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An ultrasonic device includes an ultrasonic element array
substrate having a plurality of ultrasonic elements that each
include a piezoelectric body; a fixing frame having a recess to
which the ultrasonic element array substrate is fixed, and a
perforated portion formed with a through hole by opening a
part of the bottom face of the recess, wherein an element-
formed surface of the ultrasonic element array substrate is
faced to the perforated portion; an acoustic lens secured to the
fixing frame so as to cover the perforated portion; and an
acoustic matching layer formed of a resin being arranged
between the ultrasonic element array substrate and the acous-
tic lens, so as to secure them to each other. The acoustic lens
and the fixing frame are in contact with each other, and the
thickness of the acoustic matching layer is maintained at a
fixed value.
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ULTRASONIC DEVICE, ULTRASONIC
PROBE, ELECTRONIC EQUIPMENT, AND
ULTRASONIC IMAGING APPARATUS

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

an ultrasonic probe, electronic equipment, and an ultrasonic
imaging apparatus.

[0003] 2. Related Art

[0004] Up to the present time, ultrasonic elements that
transmit and receive ultrasound have been known. Ultrasonic
devices using such ultrasonic elements are used for various
applications.

[0005] JP-A-2012-100994, which is an example of related
art, discloses an ultrasonic device used, for example, for an
ultrasonic probe provided with: ultrasonic transducers (ultra-
sonic elements) that transmit and receive ultrasound; an
acoustic lens that focuses the ultrasound; and an acoustic
matching layer provided between the acoustic lens and the
ultrasonic transducers.

[0006] In the ultrasonic device having such a structure, the
acoustic matching layer is formed to have a specific thickness,
in order to prevent the ultrasound from being reflected by an
interface through which the ultrasound passes. The thickness
of'the acoustic matching layer is required to be adjusted with
high accuracy for efficient transmission and reception of
ultrasound. However, it is difficult to form the acoustic match-
ing layer with a desired thickness in the case of forming the
acoustic matching layer using a resin.

SUMMARY

[0007] Some aspects of the invention can be realized in the
form of the following embodiments or application examples.

Application Example 1

[0008] An ultrasonic device according to this application
example includes: an ultrasonic element array substrate hav-
ing a plurality of ultrasonic elements that each include a
piezoelectric body and perform at least one of transmission
and reception of ultrasound; a fixing frame having a recess to
which the ultrasonic element array substrate is fixed, and a
perforated portion formed with a through hole by opening a
part of the bottom face of the recess, wherein an element-
formed surface of the ultrasonic element array substrate faces
the perforated portion; an acoustic lens secured to the fixing
frame so as to cover the perforated portion of the fixing frame,
the acoustic lens having a lens portion that focuses the ultra-
sound; and an acoustic matching layer arranged between the
ultrasonic element array substrate and the acoustic lens, the
acoustic matching layer being formed of a resin that secures
the ultrasonic element array substrate and the acoustic lens to
each other. The acoustic lens and the fixing frame are in
contact with each other, and the thickness of the acoustic
matching layer is maintained at a fixed value.

[0009] According to this configuration, the element-
formed surface of the ultrasonic element array substrate is
fixed to the fixing frame within the recess so as to be exposed
through the perforated portion. Then, the acoustic lens comes
into contact with the fixing frame so as to be secured thereto,
while covering the perforated portion of the fixing frame.
[0010] Therefore, it is possible to specify the distance
between the surface of the ultrasonic element array substrate
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and the lens portion of the acoustic lens, so as to maintain the
thickness of the acoustic matching layer formed between the
ultrasonic element array substrate and the acoustic lens at a
fixed value. Since the acoustic matching layer can be formed
to have a thickness with good accuracy, it is possible to
transmit and receive ultrasound efficiently.

Application Example 2

[0011] In the ultrasonic device according to the above-
mentioned application example, the acoustic matching layer
is preferably a resin filled between the ultrasonic element
array substrate and the acoustic lens, so as to be secured to the
ultrasonic element array substrate and the acoustic lens.
[0012] According to this configuration, the acoustic match-
ing layer is composed of a resin, and the ultrasonic element
array substrate and the acoustic lens can be secured to each
other with a resin (adhesive).

[0013] Therefore, the cured resin (adhesive) allows the
ultrasonic element array substrate and the acoustic lens to be
bonded to each other, and can function also as an acoustic
matching layer.

Application Example 3

[0014] In the ultrasonic device according to the above-
mentioned application example, it is preferable that a first
projection is formed in a part of the fixing frame, and the
distance between the ultrasonic element array substrate and
the acoustic lens is specified by contact of the first projection
with the acoustic lens.

[0015] According to this configuration, the first projection
is formed in a part of the fixing frame that is contact with the
acoustic lens.

[0016] Therefore, the acoustic lens is received by the first
projection, which enables the acoustic lens to be fixed to the
fixing frame with good accuracy without disadvantages such
as inclination on the fixed surface.

Application Example 4

[0017] In the ultrasonic device according to the above-
mentioned application example, it is preferable that a second
projection is formed in a part of the acoustic lens, and the
distance between the ultrasonic element array substrate and
the acoustic lens is specified by contact of the second projec-
tion with the fixing frame.

[0018] According to this configuration, the second projec-
tion is formed in a part of the acoustic lens that is in contact
with the fixing frame.

[0019] Therefore, the fixing frame is received by the second
projection, which enables the acoustic lens to be fixed to the
fixing frame with good accuracy without disadvantages such
as inclination on the fixed surface.

Application Example 5

[0020] In the ultrasonic device according to the above-
mentioned application example, it is preferable that a back
plate is fixed to a surface opposite to the element-formed
surface of the ultrasonic element array substrate, and that a
resin is filled in the recess of the fixing frame so as to cover the
back plate.

[0021] According to this configuration, the back plate is
fixed to the surface opposite to the element-formed surface of
the ultrasonic element array substrate, and the resin is filled in
the recess of the fixing frame.
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[0022] Therefore, it is possible to fix the ultrasonic element
array substrate and the back plate securely to the inside of the
fixing frame.

