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An ultrasonic device includes: a substrate on which ultra-
sonic elements configured to transmit and receive ultrasound
and a cable electrically connected to the ultrasonic elements
are installed; an acoustic lens having a plurality of projecting
portions connected to one of the substrate and the cable; and
an acoustic matching unit located between the substrate and
the acoustic lens, wherein the projecting portions extend
along an outer perimeter of the substrate, and the projecting
portions are provided at a lower ratio per unit length in a
direction in which the projecting portions extend in a place
where the cable is installed than in a place where the cable
is not installed.
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ULTRASONIC DEVICE, ULTRASONIC
PROBE, ELECTRONIC APPARATUS, AND
METHOD FOR MANUFACTURING
ULTRASONIC DEVICE

BACKGROUND

1. Technical Field

The present invention relates to an ultrasonic device, an
ultrasonic probe, an electronic apparatus, and a method for
manufacturing an ultrasonic device.

2. Related Art

Ultrasonic devices using ultrasonic elements that transmit
and receive ultrasound have been used in various applica-
tions. WO 2008/056643 A1, which is an example of related
art, discloses an ultrasonic device including ultrasonic ele-
ments. This ultrasonic device includes an ultrasonic element
array substrate having ultrasonic elements that transmit and
receive ultrasound, and an acoustic lens that focuses the
ultrasound.

The ultrasonic elements have a structure in which a space
is formed between a membrane body on which a lower
electrode is installed and a membrane body on which an
upper electrode is installed. Further, an AC voltage is
applied to the lower electrode and the upper electrode. This
causes an electrostatic force to act between the membrane
bodies, so that the membrane bodies vibrate and transmit
ultrasound. The ultrasound passes through the acoustic lens,
thereby being emitted so as to be focused on a predetermined
place. The acoustic lens is formed using silicone resin,
which is a material that easily transfers ultrasound to a
material being examined.

The ultrasonic element array substrate is installed in a
support member, and a flexible substrate is installed as a
cable in the support member. The flexible substrate is
connected to the electrodes of the ultrasonic elements by
wire bonding. The periphery of wires is sealed by a resin.
The acoustic lens and the ultrasonic element array substrate
are bonded by an adhesive agent, and the adhesive agent is
solidified to serve as a portion that matches the acoustic
impedance. The adhesive agent is arranged also between the
acoustic lens and the flexible substrate, thereby bonding the
acoustic lens and the flexible substrate together.

When ultrasound is emitted from the acoustic lens to the
material being examined, water or gel is arranged between
the acoustic lens and the material being examined. This
reduces reflection or attenuation of the ultrasound, thereby
allowing the ultrasonic device to emit ultrasound efficiently
from the acoustic lens to the material being examined.
Accordingly, the ultrasonic device is used with the acoustic
lens being in contact with moisture.

SUMMARY

In the ultrasonic device according to WO 2008/056643
A1, the resin is applied to the periphery of wires. The resin
is installed to seal the wires. Further, the adhesive agent is
applied, covering the ultrasonic element array substrate, the
resin, and part of the flexible substrate. The acoustic lens is
installed over the adhesive agent. The resin for sealing and
the adhesive agent are applied and are covered by the
acoustic lens. At this time, air bubbles may remain in the
periphery of the electrodes of the flexible substrate in some
cases. In such cases, the adhesive agent becomes thin in the
places containing the air bubbles, where the moisture per-
meability is therefore increased. There is a risk of separation
of the acoustic lens from the ultrasonic element array
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substrate, because the adhesiveness of the adhesive agent is
weakened when the moisture enters. Further, there is a high
risk of failure to drive the ultrasonic elements, because
electrolytic corrosion of the electrodes of the flexible sub-
strate occurs to cause a short circuit when the moisture
enters. Therefore, there has been desire for ultrasonic
devices in which the moisture permeability of the junction
between the substrate on which the ultrasonic elements are
installed and the cable can be reduced.

The invention has been devised to solve the aforemen-
tioned problems and can be practiced as embodiments or
application examples described below.

APPLICATION EXAMPLE 1

An ultrasonic device according to this application
example includes: a substrate on which ultrasonic elements
configured to transmit and receive ultrasound and a cable
electrically connected to the ultrasonic elements are
installed; an acoustic lens having a plurality of projecting
portions connected to one of the substrate and the cable; and
an acoustic matching unit located between the substrate and
the acoustic lens, wherein the projecting portions extend
along an outer perimeter of the substrate, and the projecting
portions are provided at a lower ratio per unit length in a
direction in which the projecting portions extend in a place
where the cable is installed than in a place where the cable
is not installed.

According to this application example, the ultrasonic
elements and the cable are installed on the substrate. Elec-
tricity is supplied to the ultrasonic elements through the
cable, and ultrasound is transmitted from the ultrasonic
elements. The acoustic matching unit and the acoustic lens
are installed in layers on the substrate. The ultrasound
transmitted from the ultrasonic elements passes through the
acoustic matching unit and the acoustic lens, so as to be
transmitted from the ultrasonic device.

In the acoustic lens, a plurality of projecting portions are
installed along the outer perimeter of the substrate. The
acoustic matching unit is formed by solidifying a resin or the
like applied to the substrate while pressing the acoustic lens.
When the resin is pressed with the acoustic lens, the resin
deforms and spreads into a plate. At this time, the projecting
portions define the thickness of the resin.

The projecting portions extend along the outer perimeter
of the substrate. Some of the projecting portions are con-
nected to the cable. Others of the projecting portions are
connected to the substrate in the place where the cable is not
installed. The projecting portions are provided at a lower
ratio per unit length in the place where the cable is installed
than in the place where the cable is not installed. Thus, the
gaps between the projecting portions are larger in the place
where the cable is present than in the place where the cable
is not present. When the resin is sandwiched by the substrate
and the acoustic lens, the resin flows out through the gaps
between the projecting portions. Accordingly, the resin flows
out more easily to the place where the cable is present than
to the place where the cable is not present. When the resin
flows out, air bubbles are pushed out, which enables the
thickness of the resin to be ensured in the place where the
cable is present. As a result, the acoustic matching unit,
which is formed by solidification of the resin and has an
appropriate thickness, covers the cable. Therefore, the mois-
ture permeability of the junction between the substrate and
the cable can be reduced.

