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An ultrasonic device includes an ultrasonic transceiver hav-
ing a flat ultrasonic wave transmitting/receiving surface and
an acoustic lens provided on the ultrasonic wave transmit-
ting/receiving surface. The acoustic lens has a first acoustic
lens layer on the side facing away from the ultrasonic wave
transmitting/receiving surface and a second acoustic lens
layer on the side facing the ultrasonic wave transmitting/
receiving surface. The first acoustic lens layer and the
second acoustic lens layer have different attenuation coef-
ficients. The interface between the first acoustic lens layer
and the second acoustic lens layer is parallel to the ultrasonic
wave transmitting/receiving surface.
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ULTRASONIC DEVICE, ULTRASONIC
MODULE, AND ULTRASONIC

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

device, an ultrasonic module, and an ultrasonic measure-
ment apparatus.

[0003] 2. Related Art

[0004] One known ultrasonic probe includes a vibrator
that transmits and receives an ultrasonic wave on the basis
of the piezoelectric effect of a piezoelectric body (See
JP-B-7-121158, for example).

[0005] The ultrasonic probe described in JP-B-7-121158
includes a vibrator and an acoustic lens disposed on the
vibrator. The acoustic lens is formed of two acoustic lens
layers having different attenuation coeflicients. The two
acoustic lens layers are sequentially layered on each other
from the side facing the vibrator. The thickness dimension of
each of the acoustic lens layers is set so that the amount of
ultrasonic wave passing through the acoustic lens is uniform
across the acoustic lens in the in-plane direction that inter-
sects the thickness direction of the acoustic lens.

[0006] Specifically, out of the two acoustic lens layers, the
thickness dimension of the acoustic lens layer having a
smaller attenuation coefficient is increased when the acous-
tic lens is thick and is decreased when the acoustic lens is
thin. The amount of ultrasonic wave passing through the
acoustic lens is thus made uniform in the in-plane direction
of the acoustic lens. The ultrasonic wave transmittance of
the acoustic lens is increased, and ultrasonic wave transmis-
sion/reception efficiency of the ultrasonic probe is therefore
improved, as compared with a monolayer acoustic lens, by
use of the acoustic lens layer having a smaller attenuation
coeflicient.

[0007] In a case where an acoustic lens formed of a
plurality of layers as described above is used, the ultrasonic
wave transmitted from a vibrator is reflected off the interface
between the acoustic lens layers in some cases. In this
process, since the interface between the acoustic lens layers
is curved in accordance with a convex surface (or concave
surface) of the acoustic lens, the ultrasonic wave is reflected
off the interface in a direction according to the curvature of
the interface and then reaches the vibrator again. The
elapsed period before the ultrasonic wave reflected off the
interface (hereinafter also referred to as interface reflected
wave) reaches the vibrator again varies depending on the
position where the interface reflected wave is reflected.
[0008] That is, when the vibrator detects an ultrasonic
wave under measurement that is reflected in a living body,
the vibrator could undesirably detect the interface reflected
wave as well as the ultrasonic wave under measurement. In
this case, as a result of the measurement, a plurality of peaks
corresponding to the interface reflected waves as well as a
peak corresponding to the ultrasonic wave under measure-
ment may be detected, or what is called tailing occurs,
resulting in a decrease in distance resolution.

[0009] As described above, in the configuration of the
related art, an attempt to improve the ultrasonic wave
transmission/reception efficiency is made, but the distance
resolution can undesirably decrease due to the tailing
described above.

Sep. 14,2017

SUMMARY

[0010] An advantage of some aspects of the invention is to
provide an ultrasonic device, an ultrasonic module, and an
ultrasonic measurement apparatus that allow improvement
in the transmission/reception efficiency and the distance
resolution in the form of the following aspects or application
examples.

[0011] An ultrasonic device according to this application
example includes an ultrasonic transceiver having a flat
ultrasonic wave transmitting/receiving surface and an acous-
tic lens provided on the ultrasonic wave transmitting/receiv-
ing surface. The acoustic lens has a first acoustic lens layer
on a side facing away from the ultrasonic wave transmitting/
receiving surface and a second acoustic lens layer on a side
facing the ultrasonic wave transmitting/receiving surface.
The first acoustic lens layer and the second acoustic lens
layer have different attenuation coeflicients. An interface
between the first acoustic lens layer and the second acoustic
lens layer is parallel to the ultrasonic wave transmitting/
receiving surface.

[0012] In this application example, the phrase of “an
acoustic lens is provided on the ultrasonic wave transmit-
ting/receiving surface” means that the acoustic lens is dis-
posed in a portion that overlaps at least with the ultrasonic
wave transmitting/receiving surface when viewed along the
direction of a normal to the ultrasonic wave transmitting/
receiving surface. For example, the phrase includes a situ-
ation in which another member, such as an acoustic match-
ing layer, is disposed between the ultrasonic wave
transmitting/receiving surface and the acoustic lens.

[0013] In this application example, the first acoustic lens
layer and the second acoustic lens layer have different
attenuation coeflicients from each other, and the interface
between the first acoustic lens layer and the second acoustic
lens layer is parallel to the flat ultrasonic wave transmitting/
receiving surface. In this configuration, even when an inter-
face reflected wave occurs at the interface, a situation in
which the ultrasonic transceiver detects the interface
reflected wave at different points of time can be avoided,
unlike in a configuration in which the interface described
above is curved, that is, the occurrence of tailing can be
avoided. The distance resolution can therefore be improved
by performing ultrasonic wave measurement by using the
ultrasonic device.

[0014] Further, setting one of the attenuation coefficients
of the first and second acoustic lens layers to be smaller than
the other allows an increase in ultrasonic wave transmittance
of the acoustic lens and hence improvement in ultrasonic
wave transmission/reception efficiency.

[0015] In the ultrasonic device according to the applica-
tion example, it is preferable that the ultrasonic transceiver
includes a vibration film and a piezoelectric element pro-
vided on the vibration film, and that the attenuation coeffi-
cient of the second acoustic lens layer is smaller than the
attenuation coefficient of the first acoustic lens layer.
[0016] In the application example with this configuration,
the ultrasonic transceiver includes a vibration film and a
piezoelectric element, and the piezoelectric element is
driven to cause the vibration film to vibrate and transmit an
ultrasonic wave, and the piezoelectric element detects vibra-
tion of the vibration film caused to vibrate by an ultrasonic
wave to receive the ultrasonic wave. The thus configured
ultrasonic transceiver has a small acoustic impedance as
compared, for example, with an ultrasonic transceiver con-
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figured so that a bulk-shaped piezoelectric body is caused to
vibrate in place of the vibration film to transmit an ultrasonic
wave and the vibration of the piezoelectric body excited by
an ultrasonic wave is detected. In the application example
with the configuration described above, in which the second
acoustic lens layer disposed on the side facing the ultrasonic
transceiver has an attenuation coefficient less than that of the
first acoustic lens layer, the ultrasonic wave efficiently
propagates even in a case where an ultrasonic transceiver
having a relatively small acoustic impedance is used.

[0017] In the ultrasonic device according to the applica-
tion example, it is preferable that, in a portion that overlaps
with the ultrasonic transceiver when viewed along a direc-
tion of a normal to the ultrasonic wave transmitting/receiv-
ing surface, a thickness dimension of the second acoustic
lens layer along the direction of the normal is greater than a
thickness dimension of the first acoustic lens layer along the
direction of the normal.