Application Example 6

[0023] In the ultrasonic device according to the above-
mentioned application example, it is preferable that the ultra-
sonic element array substrate include: a base substrate pro-
vided with a plurality of openings arranged in an array; a
vibrating membrane formed to cover the openings, the vibrat-
ing membrane being displaceable in a film thickness direc-
tion; and a piezoelectric body provided on the vibrating mem-
brane. [tis also preferable that the piezoelectric body includes
a first electrode provided on the vibrating membrane; a piezo-
electric layer provided to cover at least part of the first elec-
trode; and a second electrode provided to cover at least part of
the piezoelectric layer.

[0024] According to this configuration, the ultrasonic ele-
ment array substrate includes the base substrate provided
with the plurality of openings arranged in an array; the vibrat-
ing membrane formed to cover the openings, the vibrating
membrane being displaceable in the film thickness direction;
and the piezoelectric body provided on the vibrating mem-
brane, the piezoelectric body being formed by layering the
first electrode, the piezoelectric layer, and the second elec-
trode on the vibrating membrane.

[0025] Intheultrasonic device having such a configuration,
the ultrasonic element array substrate can be downsized, lead-
ing to a reduction in size of the ultrasonic device.

Application Example 7

[0026] An ultrasonic probe according to this application
example includes: the ultrasonic device described in any one
of'the above application examples; and a housing supporting
the ultrasonic device.

[0027] According to this configuration, the ultrasonic
device described above and the housing supporting the ultra-
sonic device are provided.

[0028] The ultrasonic probe of this application example
includes the ultrasonic device that can set an appropriate
thickness of the acoustic matching layer and performs effi-
cient transmission and reception of ultrasound. Thus, it is
possible to provide an ultrasonic probe with high accuracy.

Application Example 8

[0029] Electronic equipment according to this application
example includes: the ultrasonic device described above; and
a processing circuit that is connected to the ultrasonic device
and processes an output of the ultrasonic device.

[0030] According to this configuration, the ultrasonic
device described above and the processing circuit that pro-
cesses the output of the ultrasonic device are provided.
[0031] The electronic equipment of this application
example includes the ultrasonic device that can set an appro-
priate thickness of the acoustic matching layer and performs
efficient transmission and reception of ultrasound. Thus, it is
possible to provide electronic equipment with high accuracy.

Application Example 9

[0032] An ultrasonic imaging apparatus according to this
application example includes: the ultrasonic device described
above; a processing circuit that is connected to the ultrasonic
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device and processes an output of the ultrasonic device so as
to generate an image; and a display that displays the image.
[0033] According to this configuration, the ultrasonic
device described above, the processing circuit that processes
an output of the ultrasonic device so as to generate an image,
and the display that displays the image are provided.

[0034] Theultrasonic imaging apparatus of this application
example includes the ultrasonic device that can set an appro-
priate thickness of the acoustic matching layer and performs
efficient transmission and reception of ultrasound. Thus, it is
possible to provide an ultrasonic imaging apparatus with high
accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0036] FIG. 1 is a schematic outline showing a configura-
tion of an ultrasonic imaging apparatus of a first embodiment.
[0037] FIG. 2 is a partial sectional view of an ultrasonic
probe according to the first embodiment.

[0038] FIG. 3 is an enlarged sectional view of a head por-
tion of the ultrasonic probe according to the first embodiment.
[0039] FIG. 4 is a control block diagram of an ultrasonic
imaging apparatus according to the first embodiment.
[0040] FIG. 5is a plan view of an ultrasonic device accord-
ing to the first embodiment.

[0041] FIG. 6 is a sectional view of the ultrasonic device
according to the first embodiment.

[0042] FIG. 7 is a sectional view of the ultrasonic device
according to the first embodiment.

[0043] FIG. 8 is a plan view in which the acoustic lens and
the acoustic matching layer are omitted from the components
of the ultrasonic device according to the first embodiment.
[0044] FIGS. 9A to 9D are views showing a configuration
of' the fixing frame of an ultrasonic element according to the
first embodiment.

[0045] FIGS. 10A to 10C are explanatory diagrams illus-
trating a configuration of an acoustic lens of the ultrasonic
device according to the first embodiment.

[0046] FIG.11isaplan view showing a schematic configu-
ration of an ultrasonic element according to the first embodi-
ment.

[0047] FIG. 12 is a sectional view showing the schematic
configuration of the ultrasonic element according to the first
embodiment.

[0048] FIG. 13 is a conceptual diagram illustrating a sche-
matic configuration of an ultrasonic element array substrate
according to the first embodiment.

[0049] FIG. 14 is a sectional view showing a modification
of the ultrasonic device according to the first embodiment.
[0050] FIG. 15 is a sectional view showing a modification
of the ultrasonic device according to the first embodiment.
[0051] FIG. 16 is a sectional view showing the ultrasonic
device according to a second embodiment.

[0052] FIG. 17 is a plan view showing the fixing frame
according to the second embodiment.

[0053] FIG. 18 is a sectional view showing a configuration
of an ultrasonic device according to a third embodiment.
[0054] FIG. 19 is a plan view of the acoustic lens according
to the third embodiment.

[0055] FIG. 20 is a schematic outline showing a configura-
tion of another ultrasonic imaging apparatus.
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DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0056] Hereinafter, embodiments for implementing the
invention are described with reference to the drawings. It
should be noted that, in the drawings herein referred to for the
following descriptions, the dimensional ratio of each compo-
nent is appropriately changed so that the component is scaled
to a recognizable size.

First Embodiment

[0057] In this embodiment, an ultrasonic imaging appara-
tus for inspecting the inside of the human body is described as
an example of electronic equipment.

(1) Overall Configuration of Ultrasonic Imaging
Apparatus

[0058] FIG. 1 shows a schematic outline of an ultrasonic
imaging apparatus of this embodiment. FIG. 2 is a partial
sectional view of an ultrasonic probe. FIG. 3 is an enlarged
sectional view of a head portion of the ultrasonic probe.
[0059] AsshowninFIG. 1, an ultrasonic imaging apparatus
100 includes an apparatus body 110 and an ultrasonic probe
130. The apparatus body 110 and the ultrasonic probe 130 are
connected to each other by a cable 120. The apparatus body
110 and the ultrasonic probe 130 can exchange electrical
signals via the cable 120.

