
arranged along an X direction (slice direction) and a Y
direction (scanning direction) crossing the X direction (in
the present embodiment, perpendicular to the X direction) in
the predetermined array region Arl of the element substrate
41, thereby forming an ultrasonic transducer array 46.
[0090] Typically, a composite oxide having a lead zircon-
ate titanate (PZT) based perovskite structure (ABO;-type
structure) can be used as the piezoelectric film 415. Accord-
ing to this, it becomes easy to ensure the amount of
displacement of the piezoelectric element 413.

[0091] In addition, a composite oxide having a perovskite
structure (ABO,-type structure) containing no lead can be
used as the piezoelectric film 415. According to this, the
ultrasonic device 22 can be realized using a non-lead-based
material having a less influence on the environment.
[0092] As such a non-lead-based piezoelectric material,
for example, a BFO-based material containing bismuth
ferrite (BFO; BiFeO,) can be mentioned. In BFO, Bi is
located at A site, and iron (Fe) is located at the B site. Other
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elements may be added to BFO. For example, at least one
element selected from ferrate manganese (Mn), aluminum
(Al), lanthanum (La), barium (Ba), titanium (Ti), cobalt
(Co), cerium (Ce), samarium (Sm), chromium (Cr), potas-
sium (K), lithium (Li), calcium (Ca), strontium (Sr), vana-
dium (V), niobium (Nb), tantalum (Ta), molybdenum (Mo),
tungsten (W), nickel (Ni), zinc (Zn), praseodymium (Pr),
neodymium (Nd), and Yuurobiumu (Eu) may be added to
sodium potassium niobate (KNN; KNaNbO,).

[0093] In addition, as another example of the non-lead-
based piezoelectric material, a KNN-based material contain-
ing sodium potassium niobate (KNN) can be mentioned.
Other elements may be added to KNN. For example, at least
one element selected from manganese (Mn), lithium (Li),
barium (Ba), calcium (Ca), strontium (Sr), zirconium (Zr),
titanium (T1), bismuth (Bi), tantalum (Ta), antimony (Sh),
iron (Fe), cobalt (Co), silver (Ag), magnesium (Mg), zinc
(Zn), copper (Cu), vanadium (V), chromium (Cr), molyb-
denum (Mo), tungsten (W), nickel (Ni), aluminum (Al),
silicon (Si), lanthanum (La), cerium (Ce), praseodymium
(Pr), neodymium (Nd), promethium (Pm), samarium (Sm),
and europium (Eu) may be added to KNN.

[0094] Materials of the lower electrode 414 or the upper
electrode 416 are not limited as long as the materials are
conductive materials. As examples of the material of the
lower electrode 414 or the upper electrode 416, it is possible
to use metal materials such as platinum (Pt), iridium (Ir),
gold (Au), aluminum (Al), copper (Cu), titanium (T1), and
stainless steel, tin oxide based conductive materials such as
indium tin oxide (ITO) and fluorine doped tin oxide (FTC),
zinc oxide based conductive materials, oxide conductive
materials such as ruthenium acid strontium (SrRuQ;), nickel
lanthanum (LaNiO,), and earth doped strontium titanate,
and a conductive polymer.

[0095] As shown in FIG. 6, the lower electrode 414 is
formed in a linear shape along the X direction. That is, the
lower electrode 414 is provided over a plurality of ultrasonic
transducers 45 aligned along the X direction, and is formed
by a lower electrode body 414A located between the piezo-
electric film 415 and the vibration film 412, a lower con-
nection electrode 414B that connects the adjacent lower
electrode bodies 414A to each other, and a lower lead
electrode 414C drawn to the bonding region Ar2 outside the
array region Arl (refer to FIG. 4). Accordingly, in the
ultrasonic transducers 45 aligned in the X direction, the
lower electrode 414 has the same electric potential.

[0096] The lower lead electrode 414C extends to the
bonding region Ar2 from the array region Arl.

[0097] As shown in FIGS. 3 and 4, each of the plurality of
lower electrodes 414 is electrically connected to a second
lower connection electrode 424 provided on the reinforcing
plate 42 side by being in contact with the second lower
connection electrode 424 through a first lower connection
electrode 417 provided on the lower lead electrode 414C (-Z
side) in the bonding region Ar2. As will be described later,
each lower electrode 414 is connected to the circuit board 23
through a lower electrode pad 424P of the second lower
connection electrode 424.

[0098] The first lower connection electrode 417 has a first
layer 417A located on the element substrate 41 side and a
second layer 417B provided on the first layer 417A. The first
layer 417 A is formed of, for example, a metal material, such
as NiCr alloy. The second layer 424B is formed of, for
example, a metal material, such as Au.
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[0099] The configuration of the first lower connection
electrode 417 is not limited to the configuration described
above, and may be formed of a metal material of one layer
or three or more layers. In addition to the metal material
described above, various conductive materials can be used
as materials forming the first lower connection electrode
417, similar to the lower electrode 414 and the upper
electrode 416.

[0100] On the other hand, as shown in FIG. 6, the upper
electrode 416 includes an element electrode portion 416A,
which is provided over a plurality of ultrasonic transducers
45 aligned along the Y direction, and a common electrode
portion 4168 that connects the ends of the plurality of
element electrode portions 416A to each other. The element
electrode portion 416A has an upper electrode body 416C
laminated on the piezoelectric film 415, an upper connection
electrode 416D that connects the adjacent upper electrode
bodies 416C to each other, and an upper lead electrode 416E
that extends to the outside along the Y direction from the
ultrasonic transducers 45 disposed at both ends in the Y
direction (refer to FIG. 5).

[0101] The common electrode portion 4168 is provided in
each of the +Y-side end and the -Y-side end of the array
region Arl. The common electrode portion 4168 on the +Y
side connects the upper lead electrodes 416EF extending to
the +Y side from the ultrasonic transducer 45 provided on
the +Y side end, among a plurality of ultrasonic transducers
45 provided along the Y direction. The common electrode
portion 416B at the -Y side end connects the upper lead
electrodes 416F extending to the =Y side. Accordingly, in
each ultrasonic transducer 45 within the array region Arl,
the upper electrode 416 has the same electric potential. The
pair of upper lead electrodes 416F are provided along the X
direction, and the ends thereof extends to the bonding region
Ar2 from the array region Arl.

[0102] As shown in FIGS. 3 and 5, each of the pair of
upper lead electrodes 416E is electrically connected to a
second upper connection electrode 425 provided on the
reinforcing plate 42 side by being in contact with the second
upper connection electrode 425 through a first upper con-
nection electrode 418 provided on the upper lead electrode
416E (-7 side) in the bonding region Ar2. As will be
described later, a pair of upper lead electrodes 416E are
connected to the circuit board 23 through an upper electrode
pad 425P of the second upper connection electrode 425.