APPLICATION EXAMPLE 2

In the ultrasonic device according to the above described
application example, the projecting portions are provided at
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larger intervals in the place where the cable is installed than
in the place where the cable is not installed.

According to this application example, the projecting
portions are provided at larger intervals in the place where
the cable is installed than in the place where the cable is not
installed. When the projecting portions are provided at large
intervals, the resin serving as the material for the acoustic
matching unit flows easily. Accordingly, air bubbles can be
allowed to flow out in the place where the cable is installed.

APPLICATION EXAMPLE 3

In the ultrasonic device according to the above described
application example, in plan view as viewed in a thickness
direction of the substrate, the projecting portions have a
smaller length, in a direction along the outer perimeter of the
substrate, at positions on an inner side than on the outer
peripheral side of the substrate.

According to this application example, the length of the
cross sections of the projecting portions is smaller on the
inner side of the substrate than on the outer peripheral side
thereof. The length of the cross sections means the length of
the projecting portions in the direction along the outer
perimeter of the substrate. This allows the gaps between the
projecting portions to be longer on the inner side and shorter
on the outer peripheral side. Thus, the fluid resistance of the
resin passing through the gaps between the projecting por-
tions can be reduced, thereby allowing the resin to swiftly
flow out to the outside of the acoustic lens.

APPLICATION EXAMPLE 4

In the ultrasonic device according to the above described
application example, the substrate has a first side and a
second side that are opposed to each other, the cable is
located at the first side and the second side, and openings
between the projecting portions on the first side and open-
ings between the projecting portions on the second side are
alternatingly arranged.

According to this application example, the cable is
located at the first side and the second side. Further, the
openings between the projecting portions on the first side
and the openings between the projecting portions on the
second side are arranged alternatingly. In the case where the
openings on the first side and the openings on the second
side are located in places opposed to each other, lines
connecting the opposed openings are parallel to each other.
In that case, the acoustic lens easily bends along the parallel
lines because there is less strength in places where the
openings are present than in places where the projecting
portions are present. On the other hand, when the openings
are arranged alternatingly, lines connecting the openings on
the first side and the openings on the second side intersect
each other. Accordingly, the places where the acoustic lens
easily bends extend along the intersecting lines, and there-
fore the acoustic lens can be made less likely to bend as
compared to the case where the places susceptible to bend-
ing extend along parallel lines.

APPLICATION EXAMPLE 5

In the ultrasonic device according to the above described
application example, the acoustic matching unit is partially
located between the cable and the projecting portions.

According to this application example, the acoustic
matching unit is partially located between the cable and the
projecting portions. Thus, the cable is covered by the acous-
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tic matching unit also between the cable and the projecting
portions. Accordingly, the moisture permeability can be
suppressed to a low level.

APPLICATION EXAMPLE 6

An ultrasonic probe according to this application example
includes: the ultrasonic device according to any one of the
aforementioned application examples; and a driving circuit
configured to drive the ultrasonic device.

According to this application example, the ultrasonic
probe includes the ultrasonic device described above and the
driving circuit configured to drive the ultrasonic device. The
ultrasonic probe of this application example includes the
ultrasonic device in which the moisture permeability of the
junction between the cable and the substrate is suppressed to
a low level. Accordingly, a short circuit due to moisture is
less likely to occur in the cable, which makes it possible to
provide an ultrasonic probe configured to perform transmis-
sion and reception of ultrasound with high long-term reli-
ability.

APPLICATION EXAMPLE 7

An electronic apparatus according to this application
example includes: the ultrasonic device according to any one
of the aforementioned application examples; a processing
unit connected to the ultrasonic device, the processing unit
being configured to generate an image using an output of the
ultrasonic device; and a display unit configured to display
the image.

According to this application example, the electronic
apparatus includes the aforementioned ultrasonic device and
the processing unit. The processing unit generates image
data using the output of the ultrasonic device. The electronic
apparatus of this application example includes the ultrasonic
device in which the moisture permeability of the junction
between the cable and the substrate is suppressed to a low
level. Accordingly, a short circuit due to moisture is less
likely to occur in the cable, which makes it possible to
provide an electronic apparatus configured to perform trans-
mission and reception of ultrasound with high long-term
reliability.

APPLICATION EXAMPLE 8

A method for manufacturing an ultrasonic device accord-
ing to this application example includes: arranging a resin at
the center of a substrate, at an end of which a cable is
installed; pressing the resin in a state of being sandwiched by
the substrate and an acoustic lens having projecting portions;
and forming an acoustic matching unit by solidification of
the resin, wherein the projecting portions extend along an
outer perimeter of the substrate, and the projecting portions
are provided at a lower ratio per unit length in a direction in
which the projecting portions extend in a place where the
cable is installed than in a place where the cable is not
installed.

According to this application example, the resin is
arranged at the center of the substrate, at an end of which the
cable is installed. The resin sandwiched by the substrate and
the acoustic lens having the projecting portions is pressed.
The projecting portions extend along the outer perimeter of
the substrate. When the resin is pressed with the acoustic
lens, the resin deforms and spreads into a plate. At this time,
the projecting portions define the thickness of the resin. The
projecting portions are provided at a lower ratio per unit
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length in the direction in which the projecting portions
extend in the place where the cable is installed than in the
place where the cable is not installed. Thus, the gaps are
larger in the place where the cable is present than in the place
where the cable is not present. When the resin is sandwiched
by the substrate and the acoustic lens, the resin flows out
through the gaps between the projecting portions. Accord-
ingly, the resin is configured to flow out more easily into the
place where the cable is present than into the place where the
cable is not present. Therefore, the resin causes air bubbles
to flow out to the place where the cable is present. As a
result, the acoustic matching unit, which is formed by
solidification of the resin and has an appropriate thickness,
covers the cable, and thus the moisture permeability can be
suppressed to a low level.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference
like elements.

