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(57) ABSTRACT

An ultrasonic device includes: a substrate provided with a
first opening and a second opening; a support film that is
provided on the substrate and closes the first opening and the
second opening; a transmitting piezoelectric film that is
provided on the support film at a position which overlaps the
first opening when viewed in a thickness direction of the
substrate and that is sandwiched between a pair of electrodes
in the thickness direction of the substrate; and a receiving
piezoelectric film that is provided on the support film at a
position which overlaps the second opening when viewed in
the thickness direction of the substrate and that is sand-
wiched between a pair of electrodes in an intersecting

GOIN 29/24 (2006.01) direction intersecting with the thickness direction of the
A6IB 8/00 (2006.01) substrate.
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ULTRASONIC DEVICE, ULTRASONIC
MODULE, AND ULTRASONIC MEASURING
DEVICE

BACKGROUND

1. Technical Field

[0001] The present invention relates to an ultrasonic
device, an ultrasonic module, and an ultrasonic measuring
device.

2. Related Art

[0002] In the related art, an ultrasonic transducer using a
so-called a bulk type piezoelectric body has been known as
an ultrasonic transducer that performs a transmitting process
and a receiving process of ultrasonic waves. The ultrasonic
transducer includes a piezoelectric body sandwiched
between a pair of electrodes and that applies a voltage
between the electrodes so as to vibrate the piezoelectric
body and transmits ultrasonic waves, or that detects an
output voltage from the piezoelectric body to which ultra-
sonic waves are input and receives ultrasonic waves. How-
ever, such a bulk type piezoelectric body needs to have a
large dimension in thickness, and thus it is difficult to obtain
a thin or compact piezoelectric body.

[0003] In this respect, there has been known a thin-film
type ultrasonic transducer using a thin piezoelectric film that
1s configured to include a vibration film provided to cover an
opening of a support body having the opening and a piezo-
electric film which is provided on the vibration film and is
sandwiched between a pair of electrodes (for example, see
JP-A-2002-271897).

[0004] Such an ultrasonic transducer vibrates the vibration
film through the application of the voltage between the
electrodes so as to transmit the ultrasonic waves and detects
reception of the ultrasonic waves in response to the output
voltage from the piezoelectric film by the vibration of the
vibration film. With the ultrasonic transducer that vibrates
the vibration film by using such a thin-film type piezoelec-
tric body, it is possible to significantly reduce a thickness
dimension thereof in an ultrasonic-wave transmitting/receiv-
ing direction, compared to the bulk type ultrasonic trans-
ducer, and thus it is possible to obtain a thin or compact
ultrasonic measuring device.

[0005] Incidentally, the thin-film type ultrasonic trans-
ducer transmits the ultrasonic waves by the vibration of the
vibration film and, then, detects reception of the ultrasonic
waves through distortion of the piezoelectric film by the
vibration film that vibrates in response to reflected ultrasonic
waves. In this case, when the ultrasonic waves are trans-
mitted, the vibration film is significantly displaced, and
thereby high-output ultrasonic waves are output. When the
ultrasonic waves are received, vibration is highly sensitively
detected and the reception of the ultrasonic waves needs to
be detected even in a case of small vibration of the vibration
film. Hence, in order to achieve characteristics depending on
respective functions, it is necessary to configure an ultra-
sonic transducer for transmission and a transducer for
receiving.

[0006] In addition, in the ultrasonic transducer disclosed
in JP-A-2002-271897, in order to have high receiving sen-
sitivity during reception of the ultrasonic waves, it is pref-
erable that a distance between the pair of electrodes
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increases. However, in the ultrasonic transducer disclosed in
JP-A-2002-271897, the distance between the pair of elec-
trodes is equal to a film thickness dimension of the piezo-
electric film, and thus an increase in the distance between the
pair of electrodes is limited thereto. In other words, when the
distance greatly excesses the film thickness dimension of the
piezoelectric film, the vibration film is inhibited from being
displaced due to the stiffness of the piezoelectric film, and
thus the receiving sensitivity decreases.

[0007] As described above, when the ultrasonic transducer
disclosed in JP-A-2002-271897 is an ultrasonic transducer
for both of transmission and reception or an ultrasonic
transducer having the same configuration for transmission
and for reception, a problem arises in that transmission/
reception efficiency of the ultrasonic waves is reduced.

SUMMARY

[0008] An advantage of some aspects of the invention is to
provide an ultrasonic device that has high transmission/
reception efficiency of ultrasonic waves, an ultrasonic mod-
ule, and an ultrasonic measuring device. Hereinafter, appli-
cation examples and embodiments that can achieve the
object will be described.

[0009] An ultrasonic device according to an application
example includes: a substrate provided with a first opening
and a second opening; a support film that is provided on the
substrate and closes the first opening and the second open-
ing; a transmitting piezoelectric film that is provided on the
support film at a position which overlaps the first opening
when viewed in a thickness direction of the substrate, and is
sandwiched between a pair of electrodes in the thickness
direction of the substrate; and a receiving piezoelectric film
that is provided on the support film at a position which
overlaps the second opening when viewed in the thickness
direction of the substrate, and is sandwiched between a pair
of electrodes in an intersecting direction intersecting with
the thickness direction of the substrate. A film thickness
dimension of the receiving piezoelectric film in the thickness
direction of the substrate is smaller than a film thickness
dimension of the transmitting piezoelectric film.

[0010] In this application example, the ultrasonic device
includes an ultrasonic transducer for transmission (transmis-
sion transducer) and an ultrasonic transducer for reception
(reception transducer). The transmission transducer has the
support film (first vibration portion which is a region that
overlaps the first opening in the support film) which covers
the first opening of the substrate, the transmitting piezoelec-
tric film, and the pair of electrodes (transmitting electrodes)
by which the transmitting piezoelectric film is sandwiched in
the film thickness direction. The reception transducer has the
support film (second vibration portion which is a region that
overlaps the second opening in the support film) which
covers the second opening of the substrate, the receiving
piezoelectric film, and the pair of electrodes (receiving
electrodes) by which the receiving piezoelectric film is
sandwiched in the intersecting direction intersecting with the
film thickness direction. The receiving piezoelectric film is
formed to have the film thickness thinner than that of the
transmitting piezoelectric film.

[0011] In a case where the ultrasonic waves are transmit-
ted by using the ultrasonic transducer that drives the piezo-
electric film disposed on the vibration film so as to transmit
and receive ultrasonic waves, and a predetermined drive
voltage is applied between the electrodes, it is necessary to
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increase a displacement amount of the piezoelectric film. In
this case, the displacement amount is qualitatively inversely
proportional to the distance between the electrodes, and thus
the distance between the electrodes is reduced. By compari-
son, in a case where the ultrasonic waves are received by the
ultrasonic transducer, it is necessary to obtain a large signal
(detection signal) from slight displacement of the vibration
film. In this case, a signal value of detection signal is
inversely proportional to the distance between the electrodes
in a qualitative manner, and thus the distance between the
electrodes is reduced.