[0103] Although not shown, the first upper connection
electrode 418 has a first layer located on the element
substrate 41 side and a second layer located on the first layer
(=7 side), similar to the first lower connection electrode 417.
The first upper connection electrode 418 may be formed of
a metal material of one layer or three or more layers. In
addition to the metal material described above, various
conductive materials can be used as materials forming the
first upper connection electrode 418, similar to the lower
electrode 414 and the upper electrode 416.

[0104] In the ultrasonic transducer array 46 described
above, one ultrasonic transducer group 45A is formed by the
ultrasonic transducers 45 aligned in the X direction, which
are connected to each other by the lower electrode 414, and
a plurality of ultrasonic transducer groups 45A are aligned
along the Y direction to form a one-dimensional array
structure.
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Configuration of Reinforcing Plate

[0105] The reinforcing plate 42 is a plate-shaped member,
such as a semiconductor substrate formed of Si or an
insulator substrate, for example. As shown in FIG. 3, the
reinforcing plate 42 has an opposite portion 421 facing the
element substrate 41 and a protruding portion 422, which
extends in +X and -X directions from the opposite portion
421 and protrudes to the element substrate 41 in a plan view
as viewed from the thickness direction, and has a larger outer
size than the element substrate 41.

[0106] In addition, since the material or shape of the
reinforcing plate 42 affects the frequency characteristics of
the ultrasonic transducer 45, it is preferable to set the
material or shape of the reinforcing plate 42 based on the
center frequency of ultrasonic waves transmitted and
received by the ultrasonic transducer 45.

[0107] When the vibration film 412 is vibrated, ultrasonic
waves are emitted as back waves not only to the opening
411A side but also to the reinforcing plate 42 side. The back
wave 1s reflected by the reinforcing plate 42, and is emitted
to the vibration film 412 side again through a gap 421A. In
this case, if the phase of the reflected back wave and the
phase of the ultrasonic wave emitted to the opening 411A
side from the vibration film 412 are shifted from each other,
the ultrasonic wave is attenuated. In the present embodi-
ment, therefore, an acoustic distance in the gap 421A is set
to be an odd multiple of %4 (A/4) of the wavelength A of the
ultrasonic wave.

[0108] In addition, as shown in FIG. 7, the second lower
connection electrode 424 and the second upper connection
electrode 425 are provided on the surface of the reinforcing
plate 42 facing the element substrate 41.

[0109] The second lower connection electrode 424 is
provided for each of a plurality of first lower connection
electrodes 417 formed on the element substrate 41, and is
electrically connected to the corresponding first lower con-
nection electrode 417 by being in contact with the corre-
sponding first lower connection electrode 417 in the bonding
region Ar2 facing the outer peripheral portion of the element
substrate 41. The second lower connection electrode 424
extends to a terminal region Ar3 of the protruding portion
422 from the bonding region Ar2, thereby forming the lower
electrode pad 424P in the terminal region Ar3. The lower
electrode pad 424P is connected to a terminal portion 231
provided on the circuit board 23 by a wiring member (not
shown), such as a flexible printed circuit (FPC).

[0110] The second lower connection electrode 424 has a
first layer 424A formed on the reinforcing plate 42 and a
second layer 424B formed on the first layer 424A (+7 side).
The first layer 424A is formed of, for example, a metal
material, such as NiCr alloy. The second layer 424B is
formed of, for example, a metal material, such as Au. The
configuration of the second lower connection electrode 424
1s not limited to the configuration described above, and may
be formed of a metal material of one layer or three or more
layers. In addition to the metal material described above,
various conductive materials can be used as materials form-
ing the second lower connection electrode 424, similar to the
lower electrode 414 and the upper electrode 416.

[0111] The second upper connection electrode 425 is pro-
vided for each of a plurality of first upper connection
electrodes 418 formed on the element substrate 41, and is
electrically connected to the corresponding first upper con-
nection electrode 418 by being in contact with the corre-
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sponding first upper connection electrode 418 in the bonding
region Ar2. The second upper connection electrode 425
extends to the terminal region Ar3 of the protruding portion
from the bonding region Ar2, thereby forming the upper
electrode pad 425P in the terminal region Ar3. The upper
electrode pad 425P is connected to the terminal portion 231
provided on the circuit board 23 by the above-described
wiring member (not shown).

[0112] Although not shown, the second upper connection
electrode 425 has a first layer disposed on the reinforcing
plate 42 (+7 side) and a second layer formed on the first
layer, similar to the second lower connection electrode 424.
The second upper connection electrode 425 may be formed
of a metal material of one layer or three or more layers. In
addition to the metal material described above, various
conductive materials can be used as materials forming the
first lower connection electrode 417, similar to the lower
electrode 414 and the upper electrode 416.

Configuration of Bonding Member

[0113] As shown in FIG. 3, the bonding member 47 is
disposed in at least a part of a bonding portion 48 provided
in the bonding region Ar2 between the element substrate 41
and the reinforcing plate 42 in a plan view as viewed from
the thickness direction of the element substrate 41, and
bonds the element substrate 41 and the reinforcing plate 42
to each other. That is, the bonding portion 48 is configured
to include at least either parts of the first lower connection
electrode 417, the first upper connection electrode 418, the
second lower connection electrode 424, and the second
upper connection electrode 425 or the bonding member 47
(refer to FIGS. 3 and 4 and the like). In the bonding portion
48, the element substrate 41 and the reinforcing plate 42 are
bonded to each other, and the first lower connection elec-
trode 417 and the second lower connection electrode 424 are
connected to each other and the first upper connection
electrode 418 and the second upper connection electrode
425 are connected to each other.

[0114] In the bonding region Ar2, the bonding member 47
is disposed so as to surround the array region Arl. Accord-
ingly, a region (including the array region Arl) where the
element substrate 41 and the reinforcing plate 42 face each
other is sealed by being surrounded by the bonding member
47. As the bonding member 47, it is possible to use various
adhesives. However, permeation of water into the array
region Arl can be appropriately suppressed, for example, by
using an epoxy based adhesive. Therefore, it is possible to
suppress the deterioration of the piezoelectric element 413.

Configuration of Acoustic Matching Layer and Acoustic
Lens

[0115] As shown in FIGS. 4 and 5, the acoustic matching
layer 43 is provided on the opening 411 A side of the element
substrate 41. Specifically, the acoustic matching layer 43 is
filled in the opening 411A of the element substrate 41, and
is formed in a predetermined thickness from the +7 side end
surface of the substrate body portion 411.

[0116] The acoustic lens 44 is provided on the acoustic
matching layer 43, and is exposed to the outside from the
sensor window 21B of the housing 21 as shown in FIG. 1.
[0117] Due to the acoustic matching layer 43 or the
acoustic lens 44, ultrasonic waves transmitted from the
ultrasonic transducer 45 efficiently propagate toward the
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living body that is a measurement target, and ultrasonic
waves reflected from the inside of the living body efficiently
propagate toward the ultrasonic transducer 45. For this
reason, the acoustic impedance of the acoustic matching
layer 43 and the acoustic lens 44 is set to the intermediate
acoustic impedance between the acoustic impedance of the
ultrasonic transducer 45 of the element substrate 41 and the
acoustic impedance of the living body.