FIG. 1 is a schematic perspective view showing a con-
figuration of an ultrasonic imaging apparatus according to a
first embodiment.

FIG. 2 is a schematic side cross-sectional view showing
part of a structure of an ultrasonic probe.

FIG. 3 is a schematic cross-sectional view showing a main
part of the structure of the ultrasonic probe.

FIG. 4 is a block diagram illustrating the control of the
ultrasonic imaging apparatus.

FIG. 5A is a schematic plan view showing a structure of
an ultrasonic device, FIG. 5B is a schematic plan view
showing the shape of an acoustic lens, and FIGS. 5C to SE
are schematic side cross-sectional views showing the shape
of the acoustic lens.

FIG. 6 is a schematic plan view showing the structure of
the ultrasonic device.

FIGS. 7A to 7D are schematic diagrams for describing a
method for manufacturing the ultrasonic device.

FIGS. 8A to 8D are schematic diagrams for describing the
method for manufacturing the ultrasonic device.

FIG. 9 is a schematic plan view showing a structure of an
ultrasonic device according to a second embodiment.

FIG. 10 is a schematic plan view showing a structure of
an ultrasonic device according to a third embodiment.

FIG. 11 is a schematic perspective view showing a
configuration of an ultrasonic imaging apparatus according
to a fourth embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

In this embodiment, characteristic examples of an ultra-
sonic device and an ultrasonic imaging apparatus provided
with the ultrasonic device will be described with reference
to the drawings. It should be noted that the sizes of the
members in the drawings are shown at different scales in
each figure for perceptibility.

First Embodiment

In this embodiment, an ultrasonic imaging apparatus for
examining an interior portion of a human body will be
described as an example of an electronic apparatus with
reference to FIG. 1 to FIG. 8. FIG. 1 is a schematic
perspective view showing a configuration of the ultrasonic
imaging apparatus. FIG. 2 is a schematic side sectional view
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showing part of a structure of an ultrasonic probe. FIG. 3 is
a schematic cross-sectional view showing a main part of the
structure of the ultrasonic probe.

As shown in FIG. 1, an ultrasonic imaging apparatus 1
serving as an electronic apparatus includes an apparatus
body 2 and an ultrasonic probe 3. The apparatus body 2 and
the ultrasonic probe 3 are connected to each other by a cable
4. The apparatus body 2 and the ultrasonic probe 3 can
exchange electrical signals via the cable 4. The apparatus
body 2 incorporates a display unit 5 such as a display panel.
The display unit 5 is a touch panel display, and serves also
as a user interface unit with which an operator inputs
information into the apparatus body 2. Hereinafter, the user
interface unit will be referred to as “Ul unit”.

In the apparatus body 2, an image is generated on the basis
of ultrasound detected by the ultrasonic probe 3, and the
detection results that are output as an image are displayed on
the screen of the display unit 5. The ultrasonic probe 3
includes a substantially rectangular parallelepiped housing
6. The cable 4 is connected to one end in the longitudinal
direction of the housing 6. A head portion 7 that transmits
and receives ultrasound is accommodated in the housing 6
located on the opposite side of the cable 4. The ultrasonic
imaging apparatus 1 of this embodiment is configured so
that the apparatus body 2 and the ultrasonic probe 3 are
connected by the cable 4. However, the apparatus body 2 and
the ultrasonic probe 3 may exchange signals wirelessly,
without using the cable 4.

As shown in FIG. 2, the ultrasonic probe 3 includes an
ultrasonic device 9 that is fixed to a support member 8 and
that is accommodated within the housing 6. The ultrasonic
device 9 is exposed from the head portion 7 of the housing
6 so that ultrasound is output from the ultrasonic device 9 to
a target object. Further, the ultrasonic device 9 receives
reflected waves of the ultrasound from the object. Such
reflected waves are referred to also as echo waves. The
housing 6 has a cylindrical shape, which is easy for the
operator to grip. The ultrasonic device 9 is installed at one
end of the housing 6, and the cable 4 is installed at the other
end thereof. A direction extending from the ultrasonic device
9 toward the cable 4 is referred to as 7 direction. Two
directions orthogonal to the Z direction are referred to as X
direction and Y direction. The ultrasonic device 9 substan-
tially in the form of plates which extend in the X direction
and the Y direction. The ultrasonic device 9 is longer in the
X direction than in the Y direction.

As shown in FIG. 3, there is a gap between the ultrasonic
device 9 and the head portion 7 of the housing 6. A sealing
portion 10 filled with a silicone-based sealing material is
provided in the gap. This sealing portion 10 prevents mois-
ture and the like from entering the ultrasonic device 9. The
support member 8 is located on the 7 direction side of the
ultrasonic device 9. A sealing structure is installed between
the support member 8 and the head portion 7. This sealing
structure includes an adhesive member 11 and an adhesive
member 12. The adhesive member 11 is a member, such as
a double-sided adhesive tape having elasticity, which is
attached to the outer peripheral portion of the support
member 8 of the ultrasonic device 9. The adhesive member
12 is a member, such as a double-sided adhesive tape having
elasticity, which is attached to the housing 6.

Further, an FPC 13 (Flexible Printed Circuit) as a cable
that connects the ultrasonic device 9 to a processing circuit
is interposed in part of the sealing structure. The FPC 13 is
fixed by being sandwiched by the adhesive member 11 and
the adhesive member 12. The FPC 13 is referred to also as
flexible printed circuit board. As the adhesive member 11
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and the adhesive member 12, a double-sided adhesive tape
formed by applying an acrylic-based adhesive material to a
closed cell foam material such as polyethylene or urethane
can be used, for example. In this way, a double sealing
structure is employed for the ultrasonic probe 3, in which the
sealing portion 10, the adhesive member 11, and the adhe-
sive member 12 prevent moisture and the like from entering
the housing 6.