[0018] In the application example with this configuration,
in the portion that overlaps with the ultrasonic transceiver
when viewed in the direction of the normal, that is, in the
portion where the ultrasonic wave propagates, the thickness
dimension of the second acoustic lens layer, which has an
attenuation coefficient less than that of the first acoustic lens
layer, is greater than the thickness dimension of the first
acoustic lens layer. As a result, in the portion where the
ultrasonic wave propagates, the ultrasonic wave transmit-
tance can be further increased.

[0019] In the ultrasonic device according to the applica-
tion example, it is preferable that L=(\/2)xn is satisfied,
where L represents a distance in a direction of a normal to
the ultrasonic wave transmitting/receiving surface from the
interface between the first acoustic lens layer and the second
acoustic lens layer to the ultrasonic wave transmitting/
receiving surface, A represents a wavelength of the ultra-
sonic wave transmitted from the ultrasonic transceiver, and
n represents a positive integer.

[0020] The interface reflected wave that occurs at the
interface between the first acoustic lens layer and the second
acoustic lens layer is reflected off the ultrasonic wave
transmitting/receiving surface and then passes through the
interface in some cases. In such cases, out of reflected waves
reflected in a living body, an ultrasonic wave resulting from
the interface reflected wave is detected after a reflected wave
that does not result from the interface reflected wave (that is,
reflected wave under measurement), and a result of the
measurement could contain tailing.

[0021] In contrast, in the application example having the
configuration described above, the occurrence of the tailing
can be avoided, whereby the distance resolution can be
improved. Specifically, since the acoustic impedance of the
ultrasonic transceiver is small as described above, the phase
of the interface reflected wave is reversed when reflected off
the ultrasonic wave transmitting/receiving surface. There-
fore, when the distance L between the interface and the
ultrasonic wave transmitting/receiving surface satisfies the
expression described above, the phase of the interface
reflected wave reflected off the ultrasonic wave transmitting/
receiving surface and then incident on the interface is
opposite the phase of the ultrasonic wave transmitted from
the ultrasonic transceiver and passing through the interface.
The interface reflected wave can therefore be canceled, and
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the occurrence of the tailing resulting from the interface
reflected wave can be avoided, whereby the distance reso-
lution can be improved.

[0022] In the ultrasonic device according to the applica-
tion example, it is preferable that the first acoustic lens layer
has a recessed section on a side facing the ultrasonic wave
transmitting/receiving surface, and that the second acoustic
lens layer is disposed in the recessed section.

[0023] In the application example with this configuration,
the second acoustic lens layer is disposed in the recessed
section of the first acoustic lens layer. In this configuration,
the acoustic lens can be formed, for example, by forming the
first acoustic lens layer and then forming the second acoustic
lens layer in the recessed section. Therefore, forming a
recessed section according to the position where the second
acoustic lens layer is disposed and the shape of the second
acoustic lens layer in the first acoustic lens layer allows the
second acoustic lens layer to be readily formed. Further, the
degree of intimate contact between the first acoustic lens
layer and the second acoustic lens layer can be readily
improved.

[0024] An ultrasonic module according to an application
example of the invention includes an ultrasonic device
including an ultrasonic transceiver having a flat ultrasonic
wave transmitting/receiving surface and an acoustic lens
provided on the ultrasonic wave transmitting/receiving sur-
face and a circuit substrate on which the ultrasonic device is
provided. The acoustic lens has a first acoustic lens layer on
a side facing away from the ultrasonic wave transmitting/
receiving surface and a second acoustic lens layer on a side
facing the ultrasonic wave transmitting/receiving surface.
The first acoustic lens layer and the second acoustic lens
layer have different attenuation coeflicients. An interface
between the first acoustic lens layer and the second acoustic
lens layer is parallel to the ultrasonic wave transmitting/
receiving surface.

[0025] In this application example, the first acoustic lens
layer and the second acoustic lens layer have different
attenuation coefficients from each other, and the interface
between the first acoustic lens layer and the second acoustic
lens layer is parallel to the flat ultrasonic wave transmitting/
receiving surface.

[0026] In this configuration, since the interface described
above is parallel to the flat ultrasonic wave transmitting/
receiving surface, as in the application example according to
the ultrasonic device described above, the occurrence of
tailing resulting from the interface reflected wave that occurs
at a curved interface can be avoided, unlike a configuration
in which the interface is curved. The distance resolution
achieved when ultrasonic wave measurement is performed
by using the ultrasonic module can therefore be improved.
[0027] Further, setting one of the attenuation coefficients
of the first and second acoustic lens layers to be smaller than
the other allows an increase in ultrasonic wave transmittance
of the acoustic lens and hence improvement in ultrasonic
wave transmission/reception efficiency.

[0028] An ultrasonic measurement apparatus according to
an application example of the invention includes an ultra-
sonic device including an ultrasonic transceiver having a flat
ultrasonic wave transmitting/receiving surface and an acous-
tic lens provided on the ultrasonic wave transmitting/receiv-
ing surface and a control section that controls the ultrasonic
device. The acoustic lens has a first acoustic lens layer on a
side facing away from the ultrasonic wave transmitting/
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receiving surface and a second acoustic lens layer on a side
facing the ultrasonic wave transmitting/receiving surface.
The first acoustic lens layer and the second acoustic lens
layer have different attenuation coeflicients. An interface
between the first acoustic lens layer and the second acoustic
lens layer is parallel to the ultrasonic wave transmitting/
receiving surface.

[0029] In this application example, the first acoustic lens
layer and the second acoustic lens layer have different
attenuation coefficients from each other, and the interface
between the first acoustic lens layer and the second acoustic
lens layer is parallel to the flat, ultrasonic wave transmitting/
receiving surface.

[0030] In this configuration, since the interface described
above is parallel to the flat, ultrasonic wave transmitting/
receiving surface, as in the application example according to
the ultrasonic device described above, the occurrence of
tailing resulting from the interface reflected wave that occurs
at a curved interface can be avoided, unlike a configuration
in which the interface is curved. The distance resolution
achieved when ultrasonic wave measurement is performed
by using the ultrasonic measurement apparatus can therefore
be improved.

[0031] Further, setting one of the attenuation coefficients
of the first and second acoustic lens layers to be smaller than
the other allows an increase in ultrasonic wave transmittance
of the acoustic lens and hence improvement in ultrasonic
wave transmission/reception efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Embodiments of the invention will be described
with reference to the accompanying drawings, wherein like
numbers reference like elements.

[0033] FIG. 1 is shows a schematic configuration of an
ultrasonic measurement apparatus according to an embodi-
ment.

[0034] FIG. 2 is a plan view showing a schematic con-
figuration of an ultrasonic sensor in the embodiment.

[0035] FIG. 3 is a plan view of an element substrate of an
ultrasonic device in the embodiment viewed from the side
facing a sealing plate.

[0036] FIG. 4 is a cross-sectional view of the ultrasonic
device taken along the line A-A in FIG. 3.

[0037] FIG. 5 is a cross-sectional view showing a sche-
matic configuration of an ultrasonic device in Comparative
Example.

[0038] FIG. 6A shows an example of a result of measure-
ment performed by the ultrasonic device according to Com-
parative Example, and FIG. 6B shows an example of a result
of measurement performed by the ultrasonic device accord-
ing to the embodiment.

[0039] FIG. 7 is a cross-sectional view showing a sche-
matic configuration of the ultrasonic device in the embodi-
ment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0040] An ultrasonic apparatus according to an embodi-
ment will be described below with reference to the drawings.
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Configuration of Ultrasonic Measurement Apparatus

[0041] FIG. 1 is a perspective view showing a schematic
configuration of an ultrasonic measurement apparatus 1
according to the present embodiment.