Configuration of Circuit Board

[0118] As shown in FIG. 2, the circuit board 23 has the
terminal portion 231 connected to the lower electrode pad
424P or the upper electrode pad 425P provided on the
element substrate 41. In addition, a driver circuit for driving
the ultrasonic device 22 or the like is provided on the circuit
board 23. Specifically, as shown in FIG. 2, the circuit board
23 includes a selection circuit 232, a transmission circuit
233, a receiving circuit 234, and the like.

[0119] The selection circuit 232 switches a transmission
connection for connecting the ultrasonic device 22 and the
transmission circuit 233 and a reception connection for
connecting the ultrasonic device 22 and the receiving circuit
234 based on the control of the control device 10.

[0120] When switching to the transmission connection is
made by the control of the control device 10, the transmis-
sion circuit 233 outputs a signal, which indicates the trans-
mission of ultrasonic waves, to the ultrasonic device 22
through the selection circuit 232.

[0121] When switching to the reception connection is
made by the control of the control device 10, the receiving
circuit 234 outputs a detection signal, which is input from
the ultrasonic device 22 through the selection circuit 232, to
the control device 10. The receiving circuit 234 is configured
to include, for example, a low noise amplifier circuit, a
voltage controlled attenuator, a programmable gain ampli-
fier, a low pass filter, and an A/D converter. The receiving
circuit 234 performs various kinds of signal processing, such
as the conversion of a received signal to a digital signal,
removal of noise components, and amplification to a desired
signal level, and then outputs the received signal after the
processing to the control device 10.

Configuration of Control Device

[0122] As shown in FIG. 2, the control device 10 is
configured to include, for example, an operating unit 11, a
display unit 12, a storage unit 13, and a calculation unit 14.
As examples of the control device 10, a terminal device,
such as a tablet terminal, a smartphone, or a personal
computer, may be used, or a dedicated terminal device for
operating the ultrasonic probe 2 may be used.

[0123] The operating unit 11 is a user interface (UI) used
when the user operates the ultrasonic measurement appara-
tus 1. For example, the operating unit 11 can be configured
to include a touch panel provided on the display unit 12,
operation buttons, a keyboard, a mouse, or the like.

[0124] The display unit 12 is formed using, for example,
a liquid crystal display, and displays an image thereon.
[0125] The storage unit 13 stores various programs and
various kinds of data for controlling the ultrasonic measure-
ment apparatus 1.

[0126] The calculation unit 14 is configured to include, for
example, an arithmetic circuit, such as a central processing
unit (CPU), and a storage circuit, such as a memory. The
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calculation unit 14 reads various programs stored in the
storage unit 13 and executes the various programs, thereby
performing the generation of a transmission signal and the
control of output processing for the transmission circuit 233
and performing received signal frequency setting, gain set-
ting, or the like for the receiving circuit 234.

Ultrasonic Device Manufacturing Method

[0127] Next, a method of manufacturing the above ultra-
sonic device 22 will be described.

[0128] FIG. 8 is a flowchart showing each step in the
manufacturing of the ultrasonic device 22 of the present
embodiment. FIGS. 9 to 22 are diagrams showing the
outline of the ultrasonic device 22 in each step.

[0129] In order to manufacture the ultrasonic device 22, as
shown in FIG. 8, an element substrate forming step S1, a
reinforcing plate forming step S2, a bonding step S3, an
element substrate processing step S4, a reinforcing plate
processing step S5, and a division step S6 are performed.
That is, in the present embodiment, a plurality of element
substrates 41 are integrally formed for an Si substrate and a
plurality of reinforcing plates 42 are integrally formed in the
same manner, and these are bonded to each other. Then, each
of the element substrates 41 that are integrally formed is
divided in the element substrate processing step S4 and then
the reinforcing plate 42 is divided in the division step S6,
thereby forming a plurality of ultrasonic devices 22.
[0130] FIGS. 9 to 22 show cross sections taken along the
line A-A shown in FIG. 3. In addition, a virtual line L2
shown in FIGS. 14 to 22 shows a division position when
dividing the reinforcing plate 42 in the division step S6.

Element Substrate Forming Step

[0131] In the element substrate forming step S1, first, the
vibration film 412 is formed in the substrate body portion
411 formed of Si (step S11: vibration film forming step). In
step S11, an SiO, film that is the support layer 412A is
formed by performing thermal oxidation treatment on the
substrate body portion 411. In addition, a ZrO, layer that is
the base layer 412B is formed by forming Zr on the SiO,
film and performing thermal oxidation treatment. Therefore,
as shown in FIG. 9, the vibration film 412 is formed on the
substrate body portion 411.

[0132] Then, the piezoelectric element 413 is formed by
forming the lower electrode 414, the piezoelectric film 415,
and the upper electrode 416 on the vibration film 412 (step
S12: piezoelectric element forming step). In step S12, first,
an electrode material forming the lower electrode 414 is
formed on the vibration film 412 by sputtering, for example.
Then, a resist is applied on the lower electrode 414, a resist
pattern is formed by photolithography or the like, and the
lower electrode 414 is patterned by etching, for example. As
the lower electrode 414, for example, a layer of Ti, Ir, and
Pt having a total thickness of about 200 nm is formed.
[0133] Then, the piezoelectric film 415 is formed on the
lower electrode 414. The piezoelectric film 415 is formed by
a solution method using PZT, for example. For example,
application processing for applying the PZT solution with a
composition ratio of Zr:Ti=52:48 on the vibration film 412
and the lower electrode 414 and baking processing for
baking the applied PZT solution under the conditions of, for
example, pre-baking of 400° C. and RTA baking of 700° C.
are performed multiple times, thereby obtaining a piezoelec-
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tric layer having a desired thickness. Then, the piezoelectric
film 415 is formed by patterning the formed piezoelectric
layer by etching (ion milling). The thickness of the piezo-
electric film 415 is 1200 nm.

[0134] After forming the piezoelectric film 415, the upper
electrode 416 is formed in the same manner as for the lower
electrode 414. That is, an electrode material is formed on the
vibration film 412, and a resist pattern is formed and
patterned by etching or the like in the same manner as at the
time of the lower electrode 414. As the upper electrode 416,
for example, an Ir layer having a thickness of 50 nm is
formed.

[0135] As described above, as shown in FIG. 10, the
piezoelectric element 413 configured to include the lower
electrode 414, the piezoelectric film 415, and the upper
electrode 416 is formed on the vibration film 412.