The ultrasonic device 9 includes an ultrasonic element
array substrate 14 serving as a substrate, an acoustic match-
ing unit 15, an acoustic lens 16, and the FPC 13. The
ultrasonic element array substrate 14 has an element sub-
strate 17 and a back plate 18. The element substrate 17 is a
substrate on which a plurality of ultrasonic elements 17a are
arranged in an array, and has a rectangular shape elongated
in the X direction, in plan view as viewed in the 7 direction.
The ultrasonic elements 17a need only transmit and receive
ultrasound, and the form of the ultrasonic elements 17a is
not specifically limited. The ultrasonic elements 174 may be
PZT (lead zirconate titanate) in the form of thin films or PZT
in the form of blocks, or may be elements configured to
vibrate thin films using electrostatic force. In this embodi-
ment, PZT thin films, for example, are used for the ultrasonic
elements 17a.

The element substrate 17 is formed using a silicon sub-
strate and has a thickness of about 150 um to 200 pm. The
back plate 18 having the same flat plate shape as the element
substrate 17 is bonded to the opposite surface of the element-
formed surface of the element substrate 17 oriented in the -7
direction. The back plate 18 serves to suppress excess
vibration of the element substrate 17, for which a silicon
substrate with a thickness of 500 um to 600 pum is used. In
addition to the silicon substrate, a metal plate may be used
for the back plate 18. In the case where the influence of
ultrasound that travels in the Z direction from the element
substrate 17 is small, the ultrasonic device 9 may be formed
without using the back plate 18.

On the surface of the element substrate 17 on which the
ultrasonic elements are formed, a plurality of terminals
connected to the plurality of ultrasonic elements are installed
along the long sides extending in the X direction, in plan
view. These terminals are connected to the terminals of the
FPC 13, thus establishing electrical connection. The method
for connecting the terminals of the ultrasonic elements to the
terminals of the FPC 13 is not specifically limited. However,
they are connected to each other, for example, via anisotro-
pic conductive films in this embodiment.

On the surface of the element substrate 17 on which the
ultrasonic elements are formed, the acoustic lens 16 having
the same planar shape, as viewed in the -7 direction, as the
ultrasonic element array substrate 14 is arranged. On a
surface of the acoustic lens 16 in the -7 direction, a lens
portion 21 that is convex in the thickness direction with a
predetermined curvature is provided. On a surface thereof in
the +Z direction, projecting portions 22, formed at the outer
edge of the acoustic lens 16, protruding in the thickness
direction are provided. The acoustic lens 16 is formed using
a resin such as silicone resin. It is possible to adjust the
acoustic impedance of the silicone resin by adding silica, or
the like, to the silicone resin to change the specific gravity
of the silicone resin.

The acoustic matching unit 15 is formed between the
ultrasonic element array substrate 14 and the acoustic lens
16. For the acoustic matching unit 15, a silicone-based
adhesive agent is used. Curing of the adhesive agent causes
the ultrasonic element array substrate 14 and the acoustic

10

15

20

25

30

40

45

50

60

8

lens 16 to be secured (bonded) to each other. The thus cured
adhesive agent (resin) functions as the acoustic matching
unit 15.

The acoustic lens 16 serves to guide ultrasound transmit-
ted from the ultrasonic elements of the element substrate 17
efficiently to a target object, and also to guide echo waves
reflected back from the object efficiently to the ultrasonic
elements. The acoustic matching unit 15 serves to relax the
acoustic impedance mismatch between the acoustic lens 16
and the ultrasonic elements. The back plate 18 of the
ultrasonic device 9 is fixed to the support member 8 by an
adhesive agent 23.

FIG. 4 is a block diagram illustrating the control of the
ultrasonic imaging apparatus. As shown in FIG. 4, the
ultrasonic imaging apparatus includes the apparatus body 2
and the ultrasonic probe 3. The ultrasonic probe 3 includes
the ultrasonic device 9 and a processing circuit 24 as a
driving circuit. The processing circuit 24 has a selection
circuit 25, a transmitting circuit 26, a receiving circuit 27,
and a control unit 28. This processing circuit 24 performs
transmission processing and reception processing for the
ultrasonic device 9.

The transmitting circuit 26 outputs transmission signals
VT to the ultrasonic device 9 via the selection circuit 25 in
a transmission period. Specifically, the transmitting circuit
26 generates the transmission signals VT, on the basis of
control by the control unit 28, and outputs them to the
selection circuit 25. Then, the selection circuit 25 outputs the
transmission signals VT from the transmitting circuit 26, on
the basis of control by the control unit 28. The frequency and
amplitude voltage of the transmission signals VT are set by
the control unit 28.

The receiving circuit 27 performs reception processing to
receive reception signals VR from the ultrasonic device 9.
Specifically, the receiving circuit 27 receives the reception
signals VR from the ultrasonic device 9 via the selection
circuit 25 in a reception period. The receiving circuit 27
performs reception processing such as amplification of the
reception signals, gain setting, frequency setting, and A/D
conversion (analog/digital conversion). The receiving circuit
27 outputs the results of the reception processing to the
apparatus body 2 as detected data (detected information).
The receiving circuit 27, for example, can be composed of
a low-noise amplifier, a voltage-controlled attenuator, a
programmable gain amplifier, a low-pass filter, an A/D
converter, and the like.

The control unit 28 controls the transmitting circuit 26
and the receiving circuit 27. Specifically, the control unit 28
controls the transmitting circuit 26 for generation of the
transmission signals VT and output processing, and controls
the receiving circuit 27 for frequency setting of the reception
signals VR, gain, or the like. The selection circuit 25 outputs
the selected transmission signals VT to the ultrasonic device
9, on the basis of control by the control unit 28.