[0042] The ultrasonic measurement apparatus 1 according
to the present embodiment corresponds to an electronic
apparatus and includes an ultrasonic probe 2 and a controller
10, which is electrically connected to the ultrasonic probe 2
via a cable 3, as shown in FIG. 1.

[0043] The ultrasonic measurement apparatus 1 is config-
ured so that the ultrasonic probe 2 is brought into contact
with a surface of a living body (human body, for example)
and the ultrasonic probe 2 transmits an ultrasonic wave into
the living body. The ultrasonic probe 2 then receives the
ultrasonic wave reflected off an organ in the living body, and
the ultrasonic measurement apparatus 1 acquires an internal
tomographic image in the living body, measures the state of
the organ (blood flow therein, for example) in the living
body, and performs other types of measurement on the basis
of the received signal.

Configuration of Controller

[0044] The controller 10 includes, for example, an opera-
tion section 11 and a display section 12, as shown in FIG. 1.
The controller 10 further includes, although not shown, a
storage section formed, for example, of a memory and a
computation section formed, for example, of a CPU (central
processing unit) or a processor. The controller 10 causes the
computation section to read and execute a variety of pro-
grams stored in the storage section to, for example, output an
instruction for controlling a drive operation of the ultrasonic
probe 2, form an image of an internal structure in the living
body on the basis of the received signal inputted from the
ultrasonic probe 2 and cause the display section 12 to display
the image, and measure information regarding the living
body, such as blood flow, and cause the display section 12
to display the measured information. That is, the controller
10 corresponds to a control section. The controller 10 may,
for example, be a tablet terminal, a smartphone, a personal
computer, or any other terminal device or may instead be a
dedicated terminal device for operating the ultrasonic probe
2.

Configuration of Ultrasonic Probe

[0045] FIG. 2 is a plan view showing a schematic con-
figuration of an ultrasonic sensor 24 in the ultrasonic probe
2.

[0046] The ultrasonic probe 2 includes an enclosure 21
(see FIG. 1), an ultrasonic device 22, which is provided in
the enclosure 21, and a wiring substrate 23, on which a
driver circuit and other components for controlling the
ultrasonic device 22 are provided. The ultrasonic device 22
and the wiring substrate 23 form the ultrasonic sensor 24
(corresponding to ultrasonic module).

Configuration of Enclosure

[0047] The enclosure 21 is formed in a box-like shape
rectangular in a plan view and has a sensor window 21B
provided in one surface perpendicular to the thickness
direction (sensor surface 21A), and part of the ultrasonic
device 22 is exposed through the sensor window 21B, as
shown in FIG. 1. A passage hole 21C, through which the
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cable 3 passes, is provided in part of the enclosure 21 (side
surface in the example shown in FIG. 1), and the cable 3 is
inserted through the passage hole 21C into the enclosure 21
and connected to connectors 231 (see FIG. 2) on the wiring
substrate 23. The gap between the cable 3 and the passage
hole 21C is filled, for example, with a resin material for
waterproofness.

[0048] In the present embodiment, the configuration in
which the ultrasonic probe 2 is connected to the controller 10
with the cable 3 is shown by way of example, but the cable
connection is not necessarily employed, and the ultrasonic
probe 2 may, for example, be connected to the controller 10
in wireless communication, or a variety of configurations of
the controller 10 may be provided in the ultrasonic probe 2.

Configuration of Wiring Substrate

[0049] The wiring substrate 23 corresponds to a circuit
substrate and includes a terminal section electrically con-
nected to electrode pads 414P and 416P (see FIG. 3), with
which the ultrasonic device 22 is provided.

[0050] The wiring substrate 23 is provided with the driver
circuit and other components for driving the ultrasonic
device 22. Specifically, the wiring substrate 23 is provided
with a transmission circuit for transmitting an ultrasonic
wave from the ultrasonic device 22, a reception circuit that
processes a received signal when the ultrasonic device 22
receives an ultrasonic wave, and other circuits. The wiring
substrate 23 is connected to the controller 10 via the cable
3 and other components and drives the ultrasonic device 22
on the basis of an instruction from the controller 10.

Configuration of Ultrasonic Device

[0051] FIG. 3 is a plan view of an element substrate 41 in
the ultrasonic device 22 viewed from the side facing a
sealing plate 42. FIG. 4 is a cross-sectional view of the
ultrasonic device 22 taken along the line A-A in FIG. 3.
[0052] The ultrasonic device 22 is formed of the element
substrate 41, the sealing plate 42, an acoustic matching layer
43, and an acoustic lens 5, as shown in FIG. 4.

Configuration of Element Substrate

[0053] The element substrate 41 includes a substrate main
body 411, a vibration film 412, which is provided on a side
of the substrate main body 411 or the side facing the sealing
plate 42, and piezoelectric elements 413, which are layered
on the vibration film 412, as shown in FIG. 4. In preparation
for the following description, a surface of the element
substrate 41 or the surface facing the sealing plate 42 is
referred to as a rear surface 41A. Further, a surface of the
vibration film 412 or the surface facing away from the
sealing plate 42 is referred to as an ultrasonic wave trans-
mitting/receiving surface 412A. In a plan view of the
element substrate 41 viewed along the substrate thickness
direction, a central area of the element substrate 41 forms an
array area Arl, and a plurality of vltrasonic transducers 45
are arranged in a matrix in the array area Arl.

[0054] The substrate main body 411 is a semiconductor
substrate made, for example, of Si. Opening sections 4114,
which correspond to the ultrasonic transducers 45, are
provided in the array area Arl of the substrate main body
411. The opening sections 411A are closed by the vibration
film 412, which is provided on the rear surface 41A of the
substrate main body 411.
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[0055] The vibration film 412 is, for example, made of
SiO, or formed of a laminate made of SiO, and ZrO, and
provided so as to cover the entire rear surface 41A of the
substrate main body 411. The thickness dimension of the
vibration film 412 is sufficiently smaller than the thickness
dimension of the substrate main body 411. In the case where
the substrate main body 411 is made of Si and the vibration
film 412 is made of SiO,, the vibration film 412 having a
desire thickness dimension can be readily formed, for
example, by oxidization of the rear surface 41A of the
substrate main body 411. In this case, the opening sections
411A can be readily formed in the process of etching the
substrate main body 411 with the vibration film 412 made of
Si0, serving as an etching stopper.

[0056] The piezoelectric elements 413, each of which is a
laminate of a lower electrode 414, a piezoelectric film 415,
and an upper electrode 416, are provided on the vibration
film 412, which closes the opening sections 411A, (on the
side facing the rear surface 41A), as shown in FIG. 4. The
vibration film 412, which closes the opening sections 411A,
and the piezoelectric elements 413 form the individual
ultrasonic transducers 45.

[0057] Each of the thus formed ultrasonic transducers 45,
in which the vibration film 412 in the opening area of the
opening section 411A is caused to vibrate by application of
predetermined-frequency rectangular-waveform voltage to
the segment between the lower electrode 414 and the upper
electrode 416, can transmit an ultrasonic wave through the
ultrasonic wave transmitting/receiving surface 412A. When
the ultrasonic wave reflected off an object and incident
through the ultrasonic wave transmitting/receiving surface
412A causes the vibration film 412 to vibrate, a potential
difference is produced between the upper and lower surfaces
of each of the piezoelectric films 415. Detection of the
potential difference produced between the lower electrode
414 and the upper electrode 416 therefore allows detection
of the received ultrasonic wave.

[0058] In the present embodiment, the plurality of ultra-
sonic transducers 45 described above are arranged in the
predetermined array area Arl of the element substrate 41
along an X direction (slicing direction) and a Y direction
(scanning direction) that intersects the X direction (perpen-
dicular to the X direction in the present embodiment) to form
an ultrasonic transducer array 46, as shown in FIG. 3. The
ultrasonic transducer array 46 corresponds to an ultrasonic
transceiver.