[0136] Then, as shown in FIG. 12, the vibration film 412
formed on the surface of a removal portion 411B, which is
a portion to be removed when dividing the element substrate
41 in the element substrate processing step S4 is removed,
in the substrate body portion 411, so that the substrate body
portion 411 is exposed (step S13: substrate body portion
exposure step). The removal portion 411B is a portion other
than a portion corresponding to the element substrate 41
(portion located outside a portion corresponding to the
element substrate 41) in a plan view as viewed from the
thickness direction. After performing the bonding step S3,
the removal portion 411B includes at least a region facing
the second lower connection electrode 424 or the second
upper connection electrode 425. In addition, a position
indicated by a virtual line L1 (refer to FIG. 11 and the like)
is a position corresponding to the outer edge of the element
substrate 41. In the example shown in FIGS. 11 to 13, the
removal portion 411B is a portion closer to the -X side than
the virtual line L1 is.

[0137] In step S13, first, a mask is formed in a region of
the —Z-side surface of the substrate body portion 411 exclud-
ing the removal portion 411B, the base layer 412B formed
on the removal portion 411B is removed by etching, and
then the mask is removed (refer to FIG. 11). Then, similarly,
a mask is formed in a region other than the removal portion
411B, the support layer 412A formed on the removal portion
411B is removed by etching, and then the mask is removed
(refer to FIG. 12). In this manner, the surface of the removal
portion 411B in the substrate body portion 411 is exposed.
That is, in a region of the substrate body portion 411
excluding the region corresponding to the element substrate
41, the surface of the substrate body portion 411 is exposed.
The removal portion 411B is equivalent to an exposed
portion that is exposed in step S13.

[0138] Then, the first lower connection electrode 417 and
the first upper connection electrode 418 are formed (step
S14: first connection electrode forming step). In step S14,
for example, an NiCr layer (corresponding to the first layers
of the first lower connection electrode 417 and the first upper
connection electrode 418) having a thickness of 50 nm and
an Au layer (corresponding to the second layers of the first
lower connection electrode 417 and the first upper connec-
tion electrode 418) having a thickness of 1300 nm are
sequentially formed by sputtering or the like. Then, a mask
is formed on the formation position of the first lower
connection electrode 417 and the first upper connection
electrode 418 and on the removal portion 411B, the NiCr
layer and the Au layer other than the mask forming region
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are removed, and then the mask is removed. Therefore, as
shown in FIG. 13, the first lower connection electrode 417
is formed on the formation position of the first lower
connection electrode 417 and the removal portion 411B. In
this case, the first upper connection electrode 418 (refer to
FIG. 6) is also simultaneously formed.

[0139] In the following explanation, portions of the first
lower connection electrode 417 and the first upper connec-
tion electrode 418 formed in step S14, which are formed on
the removal portion 411B, are referred to as a metal layer
419. As described above, the vibration film 412 formed on
the removal portion 411B is replaced with the metal layer
419 in steps S13 and S14. The metal layer 419 is formed in
a region of the substrate body portion 411 excluding the
region corresponding to the element substrate 41. In addi-
tion, although will be described in detail later, the metal
layer 419 can function as an etching stopper layer when
forming the substrate body portion 411 by wet etching in the
element substrate processing step S4, so that the permeation
of an etchant into the ultrasonic device 22 can be prevented.

Reinforcing Plate Forming Step

[0140] Then, the reinforcing plate forming step S2 is
performed. In the reinforcing plate forming step S2, the
second lower connection electrode 424 and the second upper
connection electrode 425 are formed. In step S2, for
example, an NiCr layer (corresponding to the first layers of
the second lower connection electrode 424 and the second
upper connection electrode 425) having a thickness of 50 nm
and an Au layer (corresponding to the second layers of the
second lower connection electrode 424 and the second upper
connection electrode 425) having a thickness of 1300 nm are
sequentially formed by sputtering or the like. Then, a mask
is formed on the formation position of the second lower
connection electrode 424 and the second upper connection
electrode 425, the NiCr layer and the Au layer other than the
mask forming region are removed, and then the mask is
removed. In this manner, as shown in FIG. 15, the second
lower connection electrode 424 is formed. In this case, the
second upper connection electrode 425 (refer to FIG. 7) is
also simultaneously formed. In the case of forming the
reinforcing plate 42 using an Si substrate, thermal oxidation
treatment may be performed on the reinforcing plate 42 to
form an oxide layer of SiO, on the surface of the reinforcing
plate 42.

Bonding Step

[0141] Then, the bonding step S3 is performed. In the
bonding step S3, as shown in FIG. 16, the bonding member
47 is disposed on the reinforcing plate 42. In the present
embodiment, an epoxy based adhesive is used as the bond-
ing member 47. The bonding member 47 is disposed in at
least a position covering the second lower connection elec-
trode 424 and the second upper connection electrode 425
and the bonding region Ar2 (refer to FIG. 7). Specifically,
for example, the bonding member 47 is disposed on the
reinforcing plate 42 by transferring the bonding member 47
from a film to the reinforcing plate 42 after applying the
bonding member 47 on the film.

[0142] Then, the element substrate 41 and the reinforcing
plate 42 are bonded to each other by performing alignment
so that the bonding regions Ar2 of the element substrate 41
and the reinforcing plate 42 match each other and that the



US 2017/0244022 Al

first lower connection electrode 417 of the element substrate
41 is in contact with the corresponding second lower con-
nection electrode 424 of the reinforcing plate 42 and the first
upper connection electrode 418 of the element substrate 41
is in contact with the corresponding second upper connec-
tion electrode 425 of the reinforcing plate 42 (refer to FIG.
17). As a result, in the bonding region Ar2, the first lower
connection electrode 417 and the second lower connection
electrode 424 are electrically connected to each other, and
the first upper connection electrode 418 and the second
upper connection electrode 425 are electrically connected to
each other. In the bonding step S3, for example, after a
predetermined time has passed in a state in which the
element substrate 41 and the reinforcing plate 42 are in
contact with each other, the element substrate 41 and the
reinforcing plate 42 are heated in a state in which the
element substrate 41 and the reinforcing plate 42 are pressed
against each other, and an epoxy based adhesive that is the
bonding member 47 is cured. In this manner, the bonding
member 47 can be disposed so as to surround the array
region Arl. In addition, at a position overlapping the
removal portion 411B in the substrate thickness direction,
the second lower connection electrode 424 and the second
upper connection electrode 425 are covered by the bonding
member 47.

Element Substrate Processing Step

[0143] Then, the element substrate processing step S4 is
performed. In the element substrate processing step S4, first,
as shown in FIG. 18, the substrate body portion 411 is
polished so that the thickness of the substrate body portion
411 becomes, for example, 50 pm.

[0144] Then, as shown in FIG. 19, the opening 411A is
formed in the element substrate 41, and the removal portion
411B is removed. Specifically, on the surface of the substrate
body portion 411 not facing the vibration film 412, a mask
1s formed at the formation position of the opening 411A and
a position other than on the removal portion 411B. Then, the
opening 411A is formed and the removal portion 411B is
removed by wet etching. For example, in a case where the
removal portion 411B is an Si substrate, the removal portion
411B is selectively removed by wet etching using KOH as
an etchant, and then the mask is removed. In this case, in a
plan view as viewed from the substrate thickness direction,
at a position overlapping the opening 411A, the support
layer 412A formed of SiO, functions as an etching stopper
layer. In addition, at a position overlapping the removal
portion 411B, the metal layer 419 functions as an etching
stopper layer.