[0012] In this application example, since the transmission
transducer has a configuration in which the transmitting
piezoelectric film is sandwiched between the pair of trans-
mitting electrodes in the film thickness direction, the dis-
tance between the transmitting electrodes is equal to the film
thickness dimension of the transmitting piezoelectric film. In
this manner, it is possible to sufficiently increase the trans-
mitting sensitivity (displacement amount (bending amount)
of the vibration film obtained when a predetermined voltage
is applied).

[0013] In addition, the reception transducer has a configu-
ration in which the receiving piezoelectric film is sand-
wiched between the pair of receiving electrodes in the
intersecting direction. In this case, it is possible to increase
the distance between the pair of receiving electrodes, com-
pared to a configuration in which the receiving piezoelectric
film is sandwiched between the pair of receiving electrodes
in the film thickness direction. Accordingly, it is possible to
increase the receiving sensitivity.

[0014] In other words, in this application example, the
transmission transducer and the reception transducer are
provided as separate transducers, and thereby it is possible
to have characteristics suitable for transmitting the ultra-
sonic waves in the transmission transducer and to have
characteristics suitable for receiving the ultrasonic waves in
the reception transducer. In addition, the electrodes, by
which the receiving piezoelectric film is sandwiched, are
disposed in the intersecting direction intersecting with the
thickness direction of the receiving piezoelectric film, and
thereby it is possible to remarkably increase the receiving
sensitivity, compared to a case of a configuration in which
the electrodes are disposed in the thickness direction of the
receiving piezoelectric film and the receiving piezoelectric
film is sandwiched.

[0015] In addition, the inventor of the invention finds that
a product of a distortion amount (nm) of the first vibration
portion obtained when a predetermined voltage is applied to
the transmission transducer and receiving sensitivity (nV/
Pa) in the reception transducer is defined as a figure of merit
(nm'nV/Pa) of transmission and reception of the ultrasonic
waves in the ultrasonic device, and the larger the figure of
merit is, the higher the transmission/reception efficiency of
the ultrasonic device is. In this application example, in the
transmission transducer and the reception transducer having
the configurations described above, the film thickness
dimension of the receiving piezoelectric film is smaller than
the film thickness dimension of the transmitting piezoelec-
tric film. In this case, the figure of merit increases, compared
to a case where the film thickness dimension of the trans-
mitting piezoelectric film is smaller than the film thickness
dimension of the receiving piezoelectric film. In other
words, in the ultrasonic device including the transmission
transducer and the reception transducer described above, the
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film thickness dimension of the receiving piezoelectric film
is smaller than the film thickness dimension of the trans-
mitting piezoelectric film, and thereby it is possible to
improve the transmission/reception efficiency.

[0016] In the ultrasonic device according to the applica-
tion example, it is preferable that the film thickness dimen-
sion of the transmitting piezoelectric film is 300 nm to 1800
nm, and the film thickness dimension of the receiving
piezoelectric film is 80 nm or larger.

[0017] In this application example, while an occurrence of
dielectric breakdown of the transmitting piezoelectric film
and the receiving piezoelectric film is reduced, it is possible
to obtain the ultrasonic device having high transmission/
reception efficiency.

[0018] In other words, in the transmission transducer, one
(lower transmitting electrode) of the pair of transmitting
electrodes, the transmitting piezoelectric film (PZT), and the
other (upper transmitting electrode) of the pair of transmit-
ting electrodes are formed through film formation in this
order on the vibration film made of ZrQ, or the like. At this
time, Pb atoms are dispersed to the lower transmitting
electrode side during the film formation and burning of the
transmitting  piezoelectric film (PZT) in some cases. In
general, the dispersion of the Pb atoms is stopped on an
interface between the lower transmitting electrode and the
vibration film (ZrO,); however, the dispersion of the Pb
atoms causes Pb defects to occur all over the transmitting
piezoelectric film due to atoms and oxygen defects to occur.
In this case, the oxygen defects are leak paths when a
polarization voltage is applied in polarization treatment or
the like, and thus hopping conduction of electrons increases.
Finally, the dielectric breakdown occurs and the withstand
voltage is reduced.

[0019] Here, when the film thickness dimension of the
transmitting piezoelectric film is smaller than 300 nm, there
is a high risk of occurrence of the dielectric breakdown, and
thus reliability of the ultrasonic device is reduced. In addi-
tion, in a case where the film thickness dimension exceeds
1800 nm, it is difficult for the vibration film to be bent due
to an influence of the stiffness of the transmitting piezoelec-
tric film, and thus the transmitting sensitivity decreases. In
this respect, in a case where the transmitting piezoelectric
film has the film thickness in a range described above, it is
possible to have a decrease in the risk of occurrence of the
dielectric breakdown, and it is possible to reduce a decrease
in the transmitting sensitivity.

[0020] By comparison, in the reception transducer, when
the polarization treatment is performed, the polarization
voltage is applied between the pair of receiving electrodes
which is disposed in the intersecting direction. As described
above, since the distance between the receiving electrodes is
a sufficiently long distance, the withstand voltage is also
sufficiently increased. Hence, even when the film thickness
of the receiving piezoelectric film of the reception trans-
ducer is thinner than that of the transmitting piezoelectric
film, there is a low risk of occurrence of the dielectric
breakdown. However, when the film thickness of the receiv-
ing piezoelectric film is smaller than 80 nm, Pb atoms are
dispersed in a film formation atmosphere during the film
formation and the oxygen defects occur at the same time.
Thus, there is a high risk of occurrence of the dielectric
breakdown during the polarization treatment. In this respect,
as in this application example, the film thickness of the
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receiving piezoelectric film is larger than 80 nm, and thereby
it is possible to reduce the dielectric breakdown during the
polarization treatment.

[0021] In the ultrasonic device according to the applica-
tion example, it is preferable that the support film is pro-
vided with a first vibration portion that closes the first
opening and a second vibration portion that closes the
second opening. It is preferable that a transmission trans-
ducer is configured to have the first vibration portion and the
transmitting piezoelectric film, and a reception transducer is
configured to have the second vibration portion and the
receiving piezoelectric film. It is preferable that a natural
frequency of the transmission transducer is different from a
natural frequency of the reception transducer.

[0022] In this application example, the transmission trans-
ducer and the reception transducer have different natural
frequencies from each other. As described above, in this
application example, the ultrasonic waves are transmitted
from the transmission transducer, and the reception trans-
ducer receives ultrasonic waves reflected from a target
subject; however, at this time, when the natural frequencies
of the transmission transducer and the reception transducer
are caused to be equal to each other and the ultrasonic waves
are transmitted from the transmission transducer, the recep-
tion transducer resonates. In this case, the output voltage
containing a noise component is output from the reception
transducer, and has an influence on reception accuracy of the
ultrasonic waves. In this respect, in this application example,
the transmission transducer and the reception transducer
have different natural frequencies from each other. In this
manner, when the ultrasonic waves are transmitted, it is
possible to reduce the resonance of the reception transducer,
and it is possible to reduce an occurrence of a disadvantage
of containing noise in the output voltage.

[0023] In the ultrasonic device according to the applica-
tion example, it is preferable that a difference between the
natural frequency of the transmission transducer and the
natural frequency of the reception transducer is 0.2 MHz to
0.8 MHz.