[0059] Each of the lower electrodes 414 is formed linearly
along the X direction. That is, each of the lower electrodes
414 is provided so as to extend across a plurality of the
ultrasonic transducers 45 arranged along the X direction and
1s formed of lower electrode main bodies 414A, which are
located between the piezoelectric films 415 and the vibration
film 412, lower electrode lines 414B, which link adjacent
lower electrode main bodies 414A with each other, and
lower terminal electrode lines 414C, which are drawn to
terminal areas Ar2 outside the array area Arl. Therefore, in
the ultrasonic transducers 45 aligned along the X direction,
the lower electrode 414 is kept at the same potential.

[0060] The lower terminal electrode lines 414C extend to
the terminal areas Ar2 outside the array area Arl and form
first electrode pads 414P in the terminal areas Ar2. The first
electrode pads 414P are connected to the terminal sections
provided on the wiring substrate.
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[0061] On the other hand, the upper electrode 416 has
element electrode sections 416A, each of which is provided
s0 as to extend across a plurality of the ultrasonic transduc-
ers 45 aligned along the Y direction, and common electrode
sections 416B, which link the ends of the plurality of
element electrode sections 416 A with one another, as shown
in FIG. 3. Each of the element electrode sections 416A has
upper electrode main bodies 416C, which are layered on the
piezoelectric films 415, upper electrode lines 416D, which
link adjacent upper electrode main bodies 416C with each
other, and upper terminal electrodes 416F, which extend
along the Y direction outward from the ultrasonic transduc-
ers 45 arranged at opposite ends in the Y direction.

[0062] The common electrode sections 416B are provided
in a +Y-side end portion and a =Y-side end portion of the
array area Arl. The +Y-side common electrode section 416B
connects the upper terminal electrodes 416F that extend
toward the +Y side from the ultrasonic transducers 45
provided in the +Y-side end portion, out of the plurality of
ultrasonic transducers 45 provided along the Y direction, to
one another. The —Y-side common electrode section 416B
connects the upper terminal electrodes 416E that extend
toward the -Y side to one another. Therefore, in the ultra-
sonic transducers 45 in the array area Arl, the upper
electrode 416 is kept at the same potential. Further, the pair
of common electrode sections 416B are provided along the
X direction, and the ends of the common electrode sections
416B are drawn out of the array area Arl to the terminal
areas Ar2. The common electrode sections 4168 in the
terminal areas Ar2 form second electrode pads 416P, which
are connected to the terminal sections on the wiring sub-
strate.

[0063] In the ultrasonic transducer array 46 described
above, the ultrasonic transducers 45 aligned in the X direc-
tion and linked with one another by the corresponding lower
electrode 414 form a single ultrasonic transducer group 45A,
and the ultrasonic transducer group 45A is repeated multiple
times along the Y direction to form a one-dimensional array
structure.

Configuration of Sealing Plate

[0064] The sealing plate 42 is formed, for example, in the
same planar shape as that of the element substrate 41 when
viewed in the thickness direction and is formed of a semi-
conductor substrate made, for example, of silicon, or an
insulator substrate. The material and the thickness of the
sealing plate 42, which affect the frequency characteristic of
the ultrasonic transducers 45, are preferably set on the basis
of the center frequency of the ultrasonic wave transmitted
and received by the ultrasonic transducers 45.

[0065] The sealing plate 42 has a plurality of recessed
grooves 421 formed in an array counter area that faces the
array area Arl of the element substrate 41, and the plurality
of recessed grooves 421 correspond to the opening sections
411A of the element substrate 41. Therefore, an area of the
vibration film 412 or the area caused to vibrate by the
ultrasonic transducer 45 (opening section 411A) faces a gap
421A having a predetermined dimension provided between
the corresponding recessed groove 421 and the element
substrate 41, whereby the vibration of the vibration film 412
is not inhibited. Further, an inconvenience (crosstalk) that
occurs in a situation in which a backward wave from one
ultrasonic transducer 45 is incident on another adjacent
ultrasonic transducer 45 can be avoided.
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[0066] When the vibration film 412 vibrates, an ultrasonic
wave is emitted not only toward the opening sections 411A
(ultrasonic wave transmitting/receiving surface 412A) but
also toward, as a backward wave, the sealing plate 42 (rear
surface 41A). The backward wave is reflected off the sealing
plate 42 and radiated toward the vibration film 412 via the
gaps 421A again. In this process, when the reflected back-
ward wave and the ultrasonic wave emitted through the
vibration film 412 toward the ultrasonic wave transmitting/
receiving surface 412A are out of phase with each other, the
ultrasonic wave attenuates. To address the problem, in the
present embodiment, the groove depth of each of the
recessed grooves 421 is set so that the acoustic distance in
the gap 421A is an odd multiple of one-fourth the wave-
length A (W/4) of the ultrasonic wave. In other words, the
thickness dimensions of the element substrate 41 and the
sealing plate 42 are set in consideration of the wavelength A
of the ultrasonic wave emitted from the ultrasonic transduc-
ers 45.

[0067] The sealing substrate 42 may further, for example,
configured so that opening sections (not shown) are pro-
vided in correspondence with the electrode pad 414P and
416P provided in the terminal areas Ar2 of the element
substrate 41 and in the positions facing the terminal areas
Ar2. In this case, providing the opening sections with
through electrodes (TSV: through-silicon via) passing
through the sealing substrate 42 in the thickness direction
thereof allows the electrode pads 414P and 416P to be
connected to the terminal sections on the wiring substrate
via the through electrodes. Further, for example, a configu-
ration in which FPCs (flexible printed circuits), cable lines,
wires, or other lines are inserted into the opening sections to
connect the electrode pads 414P and 416P to the wiring
substrate may be employed.

Configuration of Acoustic Matching Layer

[0068] The acoustic matching layer 43 is provided on the
side facing the ultrasonic wave transmitting/receiving sur-
face 412A, as shown in FIG. 4. Specifically, the acoustic
matching layer 43 fills the opening sections 411A of the
element substrate 41 and has a predetermined thickness
dimension measured from the ultrasonic wave transmitting/
receiving surface 412A. The acoustic matching layer 43
along with the acoustic lens 5, which will be described later,
allows the ultrasonic wave transmitted from the ultrasonic
transducers 45 to efficiently propagate through a living body,
which is an object under measurement, and the ultrasonic
wave reflected in the living body to efficiently propagate
back to the ultrasonic transducers 45. To this end, the
acoustic impedance of the acoustic matching layer 43 is set
to be an intermediate value between the acoustic impedance
of the ultrasonic transducers 45 in the element substrate 41
and the acoustic impedance of the living body. Examples of
a material having the intermediate acoustic impedance
described above may include silicone and other resin mate-
rials.

Configuration of Acoustic Lens

[0069] The acoustic lens 5 is provided on the acoustic
matching layer 43 and includes a first acoustic lens layer 51
and a second acoustic lens layer 52, which is disposed on a
side of the first acoustic lens 51 or the side facing the
ultrasonic wave transmitting/receiving surface 412A (-7
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side). The acoustic lens 5 is exposed to the outside through
the sensor window 21B of the enclosure 21, as shown in
FIG. 1. When the first acoustic lens layer 51 is caused to
come into intimate contact with a surface of the living body,
the acoustic lens 5 causes the ultrasonic wave transmitted
from the ultrasonic transducers 45 to efficiently converge in
the living body via the acoustic matching layer 43 and
further causes the ultrasonic wave reflected in the living
body to efficiently propagate back to the ultrasonic trans-
ducers 45.