[0060] The apparatus body 110 incorporates a display
panel or the like as a display 112. In this embodiment, the
display 112 is a touch panel display, and serves also as a
user-interface unit (Ul unit).

[0061] In the apparatus body 110, images are produced on
the basis of ultrasound detected by the ultrasonic probe 130,
and the thus produced images of the detection results are
displayed on the screen of the display 112.

[0062] The ultrasonic probe 130 includes a housing 132
having a rectangular parallelepiped shape. The cable 120 is
connected to one end in the longitudinal direction of the
housing 132. On the opposite side, a head portion 134 that
transmits and receives ultrasound is provided.

[0063] The ultrasonic imaging apparatus 100 of this
embodiment is realized so that the apparatus body 110 and the
ultrasonic probe 130 are connected by the cable 120. How-
ever, it may be realized so that the apparatus body 110 and the
ultrasonic probe 130 wirelessly exchange signals without
using the cable 120.

[0064] As shown in FIG. 2 and FIG. 3, in the ultrasonic
probe 130, an ultrasonic device 1 fixed to a support member
30 is accommodated within the housing 132. The surface of
the ultrasonic device 1 is exposed on the surface of the head
portion 134 of the housing 132, so that ultrasound can be
output from the surface of the head portion 134 toward a
target object, and reflected waves of the ultrasound (echo
waves) can be received from the object.

[0065] As shown in FIG. 3, the ultrasonic probe 130 has a
gap between the ultrasonic device 1 and the head portion 134
of the housing 132. A sealing portion 136 filled with a sili-
cone-based sealing material is provided in the gap. This seal-
ing portion 136 prevents water, etc., from entering the ultra-
sonic device 1 in the housing 132 of the ultrasonic probe 130.
[0066] Further, the ultrasonic probe 130 has a sealing struc-
ture for forming a seal with the support member 30 of the
ultrasonic device 1, which will be mentioned later. This seal-
ing structure maintains pressure contact between an adhesive
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member 35, such as double-sided adhesive tape, which has
elasticity and is attached to the peripheral portion of the
support member 30 of the ultrasonic device 1, and an adhesive
member 135, such as double-sided adhesive tape, which has
elasticity and is attached to the housing 132.

[0067] Further, a flexible printed circuit board (hereinafter,
which may be referred to also as an FPC (Flexible Printed
Circuit)) 60 for connection between the ultrasonic device 1
and a processing circuit is interposed in a part of this sealing
structure. In this part, the adhesive members 35 and 135 are
pressed against each other with the FPC 60 being interposed
therebetween.

[0068] It should be noted that a double-sided adhesive tape
formed of a closed cell material, such as polyethylene and
urethane, coated with an acrylic adhesive is used as the adhe-
sive members 35 and 135.

[0069] As described above, the ultrasonic probe 130 of this
embodiment employs a double sealing structure, thereby pre-
venting water, etc., from entering the housing 132.

[0070] FIG. 4 is a control block diagram of the ultrasonic
imaging apparatus 100.

[0071] The ultrasonic imaging apparatus 100 includes the
apparatus body 110 and the ultrasonic probe 130 as men-
tioned above.

[0072] The ultrasonic probe 130 includes the ultrasonic
device 1 and a processing circuit 150.

[0073] The processing circuit 150 has a selection circuit
152, a transmitting circuit 153, a receiving circuit 154, and a
control unit 155. This processing circuit 150 performs trans-
mission processing and reception processing for the ultra-
sonic device 1.

[0074] The transmitting circuit 153 outputs transmission
signals VT to the ultrasonic device 1 via the selection circuit
152 in a transmission period. Specifically, the transmitting
circuit 153 generates the transmission signals VT, on the basis
of control by the control unit 155, and outputs them to the
selection circuit 152. Then, the selection circuit 152 outputs
the transmission signals VT from the transmitting circuit 153,
on the basis of control by the control unit 155. The frequency
and amplitude voltage of the transmission signals VT can be
set by the control unit 155.

[0075] The receiving circuit 154 performs reception pro-
cessing on reception signals VR from the ultrasonic device 1.
Specifically, the receiving circuit 154 receives the reception
signals VR from the ultrasonic device 1 via the selection
circuit 152 in a reception period, and performs reception
processing such as amplification ofthe reception signals, gain
setting, frequency setting, and A/D conversion (analog/digital
conversion). The results of reception processing are output as
detected data (detected information) to a processing unit 116
of the apparatus body 110. The receiving circuit 154, for
example, can be composed of a low-noise amplifier, a volt-
age-controlled attenuator, a programmable gain amplifier, a
low-pass filter, an A/D converter, and the like.

[0076] The control unit 155 controls the transmitting circuit
153 and the receiving circuit 154. Specifically, the control
unit 155 controls the transmitting circuit 153 for generation of
the transmission signals VT and the output processing, and
controls the receiving circuit 154 for frequency setting of the
reception signals VR, gain, or the like.

[0077] The selection circuit 152 outputs the selected trans-
mission signals VT on the basis of control by the control unit
155.
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[0078] The apparatus body 110 includes the display 112, a
main control unit 115, the processing unit 116, and a UT unit
(user-interface unit) 117.

[0079] The main control unit 115 controls the ultrasonic
probe 130 for transmission and reception of ultrasound, and
controls the processing unit 116 for image processing of
detected data, or the like.

[0080] The processing unit 116 receives detected data from
the receiving circuit 154, and performs necessary image pro-
cessing, generation of image data to be displayed, or the like.
[0081] The Ulunit 117 outputs necessary instruction (com-
mand) to the main control unit 115 on the basis of user
operation (e.g., touch panel operation).

[0082] The display 112, for example, is a liquid crystal
display, and displays the image data to be displayed from the
processing unit 116.