The apparatus body 2 includes the display unit 5, a main
control unit 29, a processing unit 30, and a UI unit 31 (user
interface unit). The main control unit 29 controls the ultra-
sonic probe 3 for transmission and reception of ultrasound,
and controls the processing unit 30 for image processing of
detected data, for example. The processing unit 30 receives
detected data from the receiving circuit 27, and performs
image processing to remove noises, generation of image
data to be displayed, or the like. The UI unit 31 outputs
necessary instruction (command) to the main control unit 29
on the basis of operation (such as touch panel operation) by
the user. The display unit 5, for example, is a liquid crystal
display, and displays the image data to be displayed received
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from the processing unit 30. It should be noted that part of
control by the main control unit 29 may be performed by the
control unit 28 of the processing circuit 24, or part of control
by the control unit 28 may be performed by the main control
unit 29.

FIG. 5A is a schematic plan view showing a structure of
the ultrasonic device, as viewed in the direction of the arrow
H in the ultrasonic probe 3 of FIG. 3. As shown in FIG. 5A,
the ultrasonic device 9 has a rectangular shape elongated in
the X direction as viewed in the H direction. The FPC 13 is
connected to the ultrasonic device 9 in the Y direction and
the -Y direction. The FPC 13 has a strip shape with a large
width in the X direction of the drawing. The acoustic
matching unit 15 is discretely protruding in the periphery of
the ultrasonic device 9.

FIG. 5B is a schematic plan view showing the shape of the
acoustic lens, as viewed in the -7 direction. FIG. 5C to FIG.
5E are schematic side cross-sectional views showing the
shape of the acoustic lens. FIG. 5C is a schematic side
cross-sectional view taken along the line A-A in FIG. 5B.
FIG. 5D is a schematic side cross-sectional view taken along
the line B-B in FIG. 5B. FIG. 5E is a schematic side
cross-sectional view taken along the line C-C in FIG. 5B.

As shown in FIG. 5B, the acoustic lens 16 has the
projecting portions 22 installed along its outer perimeter.
The projecting portions 22 are installed in the places
opposed to the FPC 13 and in the places not opposed to the
FPC 13. The openings between adjacent projecting portions
22 that are located in the places opposed to the FPC 13 are
referred to as first openings 32. The openings between
adjacent projecting portions 22 that are located in the places
notopposed to the FPC 13 are referred to as second openings
33.

The first openings 32 are longer than the second openings
33. The ratio of the first openings 32 per unit length in the
outer perimeter of the acoustic lens 16 is higher than that of
the second openings 33. In other words, the projecting
portions 22 are provided at a lower ratio per unit length in
the places where the FPC 13 is installed than in the places
where the FPC 13 is not installed.

In the +Y direction and in the =Y direction, the FPC 13 is
interposed between the ultrasonic element array substrate 14
and the projecting portions 22 of the acoustic lens 16. Such
places are referred to as first places. In the +X direction and
in the -X direction, the projecting portions 22 of the acoustic
lens 16 are directly in contact with the ultrasonic element
array substrate 14, without the FPC 13 being interposed.
Such places are referred to as second places. The projected
length of the projecting portions 22 per unit length in the
direction along the outer perimeter of the ultrasonic element
array substrate 14 is larger in the second places than in the
first places.

As shown in FIG. 5C, the length of the projecting portions
22 in the 7 direction in the places opposed to the FPC 13 is
taken as a first projecting length 22a. As shown in FIG. 5D,
the projecting portions 22 are not installed in the first
openings 32. As shown in FIG. 5E, the length of the
projecting portions 22 in the Z direction in the places not
opposed to the FPC 13 is taken as a second projecting length
22b. The first projecting length 22a and the second project-
ing length 224 are not specifically limited. However, in this
embodiment, the first projecting length 224 is 30 pm to 50
um, and the second projecting length 225 is 100 um to 110
pm, for example. The thickness of the FPC 13 in the Z
direction is 50 um to 70 pm. The sum of the thickness of the
FPC 13 in the 7 direction and the first projecting length 224
is set to be smaller than the second projecting length 225.
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FIG. 6 is a schematic plan view showing the structure of
the ultrasonic device. As shown in FIG. 6, the acoustic
matching unit 15 protrudes in the periphery of the acoustic
lens 16 through the first openings 32 and the second open-
ings 33. Since the first openings 32 are longer than the
second openings 33, the acoustic matching unit 15 protrudes
more from the first openings 32 than from the second
openings 33.

Next, a method for manufacturing the ultrasonic device 9
will be described. FIGS. 7A to 7D and FIGS. 8A to 8D are
schematic diagrams for describing the method for manufac-
turing the ultrasonic device. As shown in FIG. 7A and FIG.
7B, the element substrate 17 on which the ultrasonic ele-
ments are installed is first prepared. The method for forming
the ultrasonic elements is known to the public, and thus the
specific description thereof is omitted. The ultrasonic ele-
ments are formed by repeating film formation by sputtering,
vapor deposition, or the like, and a photolithographic pro-
cess. An adhesive agent is then applied to the element
substrate 17 or the back plate 18, and the element substrate
17 and the back plate 18 are laminated together. Next, the
adhesive agent is solidified by heating and drying. Thus, the
ultrasonic element array substrate 14 is completed.

Next, the FPC 13 is connected to the ultrasonic element
array substrate 14. In the FPC 13, terminals are arrayed at
the ends of the lines. Further, terminals are formed on the
element substrate 17 at the same spacing as the pitch of the
terminals of the FPC 13. An anisotropic conductive film is
arranged between the element substrate 17 and the FPC 13.
Subsequently, the terminals of the FPC 13 and the terminals
of the element substrate 17 are opposed to each other,
followed by heating, thereby allowing the FPC 13 to be
mounted on the element substrate 17. Other than that, the
FPC 13 may be mounted on the element substrate 17 by
soldering the terminals of the FPC 13 and the terminals of
the element substrate 17, or may be mounted with the resin
core bump being interposed therebetween.

An adhesive agent 34 is applied at the center of the
surface of the element substrate 17 on the -7 direction side
as a resin. The adhesive agent 34 can be applied using a
syringe 35. The inside of the syringe 35 is loaded with the
adhesive agent 34, and the adhesive agent 34 is pressed by
compressed air, thereby flowing out through a needle part
35a. The pattern in which the needle part 35a is moved is not
specifically limited. However, application can be performed
in a spiral pattern. Immediately after flowing out, the adhe-
sive agent 34 is viscous and forms one substantially ellip-
tical shape due to the action of surface tension. Other than
that, the adhesive agent 34 may be applied by printing such
as screen printing.