[0070] The first acoustic lens layer 51 includes a flat plate
section 511 and a protruding section 512, which protrudes
from the flat plate section 511 toward the side opposite the
ultrasonic wave transmitting/receiving surface 412A, as
shown in FIG. 4.

[0071] The flat plate section 511 is a plate-shaped portion
disposed in a region outside the array area Arl in a plan view
viewed along the direction of a normal to the ultrasonic
wave transmitting/receiving surface 412A and on the acous-
tic matching layer 43.

[0072] The protruding section 512 has a cylindrical sur-
face 512A (i.e., a cylindroid surface), which protrudes
toward the side opposite the ultrasonic wave transmitting/
receiving surface 412A (side facing living body), and a
recessed section 512B, which opens toward the ultrasonic
wave transmitting/receiving surface 412A, and the protrud-
ing section 512 protrudes through the sensor window 21B.
[0073] The cylindrical surface 512A is a surface having an
arcuate shape in a cross-sectional view taken along the X
direction (slicing direction) and having a linear shape in a
cross-sectional view taken along the Y direction (scanning
direction). The curvature of the cylindrical surface 512A is
determined in accordance with the focal position of the
ultrasonic wave transmitted from each of the ultrasonic
transducer groups 45A. The dimension of the protruding
section 512 in the X direction, that is, the X-direction
dimension of an area where the cylindrical surface 512A is
formed, is greater than at least the array area Arl. The
ultrasonic wave fransmitted from each of the ultrasonic
transducer groups 45A disposed in the array area Arl can
thus efficiently converge into the focal position.

[0074] The recessed section 512B is formed in a portion
that covers the array area Ar1 in the plan view viewed along
the direction of a normal to the ultrasonic wave transmitting/
receiving surface 412A, and the dimension of the opening of
the recessed section 512B is greater than the array area Arl.
The recessed section 512B has a flat bottom surface sub-
stantially parallel to the ultrasonic wave transmitting/receiv-
ing surface 412A. The bottom surface of the recessed section
512B is an interface SA between the second acoustic lens
layer 52, which is disposed in the recessed section 512B as
will be described later, and the first acoustic lens layer 51.
[0075] The first acoustic lens layer 51 described above is
made of a material having an intermediate acoustic imped-
ance between those of the ultrasonic transducers 45 in the
element substrate 41 and the living body. Further, the first
acoustic lens layer 51 is preferably made of a material
having a Shore hardness greater than that of the second
acoustic lens layer 52. The thus formed first acoustic lens
layer 51 can suppress friction resulting from the contact with
the living body.

[0076] The material of which the first acoustic lens layer
51 can, for example, be a millable-type silicone rubber. The
millable-type silicone rubber is formed, for example, of a

Sep. 14,2017

silicone rubber having a dimethylpolysiloxane structure
containing a vinyl group to which silica and a vulcanizing
agent are added. Specifically, silica is mixed with the sili-
cone rubber in the form of silica particles having a weight
average particle diameter ranging from 15 to 30 um and
having a silica/silicone rubber mass ratio greater than or
equal to 40 mass % but less than or equal to 50 mass %. The
vulcanizing agent can, for example, be 2,5-dimethyl-2,5-di-
tertially butyl peroxyhexane.

[0077] The second acoustic lens layer 52 is disposed in the
recessed section 512B of the first acoustic lens layer 51. That
is, the second acoustic lens layer 52 is disposed in a portion
that overlaps with the array area Arl in the plan view viewed
along the direction of a normal to the ultrasonic wave
transmitting/receiving surface 412A (direction parallel to Z
direction) and has an outer dimension greater than that of the
array area Arl. As a result, the ultrasonic wave transmitted
from the ultrasonic transducers 45 disposed in the array area
Arl propagates to the first acoustic lens layer 51 via the
second acoustic lens layer 52.

[0078] A surface of the second acoustic lens layer 52 or the
surface facing away from the ultrasonic wave transmitting/
receiving surface 412A is the interface SA between the first
face of the first acoustic lens layer 51 and the second face of
the second acoustic lens layer 52 and is substantially parallel
to the ultrasonic wave transmitting/receiving surface 412A.
A surface of the second acoustic lens layer 52 or the surface
facing the ultrasonic wave transmitting/receiving surface
412A is a flat surface flush with a surface of the flat plate
section 511 of the first acoustic lens layer 51 or the surface
facing the array area Arl.

[0079] The thickness D2 of the second acoustic lens layer
52 is greater than the thickness D1 of the first acoustic lens
layer 51. The thickness D1 of the first acoustic lens layer 51
is assumed to be the maximum thickness of the protruding
section 512 (see FIG. 7). Attenuation of the ultrasonic wave
can therefore be further suppressed, as compared with a
configuration in which the thickness D1 of the first acoustic
lens layer 51 is greater than the thickness D2 of the second
acoustic lens layer 52.

[0080] The second acoustic lens layer 52 is made of a
material having an attenuation coefficient less than that of
the first acoustic lens layer 51 and also having an interme-
diate acoustic impedance between those of the ultrasonic
transducers 45 and the living body. The material of which
the second acoustic lens layer 52 is made can, for example,
be an RTV silicone rubber containing no filler, such as silica.
As aresult, the attenuation coefficient of the second acoustic
lens layer 52 disposed in a position where the ultrasonic
wave propagates in the acoustic lens 5 can be less than the
attenuation coeflicient of the first acoustic lens layer 51,
whereby attenuation of the ultrasonic wave can be sup-
pressed.

[0081] In the acoustic lens 5 configured as described
above, the distance L between the ultrasonic wave transmit-
ting/receiving surface 412A and the interface 5A satisfies the
following Expression (1), where A represents the wave-
length of the ultrasonic wave transmitted from the ultrasonic
transducers 45 and n represents an integer greater than or
equal to 1. The distance L is the sum of the thickness d of
the acoustic matching layer 43 (see FIG. 7) and the thickness
D2 of the second acoustic lens layer. That is, in the present
embodiment, the thickness d of the acoustic matching layer
43 and the thickness D2 of the second acoustic lens layer are
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set so that the distance L satisfies the following Expression
(1). An advantageous effect provided when the distance L
satisfies the following Expression (1) will be described later.

Numerical expression 1

L=(W2)xn Q]

[0082] The acoustic lens 5 described above can be formed,
for example, in compression molding using a die made, for
example, of a metal. For example, a first die that forms the
outer shape of the first acoustic lens layer 51 is first filled
with a fluid material of which the first acoustic lens layer 51
is made, and the material is then allowed to cure. The interior
of the recessed section 512B of the thus formed first acoustic
lens layer 51 is filled with a fluid material of which the
second acoustic lens layer 52 is made. A die for making a
surface of the second acoustic lens layer 52 or the surface
facing the array area flat is disposed in a portion that covers
the recessed section 512B, and the material of which the
second acoustic lens layer 52 is allowed to cure. After the
recessed section 512B is formed in the first acoustic lens
layer 51 as described above, the second acoustic lens layer
52 is formed in the recessed section 512B, whereby the
degree of intimate contact between the first acoustic lens
layer 51 and the second acoustic lens layer 52 can be
improved.

Tailing Suppression Achieved by Ultrasonic Device 22

[0083] In the ultrasonic device 22 in the present embodi-
ment, in which the interface 5A is substantially parallel to
the ultrasonic wave transmitting/receiving surface 412A, the
occurrence of tailing can be suppressed (first effect), as will
be described later.

[0084] Further, in the ultrasonic device 22, the occurrence
of tailing can also be suppressed when the distance L
between the interface 5A and the ultrasonic wave transmit-
ting/receiving surface 412A satisfies Expression (1)
described above (second effect).