[0145] Then, as shown in FIG. 20, the metal layer 419 is
removed by etching. In the present embodiment, in the
bonding step S3, the bonding member 47 formed of epoxy
based adhesive covers the second lower connection elec-
trode 424 and the second upper connection electrode 425.
Therefore, at the time of wet etching of the metal layer 419,
it is possible to suppress the deterioration of the second
lower connection electrode 424 and the second upper con-
nection electrode 425 using an etchant.

[0146] In the present embodiment, in the first connection
electrode forming step S14, the metal layer 419 is formed
along the removal portion 411B. Therefore, it is possible to
suppress the degradation of the piezoelectric performance of
the piezoelectric element 413, deterioration of the reinforc-
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ing plate 42, and the like due to an etchant permeating into
the ultrasonic device 22 when removing the removal portion
411B.

[0147] In addition, in the case of using the support layer
412A formed of Si0, as an etching stopper layer without
replacing the support layer 412A formed along the removal
portion 411B with the metal layer 419, it is possible to
suppress the deterioration due to the etchant as described
above, but it is necessary to further perform, for example, a
step of laser-cutting the support layer 412A in order to
remove the support layer 412A. For this reason, manufac-
turing efficiency is reduced. In contrast, in the case of
replacing the support layer 412A with the metal layer 419 as
in the present embodiment, it is possible to selectively
remove the metal layer 419. Therefore, it is possible to
suppress the deterioration of the support layer 412A (vibra-
tion film 412) or the reinforcing plate 42. In addition, since
the metal layer 419 can be selectively removed by wet
etching, it is possible to improve the manufacturing effi-
ciency compared with a case where the support layer 412A
is not replaced with the metal layer 419.

Reinforcing Plate Processing Step

[0148] Then, the reinforcing plate processing step S5 is
performed. In the reinforcing plate processing step S5, as
shown in FIG. 21, the bonding member 47 that covers the
second lower connection electrode 424 and the second upper
connection electrode 425 is removed. Specifically, the bond-
ing member 47 is selectively removed by plasma asking
using oxygen gas, for example. Thus, the second lower
connection electrode 424 and the second upper connection
electrode 425 (refer to FIG. 3 and the like) are exposed by
the element substrate processing step S4 and the reinforcing
plate processing step S5.

Division Step

[0149] Then, the division step S6 is performed. In the
division step S6, as shown in FIG. 22, a reformulated portion
SU is selectively formed within the reinforcing plate 42
along a division line [.2 corresponding to the outer periph-
eral portion of the reinforcing plate 42 by stealth dicing.
Specifically, the reformulated portion SU is formed within
the reinforcing plate 42 by emitting pulsed laser light along
the division line L2 from a laser light source. The reformu-
lated portion SU is a melt and re-solidified layer, and the
strength of the reformulated portion SU is lower than the
peripheral portion.

[0150] Then, the reinforcing plate 42 is divided along the
division line L2 where the reformulated portion SU is
formed (refer to FIG. 23).

[0151] Then, the opening 411A of the substrate body
portion 411 is filled with the acoustic matching layer 43, and
the acoustic lens 44 is further bonded thereto, thereby
manufacturing the ultrasonic device 22 shown in FIGS. 4
and 5 and the like.

Effect of the Embodiment

[0152] In the present embodiment, the first lower connec-
tion electrode 417 and the first upper connection electrode
418 (hereinafter, also referred to as first connection elec-
trodes 417 and 418) that are connected to the ultrasonic
transducer 45 are provided on the element substrate 41 side,
and the second lower connection electrode 424 and the
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second upper connection electrode 425 (hereinafter, also
referred to as second connection electrodes 424 and 425)
that are connected to the circuit board 23 are provided on the
reinforcing plate 42 side. In addition, in the bonding portion
48 between the element substrate 41 and the reinforcing
plate 42, the first lower connection electrode 417 and the
second lower connection electrode 424 are electrically con-
nected to each other, and the first upper connection electrode
418 and the second upper connection electrode 425 are
electrically connected to each other.

[0153] In the ultrasonic device 22 configured as described
above, since it is possible to pull out an electrode from the
element substrate 41 side to the reinforcing plate 42 side in
the bonding portion 48, it is possible to mount wiring lines
on the lower electrode pad 424P of the second lower
connection electrode 424 and the upper electrode pad 425P
of the second upper connection electrode 425 that are
provided in the reinforcing plate 42. Therefore, since the
stress caused by mounting the wiring lines is applied to the
reinforcing plate 42, it is possible to suppress the application
of the stress to the element substrate 41. As a result, it is
possible to suppress the distortion of the element substrate
41.

[0154] Here, for example, in a configuration in which a
bump electrode is provided in a region (for example, the
array region Arl) other than the bonding portion 48 and the
first lower connection electrode 417, and the second lower
connection electrode 424 (the first upper connection elec-
trode 418 and the second upper connection electrode 425)
are electrically connected to each other, the element sub-
strate 41 is distorted by the pressing force from the bump
electrode. Accordingly, there is a possibility that the perfor-
mance of the ultrasonic transducer 45 will be lowered or the
element substrate 41 will be damaged. In particular, in a
configuration in which a bump electrode presses, for
example, a thin portion (that is, a weak portion of the
element substrate 41) where the opening 411A such as the
array region Arl is formed, in the element substrate 41, the
element substrate 41 is likely to be distorted.

[0155] In contrast, in the present embodiment, in the
bonding portion 48, the first connection electrode 417 and
the second connection electrode 424 are electrically con-
nected to each other, and the first connection electrode 418
and the second connection electrode 425 are electrically
connected to each other. Therefore, as in a case where a
bump electrode is provided, it is possible to suppress the
stress applied to the element substrate 41. As a result, it is
possible to suppress the lowering of the performance of the
ultrasonic transducer 45 or damage to the element substrate
41. In the present embodiment, the bonding portion 48 is a
region other than the array region Arl, more specifically, an
outer peripheral portion of the element substrate 41 in a plan
view as viewed from the thickness direction, and is formed
at a position overlapping a thick portion where the opening
411A is not formed. For this reason, in a thin portion (weak
portion) of the element substrate 41, such as the array region
Arl, it is possible to suppress the distortion of the element
substrate 41 more reliably compared with a configuration in
which the element substrate 41 and the reinforcing plate 42
are electrically connected to each other.