The adhesive agent 34 is a material that serves as the
acoustic matching unit 15 after solidification. The adhesive
agent 34 is not specifically limited, but single-component
room-temperature-curable silicone-rubber-based adhesive
agents can be used favorably. After being cured, silicone
rubber exhibits superior heat resistance, cold resistance, and
electrical insulating properties, and therefore it can be used
as an acoustic impedance without any problems. Further,
silicone rubber can be cured by controlling moisture in the
air. Other than that, photocurable adhesive agents can be
used. Since their curing time is short, the acoustic lens 16
can be bonded to the element substrate 17 with good
productivity.

As shown in FIG. 7C, the adhesive agent 34 sandwiched
by the ultrasonic element array substrate 14 and the acoustic
lens 16 is pressed. As shown in FIG. 7D, the adhesive agent
34 is pressed and flows so as to spread toward the outer
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perimeters of the ultrasonic element array substrate 14 and
the acoustic lens 16. After the adhesive agent 34 has reached
the projecting portions 22, the adhesive agent 34 flows,
mainly passing through the first openings 32 and the second
openings 33. As a result, as shown in FIG. 8A, the adhesive
agent 34 protrudes through the first openings 32 and the
second openings 33 from the outer perimeters of the ultra-
sonic element array substrate 14 and the acoustic lens 16.

The projecting portions 22 extend along the outer perim-
eter of the ultrasonic element array substrate 14. The pro-
jecting portions 22 are provided at a lower ratio per unit
length in the places where the FPC 13 is installed than in the
places where the FPC 13 is not installed. Further, the first
openings 32 located in the places where the FPC 13 is
present are longer than the second openings 33 located in the
places where the FPC 13 is not present. This makes it easy
for the adhesive agent 34 to swiftly flow out to the places
where the FPC 13 is present. Due to the swiftness when the
adhesive agent 34 flows through the first openings 32, the air
in the periphery of the FPC 13 can be pushed out. Accord-
ingly, air bubbles can be pushed out without remaining in the
junction between the FPC 13 and the ultrasonic element
array substrate 14.

In the case where air bubbles remain, the thickness of the
adhesive agent 34 decreases in the places where the air
bubbles are formed. Therefore, the moisture permeability
increases, which may possibly cause current leakage due to
the electrolytic corrosion between the terminals. Further, in
the case where the moisture permeability increases, the
adhesive agent 34 easily separates due to the moisture. This
weakens the bonding strength between the ultrasonic ele-
ment array substrate 14 and the acoustic lens 16. In the
acoustic lens 16, the width of the first openings 32 is larger
than that of the second openings 33, and therefore the first
openings 32 can be reliably filled with the adhesive agent 34.

Further, due to the swiftness when the adhesive agent 34
flows through the first openings 32, the filling with the
adhesive agent 34 is sufficient. Accordingly, a reduction in
thickness of the adhesive agent 34 and an increase in
moisture permeability due to insufficient filling can be
suppressed.

FIG. 8B is a schematic side cross-sectional view taken
along the line C-C shown in FIG. 5B. As shown in FIG. 8B,
the place sandwiched by the ultrasonic element array sub-
strate 14 and the acoustic lens 16 is filled with the adhesive
agent 34. Thus, the places where the FPC 13 is joined to the
element substrate 17 are covered by the adhesive agent 34.
FIG. 8C is a schematic side cross-sectional view taken along
the line B-B shown in FIG. 5B. As shown in FIG. 8C, the
adhesive agent 34 flows on the FPC 13 at the first openings
32. Accordingly, the FPC 13 is reliably covered by the
adhesive agent 34. FIG. 8D is a schematic side cross-
sectional view taken along the line A-A A shown in FIG. 5B.
As shown in FIG. 8D, gaps are formed between the FPC 13
and the projecting portions 22. The adhesive agent 34 flows
out through the gaps between the FPC 13 and the projecting
portions 22 onto the FPC 13. Accordingly, the FPC 13 is
reliably covered by the adhesive agent 34.

The adhesive agent 34 is heated and dried, so as to serve
as the acoustic matching unit 15. As the adhesive agent 34,
a material that solidifies by reaction with light may be
employed, or a material that solidifies by reaction with
moisture may be employed. A material in a form that is easy
to manufacture can be selected. By performing the afore-
mentioned steps, the ultrasonic device 9 is completed.

As described above, this embodiment has the following
effects.
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(1) According to this embodiment, the projecting portions
22 extend along the outer perimeter of the ultrasonic element
array substrate 14. The projecting portions 22 are provided
at a lower ratio per unit length in the places where the FPC
13 is installed than in the places where the FPC 13 is not
installed. Thus, the first openings 32 located in the places
where the FPC 13 is present are longer than the second
openings 33 located in the places where the FPC 13 is not
present.

This makes it easier for the adhesive agent 34 to swiftly
flow out to the places where the FPC 13 is present than to
the places where the FPC 13 is not present. Then, the
adhesive agent 34, in which formation of air bubbles is
suppressed, is solidified. As a result, the acoustic matching
unit 15 in which formation of air bubbles is suppressed
covers the FPC 13, and therefore the moisture permeability
of the junction between the element substrate 17 and the
FPC 13 can be suppressed to a low level.

(2) According to this embodiment, the acoustic matching
unit 15 is partially located between the FPC 13 and the
projecting portions 22. This allows the areas between the
FPC 13 and the projecting portions 22 to be covered by the
acoustic matching unit 15 as well. Accordingly, the moisture
permeability can be suppressed to a low level.

(3) According to this embodiment, the ultrasonic probe 3
includes the ultrasonic device 9 in which the moisture
permeability of the junction between the FPC 13 and the
element substrate 17 is suppressed to a low level. Accord-
ingly, the ultrasonic probe 3 allows transmission and recep-
tion of ultrasound to be performed with high long-term
reliability.