[0024] In a case where a difference between the natural
frequencies of the transmission transducer and the reception
transducer is smaller than 0.2 MHz, as described above, the
reception transducer resonates when the ultrasonic waves
are transmitted, and thereby a large amount of noise is
contained in the output voltage. Thus, the reception accuracy
is reduced in the reception transducer. By comparison, in a
case where a difference between the natural frequencies of
the transmission transducer and the reception transducer
exceeds 0.8 MHz, a difference between the frequency of the
ultrasonic waves transmitted from the transmission trans-
ducer and the frequency of the ultrasonic waves that is
suitable to be received by the reception transducer increases,
and thus the reception accuracy is reduced in the reception
transducer.

[0025] In this respect, in this application example, the
difference between the natural frequencies of the transmis-
sion transducer and the reception transducer is 0.2 MHz to
0.8 MHz. In this manner, while the noise component is
reduced, it is possible for the reception transducer to receive
reflected waves of the ultrasonic waves transmitted from the
transmission transducer with high receiving sensitivity, and
improvement in the transmission/reception efficiency of the
ultrasonic waves is achieved in the ultrasonic device.
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[0026] In the ultrasonic device according to the applica-
tion example, it is preferable that the natural frequency of
the reception transducer is lower than the natural frequency
of the transmission transducer.

[0027] In this application example, the natural frequency
of the reception transducer is lower than the natural fre-
quency of the transmission transducer. In other words, in a
case where the transmission transducer transmits the ultra-
sonic waves and the reception transducer receives the ultra-
sonic waves reflected from the target subject, the reflected
ultrasonic waves are significantly attenuated, compared to
the transmitted ultrasonic waves. Hence, in the ultrasonic
measurement, it is necessary to increase the receiving sen-
sitivity in the reception transducer. In this application
example, the reception transducer has a low natural fre-
quency. Note that the opening width of the second opening
may be increased or the film thickness dimension of the
receiving piezoelectric film may be decreased. In this man-
ner, the second vibration portion in the reception transducer
is likely to be bent, and thus it is possible to increase the
receiving sensitivity.

[0028] An ultrasonic module according to an application
example includes: an ultrasonic device that includes a sub-
strate provided with a first opening and a second opening, a
support film that is provided on the substrate and closes the
first opening and the second opening, a transmitting piezo-
electric film that is provided on the support film at a position
which overlaps the first opening when viewed in a thickness
direction of the substrate and that is sandwiched between a
pair of electrodes in the thickness direction of the substrate,
and a receiving piezoelectric film that is provided on the
support film at a position which overlaps the second opening
when viewed in the thickness direction of the substrate and
that is sandwiched between a pair of electrodes in an
intersecting direction intersecting with the thickness direc-
tion of the substrate; and a housing that accommodates the
ultrasonic device. A film thickness dimension of the receiv-
ing piezoelectric film in the thickness direction of the
substrate is smaller than a film thickness dimension of the
transmitting piezoelectric film.

[0029] In this application example, as described above, it
is possible to improve the transmission/reception efficiency
of the ultrasonic device. Hence, it is possible to achieve the
same operational effect also in the ultrasonic module that
accommodates the ultrasonic device, and thus it is possible
to improve the transmission/reception efficiency when a
transmission/reception process of the ultrasonic waves is
performed.

[0030] An ultrasonic measuring device according to an
application example includes: an ultrasonic device that
includes a substrate provided with a first opening and a
second opening, a transmitting piezoelectric film that is
provided on the support film at a position which overlaps the
first opening when viewed in a thickness direction of the
substrate and that is sandwiched between a pair of electrodes
in the thickness direction of the substrate, and a receiving
piezoelectric film that is provided on the support film at a
position which overlaps the second opening when viewed in
the thickness direction of the substrate and that is sand-
wiched between a pair of electrodes in an intersecting
direction intersecting with the thickness direction of the
substrate; and a controller that controls the ultrasonic device.
A film thickness dimension of the receiving piezoelectric
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film in the thickness direction of the substrate is smaller than
a film thickness dimension of the transmitting piezoelectric
film.

[0031] In this application example, as described above, it
is possible to improve the transmission/reception efficiency
of the ultrasonic device. Hence, the controller controls the
ultrasonic device, and thereby, through the transmission/
reception process of the ultrasonic waves which has high
transmission/reception efficiency, it is possible to realize the
ultrasonic measurement with high accuracy. For example, in
a case of acquiring an internal tomographic image of the
target subject based on measurement results of the ultrasonic
measurement, it is possible to acquire the internal tomo-
graphic image with high accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0033] FIG. 1 is a perspective view illustrating a sche-
matic configuration of an ultrasonic measuring device
according to a first embodiment of the invention.

[0034] FIG. 2 is a block diagram illustrating a schematic
configuration of the ultrasonic measuring device of the
embodiment.

[0035] FIG. 3 is a sectional view illustrating a schematic
configuration of an ultrasonic probe of the embodiment.
[0036] FIG. 4 is a plan view illustrating a schematic
configuration of an ultrasonic device of the embodiment.
[0037] FIG. 5 is an enlarged plan view illustrating a
transmission transducer of the embodiment.

[0038] FIG. 6 is an enlarged plan view illustrating a
reception transducer of the embodiment.

[0039] FIG. 7 is a sectional view illustrating the transmis-
sion transducer of the embodiment.

[0040] FIG. 8 is a sectional view illustrating the reception
transducer of the embodiment.

[0041] FIG. 9 is a graph illustrating a relationship between
an opening width of an opening of an ultrasonic transducer
and a natural frequency of the ultrasonic transducer.
[0042] FIG. 10 is a graph illustrating a relationship
between a film thickness dimension of a transmitting piezo-
electric film and transmitting sensitivity in the transmission
transducer.

[0043] FIG. 11 is a graph illustrating a relationship
between a film thickness dimension of a receiving piezo-
electric film and receiving sensitivity in the reception trans-
ducer.

[0044] FIG. 12 is a graph illustrating a relationship
between a film thickness dimension of the transmitting
piezoelectric film, a film thickness dimension of the receiv-
ing piezoelectric film, and a figure of merit when a first
opening and a second opening is 30 pum.

[0045] FIG. 13 is a graph illustrating a relationship
between the film thickness dimension of the transmitting
piezoelectric film, the film thickness dimension of the
receiving piezoelectric film, and the figure of merit when the
first opening and the second opening is 35 um.

[0046] FIG. 14 is a graph illustrating a relationship
between the film thickness dimension of the transmitting
piezoelectric film, the film thickness dimension of the
receiving piezoelectric film, and the figure of merit when the
first opening and the second opening is 40 um.
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[0047] FIG. 15 is a graph illustrating a relationship
between the film thickness dimension of the transmitting
piezoelectric film, the film thickness dimension of the
receiving piezoelectric film, and the figure of merit when the
first opening and the second opening is 45 um.

[0048] FIG. 16 is a graph illustrating a figure of merit of
the ultrasonic transducer in an example of related art.
[0049] FIG. 17 is a view illustrating a modification
example of the reception transducer.

[0050] FIG. 18 is a view illustrating another modification
example of the reception transducer.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0051] Hereinafter, an ultrasonic measuring device of this
embodiment will be described with reference to figures.