[0156] Therefore, according to the present embodiment, it
is possible to provide the highly reliable ultrasonic device
including the ultrasonic transducer 45 having desired char-
acteristics. In addition, it is possible to provide the ultrasonic
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probe 2 and the ultrasonic measurement apparatus 1, which
are highly reliable, by mounting the ultrasonic device 22.
[0157] In addition, the ultrasonic transducer 45 is config-
ured to include the piezoelectric element 413. In such an
ultrasonic transducer 45, if the piezoelectric film 415 is
distorted according to the distortion of the element substrate
41, there is a possibility that the piezoelectric performance
will be lowered. In the present embodiment, since the
distortion of the element substrate 41 can be suppressed, it
is possible to suppress the lowering of the performance of
the ultrasonic transducer 45. Therefore, it is possible to
provide the highly reliable ultrasonic device 22.

[0158] The element substrate 41 has the substrate body
portion 411 and the vibration film 412 that closes the
opening 411A formed in the substrate body portion 411.
Then, the piezoelectric element 413 is formed on the vibra-
tion film 412, the vibration film 412 is vibrated by driving
the piezoelectric element 413 so that ultrasonic waves are
transmitted, and the vibration of the vibration film 412 when
the ultrasonic waves are received is detected by the piezo-
electric element 413. In such a configuration, since the
strength of the element substrate 41 is reduced, there is a
possibility that the element substrate 41 will be easily
distorted by the stress. In contrast, in the present embodi-
ment, as described above, in the bonding portion 48, the first
connection electrode 417 and the second connection elec-
trode 424 are electrically connected to each other, and the
first connection electrode 418 and the second connection
electrode 425 are electrically connected to each other. There-
fore, even if the strength of the element substrate 41 is
reduced as described above, it is possible to appropriately
suppress the distortion of the element substrate 41 due to the
stress.

[0159] In the present embodiment, the piezoelectric ele-
ment 413 is provided at a position overlapping the opening
411A, on the side of the vibration film 412 not facing the
opening 411A. In addition, according to the driving of the
piezoelectric element 413, the ultrasonic transducer 45
transmits ultrasonic waves in the +Z direction from the
opening 4114, and receives ultrasonic waves incident on the
vibration film 412 in the -Z direction.

[0160] In such a configuration, by forming the acoustic
matching layer 43 within the opening 411 A, reflection on the
interface between a measurement target and an ultrasonic
device is suppressed. Accordingly, a reduction in measure-
ment accuracy is suppressed. On the other hand, if the
thickness of the element substrate 41 is large, the depth of
the opening 411A is increased. As the thickness of the
acoustic matching layer 43 increases, the amount of attenu-
ation of ultrasonic waves is increased. For this reason, there
is a possibility that the ultrasonic wave transmission and
reception performance will be lowered.

[0161] In contrast, in the present embodiment, as
described above, it is possible to suppress the stress applied
to the element substrate 41 due to wiring mounting. Accord-
ingly, since it is possible to suppress the distortion of the
element substrate 41 while reducing the depth of the opening
by making the element substrate 41 thin, it is possible to
improve the ultrasonic wave transmission and reception
performance in the ultrasonic device 22.

[0162] The reinforcing plate 42 has the protruding portion
422 protruding from the element substrate 41 when viewed
from the thickness direction of the element substrate 41, and
parts of the second connection electrodes 424 and 425 are
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provided in the protruding portion 422. In addition, the
second connection electrodes 424 and 425 are connected to
the circuit board 23 through the electrode pads 424P and
425P located at both ends of the second connection elec-
trodes 424 and 425 not facing the element substrate 41. Tn
such a configuration, the second connection electrodes 424
and 425 can be pulled out to a position on the reinforcing
plate 42 away from the bonding portion 48 between the
reinforcing plate 42 and the element substrate 41. Therefore,
for example, when making a connection to the circuit board
23 using a wiring material, such as an FPC, it is possible to
separate the wiring position from the element substrate 41.
As a result, it is possible to suppress the distortion of the
element substrate 41 more reliably.

[0163] The bonding portion 48 is disposed so as to sur-
round the array region Arl. In such a configuration, com-
pared with a configuration in which the element substrate 41
and the reinforcing plate 42 are bonded to each other in a
part of the periphery of the array region Arl, it is possible
to firmly fix the element substrate 41 to the reinforcing plate
42. Therefore, it is possible to suppress the distortion of the
element substrate 41 more reliably.

[0164] In addition, in the present embodiment, in a case
where the piezoelectric element 413 is formed on the
reinforcing plate 42 side of the vibration film 412, space
interposed between the element substrate 41 and the rein-
forcing plate 42 (space where the piezoelectric element 413
is formed) can be sealed by the element substrate 41, the
reinforcing plate 42, and the bonding portion 48 (bonding
member 47). Accordingly, since it is possible to suppress the
permeation of water into the space where the piezoelectric
element 413 is formed, it is possible to suppress the dete-
rioration of the piezoelectric element 413.

[0165] In the bonding portion 48, the element substrate 41
and the reinforcing plate 42 are bonded to each other by the
bonding member 47 that is an epoxy based adhesive. In such
a configuration, since bonding between the element sub-
strate 41 and the reinforcing plate 42 can be easily per-
formed, it is possible to improve the manufacturing effi-
ciency. In addition, since the epoxy based adhesive has water
resistance, it is possible to appropriately suppress the dete-
rioration of the piezoelectric element 413 due to permeation
of water as described above.

[0166] In addition, the ultrasonic device 22 of the present
embodiment described above can be manufactured by per-
forming the steps S1 to S6 in the method of manufacturing
the ultrasonic device 22. That is, the first connection elec-
trodes 417 and 418 are formed in the bonding region Ar2 of
the element substrate 41, and the second connection elec-
trodes 424 and 425 are formed in the bonding region Ar2 of
the reinforcing plate 42. In addition, the element substrate 41
and the reinforcing plate 42 are bonded to each other while
making the first connection electrode 417 and the second
connection electrode 424 in contact with each other and
making the first connection electrode 418 and the second
connection electrode 425 in contact with each other in the
bonding portion 48. Therefore, it is possible to manufacture
the highly reliable ultrasonic device 22 as described above.

[0167] In the present embodiment, the vibration film 412
formed along the removal portion 411B is removed in the
substrate body portion exposure step S13, and the metal
layer 419 is formed along the removal portion 411B in the
first connection electrode forming step S14. Then, in the
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element substrate processing step S4, the removal portion
411B and the metal layer 419 are removed.

[0168] The removal portion 411B overlaps at least the
second connection electrodes 424 and 425 in a plan view as
viewed from the substrate thickness direction. Accordingly,
it is possible to expose the second connection electrodes 424
and 425 by removing the removal portion 411B and the
metal layer 419.

[0169] In addition, by removing the removal portion 411B
as described above, a plurality of element substrates 41 can
be simultaneously formed from a long substrate. Therefore,
it is possible to improve the production efficiency.