[0085] The first and second effects described above pro-
vided by the ultrasonic device 22 will be described below.

First Effect

[0086] FIG. 5 shows a schematic configuration of a cross
section of an acoustic lens 7 in a Comparative Example.
[0087] FIGS. 6A and 6B show exemplary measurement
results of ultrasonic wave measurement performed by the
ultrasonic device. FIG. 6A shows a result of the measure-
ment performed by the ultrasonic device according to the
Comparative Example described above, and FIG. 6B shows
a result of the measurement performed by the ultrasonic
device 22 according to the present embodiment.

[0088] The acoustic lens 7 shown in FIG. 5 includes a first
acoustic lens layer 71 and a second acoustic lens layer 72
and differs from the acoustic lens 5 in the present embodi-
ment in that an interface 7A between the first acoustic lens
layer 71 and the second acoustic lens layer 72 is curved.
FIG. 5 shows, by way of example, the acoustic lens 7 in
which the interface 7A is curved along a curved surface 71A
of the first acoustic lens layer 71. The first effect will be
described below by comparing the ultrasonic device with the
ultrasonic device including the acoustic lens 7.

[0089] In the ultrasonic device including the acoustic lens
7 according to Comparative Example shown in FIG. 5, the
ultrasonic wave transmitted in the Z direction from each of
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the ultrasonic transducers 45 in the ultrasonic transducer
groups 45A propagates through the second acoustic lens
layer 72 of the acoustic lens 7 and is then incident on the
interface 7A between the first acoustic lens layer 71 and the
second acoustic lens layer 72. Part of the ultrasonic wave
incident on the interface 7A is reflected off the interface 7A
in some cases, as shown in FIG. 5. When the ultrasonic wave
reflected off the interface 7A (hereinafter also referred to as
interface reflected wave) is received with the ultrasonic
transducers 45, a plurality of peaks P2, which differ from a
peak P1 resulting from the reflected wave produced in the
living body, are detected, as shown in FIG. 6A. What is
called tailing thus occurs.

[0090] That is, since the interface 7A of the acoustic lens
is curved or is not parallel to the ultrasonic wave transmit-
ting/receiving surface 412A, the interface reflected wave
propagates in a direction that intersects the Z direction, as
shown in FIG. 5. When the position where the ultrasonic
wave is incident on the interface 7A varies along the X
direction, the direction in which the interface reflected wave
propagates (direction in which ultrasonic wave is reflected)
varies. Further, since the distance L between the ultrasonic
wave transmitting/receiving surface 412A and the interface
7A varies along the X direction, the propagation distance
over which the ultrasonic wave travels after it is transmitted
from the ultrasonic transducers 45 and reflected as the
interface reflected wave and before it reaches the ultrasonic
transducers 45 again varies depending on the position where
the ultrasonic wave is incident on the interface 7A. The
period required for the interface reflected wave to reach the
ultrasonic transducers 45 therefore varies depending on the
X-direction position where the ultrasonic wave is incident
on the interface 7A.

[0091] When the interface reflected wave is received with
the ultrasonic transducers 45, the plurality of peaks P2 are
detected, that is, tailing occurs, as shown in FIG. 6 A. When
the tailing occurs, the accuracy of detection of the reflection
position where a reflected wave is produced in the living
body (distance resolution) decreases.

[0092] In contrast, in the ultrasonic device 22 including
the acoustic lens 5 according to the present embodiment, the
interface 5A of the acoustic lens 5 is substantially parallel to
the ultrasonic wave transmitting/receiving surface 412A.
Therefore, even when the interface reflected wave occurs at
the interface 5A, the direction in which the interface
reflected wave propagates is substantially parallel to the Z
direction. Further, the distance between the ultrasonic wave
transmitting/receiving surface 412A and the interface 5A is
roughly fixed. The situation in which a plurality of peaks P2
resulting from interface reflected waves that reach the ultra-
sonic transducers 45 at different points of time are detected
can be avoided, as shown in FIG. 6B. That is, the occurrence
of the tailing can be suppressed. The distance resolution of
the ultrasonic device 22 can therefore be improved.

Second Effect

[0093] FIG. 7 describes how the ultrasonic device 22
according to the present embodiment suppresses the tailing,
and FIG. 7 diagrammatically shows a cross section of the
ultrasonic device 22. FIG. 7 shows a simplified version of
the configuration of the ultrasonic device 22.

[0094] In the ultrasonic device 22 according to the present
embodiment, when the distance L from the ultrasonic wave
transmitting/receiving surface 412A to the interface 5A
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satisfies Expression (1) described above, tailing that occurs
when the interface reflected wave is reflected off the ultra-
sonic wave transmitting/receiving surface 412A, then
reflected in the living body, and received with the ultrasonic
transducers 45 can be suppressed.

[0095] That is, an ultrasonic wave S0 transmitted from the
ultrasonic transducers 45 in the direction of a normal thereto
and incident on the interface 5A not only passes through the
interface 5A to form an ultrasonic wave (first wave) 81 but
also is reflected off the interface 5A to form an interface
reflected wave (second wave) S2 in some cases. Out of the
first and second waves, the second wave S2 is reflected off
the ultrasonic wave transmitting/receiving surface 412A,
then propagates through the acoustic lens 5 again, and exits
into the living body in some cases. In ultrasonic wave
measurement, a reflected wave or the first wave S1 reflected
in the living body is measured. In the case described above,
however, the tailing occurs in some cases when the second
wave S2 is reflected in the living body and detected after the
first wave S1 is detected.

[0096] However, in the present embodiment, in which the
distance L from the ultrasonic wave transmitting/receiving
surface 412A to the interface 5A satisfies Expression (1)
described above, the occurrence of the tailing resulting from
the second wave S2 can be suppressed.

[0097] Specifically, the phase of the second wave S2 is
reversed when it is reflected off the ultrasonic wave trans-
mitting/receiving surface 412A. When the distance L satis-
fies Expression (1) described above, as described above, the
phase of the second wave S2 is opposite the phase of the first
wave S1 when the second wave S2 is incident on the
interface SA again. As a result, at least part of the second
wave S2 can be canceled at the interface 5A. The occurrence
of the tailing resulting from the second wave S2 can there-
fore be avoided, whereby the distance resolution of the
ultrasonic device 22 can be improved.

Advantageous Effects of Present Embodiment

[0098] The acoustic lens 5 includes the first acoustic lens
layer 51 and the second acoustic lens layer 52 having
attenuation coefficient different from each other, and the
interface 5A between the first acoustic lens layer 51 and the
second acoustic lens layer 52 is substantially parallel to the
flat, ultrasonic wave transmitting/receiving surface 412A.
The configuration can suppress, even when the interface
reflected wave occurs at the interface 5A, the tailing that
occurs when the interface reflected wave produced at a
curved interface, for example, in the configuration in which
the interface is curved (see FIG. 5), is detected with the
ultrasonic transducer array 46 at different points of time, as
described above. The distance resolution can therefore be
improved by performing ultrasonic wave measurement by
using the ultrasonic device 22.

[0099] Further, providing the second acoustic lens layer
52, which has an attenuation coefficient less than that of the
first acoustic lens layer 51, allows an increase in ultrasonic
wave transmittance of the acoustic lens 5 and hence
improvement in ultrasonic wave transmission/reception effi-
ciency.

[0100] The ultrasonic device 22 according to the present
embodiment therefore allows simultaneous improvement in
the ultrasonic wave transmission/reception efficiency and
the distance resolution.
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[0101] Further, the thickness dimension D2 of the second
acoustic lens layer 52 is greater than the thickness dimension
D1 of the first acoustic lens layer 51, whereby the ultrasonic
wave transmittance can be further increased.