Configuration of Ultrasonic Measuring Device

[0052] FIG. 1 is a perspective view illustrating a sche-
matic configuration of an ultrasonic measuring device 1
according to the embodiment. FIG. 2 is a block diagram
illustrating a schematic configuration of the ultrasonic mea-
suring device 1 of the embodiment.

[0053] As illustrated in FIG. 1, the ultrasonic measuring
device 1 of the embodiment includes an ultrasonic probe 2
and a control device 10 that is electrically connected to the
ultrasonic probe 2 via a cable 3.

[0054] In the ultrasonic measuring device 1, the ultrasonic
probe 2 comes into contact with a front surface of a target
subject (for example, a living body), and ultrasonic waves
are emitted into the living body from the ultrasonic probe 2.
In addition, the ultrasonic waves reflected from an organ in
the target subject (living body) is received by the ultrasonic
probe 2 and, for example, an internal tomographic image of
the inside of the living body is acquired, based on a received
signal thereof or a state (for example, bloodstream or the
like) of the organ in the living body is measured.

Configuration of Ultrasonic Probe

[0055] FIG. 3 is a sectional view illustrating a schematic
configuration of the ultrasonic probe 2.

[0056] The ultrasonic probe 2 is an ultrasonic module and
includes a housing 21 and an ultrasonic sensor 22.

Configuration of Housing

[0057] As illustrated in FIG. 1, the housing 21 is formed
to have a box shape with a rectangular shape in plan view,
and accommodates the ultrasonic sensor 22. One surface
(sensor surface 21A) orthogonal to the thickness direction of
the housing 21 is provided with a sensor window 21B
through which a part (acoustic lens 7 which will be
described below) of the ultrasonic sensor 22 is exposed. In
addition, a part (side surface in an example illustrated in
FIG. 1) of the housing 21 is provided with a through-hole,
and the cable 3 is inserted into the housing 21 via the
through-hole. Although not illustrated, the cable 3 is con-
nected to the ultrasonic sensor 22 (circuit board 6 which will
be described below) inside the housing 21.

[0058] Note that, in the embodiment, a configurational
example in which the ultrasonic probe 2 and a control device
10 are connected to each other by using the cable 3 is
employed; however, the embodiment is not limited thereto
and, for example, the ultrasonic probe 2 and the control
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device 10 may be connected to each other through wireless
communication, or various types of configurations of the
control device 10 may be provided in the ultrasonic probe 2.

Configuration of Ultrasonic Sensor

[0059] As illustrated in FIG. 3, the ultrasonic sensor 22
includes an ultrasonic device 4, the circuit board 6, and the
acoustic lens 7. As will be described below, the circuit board
6 is provided with a driver circuit or the like for controlling
the ultrasonic device 4, and, the ultrasonic device 4 is
electrically connected to the circuit board 6 via a wiring
member 5 such as a flexible board. A surface of the ultra-
sonic device 4 on an ultrasonic transmission and reception
side is provided with the acoustic lens 7, and the acoustic
lens 7 is exposed outside from one surface side of the
housing 21.

Configuration of Ultrasonic Device

[0060] FIG. 4 is a plan view illustrating an example of the
ultrasonic device 4.

[0061] In the following description, a scanning direction
of the ultrasonic device 4 having a primary array structure as
will be described below is referred to as an X direction, and
a slice direction intersecting with (for example, in the
embodiment, orthogonal to) the scanning direction is
referred to as a Y direction.

[0062] The ultrasonic device 4 includes an ultrasonic
transmitter 42, an ultrasonic receiver 43, a signal wire SL, a
common electrode wire CL, a first signal terminal SA, a
second signal terminal SB, and a common terminal CA.
[0063] The ultrasonic transmitter 42 has a plurality of
transmission transducers 421 which are ultrasonic transduc-
ers for transmission, and the plurality of transmission trans-
ducers 421 are configured to be disposed in the Y direction.
In addition, the ultrasonic receiver 43 has a plurality of
reception transducers 431 which are ultrasonic transducers
for reception, and the plurality of reception transducers 431
are configured to be disposed in the Y direction.

[0064] Note that, in the ultrasonic device 4 of the embodi-
ment, the plurality of ultrasonic transmitters 42 and ultra-
sonic receivers 43 are alternately disposed in the X direction,
and one set of ultrasonic transmitters 42 which are adjacent
to each other in the X direction function as one transmission
channel. In addition, each ultrasonic receiver 43 functions as
one reception channel.

[0065] FIG. 5 is an enlarged plan view illustrating the
transmission transducer 421, and FIG. 6 is an enlarged plan
view illustrating the reception transducer 431. In addition,
FIG. 7 is an enlarged sectional view illustrating the trans-
mission transducer 421 taken along line A-A in FIG. 5. FIG.
8 is an enlarged sectional view illustrating the reception
transducer 431 taken along line B-B in FIG. 6.

[0066] As illustrated in FIGS. 7 and 8, the ultrasonic
device 4 includes an element substrate 411, a support film
412 provided on the element substrate 411, a transmission
piezoelectric element 413 provided on the support film 412,
and a reception piezoelectric element 414 provided on the
support film 412.

[0067] For example, the element substrate 411 is a semi-
conductor substrate made of Si or the like. The element
substrate 411 is provided with a first opening 411A provided
at a position that overlaps a disposed position of each
transmission transducer 421 and a second opening 411B
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provided at a position that overlaps a disposed position of
each reception transducer 431. The first opening 411A and
the second opening 411B are closed with the support film
412 provided on a back surface 41A side of the element
substrate 411. Note that an opening width (opening area) of
the first opening 411A and the second opening 411B will be
described below.

[0068] A plane orientation of the Si substrate may be any
one of (100), (110), or (111). In addition, the element
substrate 411 may be configured of a composite substrate
such as silicon on insulator (SOI). Further, the element
substrate 411 may be made of alumina, Ga,O,, or GaN.

[0069] For example, the support film 412 is configured of
a single layer of SiO,, a stacked body of SiO,, ZrO,, and
yttrium-stabilized zirconium (YSZ), or the like, and is
provided to cover the entire back surface 41A side of the
element substrate 411. A thickness dimension of the support
film 412 is sufficiently smaller than a thickness dimension of
the element substrate 411. Young’s modulus of Si0, is about
75 GPa. In addition, Young’s modulus of ZrO, is about 200
GPa.

[0070] Here, as illustrated in FIGS. 5 and 7, when viewed
in the thickness direction of the element substrate 411 and
the support film 412, a region of the support film 412 that
overlaps the first opening 411A (transmission transducer
421) configures a first vibration portion 412A. In addition, as
illustrated in FIGS. 6 and 7, when viewed in the thickness
direction of the element substrate 411 and the support film
412, aregion of the support film 412 that overlaps the second
opening 411B (reception transducer 431) configures a sec-
ond vibration portion 412B. In other words, the first vibra-
tion portion 412A is supported by a partition portion 411C
that surrounds the first opening 411A, and the second
vibration portion 412B is supported by a partition portion
411C that surrounds the second opening 411B.

[0071] The transmission piezoelectric element 413 and the
first vibration portion 412A that closes the first opening
411A together configure the transmission transducer 421.