[0083] It should be noted that part of control by the main
control unit 115 may be performed by the control unit 155 of
the processing circuit 150, or part of control by the control
unit 155 may be performed by the main control unit 115.

(2) Configuration of Ultrasonic Device

[0084] Next, a configuration of the ultrasonic device incor-
porated in the ultrasonic probe is described. FIG. 5 is a plan
view showing the configuration of the ultrasonic device,
which corresponds to a view, as viewed in the direction of the
arrow HinFIG. 3, of the ultrasonic probe. FIG. 6 is a sectional
view taken along the broken line A-A of FIG. 5. FIG. 7 is a
sectional view taken along the broken line B-B of FIG. 5. FIG.
8 is a plan view in which the acoustic lens and the acoustic
matching layer are omitted from the components shown in
FIG. 5.

[0085] As shown in FIG. 5, FIG. 6, and FIG. 7, the ultra-
sonic device 1 includes an ultrasonic element array substrate
20, an acoustic matching layer 40, an acoustic lens 50, and a
fixing frame 70, and may further include the flexible printed
circuit board (hereinafter, may be referred to also as a FPC) 60
that is connected to the ultrasonic element array substrate 20
so as to establish a connection with circuits.

[0086] The ultrasonic element array substrate 20 is a sub-
strate on which a plurality of ultrasonic elements are arranged
in an array, and has a rectangular shape in plan view. This
ultrasonic element array substrate 20 is formed using a silicon
substrate with a thickness of about 150 pm to 200 um. A back
plate 22, formed to have the same flat shape as the ultrasonic
element array substrate 20, is bonded to a surface opposite to
the element-formed surface of the ultrasonic element array
substrate 20. The back plate 22 serves to suppress excessive
vibration of the ultrasonic element array substrate 20, and a
silicon substrate having a thickness of about 500 pm to 600
um is used therefor. For this back plate 22, a metal plate may
be used other than such a silicon substrate. Furthermore, the
back plate 22 may be prepared by mixing a filler for acoustic
matching and ultrasound attenuation with a resin material
such as an epoxy resin. At this time, the back plate 22 pref-
erably has a thickness of at least 5 mm.

[0087] Depending on the circumstances, the ultrasonic
device 1 may be formed without using the back plate 22.
[0088] The ultrasonic element array substrate 20 will be
described later in detail.

[0089] The ultrasonic element array substrate 20 fixed to
the back plate 22 is fixed to the fixing frame 70 via an adhesive
member 65 as shown in FIG. 7.
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[0090] FIGS. 9A to 9D show a configuration of the fixing
frame. FIG. 9A is a top plan view, FIG. 9B is a sectional view
taken along the line C-C of FIG. 9A, FIG. 9C is a sectional
view taken along the line D-D of FIG. 9A, and FIG. 9D is a
bottom plan view.

[0091] The fixing frame 70 has a rectangular profile that is
one size larger in plan view than that of the ultrasonic element
array substrate 20. The fixing frame 70 has a recess 71 hol-
lowed downward from its one surface, and the recess 71 is
formed to have a size that allows a planar arrangement of the
ultrasonic element array substrate 20 on a bottom face 74.
[0092] The recess 71 is preferably formed to have a size, in
plan view, slightly larger than the outer dimensions of the
ultrasonic element array substrate 20. In this way, the ultra-
sonic element array substrate 20 can be positioned within the
recess 71, which facilitates assembly work of the ultrasonic
device 1.

[0093] Further, the fixing frame 70 has a perforated portion
72 formed with a through hole by opening a part of the bottom
face 74. The perforated portion 72 is open with both ends, in
the longitudinal direction of the fixing frame 70, of the bottom
face 74 left closed. The thus left bottom face 74 serves as a
fixing portion to which the ultrasonic element array substrate
20 is fixed by bonding. The ultrasonic elements of the ultra-
sonic element array substrate 20 can be arranged so as to be
exposed through the perforated portion 72 by fixation of the
element-formed surface of the ultrasonic element array sub-
strate 20 to the bottom face 74.

[0094] Furthermore, an escape portion 73 hollowed down-
ward from the top surface is formed on each of the two sides
in the short direction of the top face of'the fixing frame 70. The
escape portion 73 is formed to facilitate mounting of the
flexible printed circuit board (FPC) 60 to be connected to the
ultrasonic element array substrate 20, and is hollowed down-
ward to a dimension equivalent to the thickness of the flexible
printed circuit board 60 (for example, about 120 to 150 um).

[0095] Asamaterial for the fixing frame 70, a metal such as
stainless steel, an acrylic resin, or the like, can be used.

[0096] On the element-formed surface of the ultrasonic
element array substrate 20, a plurality of terminals (not shown
in the figure) connected to the plurality of ultrasonic elements
are exposed, along opposite long sides in plan view. As shown
in FIG. 6 and FIG. 8, these terminals are connected to the
terminals of the FPC 60 (not shown in the figure), thus estab-
lishing electrical connection. For connection between the
two, an anisotropic conductive adhesive, an anisotropic con-
ductive film, or the like, is used. Electrical connection can be
easily established between the terminals of the ultrasonic
element array substrate 20 and the terminals of the FPC 60 by
applying heat and pressure thereto.

[0097] It should be noted that the FPC 60 is used herein for
connection of the terminals of the ultrasonic element array
substrate 20 to an external circuit, which however is not
restrictive. Other connection methods such as wire bonding
may be employed therefor.

[0098] Asshown in FIG. 5, FIG. 6, and FIG. 7, the acoustic
lens 50 is arranged in contact with the fixing frame 70 so as to
cover the perforated portion 72 on the side, formed with the
perforated portion 72, of the fixing frame 70.