(4) According to this embodiment, the ultrasonic imaging
apparatus 1 includes the ultrasonic device 9 and the pro-
cessing unit 30. The processing unit 30 generates image data
using the output of the ultrasonic device 9. The ultrasonic
imaging apparatus 1 includes the ultrasonic device 9 in
which the moisture permeability of the junction between the
FPC 13 and the element substrate 17 is suppressed to a low
level. Accordingly, it is possible to provide the ultrasonic
imaging apparatus 1, which allows transmission and recep-
tion of ultrasound to be performed with high long-term
reliability.

Second Embodiment

Next, an embodiment of the ultrasonic device will be
described with reference to FIG. 9, which is a schematic plan
view showing the structure of the ultrasonic device. This
embodiment is different from the first embodiment in that
the projecting portions 22 and the first openings 32 having
shapes different from those shown in FIG. 6 are employed.
It should be noted that descriptions for the same parts as in
the first embodiment are omitted.

That is, as shown in FIG. 9, an ultrasonic device 38
includes an acoustic lens 39 in this embodiment. In the
acoustic lens 39, the projecting portions 22 are installed on
the +X direction side and the -X direction side, and pro-
jecting portions 40 and projecting portions 41 are installed
on the +Y direction side and the -Y direction side. The
projecting portions 40 are installed in the places opposed to
the FPC 13, and the projecting portions 41 are installed in
the places not opposed to the FPC 13. The projecting
portions 40 and the projecting portions 41 are triangular, and
have one of the vertex angles arranged inside the acoustic
lens 39. In other words, in plan view as viewed in the
thickness direction of the ultrasonic element array substrate
14, the length of the cross sections of the projecting portions
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40 along the outer perimeter direction of the ultrasonic
element array substrate 14 is smaller at positions on the inner
side than on the outer peripheral side of the ultrasonic
element array substrate 14. Further, first openings 42 serving
as openings between the projecting portions 40 are longer at
positions on the inner side than on the outer peripheral side.
This can reduce the fluid resistance of the adhesive agent 34
passing through the first openings 42, and therefore the
adhesive agent 34 can swiftly flow out toward the outside of
the acoustic lens 39.

Third Embodiment

Next, an embodiment of the ultrasonic device will be
described with reference to FIG. 10, which is a schematic
plan view showing the structure of the ultrasonic device.
This embodiment is different from the second embodiment
in that the projecting portions 40 and the first openings 42
are arranged differently from those shown in FIG. 9. It
should be noted that descriptions for the same parts as in the
second embodiment are omitted.

That is, as shown in FIG. 10, an ultrasonic device 43
includes an acoustic lens 44 in this embodiment. In the
acoustic lens 44, the projecting portions 40 are installed on
the +Y direction side and the -Y direction side. The side of
the ultrasonic element array substrate 14 on the +Y direction
side as viewed in the Z direction is referred to as first side
14a, and the side thereof on the -Y direction side is referred
to as second side 14b. The FPC 13 is located on the first side
14a and the second side 145. Further, the first openings 42
on the first side 14a and the first openings 42 on the second
side 144 are arranged alternatingly in the X direction.

In the case where the first openings 42 on the first side 14a
and the first openings 42 on the second side 145 are located
in the places opposed to each other, lines connecting the
opposed first openings 42 are parallel to each other. Then,
the acoustic lens 44 easily bends along the parallel lines
because there is less strength in the places where the first
openings 42 are present than in the places where the pro-
jecting portions 40 are present. On the other hand, in the case
where the first openings 42 are arranged alternatingly, lines
45 connecting the first openings 42 on the first side 14a and
the first openings 42 on the second side 145 intersect each
other. Accordingly, in the acoustic lens 44, the places
susceptible to bending extend along the intersecting lines 45,
and therefore the acoustic lens 44 can be made less likely to
bend as compared to the case where the places susceptible
to bending extend along parallel lines.

Fourth Embodiment

Next, an embodiment of the ultrasonic imaging apparatus
will be described with reference to FIG. 11, which is a
schematic perspective view showing the configuration of the
ultrasonic imaging apparatus. In the ultrasonic imaging
apparatus of this embodiment, the ultrasonic device 9 of the
first embodiment is installed. It should be noted that descrip-
tions for the same parts as in the first embodiment are
omitted.

As shown in FIG. 11, an ultrasonic imaging apparatus 50
serving as an electronic apparatus is a stationary ultrasonic
imaging apparatus. The ultrasonic imaging apparatus 50 has
an apparatus body 51 (electronic apparatus body), a display
unit 52 that displays image data to be displayed, a processing
unit 53 that forms an image, an ultrasonic probe 54, and a
cable 55. The ultrasonic device 9 is installed in the ultrasonic
probe 54, and the processing unit 53 generates an image
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using an output of the ultrasonic device 9. The display unit
52 displays the image generated by the processing unit 53.

The ultrasonic imaging apparatus 50 can be used for the
in-vivo measurement of fat thickness, muscle thickness,
bloodstream, bone density, or the like. The ultrasonic device
9 included in the ultrasonic imaging apparatus 50, in which
the moisture permeability of the junction between the FPC
13 and the ultrasonic element array substrate 14 is sup-
pressed to a low level, allows transmission and reception of
ultrasound to be performed with high long-term reliability.
Accordingly, it can be said that the ultrasonic imaging
apparatus 50 is an apparatus including the ultrasonic device
9 which allows transmission and reception of ultrasound to
be performed with good reliability over a long period of
time.

The invention is not limited to the foregoing embodi-
ments. The specific arrangements and procedures in prac-
ticing the invention may be altered by another arrangement
or the like as necessary as long as the objects of the invention
can be achieved. Many modifications can be made by a
person of ordinary skill in the art without departing from the
technical scope of the invention. Examples of the modifi-
cations will be described below.