[0072] As illustrated in FIGS. 5 and 7, the transmission
piezoelectric element 413 is a stacked body of a lower
electrode 413A, a transmitting piezoelectric film 413B, and
an upper electrode 413C, and is provided on the first
vibration portion 412A.

[0073] The lower electrode 413 A configures one of a pair
of electrodes by which the transmitting piezoelectric film
413B is sandwiched in the thickness direction of the element
substrate 411, and the upper electrode 413C configures the
other of the pair of electrodes.

[0074] The lower electrode 413A is formed to have a
straight line shape in the Y direction, and is provided over
the plurality of transmission transducers 421. Hence, the
lower electrode 413A has the same potential in the trans-
mission transducers 421 aligned in the Y direction. As
illustrated in FIG. 4, the lower electrode 413A is connected
to the corresponding first signal terminal SA disposed on the
outer periphery of the support film 412 on £Y sides, by the
signal wire SL, and is electrically connected to the circuit
board 6 in the first signal terminal SA.

[0075] In the embodiment, two ultrasonic transmitters 42
in the Y direction are included in one set and one transmis-
sion channel is formed. Accordingly, as illustrated in FIG. 4,
the two adjacent ultrasonic transmitters 42 are connected to
the first signal terminal SA.
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[0076] The transmitting piezoelectric film 413B is formed
of a thin film of a piezoelectric body such as lead zirconate
titanate (PZT) and is configured to cover the lower electrode
413A on the first vibration portion 412A.

[0077] The upper electrode 413C is formed to have a
straight line shape in the X direction, and is provided over
the plurality of transmission transducers 421 which are
aligned in the X direction. In addition, the upper electrodes
413C are connected to each other by the common electrode
wire CL, is connected to the common terminal CA provided
on the outer periphery (for example, +Y sides) of the support
film 412 (refer to FIG. 4), and is electrically connected to the
circuit board 6 on the common terminal CA. Note that the
common electrode wire CL is also connected to a second
electrode 414C of the reception transducer 431. In other
words, in the embodiment, the same common voltage is
applied to the upper electrode 413C and the second electrode
414C which are connected to the common electrode wire
CL.

[0078] The reception piezoelectric element 414 and the
second vibration portion 412B that closes the second open-
ing 411B together configure the reception transducer 431.
[0079] As illustrated in FIGS. 6 and 8, the reception
piezoelectric element 414 is a stacked body of a receiving
piezoelectric film 414A and a first electrode 414B and the
second electrode 414C that are provided on the receiving
piezoelectric film 414A, and the reception piezoelectric
element 414 is provided on the second vibration portion
412B.

[0080] The first electrode 414B configures one of a pair of
electrodes by which the receiving piezoelectric film 414A is
sandwiched in an intersecting direction (in the embodiment,
the X direction orthogonal to a Z direction) intersecting with
the thickness direction of the element substrate 411, and the
second electrode 414C configures the other of the pair of
electrodes.

[0081] The receiving piezoelectric film 414A is formed of
a thin film of the piezoelectric body, and is disposed on the
second vibration portion 412B. The receiving piezoelectric
film 414A is preferably made of a perovskite type transition
metal oxide, and more preferably, similar to the transmitting
piezoelectric film 413B, made of the perovskite type tran-
sition metal oxide containing Pb such as PZT, Zr, and Ti.
Note that a material of the receiving piezoelectric film 414A
is not limited to PZT, and may include a Pb-free material
such as BiFeMnO,—BaTiO,; or KNaNbO,. Young' modulus
of the PZT used for the transmitting piezoelectric film 413B
or the receiving piezoelectric film 414A is about 80 GPa in
the thin film. The receiving piezoelectric film 414A made of
such a perovskite type transition metal oxide (particularly,
PZT) has particularly high piezoelectric property (piezoelec-
tric e constant), and a large electric signal is output when the
receiving piezoelectric film 414A is deformed.

[0082] Values of a piezoelectric constant e, relative per-
mittivity €, stiffhess C,; of a piezoelectric body PZT used
in simulation of this specification employ data of PZT-5H.
PZT of the thin film (film formed through sputtering or the
like) is known to have substantially the same physical
constant as that of PZT of a bulk (large-sized solid cut out
from a sintered body).

[0083] The first electrode 414B is disposed on a -X side
to extend to the —X side on the top surface (end surface on
a -Z side) of the receiving piezoelectric film 414A. In
addition, as illustrated in FIG. 4, the first electrodes 414B
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included in the ultrasonic receiver 43 which configures one
reception channel are connected to each other by the signal
wire SL. The signal wire SL connected to the first electrode
414B is connected to the corresponding second signal ter-
minal SB disposed on the outer periphery of the support film
412 of the element substrate 411 on +Y sides, and is
electrically connected to the circuit board 6 in the second
signal terminal SB.

[0084] The second electrode 414C is disposed on a +X
side to extend to the +X side on the top surface of the
receiving piezoelectric film 414A. The front end of the
second electrode 414C extends in the Y direction and is
connected to the common electrode wire CL. Accordingly,
similar to the upper electrode 413C of the transmission
transducer 421, the common voltage is applied to the second
electrode 414C.

[0085] The lower electrode 413A, the upper electrode
413C, the first electrode 4148, and the second electrode
414C are preferably made of one or a plurality of materials
of Ti, Ir, TiO,, IrO,, Pt, in terms of conductivity, stability of
the materials, and thin film stress to PZT. In addition,
Young’s moduli of the electrodes 413A, 413C, 414B, and
414C are about 200 GPa.

[0086] In the ultrasonic device 4 having such a configu-
ration, a rectangular voltage having a predetermined fre-
quency is applied between the lower electrode 413A and the
upper electrode 413C, and thereby the first vibration portion
412A is vibrated such that the ultrasonic waves are trans-
mitted from the transmission transducer 421. In addition,
when the second vibration portion 412B is vibrated due to
the ultrasonic waves reflected from the living body, an
output voltage is output from the first electrode 414B, by
which the receiving piezoelectric film 414A is sandwiched,
in response to a distortion amount of the receiving piezo-
electric film 414 A, and the reception of the ultrasonic waves
is detected.

[0087] In addition, although omitted in the figures, a
reinforcing plate is disposed on a side of the support film 412
opposite to the element substrate 411. For example, the
reinforcing plate is bonded, with a resin layer or the like, to
the support film 412 positioned on the partition portion 411C
of the element substrate 411, and reinforces the element
substrate 411 and the support film 412.

[0088] Further, the first opening 411A and the second
opening 411B of the element substrate 411 is filled with an
acoustic matching layer made of silicone or the like, and the
acoustic lens 7 is provided on the acoustic matching layer.

Dimension of Transmission Transducer and Reception
Transducer

[0089] Next, dimensions of the transmission transducer
421 and the reception transducer 431 described above, will
be described below.

[0090] Note that, in the following description, FIGS. 9 to
17 shows results calculated, based on a finite element
method by using COMSOL Multiphysics (registered trade-
mark: COMSOL Inc.). In the COMSOL Multiphysics, struc-
ture calculation and piezoelectric calculation are performed
by being coupled as multiphysics.