[0099] FIGS. 10A to 10C show a configuration of the
acoustic lens. FIG. 10A is a plan view, FIG. 10B is a sectional
view taken along the line E-E of FIG. 10A, and FIG. 10C is a
sectional view taken along the line G-G of FIG. 10A.
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[0100] The acoustic lens 50 has a rectangular shape in plan
view, and includes a lens portion 51 at its center. The lens
portion 51 is provided on one surface of the acoustic lens 50
s0 as to be convex with a specific curvature in the thickness
direction. This lens portion 51 is provided so as to cover an
area corresponding to a large number of ultrasonic elements
of the ultrasonic element array substrate 20 to be described
later. Further, the other surface of the acoustic lens 50 is
formed to be flat.

[0101] This acoustic lens 50 serves to guide ultrasound
transmitted from the ultrasonic elements of the ultrasonic
element array substrate 20 efficiently to a target object, and to
further guide echo waves reflected back from the object effi-
ciently to the ultrasonic elements.

[0102] The acoustic lens 50 is formed of a resin such as a
silicone resin. It is possible to adjust the acoustic impedance
by changing the specific gravity of such a silicone resin
through addition of silica, or the like, to the silicone resin.

[0103] As shown in FIG. 6 and FIG. 7, the acoustic match-
ing layer 40 is formed between the ultrasonic element array
substrate 20 and the acoustic lens 50. A silicone-based adhe-
sive is used for the acoustic matching layer 40, and curing of
the adhesive causes the ultrasonic element array substrate 20
and the acoustic lens 50 to be secured (bonded) to each other.
The thus cured adhesive (resin) functions as an acoustic
matching layer. The thickness of the acoustic matching layer
40 is set, for example, to Y4A where A denotes the wavelength
of the ultrasound to be used. The acoustic matching layer 40
serves to relax the acoustic impedance mismatch between the
acoustic lens 50 and the ultrasonic elements.

[0104] Further, the acoustic lens 50 may have a structure in
which polyimide is thermally pressure bonded thereto on the
side facing the ultrasonic elements for improving the mois-
ture resistance.

[0105] Furthermore, the acoustic lens 50 may have a struc-
ture including a second acoustic matching layer provided on
the side facing the ultrasonic elements.

[0106] In the ultrasonic device 1 of this embodiment, the
thickness T of the acoustic matching layer 40 (dimension
from the element-formed surface of the ultrasonic element
array substrate 20 to the lens portion 51 of the acoustic lens
50) is determined by the sum of the thickness t1 of the adhe-
sive member 65 and the thickness t2 of the fixing frame 70
(T=t1+t2), as shown in FIG. 7.

[0107] Thus, the thickness T of the acoustic matching layer
40 in the ultrasonic device 1 of this embodiment can be
appropriately set by the contact between the fixing frame 70
and the acoustic lens 50, and thus the setting thereof is easy.
Since the thickness of the acoustic matching layer 40 can be
appropriately set, it is possible to transmit and receive ultra-
sound efficiently.

[0108] Further, the ultrasonic device 1 of this embodiment
has the ultrasonic element array substrate 20 fixed to the
fixing frame 70. Therefore, even when a significant impact
such as dropping is applied to the ultrasonic device 1, the
ultrasonic element array substrate 20 is prevented from being
damaged, in which manner the impact resistance of the ultra-
sonic device 1 can be improved. In the ultrasonic device 1 of
this embodiment, the acoustic matching layer 40 formed of a
resin is arranged between the ultrasonic element array sub-
strate 20 and the acoustic lens 50, so as to absorb impact
forces from the acoustic lens 50. Thus, the impact resistance
can be further improved.
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[0109] It should be noted that, although an adhesive having
fluidity after curing is used as the acoustic matching layer 40
in this embodiment, a sheet material also can be used for
forming the acoustic matching layer. Further, although the
acoustic matching layer 40 is composed of one layer in this
embodiment, the acoustic matching layer 40 may be com-
posed of multiple layers.

[0110] Furthermore, the recess 71 of the fixing frame 70 is
filled with a resin 24 covering the back plate 22 secured to the
ultrasonic element array substrate 20. This resin 24 serve to
protect and fix the ultrasonic element array substrate 20 and
the back plate 22 to the recess 71, and also to attenuate the
vibration coming through the ultrasonic element array sub-
strate 20 when used together with the back plate 22.

[0111] Any resin can be used as the resin 24, as long as the
acoustic impedance matching with the back plate 22 is
ensured. The material for the resin 24 is not particularly
limited.

[0112] It should be noted that, in the case where the back
plate 22 can suppress the vibration sufficiently to prevent
unintentional transmission of the vibration, the resin 24 need
not be used.

(3) Ultrasonic Elements and Ultrasonic Element
Array Substrate

[0113] Next, the ultrasonic elements and the ultrasonic ele-
ment array substrate of this embodiment are described by
taking an ultrasonic element configured with a thin film
piezoelectric element as an example.

[0114] FIG. 11 is a schematic plan view of the ultrasonic
elements of this embodiment. FIG. 12 is a schematic sectional
view showing a cross section taken along the broken line H-H
of FIG. 11. FIG. 13 is an explanatory diagram illustrating a
schematic configuration of the ultrasonic element array sub-
strate of this embodiment.

[0115] As shown in FIG. 11 and FIG. 12, each ultrasonic
element 10 has a base substrate 11, a vibrating membrane
(membrane) 13 formed on the base substrate 11, and a piezo-
electric body 18 provided on the vibrating membrane 13. The
piezoelectric body 18 has a first electrode 14, a piezoelectric
layer 15, and a second electrode 16.

[0116] The ultrasonic element 10 has an opening 12 in the
base substrate 11 such as silicon, and includes the vibrating
membrane 13 that covers and closes the opening 12.

[0117] The opening 12 is formed by subjecting the back
side (surface on which the elements are not to be formed) of
the base substrate 11 to etching such as reactive ion etching
(RIE).

[0118] The vibrating membrane 13 has a double layer
structure, for example, of a SiO, layer and a ZrO, layer. In the
case where the base substrate 11 is a Si substrate, the SiO,
layer can be formed by subjecting the surface of the substrate
to thermal oxidation treatment. Further, the ZrO, layer can be
formed on the SiO, layer by a technique such as sputtering. In
the case where PZT, for example, is used as the piezoelectric
layer 15, which will be described later, the ZrO, layer serves
to prevent Pb that constitutes the PZT from diffusing into the
SiO, layer. Further, the ZrO, layer also has an effect of
improving the warpage efficiency corresponding to distortion
of the piezoelectric layer.