[0170] The metal layer 419 is formed of a metal material
different from the material of the substrate body portion 411
or the vibration film 412 of the element substrate 41 or the
material of the reinforcing plate 42. Accordingly, it is
possible to selectively remove the metal layer 419. Since this
is easy, it is possible to improve the production efficiency.
[0171] Inthe present embodiment, in the bonding step S3,
when bonding the element substrate 41 and the reinforcing
plate 42 to each other using the bonding member 47 that is
an epoxy based adhesive, the bonding member 47 is pro-
vided at a position where at least the second connection
electrodes 424 and 425 are covered in the reinforcing plate
42. In such a configuration, in the bonding step S3, the
second connection electrodes 424 and 425 can be covered by
the bonding member 47 while bonding the element substrate
41 and the reinforcing plate 42 to each other. Therefore,
when removing the metal layer 419 by performing the
element substrate processing step S4 after the bonding step
S3, the bonding member 47 serves as a protective film of the
second connection electrodes 424 and 425, so that the
deterioration of the second connection electrodes 424 and
425 can be suppressed.

Modification Examples

[0172] The invention is not limited to the embodiments
described above, but various modifications, improvements,
and appropriate combinations of the respective embodi-
ments may be made in a range where the object of the
invention can be achieved.

[0173] For example, in the embodiment described above,
in a plan view as viewed from the substrate thickness
direction, the reinforcing plate 42 has a larger outer size than
the element substrate 41. Without being limited thereto, the
reinforcing plate 42 may have the same outer size as the
element substrate 41, or the reinforcing plate 42 may be
smaller than the element substrate 41.

[0174] 1In this case, instead of pulling out the second
connection electrodes 424 and 425 to the protruding portion
422 of the reinforcing plate 42 as in the embodiment
described above, for example, a configuration may be
adopted in which a through electrode is provided in the
bonding region of the reinforcing plate 42 and the second
connection electrode and the through electrode are electri-
cally connected to each other.

[0175] In the embodiment described above, the bonding
portion 48 is formed so as to surround the periphery of the
array region Arl. However, the bonding portion 48 may be
formed in a part of the periphery of the array region Arl
without being limited thereto.

[0176] In addition, in the embodiment described above,
the element substrate 41 and the reinforcing plate 42 are
bonded to each other by using the bonding member 47 (for
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example, epoxy based adhesive) in a part of the bonding
portion 48. However, without being limited thereto, a
plasma-polymerized film may be formed between the ele-
ment substrate 41 and the reinforcing plate 42 to bond the
element substrate 41 and the reinforcing plate 42 to each
other.

[0177] In the embodiment described above, the manufac-
turing method of performing the reinforcing plate forming
step S2 after performing the element substrate forming step
(step S1) and performing the bonding step (step S3) has been
exemplified. However, the element substrate forming step
(step S1) may be performed after performing the reinforcing
plate forming step S2 without being limited thereto.
[0178] In addition, the manufacturing method of forming
a plurality of ultrasonic devices 22 simultaneously by pet-
forming the element substrate processing step (step S4) and
the reinforcing plate processing step (step S5) after perform-
ing the bonding process (step S3) has been exemplified.
However, the element substrate 41 and the reinforcing plate
42 corresponding to one ultrasonic device 22 may be formed
from a long substrate, and the element substrate 41 and the
reinforcing plate 42 may be bonded to each other using the
same method as in the bonding step S3. Also in this case, it
is possible to suppress the distortion of the element substrate
41 by connecting the first connection electrode 417 and the
second connection electrode 424 to each other and connect-
ing the first connection electrode 418 and the second con-
nection electrode 425 to each other in the bonding portion
48.

[0179] In the embodiment described above, the manufac-
turing method has been exemplified in which the vibration
film 412 formed along the removal portion 411B is replaced
with the metal layer 419. However, without being limited
thereto, the vibration film 412 formed along the removal
portion 411B may be removed using, for example, a laser
cutting method after removing the removal portion 411B,
instead of replacing the vibration film 412 with the metal
layer 419.

[0180] In the embodiment described above, the second
connection electrodes 424 and 425 are exposed by providing
the removal portion 411B at a position overlapping the
second connection electrodes 424 and 425 in a plan view as
viewed from the thickness direction and removing the
removal portion 411B. However, without being limited
thereto, for example, the second connection electrodes 424
and 425 may be formed at a position not overlapping the
element substrate 41 of the reinforcing plate 42 in a plan
view as viewed from the thickness direction. In this case, the
removal portion 411B may be set along the outer periphery
of the element substrate 41 that is finally formed.

[0181] In the embodiment described above, when bonding
the element substrate 41 and the reinforcing plate 42 to each
other, the bonding member 47 is provided so as to cover the
second connection electrodes 424 and 425, so that the
bonding member 47 is used as a protective film of the second
connection electrodes 424 and 425. However, without being
limited thereto, it is not necessary to form the bonding
member 47 so as to cover the second connection electrodes
424 and 425. In this case, for example, the element substrate
41 and the reinforcing plate 42 are bonded to each other by
the second connection electrodes 424 and 425. However,
without being limited thereto, the bonding member 47 may
be provided so as to cover only parts of the second connec-
tion electrodes 424 and 425, or the bonding member 47 may
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be formed at a position other than on the second connection
electrodes 424 and 425 (for example, periphery of the
second connection electrodes 424 and 425) in a plan view as
viewed from the thickness direction.

[0182] In the embodiment described above, in the division
step, the reformulated portion SU is selectively formed
within the reinforcing plate 42 by stealth dicing, and the
reinforcing plate 42 is divided along the formation position
of the reformulated portion SU. However, the invention is
not limited thereto. For example, the reinforcing plate 42
may be divided using other methods, such as scribing break
or laser cutting.

[0183] In the embodiment described above, a configura-
tion has been exemplified in which the vibration film 412 is
formed on the back surface side of the substrate body portion
411 where the opening 411A is formed, the piezoelectric
element 413 is provided on the back surface side of the
vibration film 412 (not facing the opening 411A), and
ultrasonic waves are transmitted to the substrate body por-
tion 411 side from the vibration film 412. However, the
invention is not limited thereto.

[0184] For example, on the vibration film 412 formed on
the back surface side of the substrate body portion 411 and
on the bottom surface of the opening 411 A, the piezoelectric
element 413 may be provided.

[0185] In addition, a configuration may be adopted in
which the vibration film 412 is formed on the opposite side
of the back surface of the substrate body portion 411, the
piezoelectric element 413 is provided on the side of the
vibration film 412 not facing the substrate body portion 411
(opening 411A), and ultrasonic waves may be transmitted
from the vibration film 412 to the opposite side of the
substrate body portion 411.

[0186] Inaddition, on the vibration film 412 formed on the
opposite side of the back surface of the substrate body
portion 411 and on the bottom surface of the opening 411A,
the piezoelectric element 413 may be provided.

[0187] In addition, an example has been illustrated in
which the piezoelectric element 413 is formed by a laminate
in which the lower electrode 414, the piezoelectric film 415,
and the upper electrode 416 are laminated in the thickness
direction. However, the invention is not limited thereto. For
example, a pair of electrodes facing each other may be
disposed on the one surface side of the piezoelectric film 415
perpendicular to the thickness direction. Alternatively, elec-
trodes may be disposed so as to interpose a piezoelectric film
therebetween on the side surface along the thickness direc-
tion of the piezoelectric film.