[0091] FIG. 9 is a graph illustrating a relationship between
an opening width of an opening (the first opening 411A or
the second opening 411B) of the ultrasonic transducer and a
natural frequency (frequency of the ultrasonic waves that
can be transmitted and received) of the ultrasonic transducer.
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[0092] 1In general, the frequency of the ultrasonic waves
obtained in a case where the ultrasonic measurement is
performed on the living body is about 2.5 MHz to 10 MHz.
As illustrated in FIG. 9, in a case where ultrasonic waves
having frequencies of 2.5 MHz to 10 MHz described above
are transmitted or received by the ultrasonic transducer (the
transmission transducer 421 or the reception transducer
431), the opening width (width dimension in a short axis
direction) corresponding to the frequencies is about 30 pm
to 45 um. Hence, in the following description, characteris-
tics of the transmission transducer 421 and the reception
transducer 431 obtained in a case where the opening widths
of the first opening 411A and the second opening 411B are
changed in a range of 30 um to 45 pm will be described.
[0093] FIG. 10 is a graph illustrating a relationship
between the film thickness dimension of the transmitting
piezoelectric film 413B and transmitting sensitivity in the
transmission transducer 421. Note that the transmitting
sensitivity described here indicates a distortion amount
(bending amount (nm) in an opening direction, that is, the
thickness direction of the support film 412) of the transmit-
ting piezoelectric film 413B obtained when a predetermined
drive voltage (for example, 25 V) is applied between the
lower electrode 413A and the upper electrode 413C.
[0094] FIG. 10 is a simulation result obtained through the
finite element method. When t, represents the film thickness
dimension of the transmitting piezoelectric film 413B, V,
represents a drive voltage that is applied between the lower
electrode 413A and the upper electrode 413C, € represents
permittivity (permittivity of the transmitting piezoelectric
film) between the electrodes, and e represents a piezoelectric
constant of the transmitting piezoelectric film 413B, it is
possible to qualitatively express, in =€ (V,/t,)e, a distor-
tion amount 1 (transmitting sensitivity) of the transmitting
piezoelectric film 413B which is obtained when the drive
voltage V| is applied. A physically more accurate distortion
amount v (transmitting sensitivity) of the transmitting piezo-
electric film 413B, which is obtained when the drive voltage
V| is applied, is obtained as FIG. 10 through simulation of
multiphysics by the finite element method.

[0095] Hence, the more the film thickness dimension t,
increases, the lower the transmitting sensitivity is. Here, it is
not preferable that the film thickness dimension t, is smaller
than 300 nm, because there is a possibility that dielectric
breakdown occurs due to the application of the polarization
voltage or the drive voltage during the polarization process.
[0096] In other words, in the transmission transducer 421,
for example, a film of the lower electrode 413A having a
stacked structure of Pt and Ir oxide is formed on the support
film 412 (for example, ZrQ,), and a film of the transmitting
piezoelectric film 413B made of PZT is formed thereon.
Here, heating is performed at a temperature above or below
700° C. during the film formation and burning of PZT. At
this time, there is an occurrence of a phenomenon in which
Pb atoms of PZT are dispersed to the lower electrode 413A
side. The dispersion of the Pb atoms is stopped on an
interface between the lower electrode 413A and the support
film 412 (ZrO,); however, Pb defects occur in an entire
region in PZT (transmitting piezoelectric film 413B). The Pb
defects result in the oxygen defects and, for example, the
oxygen defects are leak paths when the polarization voltage
is applied to the transmitting piezoelectric film 413B and the
polarization treatment is performed. Thus, hopping conduc-
tion of electrons increases, and there is a concern that,
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finally, the dielectric breakdown will occur and the with-
stand voltage will be reduced. In order to reduce the dielec-
tric breakdown, the film thickness dimension t, of the
transmitting piezoelectric film 413B is preferably 300 nm or
larger. In addition, in a case where the transmitting piezo-
electric film 413B is actually formed, it is necessary to
consider variations during manufacturing. Hence, in order to
secure pressure resistance in consideration of manufacturing
margin, as illustrated in FIG. 10, the film thickness dimen-
sion t, is preferably larger than 500 nm.

[0097] By comparison, in a case where the film thickness
dimension exceeds 1800 nm, it is difficult for the first
vibration portion 412A to be bent due to an influence of the
stiffness of the transmitting piezoelectric film 413B (de-
crease in transmitting sensitivity). In particular, in the ultra-
sonic measuring device 1, the ultrasonic waves transmitted
from the transmission transducer 421 is attenuated in the
living body, and the reflected ultrasonic waves, which are
attenuated, are received by the reception transducer 431. In
this case, as the transmitting sensitivity of the transmission
transducer 421, the bending amount of the first vibration
portion 412A is preferably secured to be larger than at least
about 120 nm. In a case where the opening width of the first
opening 411A is 30 pm such that the transmitting sensitivity
is the lowest level, in order to satisfy the conditions
described above, the film thickness dimension of the trans-
mitting piezoelectric film 413B is preferably 1800 nm or
smaller.

[0098] Inother words, in the embodiment, the transmitting
piezoelectric film 413B preferably has the film thickness
dimension t, in a range of 300 nm to 1800 nm, and more
preferably in a range of 500 nm to 1800 nm.

[0099] FIG. 11 is a graph illustrating the receiving sensi-
tivity obtained through the simulation of multiphysics using
the finite element method. FIG. 11 illustrates a relationship
between a film thickness dimension of the receiving piezo-
electric film 414A and receiving sensitivity (nV/Pa) in the
reception transducer 431.

[0100] When m represents the distortion amount of the
receiving piezoelectric film 414 A, g represents a distance of
a gap G1 (refer to FIG. 6) between electrodes, € represents
permittivity (permittivity of the receiving piezoelectric film)
between the electrodes, and e represents a piezoelectric
constant of the receiving piezoelectric film 414A, an output
voltage V, that is output from the first electrode 414B in the
reception transducer 431 is qualitatively expressed in
V,=nge/€. In other words, in a case where the stiffness of
the receiving piezoelectric film 414A is not taken into
consideration, it is obvious that the receiving sensitivity is
constant regardless of the film thickness dimension t of the
receiving piezoelectric film 414A.

[0101] However, when the film thickness dimension t;
increases, the stiffness of the second vibration portion 412B
increases, and thus it is difficult for the second vibration
portion to be bent. Accordingly, as illustrated in FIG. 11,
regarding the receiving sensitivity of the reception trans-
ducer 431, the receiving sensitivity decreases as the film
thickness dimension tj increases.

[0102] Incidentally, the reflected ultrasonic waves, which
are attenuated, are received in the reception transducer 431,
the receiving sensitivity of at least 5,000 (nV/Pa) or higher
may be obtained. As illustrated in FIG. 11, in a case where
the film thickness dimension t of the receiving piezoelectric
film 414A is 500 nm or smaller, it is possible to satisfy the
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conditions described above, and the reception transducer
431 having appropriate reception efficiency is obtained.
[0103] In addition, in a case where the film thickness
dimension t; exceeds 500 nm, it is difficult for the second
vibration portion 412B to be bent due to an influence of the
stiffness of the receiving piezoelectric film 414A, and thus
the receiving sensitivity decreases.