[0119] The first electrode 14 is formed on the vibrating
membrane 13. The piezoelectric layer 15 is formed on the first
electrode 14. The second electrode 16 is further formed onthe
piezoelectric layer 15.
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[0120] That is, the piezoelectric body 18 has a structure in
which the piezoelectric layer 15 is interposed between the
first electrode 14 and the second electrode 16.

[0121] The first electrode 14 is formed of a metal thin film.
In the case where a plurality of ultrasonic elements are pro-
vided, the first electrode 14 may be wired so as to be extended
to the outside of the element-formed region and connected to
an adjacent ultrasonic element, as shown in FIG. 11.

[0122] The piezoelectric layer 15, for example, is formed of
a PZT (lead zirconate titanate) thin film, and is provided to
cover at least part of the first electrode 14. It should be noted
that the material for the piezoelectric layer 15 is not limited to
PZT. For example, lead titanate (PbTiO;), lead zirconate
(PbZr0O;), lead lanthanum titanate ((Pb, La)TiO;), or the like,
may be used therefor.

[0123] The second electrode 16 is formed of a metal thin
film, and is provided to cover at least part of the piezoelectric
layer 15. In the case where a plurality of ultrasonic elements
are provided, the second electrode 16 may be wired so as to be
extended to the outside of the element-formed region and
connected to an adjacent ultrasonic element, as shown in FIG.
11.

[0124] Further, as shown in FIG. 12, a moisture-proof layer
19 that covers the ultrasonic element 10 so as to prevent
moisture permeation from the outside is provided. This mois-
ture-proof layer 19 is formed of a material such as alumina,
and is provided over the entire surface or a part of the ultra-
sonic element 10. It should be noted that the moisture-proof
layer 19 may be appropriately provided depending on use
conditions or environment, and a structure without including
the moisture-proof layer 19 is also possible.

[0125] The piezoelectric layer 15 expands and contracts in
the in-plane direction by application of a voltage to the piezo-
electric layer 15, that is, between the first electrode 14 and the
second electrode 16. Accordingly, upon the application of a
voltage to the piezoelectric layer 15, warpage that is convex
on the opening 12 side occurs, which causes the vibrating
membrane 13 to warp. Upon application of an AC voltage to
the piezoelectric layer 15, the vibrating membrane 13 vibrates
in the film thickness direction, and this vibration of the vibrat-
ing membrane 13 causes ultrasound to be emitted from the
opening 12. The voltage (drive voltage) applied to the piezo-
electric layer 15, for example, is 10 to 30 V peak to peak, and
the frequency thereof is 1 to 10 MHz, for example.

[0126] The ultrasonic element 10 acts also as a receiving
element to receive echo waves that are generated by reflection
of'the emitted ultrasound on the target object and returns back
thereto. The echo waves vibrate the vibrating membrane 13,
during which vibration causes a stress to be applied to the
piezoelectric layer 15, resulting in generation of a voltage
between the first electrode 14 and the second electrode 16.
This voltage can be output as a reception signal.

[0127] Next, an ultrasonic element array substrate includ-
ing the aforementioned ultrasonic elements 10 arranged in an
array is described below.

[0128] FIG. 13 shows a configuration of the ultrasonic ele-
ment array substrate of this embodiment.

[0129] Theultrasonic element array substrate 20 includes a
plurality of ultrasonic elements 10 arranged in an array, drive
electrode lines DL, and common electrode lines CL.

[0130] The plurality of ultrasonic elements 10 are arranged
into a matrix with m rows and n columns. In this embodiment,
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eight rows along a first direction D1 and twelve columns
along a second direction D2 intersecting the first direction D1
are arranged.

[0131] The drive electrode lines DL1 to DL12 are each
formed along the first direction D1.

[0132] During the transmission period in which ultrasound
is emitted, the transmission signals VT1 to VT12 output by
the aforementioned processing circuit 150 are supplied to the
respective ultrasonic elements 10 via the drive electrode lines
DL1 to DL12. Meanwhile, during the reception period in
which ultrasonic echo signals are received, the reception sig-
nals VR1 to VR12 from the ultrasonic elements 10 are output
to the processing circuit 150 via the drive electrode lines DLL1
to DL12.

[0133] Common electrode lines CL1 to CL8 are each
formed along the second direction D2.

[0134] The common electrode lines CL.1 to CL.8 are sup-
plied with a common voltage VCOM. This common voltage
only needs to be a constant direct current voltage, and is not
necessarily 0 V, namely, a ground potential.

[0135] It should be noted that the arrangement of the ultra-
sonic elements 10 is not limited to the matrix arrangement
with m rows and n columns shown in FIG. 13.

[0136] In the transmission period, a voltage that is the dif-
ference between the transmission signal voltage and the com-
mon voltage is applied to each of the ultrasonic elements 10,
and ultrasound is emitted at a specific frequency.

[0137] As described above, the ultrasonic imaging appara-
tus 100 and the ultrasonic probe 130 of this embodiment
include the ultrasonic device 1 that can set an appropriate
thickness of the acoustic matching layer and efficient trans-
mission and reception of ultrasound, which allows the ultra-
sonic imaging apparatus 100 and the ultrasonic probe 130
with high accuracy to be provided.

Modifications of the First Embodiment

[0138] Next, modifications of the ultrasonic device of the
first embodiment are described.

[0139] FIG. 14 and FIG. 15 are each a sectional view show-
ing a configuration of a modification of the ultrasonic device.
In these modifications, the same components as in the first
embodiment are denoted by the same reference numerals, and
the description thereof is omitted.

[0140] An ultrasonic device 2 shown in FIG. 14 has a mois-
ture-proof layer 66 between the acoustic matching layer 40
and the acoustic lens 50.