[0188] In the embodiment described above, as the ultra-
sonic transducer 45, a configuration including the vibration
film 412 and the piezoelectric element 413, which is located
on the vibration film 412 and in which the lower electrode
414, the piezoelectric film 415, and the upper electrode 416
are laminated, has been exemplified. However, the invention
is not limited thereto. That is, using a piezoelectric element
having a bulk-shaped piezoelectric body as an ultrasonic
transducer, ultrasonic waves may be transmitted by vibrating
the bulk-shaped piezoelectric body instead of the vibration
film, or the vibration of the piezoelectric body due to
ultrasonic waves may be detected.

[0189] As the ultrasonic transducer 45, a configuration
may be adopted which includes a substrate body portion, a
vibration film disposed opposite to the substrate body por-
tion, a first electrode provided in the substrate body portion,
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and a second electrode facing the first electrode provided in
the vibration film and in which ultrasonic waves are detected
by detecting the electrostatic capacitance between a pair of
electrodes and ultrasonic waves are transmitted by vibrating
the vibration film by applying a voltage between a pair of
electrodes. Also in this case, it is possible to suppress the
distortion of the element substrate by pulling out an elec-
trode from the element substrate side to the reinforcing plate
side in a bonding portion for bonding between the element
substrate and the reinforcing plate. In addition, it is possible
to suppress the distortion of the element substrate more
appropriately by forming a bonding portion in a region other
than the array region where an ultrasonic transducer is
formed.
[0190] Although the ultrasonic measurement apparatus for
measuring the living body has been exemplified in the
embodiment described above, the invention is not limited
thereto. For example, the invention can be applied to an
electronic apparatus for detecting defects of various struc-
tures or for examining the aging of various structures with
the various structures as measurement targets. In addition,
for example, the invention can be applied to an electronic
apparatus for detecting defects of a measurement target,
such as a semiconductor package or a wafer.
[0191] In addition, specific structures when implementing
the invention may be formed by appropriately combining the
embodiments and the modification examples described
above in a range where the object of the invention can be
achieved, or may be appropriately changed to other struc-
tures in a range where the object of the invention can be
achieved.
[0192] The entire disclosure of Japanese Patent Applica-
tion No. 2016-031393 filed Feb. 22, 2016 is expressly
incorporated by reference herein.
What is claimed is:
1. An ultrasonic device, comprising:
an element substrate that includes an ultrasonic transducer
and a first connection electrode connected to the ultra-
sonic transducer;
a reinforcing plate that is bonded to the element substrate
to reinforce the element substrate; and
a second connection electrode provided on the reinforcing
plate,
wherein the first and second connection electrodes are
connected to each other in a bonding portion between
the element substrate and the reinforcing plate.
2. The ultrasonic device according to claim 1,
wherein the ultrasonic transducer includes a piezoelectric
element.
3. The ultrasonic device according to claim 2,
wherein the element substrate has a substrate body por-
tion, in which an opening is formed, and a vibration
film provided in the substrate body portion so as to
close the opening, and
the piezoelectric element is provided at a position, which
overlaps the opening, on a surface of the vibration film
not facing the opening when viewed from a thickness
direction of the element substrate.
4. The ultrasonic device according to claim 1,
wherein the reinforcing plate has a protruding portion that
protrudes from the element substrate when viewed
from the thickness direction of the element substrate,
and
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a part of the second connection electrode is provided in
the protruding portion.

5. The ultrasonic device according to claim 1,

wherein the bonding portion surrounds a region where the
ultrasonic transducer of the element substrate is pro-
vided.

6. The ultrasonic device according to claim 5,

wherein the element substrate and the reinforcing plate
are bonded to each other using an adhesive.

7. An ultrasonic probe, comprising:

an ultrasonic device; and

a housing in which the ultrasonic device is housed,

wherein the ultrasonic device includes:

an element substrate that includes an ultrasonic transducer
and a first connection electrode connected to the ultra-
sonic transducer;

a reinforcing plate that is bonded to the element substrate
to reinforce the element substrate; and

a second connection electrode provided on the reinforcing
plate, and

the first and second connection electrodes are connected
to each other in a bonding portion between the element
substrate and the reinforcing plate.

8. An ultrasonic apparatus, comprising:

an ultrasonic device; and

a control unit that controls the ultrasonic device,

wherein the ultrasonic device includes:

an element substrate that includes an ultrasonic transducer
and a first connection electrode connected to the ultra-
sonic transducer;

a reinforcing plate that is bonded to the element substrate
to reinforce the element substrate; and

a second connection electrode provided on the reinforcing
plate, and

the first and second connection electrodes are connected
to each other in a bonding portion between the element
substrate and the reinforcing plate.

9. An ultrasonic device manufacturing method, compris-

ing:

forming an element substrate including an ultrasonic
transducer and a first connection electrode connected to
the ultrasonic transducer;

forming a reinforcing plate for reinforcing the element
substrate; and

bonding the element substrate and the reinforcing plate to
each other,

wherein the forming of the element substrate includes
forming the ultrasonic transducer and forming the first
connection electrode in at least a bonding portion
between the element substrate and the reinforcing plate,

the forming of the reinforcing plate includes forming the
second connection electrode in at least the bonding
portion, and

in the bonding, the element substrate and the reinforcing
plate are bonded to each other while making the first
and second connection electrodes in contact with each
other in the bonding portion.

10. The ultrasonic device manufacturing method accord-

ing to claim 9, further comprising:

processing the element substrate,

wherein the forming of the element substrate includes
forming a vibration film in a substrate body portion,

in the forming of the first connection electrode, the
substrate body portion is exposed by removing a part of
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the vibration film, and the first connection electrode is
formed along an exposed portion where at least the
substrate body portion is exposed, and
in the processing of the element substrate, the exposed
portion and the first connection electrode formed along
the exposed portion are removed.
11. The ultrasonic device manufacturing method accord-
ing to claim 10,
wherein, in the processing of the element substrate, the
exposed portion is removed from an opposite side of
the first connection electrode, and then the first con-
nection electrode formed along the exposed portion is
removed.
12. The ultrasonic device manufacturing method accord-
ing to claim 10,
wherein, in the forming of the first connection electrode,
when the element substrate and the reinforcing plate are
bonded to each other, the exposed portion is formed at
a position of the substrate body portion overlapping the
second connection electrode in a plan view as viewed
from a thickness direction of the element substrate.
13. The ultrasonic device manufacturing method accord-
ing to claim 9,
wherein, in the bonding, the element substrate and the
reinforcing plate are bonded to each other using an
adhesive, and the adhesive is provided at a position
where at least the second connection electrode is cov-
ered on the reinforcing plate.
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