[0104] Inaddition, in the polarization process in the recep-
tion transducer 431, the polarization voltage is applied
between the first electrode 414B and the second electrode
414C. Here, in the embodiment, since the receiving piezo-
electric film 414A is formed of the thin film, the gap G1
between the first electrode 414B and the second electrode
414C is sufficiently increased, compared to the film thick-
ness dimension t of the receiving piezoelectric film 414A
and is, for example, 5 um. In addition, since the receiving
piezoelectric film 414A has the PZT formed on the support
film 412, an electrode layer that absorbs the Pb atoms is not
interposed between films, unlike the transmission piezoelec-
tric element 413. Accordingly, the dispersion of the Pb
atoms is reduced from the PZT, and thus Pb dispersion or the
oxygen defects due to the dispersion is reduced. In other
words, the withstand voltage of the receiving piezoelectric
film 414A increases, compared to the transmitting piezo-
electric film 413B.

[0105] However, also in the receiving piezoelectric film
414A, when the film thickness dimension t is smaller than
80 nm, dispersion of the Pb atoms in the film formation
atmosphere during the film formation of the receiving piezo-
electric film 414A and the oxygen defects due to the dis-
persion are likely to occur. In order to reduce the defects, the
film thickness dimension t; of the receiving piezoelectric
film 414A is preferably 80 nm or larger. In addition, in order
to secure the pressure resistance in consideration of manu-
facturing margin, the film thickness dimension is preferably
150 nm or larger.

[0106] In other words, the film thickness dimension tz of
the receiving piezoelectric film 414 A is preferably 80 nm to
500 nm, and more preferably 150 nm to 500 nm.

[0107] Incidentally, the ultrasonic device 4 performs a
transmission process of the ultrasonic waves by the trans-
mission transducer 421 and performs a reception process of
the ultrasonic waves by the reception transducer 431. There-
fore, even when only the characteristics of any one process
are appropriate, the transmission/reception efficiency
decreases in a case where the other is not appropriate.
[0108] Here, the inventor of the invention finds that a
product of the transmitting sensitivity in the transmission
transducer 421 and the receiving sensitivity in the reception
transducer 431 is defined as a figure of merit of the trans-
mission/reception process in the ultrasonic device, and, in
order to perform the transmission/reception process with
high accuracy, the figure of merit needs to be 750,000 or
larger.

[0109] FIG. 12 is a graph illustrating a relationship
between the film thickness dimension t, of the transmitting
piezoelectric film 413B, the film thickness dimension t; of
the receiving piezoelectric film 414A, and the figure of merit
when the first opening 411A and the second opening 411B
are 30 um. FIG. 13 is a graph illustrating a relationship
between the film thickness dimension t, of the transmitting
piezoelectric film 413B, the film thickness dimension tgz of
the receiving piezoelectric film 414A, and the figure of merit
when the first opening 411A and the second opening 411B
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are 35 um. FIG. 14 is a graph illustrating a relationship
between the film thickness dimension t, of the transmitting
piezoelectric film 413B, the film thickness dimension t; of
the receiving piezoelectric film 414A, and the figure of merit
when the first opening 411A and the second opening 411B
are 40 um. FIG. 15 is a graph illustrating a relationship
between the film thickness dimension t, of the transmitting
piezoelectric film 413B, the film thickness dimension t; of
the receiving piezoelectric film 414A, and the figure of merit
when the first opening 411A and the second opening 411B
are 45 um. Note that contour lines in FIGS. 12 to 15 are
divided by unit of the figure of merit of 250,000, and have
a large value as the contour lines are closer to the left side.
In addition, the contour line represented by the thick line
indicates that the figure of merit is 750,000.

[0110] In addition, FIG. 16 is a graph illustrating a figure
of merit of the ultrasonic transducer in an example of related
art. As the example of the related art, an example in which
the transmission and reception of the ultrasonic waves are
performed (the film thickness dimension t, of the transmit-
ting piezoelectric film 413B is the same as the film thickness
dimension t; of the receiving piezoelectric film 414A), by
using an ultrasonic transducer having the same configuration
(stacking of the lower electrode, the piezoelectric film, and
the upper electrode on the support film) as that of the
transmission transducer 421 is employed.

[0111] Here, as in the example in the related art illustrated
in FIG. 16, in a case where the film thickness dimension t,
of the transmitting piezoelectric film 413B is the same value
as the film thickness dimension t; of the receiving piezo-
electric film 414A, it is not possible to have the figure of
merit of 750,000.

[0112] However, as illustrated in FIGS. 12 to 15, in the
embodiment, the figure of merit increases as the opening
widths of the first opening 411A and the second opening
411B increase. In addition, also in a case where the opening
widths of the first opening 411A and the second opening
411B are 30 um (case of having the lowest figure of merit),
the film thickness dimension t, of the transmitting piezo-
electric film 413B is 300 nm to 1800 nm, and the ultrasonic
device 4, of which the figure of merit exceeds 750,000 is
obtained when the film thickness dimension t of the receiv-
ing piezoelectric film 414A is in a range of 80 nm to 500 nm.
[0113] In addition, in FIGS. 12 to 15, when a line (dot-
and-dash line [.2) orthogonal to a line (dot-and-dash line 1)
in which t =t is pulled, absolute values of slopes of contour
lines are larger than the absolute value of the slope of the
dot-and-dash line L2. In other words, the contour lines are
inclined with respect to a direction parallel to the vertical
axis. This means that the figure of merit has a strong
tendency to increase when the film thickness dimension t; of
the receiving piezoelectric film 414A decreases. In other
words, the film thickness dimension t; of the receiving
piezoelectric film 414A is smaller than the film thickness
dimension t, of the transmitting piezoelectric film 413B
(t,<tz), and thereby the figure of merit tends to more
increase.

[0114] Incidentally, as illustrated in FIG. 9, in a case where
the natural frequency of the ultrasonic transducer is set to a
predetermined value, the more the film thickness dimension
increases, the higher the natural frequency, and the more the
film thickness dimension decreases, the lower the natural
frequency is, also depending on the film thickness dimen-
sion of the piezoelectric film (the transmitting piezoelectric
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film 413B or the receiving piezoelectric film 414A) that
configures the corresponding ultrasonic transducer.

[0115] Here, in the ultrasonic device 4, in order to perform
the transmission/reception process of the ultrasonic waves
having the predetermined frequency, the natural frequency
of the transmission transducer 421 needs to be substantially
the same as the natural frequency of the reception transducer
431. Here, as described above, it is advantageous to con-
figure the ultrasonic device 4 having high performance when
the film thickness dimension t, of the transmitting piezo-
electric film 413B is smaller than the film thickness dimen-
sion tg of the receiving piezoelectric film 414A. Accord-
ingly, in the embodiment, an opening width L, of the first
opening 411 A that overlaps the transmission transducer 421
is formed to be smaller than an opening width Lz of the
second opening 411B that overlaps the reception transducer
431.