[0102] In the present embodiment, the second acoustic
lens layer 52 has an outer dimension greater than that of the
array area Arl in the plan view viewed along the direction
of a normal to the ultrasonic wave transmitting/receiving
surface 412A. The ultrasonic wave transmitted from the
ultrasonic transducer array 46 therefore efficiently propa-
gates toward a living body.

[0103] The ultrasonic transducer array 46 includes the
plurality of ultrasonic transducers 45, which includes the
vibration film 412 and the piezoelectric elements 413
formed on the vibration film 412. Each of the ultrasonic
transducers 45 has acoustic impedance smaller than, for
example, the acoustic impedance of an ultrasonic transducer
that includes no vibration film 412 but causes a bulk-shaped
piezoelectric body to vibrate to transmit an ultrasonic wave
and detects vibration of the piezoelectric body excited by an
ultrasonic wave and the acoustic impedance a living body. In
the present embodiment, out of the acoustic lens layers, the
attenuation coeflicient of the second acoustic lens layer 52,
which is disposed on the side facing the ultrasonic trans-
ducer array 46, is set to be less than the attenuation coefi-
cient of the first acoustic lens layer 51, whereby the ultra-
sonic wave efficiently propagates even when an ultrasonic
transducer array 46 having small acoustic impedance is
used.

[0104] Further, in the present embodiment, the ultrasonic
device 22 is configured so that the distance L from the
interface 5A between the first acoustic lens layer 51 and the
second acoustic lens layer 52 to the ultrasonic wave trans-
mitting/receiving surface 412A satisfies Expression (1)
described above. In the configuration, even when interface
reflected wave occurs at the interface 5A as described above,
at least part of the interface reflected wave can be canceled
after the interface reflected wave is reflected off the ultra-
sonic wave transmitting/receiving surface 412A and when
the interface reflected wave is incident on the interface SA
again. The occurrence of the interface reflected wave that is
incident on the interface 5A again and then exits into a living
body can therefore be avoided, whereby the occurrence of
tailing resulting from the interface reflected wave can be
avoided.

[0105] The second acoustic lens layer 52 is disposed in the
recessed section 512B of the first acoustic lens layer 51. In
this configuration, the acoustic lens 5 can be formed, for
example, by forming the first acoustic lens layer 51 and then
forming the second acoustic lens layer 52 in the recessed
section 512B. The second acoustic lens layer 52 can there-
fore be readily formed by forming, in the first acoustic lens
layer 51, the recessed section 512B according to the position
where the second acoustic lens layer 52 is disposed and the
shape of the second acoustic lens layer 52. Further, the
degree of intimate contact between the first acoustic lens
layer 51 and the second acoustic lens layer 52 can be readily
improved.

Variations

[0106] The embodiments described above are not limited
to the configurations described in the embodiments, and
changes, improvements, appropriate combination of the
embodiments, and other modifications may be made.
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[0107] For example, the above embodiment has been
described with reference to the configuration in which the
thickness dimension D2 of the second acoustic lens layer 52
is greater than the thickness dimension D1 of the first
acoustic lens layer 51, but not necessarily in the invention.
That is, the thickness dimension D1 of the first acoustic lens
layer 51 may be greater than the thickness dimension D2 of
the second acoustic lens layer 52 or may be equal to the
thickness dimension D2 of the second acoustic lens layer 52.
Also in these cases, disposing the second acoustic lens layer
52 having an attenuation coeflicient less than that of the first
acoustic lens layer 51 allows improvement in the ultrasonic
wave transmittance.

[0108] The above embodiment has been described with
reference to the configuration in which the second acoustic
lens layer 52 is disposed in the recessed section 512B of the
first acoustic lens layer 51, but not necessarily in the
invention. For example, the first acoustic lens layer 51 may
have no recessed section 512B but has a flat surface on the
side facing the ultrasonic wave transmitting/receiving sur-
face 412A, and the second acoustic lens 52 may be disposed
along the flat surface of the first acoustic lens layer 51 on the
side facing the ultrasonic wave transmitting/receiving sur-
face 412A.

[0109] Further, in the embodiment described above, after
the acoustic lens 5 is formed, the acoustic lens 5 is disposed
on the acoustic matching layer 43. Instead, the second
acoustic lens layer 52 may be integrated with the acoustic
matching layer 43. That is, a material of which the acoustic
matching layer 43 and the second acoustic lens layer 52 are
made may be disposed on the ultrasonic wave transmitting/
receiving surface 412A in the ultrasonic device 22, and the
first acoustic lens layer 51 may then be disposed on the
second acoustic lens layer forming material. In this case, for
example, disposing or forming a member for positioning the
first acoustic lens layer 51 on the +Z-side surface of an outer
circumferential portion or any other portion of the element
substrate 41 allows the thickness dimension of the second
acoustic lens layer 52 and the posture (parallelism) of the
first acoustic lens layer 51 with respect to the ultrasonic
wave transmitting/receiving surface 412A to be appropri-
ately set.

[0110] In the embodiment described above, the acoustic
lens 5 includes the first acoustic lens layer 51 and the second
acoustic lens layer 52, but not necessarily in the invention,
and the acoustic lens 5 may have a configuration in which
three or more acoustic lens layers are provided. Also in the
case where three or more acoustic lens layers are provided,
configuring the interfaces between the lens layers to be flat
and parallel to the ultrasonic wave transmitting/receiving
surface 412A can prevent the occurrence of the tailing, as
described above.

[0111] The above embodiment has been described with
reference to the configuration in which the opening sections
411A are provided in the element substrate 41 and on the
side facing an operation surface 41B, the piezoelectric
elements 413 are provided in the element substrate 41 and on
the side facing the rear surface 41A, and an ultrasonic wave
is transmitted toward the operation surface 41B (opening
sections 411A), as shown in FIG. 4, but not necessarily.
[0112] For example, the opening sections 411A may be
provided in the element substrate 41 and on the side facing
the rear surface 41A, the piezoelectric elements 413 may be
provided in the element substrate 41 and on the side facing
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the operation surface 41B, and an ultrasonic wave may be
transmitted toward the operation surface 41B (piezoelectric
elements 413). Still instead, the opening sections 411A may
be provided in the element substrate 41 on the side facing the
operation surface 41B, and the piezoelectric elements 413
may be provided on groove bottoms surfaces (vibration film
412) of the opening sections 411A on the side facing the
operation surface 41B. Still instead, the opening sections
411A may be provided in the element substrate 41 and on the
side facing the rear surface 41A, and the piezoelectric
elements 413 may be provided on groove bottom surfaces
(vibration film 412) of the opening sections 411A on the side
facing the rear surface 41A.

[0113] Further, the piezoelectric elements 413 are formed
of a laminate of the lower electrodes 414, the piezoelectric
films 415, and the upper electrode 416 laminated on each
other in the thickness direction, by way of example, but not
necessarily. For example, a pair of electrodes facing each
other may be disposed on one side of each of the piezoelec-
tric films 415 perpendicular to the thickness direction
thereof. The electrodes may instead be disposed along the
side surface of the piezoelectric film extending along the
thickness direction thereof so as to sandwich the piezoelec-
tric film.