[0141] The moisture-proof layer 66 can prevent moisture
permeating from the outside from reaching the ultrasonic
element array substrate 20, so as to enhance the reliability of
the ultrasonic device 2.

[0142] As a material for the moisture-prooflayer 66, a film
material such as polyphenylene sulfide (PPS) is used. How-
ever, the material for the moisture-proof layer 66 is not lim-
ited to this.

[0143] Anultrasonic device 3 shown in FIG. 15 is provided
with a step 75 in a portion, facing the acoustic lens 50, of the
fixing frame 70. The step 75 is formed by hollowing out a part
of'the contact portion between the fixing frame and the acous-
tic lens shown in FIG. 7 of the first embodiment.

[0144] Inthe case where an adhesive having fluidity is used
as the acoustic matching layer 40, the adhesive before curing
may possibly overflow. Then, this step 75 can absorb the
overflow of the adhesive. Further, in the case where air
bubbles are contained in the adhesive, the step 75 provides an
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escape for the air bubbles, thereby separating the air bubbles
from the effective portion of the acoustic matching layer 40.

Second Embodiment

[0145] Next, an ultrasonic device of the second embodi-
ment is described.

[0146] FIG. 16 is a sectional view showing a configuration
of the ultrasonic device of this embodiment. FIG. 17 is a plan
view showing a configuration of a fixing frame, as viewed
from the back surface (surface in contact with the ultrasonic
element array substrate).

[0147] This embodiment has the same configuration as the
first embodiment, except that the fixing frame has a different
structure from the first embodiment. Therefore, the same
components as in the first embodiment are denoted by the
same reference numerals, and the description thereof is omit-
ted.

[0148] An ultrasonic device 4 shown in FIG. 16 is provided
with a plurality of first projections 76 in portions, which come
into contact with the acoustic lens 50, of the fixing frame 70a.
The first projections 76 are provided on each of both sides in
the longitudinal direction of the fixing frame 70q, as shown in
FIG. 17. The first projections 76 are formed at positions
slightly lower than the top surface of the fixing frame 70a, and
a step 77 is further formed by hollowing out the periphery of
the first projections 76 downward from the first projections
76. The step 77 is provided to have a shape such that the
acoustic lens 50 is fitted thereinto so as to be positioned.
[0149] In this way, the acoustic lens 50 comes into contact
with the first projections 76 ofthe fixing frame 704, so that the
acoustic lens 50 is fixed to the fixing frame 70a.

[0150] In the ultrasonic device 4 of this embodiment, the
thickness T of the acoustic matching layer 40 (dimension
from the element-formed surface of the ultrasonic element
array substrate 20 to the lens portion 51 of the acoustic lens
50) is determined by the sum of the thickness t1 of the adhe-
sive member 65 and the thickness t3 of the fixing frame
(thickness of the fixing frame including the first projections
76) (T=t1+t3), as shown in FIG. 16.

[0151] Thus, the thickness T of the acoustic matching layer
40 in the ultrasonic device 4 of this embodiment can be
appropriately set by the contact between the fixing frame 70a
and the acoustic lens 50, and thus the setting thereof is easy.
Since the thickness of the acoustic matching layer 40 can be
appropriately set, it is possible to transmit and receive ultra-
sound efficiently.

[0152] Further, the acoustic lens 50 is received by the first
projections 76, which enables the acoustic lens 50 to be fixed
to the fixing frame 70a with good accuracy without inclina-
tion on the fixed surface.

[0153] Furthermore, the step 77 is formed in the periphery
of'the first projections 76 of the fixing frame 70a. Thus, when
an adhesive having fluidity is used as the acoustic matching
layer 40, the step 77 can absorb the overflow of the adhesive.
Further, in the case where air bubbles are contained in the
adhesive agent, the step 77 provides an escape for the air
bubbles, thereby separating the air bubbles from the effective
portion of the acoustic matching layer 40.

Third Embodiment

[0154] Next, an ultrasonic device of the third embodiment
is described.
[0155] FIG. 18 is a sectional view showing a configuration

of the ultrasonic device of this embodiment. FIG. 19 is a plan
view showing a configuration of an acoustic lens.
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[0156] This embodiment has the same configuration as the
first embodiment, except that the acoustic lens and the fixing
frame each have a different structure from the first embodi-
ment. Therefore, the same components as in the first embodi-
ment are denoted by the same reference numerals, and the
description thereof is omitted.

[0157] Anultrasonic device 5 shown in FIG. 18 is provided
with a plurality of second projections 52 in portions of the
acoustic lens 50a that come into contact with the fixing frame
70b. The second projections 52 are provided on each of both
sides in the longitudinal direction of the acoustic lens 50a, as
shown in FIG. 19.

[0158] The portions of the fixing frame 705 that come into
contact with the second projections 52 are formed at positions
slightly lower than the top surface of the fixing frame 705.
The fixing frame 705 is formed to have the top surface hol-
lowed downward so that the acoustic lens 50a is fitted into the
fixing frame 705 so as to be positioned.

[0159] Inthis way, the second projections 52 of the acoustic
lens 50a come into contact with the fixing frame 705, so that
the acoustic lens 50q is fixed to the fixing frame 705.

[0160] In the ultrasonic device 5 of this embodiment, the
thickness T of the acoustic matching layer 40 (dimension
from the element-formed surface of the ultrasonic element
array substrate 20 to the lens portion 51 of the acoustic lens
50a) is determined by the sum of the thickness t1 of the
adhesive member 65, the thickness t4 of the fixing frame, and
the thickness t5 of the second projections of the acoustic lens
50a (T=t1+t4+t5), as shown in FIG. 18.

[0161] Thus, the thickness T of the acoustic matching layer
40 in the ultrasonic device 5 of this embodiment can be
appropriately set by the contact between the fixing frame 705
and the acoustic lens 50a, and thus the setting thereof is easy.
Since the thickness of the acoustic matching layer 40 can be
appropriately set, it is possible to transmit and receive ultra-
sound efficiently.

[0162] Further, the fixing frame 705 is received by the
second projections 52, which enables the acoustic lens 504 to
be fixed to the fixing frame 706 with good accuracy without
disadvantages such as inclination on the fixed surface.