Modification 1

In the first embodiment, the FPC 13 is directly connected
to the element substrate 17. The FPC 13 may be connected
to the element substrate 17 by wire bonding. In the case
where the density of the ultrasonic elements 17a of the
element substrate 17 is high and the size of the element
substrate 17 is small, the terminals of the FPC 13 can be
easily connected to the terminals of the element substrate 17
by using wires.

Modification 2

In the first embodiment, the second openings 33 are
installed on the shorter sides the ultrasonic device 9. In the
case where the viscosity of the adhesive agent 34 is low so
that the adhesive agent 34 easily flows, the second openings
33 may be omitted. The shape of the acoustic lens 16 is
simplified by omitting the second openings 33, which facili-
tates manufacturing.

Modification 3

In the first embodiment, the FPC 13 is installed on the two
sides in the +Y direction and the -Y direction. The FPC 13
may be installed on one side, or on three sides. Also in such
cases, the adhesive agent 34 is allowed to flow with good
fluidity by setting the length of the first openings 32 in the
places where the FPC 13 is installed to be larger than that of
the second openings 33. As a result, it is possible to reduce
residual air bubbles and suppress the moisture permeability
in the electrodes of the FPC 13 to a low level.

Modification 4

In the first embodiment, the ultrasonic device 9 has a
quadrangular shape. However, the ultrasonic device 9 may
have a triangular or polygon shape, or a shape including a
circular arc. It is also possible to employ a shape suitable for
the arrangement of the ultrasonic elements.

Modification 5

In the second embodiment, the shape of the projecting
portions 40 as viewed in the 7 direction is triangular. The



US 10,653,390 B2

15

shape of the projecting portions 40 as viewed in the 7
direction may be semicircular or trapezoidal. Such shapes
also allow the first openings 42 to be wider on the inner sides
than on the outer sides, and therefore the fluid resistance
when the adhesive agent 34 flows can be reduced.

The entire disclosure of Japanese Patent Application No.
2014-000132 filed on Jan. 6, 2014 is expressly incorporated
by reference herein.

What is claimed is:

1. An ultrasonic device comprising:

a substrate including ultrasonic elements configured to

transmit and receive ultrasound,

a cable electrically connected to the ultrasonic elements
and mounted on the substrate:

an acoustic lens having a plurality of projecting portions
projecting toward the substrate, the plurality of pro-
jecting portions each having an end surface facing one
of the substrate and the cable and connected to the one
of the substrate and the cable; and

an acoustic matching unit located between the substrate
and the acoustic lens, wherein the plurality of project-
ing portions are aligned along an outer perimeter of the
substrate, and

a ratio of a total length of the plurality of projecting
portions provided in a place where the cable is installed
with respect to a total length of the outer perimeter of
the substrate where the cable is installed is lower than
a ratio of a total length of the plurality of projecting
portions provided in a place where the cable is not
installed with respect to a total length of the outer
perimeter of the substrate where the cable is not
installed.

2. The ultrasonic device according to claim 1, wherein the
plurality of projecting portions are provided with intervals
therebetween, and lengths of the intervals between the
plurality of projecting portions provided in the place where
the cable is installed along the outer perimeter of the
substrate is larger than lengths of the intervals between the
plurality of projecting portions provided in the place where
the cable is not installed.

3. An ultrasonic probe comprising:

the ultrasonic device according to claim 2; and

a driving circuit configured to drive the ultrasonic device.

4. An electronic apparatus comprising:

the ultrasonic device according to claim 2;

a processing unit connected to the ultrasonic device, the
processing unit being configured to perform processing
to generate an image using an output of the ultrasonic
device; and

a display unit configured to display the image.

5. The ultrasonic device according to claim 1, wherein the
plurality of projecting portions have a smaller length, in a
direction along the outer perimeter of the substrate, at
positions on an inner side than on an outer peripheral side of
the substrate.

6. An ultrasonic probe comprising:

the ultrasonic device according to claim 5; and

a driving circuit configured to drive the ultrasonic device.
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7. An electronic apparatus comprising:

the ultrasonic device according to claim 5;

a processing unit connected to the ultrasonic device, the
processing unit being configured to perform processing
to generate an image using an output of the ultrasonic
device; and

a display unit configured to display the image.

8. The ultrasonic device according to claim 1, wherein the
substrate has a first side and a second side that are opposed
to each other, the cable overlaps the first side and the second
side, and openings between the plurality of projecting por-
tions on the first side and openings between the plurality of
projecting portions on the second side are arranged alter-
natingly.

9. An ultrasonic probe comprising:

the ultrasonic device according to claim 8; and

a driving circuit configured to drive the ultrasonic device.

10. An electronic apparatus comprising:

the ultrasonic device according to claim 8;

a processing unit connected to the ultrasonic device, the
processing unit being configured to perform processing
to generate an image using an output of the ultrasonic
device; and

a display unit configured to display the image.

11. The ultrasonic device according to claim 1, wherein
the acoustic matching unit is partially located between the
cable and the plurality of projecting portions.

12. An ultrasonic probe comprising:

the ultrasonic device according to claim 11; and

a driving circuit configured to drive the ultrasonic device.

13. An electronic apparatus comprising:

the ultrasonic device according to claim 11,

a processing unit connected to the ultrasonic device, the
processing unit being configured to perform processing
to generate an image using an output of the ultrasonic
device; and

a display unit configured to display the image.

14. An ultrasonic probe comprising:

the ultrasonic device according to claim 1; and

a driving circuit configured to drive the ultrasonic device.

15. An electronic apparatus comprising:

the ultrasonic device according to claim 1;

a processing unit connected to the ultrasonic device, the
processing unit being configured to perform processing
to generate an image using an output of the ultrasonic
device; and

a display unit configured to display the image.

16. The ultrasonic device according to claim 1, wherein

the substrate has a flat plate shape with a main surface of
the substrate being parallel to an alignment direction of
the ultrasonic elements.

17. The ultrasonic device according to claim 1, wherein

the cable is a flexible printed circuit.

18. The ultrasonic device according to claim 1, wherein

the acoustic lens and the projecting portions are formed as
a one-piece, unitary member.
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