[0114] The above embodiment has been described with
reference to the configuration in which the ultrasonic trans-
ducers 45 include the vibration film 412 and the piezoelec-
tric elements 413 formed of a laminate of the lower elec-
trodes 414, the piezoelectric films 415, and the upper
electrode 416 and disposed on the vibration film 412, but not
necessarily in the invention. That is, a piezoelectric element
having a bulk-shaped piezoelectric body may be used as
each of the ultrasonic transducers, the bulk-shaped piezo-
electric body may be caused to vibrate in place of the
vibration film to transmit an ultrasonic wave, and vibration
of the piezoelectric body excited by an ultrasonic wave may
be detected. In this case, the ultrasonic wave transmitting/
receiving surface is the living-body-side surface of the
piezoelectric body.

[0115] Further, the thus configured ultrasonic transducer
typically has acoustic impedance greater than that of a living
body. Therefore, the acoustic impedance of each of a plu-
rality of acoustic lens layers that form an acoustic lens is
reduced with distance from the ultrasonic transducer toward
a living body for efficient transmission and reception of an
ultrasonic wave.

[0116] In the embodiment described above, an ultrasonic
measurement apparatus directed to living body measure-
ment is presented by way of example, but not necessarily in
the invention. For example, the invention is applicable to an
electronic apparatus that is directed to measurement of a
variety of structures, detects defects of the structures, and
inspects deterioration due to aging. Further, for example, the
invention is applicable to an electronic apparatus that is
directed to measurement of a semiconductor package, a
wafer. and other objects and detects a defect of an object
under measurement.

[0117] In addition, the specific structure in actual imple-
mentation of the invention may be an appropriate combina-
tion of the embodiments and the variations described above
or may be changed as appropriate to any other structure to
the extent that the advantage of the invention is achieved.
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[0118] The entire disclosure of Japanese Patent Applica-
tion No. 2016-045885, filed on Mar. 9, 2016 is expressly
incorporated by reference herein.
What is claimed is:
1. An ultrasonic device comprising:
an ultrasonic transceiver having a flat ultrasonic wave
transmitting/receiving surface; and
an acoustic lens provided on the ultrasonic wave trans-
mitting/receiving surface,
wherein the acoustic lens has a first acoustic lens layer on
a first side thereof and a second acoustic lens layer on
a second side thereof, the first side facing away from
the ultrasonic wave transmitting/receiving surface, the
second side facing the ultrasonic wave transmitting/
receiving surface,
the first acoustic lens layer and the second acoustic lens
layer have different attenuation coefficients, and
an interface between a first face of the first acoustic lens
layer and a second face of the second acoustic lens
layer is parallel to the ultrasonic wave transmitting/
receiving surface.
2. The ultrasonic device according to claim 1,
wherein the ultrasonic transceiver includes a vibration
film and a piezoelectric element provided on the vibra-
tion film, and
the attenuation coefficient of the second acoustic lens
layer is less than the attenuation coefficient of the first
acoustic lens layer.
3. The ultrasonic device according to claim 2,
wherein a thickness dimension of the second acoustic lens
layer along a direction of a normal to the ultrasonic
wave transmitting/receiving surface is greater than a
thickness dimension of the first acoustic lens layer
along the direction of the normal.
4. The ultrasonic device according to claim 2,
wherein L represents a distance in a direction of a normal
to the ultrasonic wave transmitting/receiving surface
from the interface between the first acoustic lens layer
and the second acoustic lens layer to the ultrasonic
wave transmitting/receiving surface, A represents a
wavelength of the ultrasonic wave transmitted from the
ultrasonic transceiver, and n represents a positive inte-
ger, and

L=(W2)xn.

5. The ultrasonic device according to claim 1,

wherein the first acoustic lens layer has a recess facing
toward the ultrasonic wave transmitting/receiving sur-
face,

the recess has a flat bottom surface;

the second acoustic lens layer is disposed in the recess;
and

the interface between the first acoustic lens layer and the
second acoustic lens layer is along the flat bottom
surface.

6. An ultrasonic module comprising:

an ultrasonic device including an ultrasonic transceiver
having a flat ultrasonic wave transmitting/receiving
surface and an acoustic lens provided on the ultrasonic
wave transmitting/receiving surface; and

a circuit substrate on which the ultrasonic device is
provided,

wherein the acoustic lens has a first acoustic lens layer on
a first side thereof and a second acoustic lens layer on
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a second side thereof, the first side facing away from
the ultrasonic wave transmitting/receiving surface, the
second side facing the ultrasonic wave transmitting/
receiving surface,

the first acoustic lens layer and the second acoustic lens
layer have different attenuation coeflicients, and

an interface between a first face of the first acoustic lens
layer and a second face of the second acoustic lens
layer is parallel to the ultrasonic wave transmitting/
receiving surface.

7. The ultrasonic device according to claim 6,

wherein the attenuation coefficient of the second acoustic
lens layer is less than the attenuation coeflicient of the
first acoustic lens layer.

8. The ultrasonic device according to claim 7,

wherein a thickness dimension of the second acoustic lens
layer along a direction of a normal to the ultrasonic
wave transmitting/receiving surface is greater than a
thickness dimension of the first acoustic lens layer
along the direction of the normal.

9. The ultrasonic device according to claim 7,

wherein [ represents a distance in a direction of a normal
to the ultrasonic wave transmitting/receiving surface
from the interface between the first acoustic lens layer
and the second acoustic lens layer to the ultrasonic
wave transmitting/receiving surface, A represents a
wavelength of the ultrasonic wave transmitted from the
ultrasonic transceiver, and n represents a positive inte-
ger, and

L=(N2)xn.

10. The ultrasonic device according to claim 6,

wherein the first acoustic lens layer has a recess facing
toward the ultrasonic wave transmitting/receiving sur-
face,

the recess has a flat bottom surface;

the second acoustic lens layer is disposed in the recess;
and

the interface between the first acoustic lens layer and the
second acoustic lens layer is along the flat bottom
surface

11. An ultrasonic measurement apparatus coniprising:

an ultrasonic device including an ultrasonic transceiver
having a flat ultrasonic wave transmitting/receiving
surface and an acoustic lens provided on the ultrasonic
wave transmitting/receiving surface; and

a control section that controls the ultrasonic device,

wherein the acoustic lens has a first acoustic lens layer on
a first side thereof and a second acoustic lens layer on
a second side thereof, the first side facing away from
the ultrasonic wave transmitting/receiving surface, the
second side facing the ultrasonic wave transmitting/
receiving surface,

the first acoustic lens layer and the second acoustic lens
layer have different attenuation coeflicients, and

an interface between a first face of the first acoustic lens
layer and a second face of the second acoustic lens
layer is parallel to the ultrasonic wave transmitting/
receiving surface.

12. The ultrasonic device according to claim 11,

wherein the attenuation coefficient of the second acoustic
lens layer is less than the attenuation coeflicient of the
first acoustic lens layer.
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13. The ultrasonic device according to claim 12,

wherein a thickness dimension of the second acoustic lens
layer along a direction of a normal to the ultrasonic
wave transmitting/receiving surface is greater than a
thickness dimension of the first acoustic lens layer
along the direction of the normal.

14. The ultrasonic device according to claim 12,

wherein L represents a distance in a direction of a normal
to the ultrasonic wave transmitting/receiving surface
from the interface between the first acoustic lens layer
and the second acoustic lens layer to the ultrasonic
wave transmitting/receiving surface, A represents a
wavelength of the ultrasonic wave transmitted from the
ultrasonic transceiver, and n represents a positive inte-
ger, and

L=(2)xn.

15. The ultrasonic device according to claim 11,

wherein the first acoustic lens layer has a recess facing
toward the ultrasonic wave transmitting/receiving sur-
face,

the recess has a flat bottom surface;

the second acoustic lens layer is disposed in the recess;
and

the interface between the first acoustic lens layer and the
second acoustic lens layer is along the flat bottom
surface
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