[0163] Next, though a portable ultrasonic imaging appara-
tus is exemplified in the above-mentioned embodiment, FI1G.
20 shows a specific configuration example of an ultrasonic
imaging apparatus of another embodiment.

[0164] An ultrasonic imaging apparatus 101 is a stationary
ultrasonic imaging apparatus, and includes the ultrasonic
probe 130.

[0165] The ultrasonic imaging apparatus 101 has an appa-
ratus body (electronic equipment body) 111, a display 113
that displays image data to be displayed, a user-interface unit
(UI unit) 117, the ultrasonic probe 130, and the cable 120.

[0166] Effects ofthe invention can be exerted by employing
such a stationary ultrasonic imaging apparatus.

[0167] Further, the ultrasonic imaging apparatus of this
embodiment can be used for in-vivo measurements of fat
thickness, muscle thickness, bloodstream, bone density, etc.

[0168] The invention is not limited to the foregoing
embodiments. The specific arrangements and procedures in
practicing the invention may be altered by another arrange-
ment or the like, as necessary, as long as the advantages of the
invention can be achieved. Many modifications can be made
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by a person of ordinary skill in the art without departing from
the technical scope of the invention.

[0169] Theentiredisclosure of Japanese Patent Application
No. 2013-012950, filed Jan. 28, 2013 is expressly incorpo-
rated by reference herein.

What is claimed is:

1. An ultrasonic device comprising:

an ultrasonic element array substrate having a plurality of
ultrasonic elements that each include a piezoelectric
body and perform at least one of transmission and recep-
tion of ultrasound,

a fixing frame having a recess to which the ultrasonic
element array substrate is fixed, and a perforated portion
formed with a through hole by opening a part of the
bottom face of the recess, wherein an element-formed
surface of the ultrasonic element array substrate faces
the perforated portion;

an acoustic lens secured to the fixing frame so as to cover
the perforated portion of the fixing frame, the acoustic
lens having a lens portion that focuses the ultrasound;
and

an acoustic matching layer arranged between the ultrasonic
element array substrate and the acoustic lens, the acous-
tic matching layer being formed of a resin that secures
the ultrasonic element array substrate and the acoustic
lens to each other,

wherein the acoustic lens and the fixing frame are in con-
tact with each other, and the thickness of the acoustic
matching layer is maintained at a fixed value.

2. The ultrasonic device according to claim 1,

wherein the acoustic matching layer is a resin filled
between the ultrasonic element array substrate and the
acoustic lens, so as to be secured to the ultrasonic ele-
ment array substrate and the acoustic lens.

3. The ultrasonic device according to claim 1,

wherein a first projection is formed in a part of the fixing
frame, and the distance between the ultrasonic element
array substrate and the acoustic lens is specified by con-
tact of the first projection with the acoustic lens.

4. The ultrasonic device according to claim 1,

wherein a second projection is formed in a part of the
acoustic lens, and the distance between the ultrasonic
element array substrate and the acoustic lens is specified
by contact of the second projection with the fixing
frame.

5. The ultrasonic device according to claim 1,

wherein a back plate is fixed to a surface opposite to the
element-formed surface of the ultrasonic element array
substrate, and a resin is filled in the recess of the fixing
frame so as to cover the back plate.

6. The ultrasonic device according to claim 1,

wherein the ultrasonic element array substrate includes:

a base substrate provided with a plurality of openings
arranged in an array;

a vibrating membrane formed to cover the openings, the
vibrating membrane being displaceable in a film thick-
ness direction; and

a piezoelectric body provided on the vibrating membrane,
the piezoelectric body including:

a first electrode provided on the vibrating membrane;
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apiezoelectric layer provided to cover at least part of the
first electrode; and

a second electrode provided to cover at least part of the
piezoelectric layer.

7. An ultrasonic probe comprising:

the ultrasonic device according to claim 1; and

a housing supporting the ultrasonic device.

8. An ultrasonic probe comprising:

the ultrasonic device according to claim 2; and

a housing supporting the ultrasonic device.

9. An ultrasonic probe comprising:

the ultrasonic device according to claim 3; and

a housing supporting the ultrasonic device.

10. An ultrasonic probe comprising:

the ultrasonic device according to claim 4; and

a housing supporting the ultrasonic device.

11. An ultrasonic probe comprising:

the ultrasonic device according to claim 5; and

a housing supporting the ultrasonic device.

12. An ultrasonic probe comprising:

the ultrasonic device according to claim 6; and

a housing supporting the ultrasonic device.

13. Electronic equipment comprising:

the ultrasonic device according to claim 1; and

a processing circuit that is connected to the ultrasonic
device and processes an output of the ultrasonic device.

14. Electronic equipment comprising:

the ultrasonic device according to claim 2; and

a processing circuit that is connected to the ultrasonic
device and processes an output of the ultrasonic device.

15. Electronic equipment comprising:

the ultrasonic device according to claim 3; and

a processing circuit that is connected to the ultrasonic
device and processes an output of the ultrasonic device.

16. Electronic equipment comprising:

the ultrasonic device according to claim 4; and

a processing circuit that is connected to the ultrasonic
device and processes an output of the ultrasonic device.

17. Electronic equipment comprising:

the ultrasonic device according to claim 5; and

a processing circuit that is connected to the ultrasonic
device and processes an output of the ultrasonic device.

18. Electronic equipment comprising:

the ultrasonic device according to claim 6; and

a processing circuit that is connected to the ultrasonic
device and processes an output of the ultrasonic device.

19. An ultrasonic imaging apparatus comprising:

the ultrasonic device according to claim 1;

a processing circuit that is connected to the ultrasonic
device and processes an output of the ultrasonic device
so as to generate an image; and

a display that displays the image.

20. An ultrasonic imaging apparatus comprising:

the ultrasonic device according to claim 2;

a processing circuit that is connected to the ultrasonic
device and processes an output of the ultrasonic device
so as to generate an image; and

a display that displays the image.
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