[0116] For example, the film thickness dimension t, of the
transmitting piezoelectric film 413B is 650 nm when the
transmission/reception process of the ultrasonic waves of 8
MHz is performed, and the opening width L, of the first
opening 411A is about 32.8 um in a case where the film
thickness dimension t; of the receiving piezoelectric film
414A is 300 nm. Thus, the opening width L; of the second
opening is about 33.4 um.

[0117] However, when the transmission transducer 421
and the reception transducer 431 have the same natural
frequency as each other, and the ultrasonic waves are
transmitted from the transmission transducer 421, the recep-
tion transducer 431 resonates, and an output voltage in
response to the resonance is output from the reception
transducer 431 and is the noise component.

[0118] Hence, in the embodiment, the natural frequency of
the transmission transducer 421 is set to a value different
from the natural frequency of the reception transducer 431.
Specifically, the natural frequency of the reception trans-
ducer 431 is set to be smaller preferably by a range of 0.2
MHz to 0.8 MHz than the natural frequency of the trans-
mission transducer 421, and is set to be smaller more
preferably by 0.5 MHz than the natural frequency of the
reception transducer 431,

[0119] For example, in the transmission/reception process
of the ultrasonic waves of 8 MHz, in a case where the natural
frequency of the transmission transducer 421 is set to 8
MHz, the natural frequency of the reception transducer 431
is set to 7.5 MHz. Hence, the film thickness dimension t, of
the transmitting piezoelectric film 413B is 650 nm. Thus, the
opening width L, of the first opening 411A is about 32.8 pm,
and the opening width L, of the second opening 411B is
about 34.0 um in a case where the film thickness dimension
tp of the receiving piezoelectric film 414A is 300 nm.
[0120] In this case, the opening width L of the second
opening 411B corresponding to the reception transducer 431
increases, and the receiving sensitivity is improved because
the second vibration portion 412B is easily vibrated.
[0121] In the ultrasonic device 4 of the embodiment, a
natural frequency f, of the transmission transducer 421 is set
in proportion to a frequency of the ultrasonic waves depend-
ing on a measurement site (depth) in the living body and, for
example, a frequency smaller than the natural frequency of
the transmission transducer 421 by 0.5 MHz is set as a
natural frequency f of the reception transducer 431. From
a combination of the film thickness dimension t, of the
transmitting piezoelectric film 413B that satisfies the natural
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frequency f, set above and the opening width L, of the first
opening 411A; and a combination of the film thickness
dimension t; of the receiving piezoelectric film 414A that
satisfies the natural frequency f; and the opening width L,
of the second opening 411B, a combination in which the
figure of merit exceeds 750,000 in the transmission/recep-
tion process of the ultrasonic waves is obtained, and more
preferably a combination having the largest figure of merit
is obtained. The transmission transducer 421 and the recep-
tion transducer 431 are formed to have the film thickness
dimension t, of the transmitting piezoelectric film 413B, the
opening width L, of the first opening 411A, the film thick-
ness dimension t, of the receiving piezoelectric film 414A,
and the opening width L; of the second opening 411B which
are obtained in the manner described above.

[0122] In this manner, the ultrasonic device 4 having the
optimal transmission/reception efficiency with respect to a
desired ultrasonic frequency is configured.

Configuration of Acoustic Lens

[0123] Back to FIG. 3, the acoustic lens 7 that configures
the ultrasonic sensor 22 is described.

[0124] The acoustic lens 7 efficiently propagates, to the
living body, the ultrasonic waves transmitted from the
ultrasonic device 4, and efliciently propagates, to the ultra-
sonic device 4, the ultrasonic waves reflected from the living
body. The acoustic lens 7 is disposed on a surface through
which the ultrasonic device 4 transmits and receives the
ultrasonic waves. Note that, although omitted from the
figures, the acoustic matching layer is provided between the
ultrasonic device 4 and the acoustic lens 7. The acoustic lens
7 and the acoustic matching layer is made of silicone or the
like, and acoustic impedance of the ultrasonic transducers
(the transmission transducer 421 and the reception trans-
ducer 431) of the element substrate 411 is set to immediate
acoustic impedance between the acoustic impedance of the
ultrasonic transducers and acoustic impedance of the living
body.

Configuration of Circuit Board

[0125] Next, back to FIG. 2, the circuit board 6 will be
described.
[0126] The circuit board 6 is provided with a plurality of

drive signal terminals (not illustrated), a plurality of received
signal terminals (not illustrated), and a plurality of common
signal terminals (not illustrated), and the ultrasonic device 4
is connected to the circuit board with a wiring member 5.
Specifically, each of the plurality of drive signal terminals is
connected to the corresponding first signal terminal SA
connected to the lower electrode 413A of the transmission
transducer 421, and each of the plurality of received signal
terminals is connected to the corresponding second signal
terminal SB connected to the first electrode 414B of the
reception transducer 431. Each of the plurality of common
signal terminals is connected to the common terminal CA.

[0127] In addition, the circuit board 6 is provided with a
driver circuit or the like for driving the ultrasonic device 4.
Specifically, as illustrated in FIG. 2, the circuit board 6 is
configured to have a transmission circuit 61, a reception
circuit 62, a polarization voltage outputting unit 63, a
transmission selecting circuit 64, a reception selecting cir-
cuit 65, or the like.
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[0128] The transmission circuit 61 outputs, to the trans-
mission selecting circuit 64, the drive voltage having a pulse
waveform for driving the transmission transducer 421
through the control by the control device 10.

[0129] The reception circuit 62 outputs, to the control
device 10, an output voltage (reception signal) output from
the reception transducer 431. The reception circuit 62 is
configured to have an amplifier circuit, a low pass filter, an
A/D converter, a phase adding circuit, or the like. The
reception circuit converts the received signal into a digital
signal, removes a noise component, performs amplification
to a predetermined signal level, and performs the signal
processing for the phase adding processing for each recep-
tion channel. Then, the reception circuit outputs a reception
signal after the process to the control device 10.

[0130] The polarization voltage outputting unit 63 outputs
the polarization voltage for performing the polarization
process of the transmitting piezoelectric film 413B and the
receiving piezoelectric film 414A.

[0131] In order to maintain the transmission/reception
efficiency of the transmission transducer 421 and the recep-
tion transducer 431, it is necessary to apply an electric field
of 200 kV/cm or higher so as to initialize a polarizing
direction for both of the transmitting piezoelectric film 413B
and the receiving piezoelectric film 414A before the trans-
mission/reception process of the ultrasonic waves is per-
formed (or every certain cycle). In the electric field of lower
than 200 kV/cm, the initialization of the polarizing direction
of the piezoelectric films is insufliciently performed and the
transmission/reception efficiency is reduced.

[0132] In addition, as described above, the receiving
piezoelectric film 414 A has a higher withstand voltage than
that of the transmitting piezoelectric film 413B, and the
dielectric breakdown is unlikely to occur. In addition, in the
reception piezoelectric element 414, the distance between
the first electrode 414B and the second electrode 414C is, for
example, 5 um, and the polarization voltage (reception
polarization voltage VB) for performing appropriate polar-
ization process increases. However, in the transmission
piezoelectric element 413, the distance between the lower
electrode 413A and the upper electrode 413C is the film
thickness dimension t, of the transmitting piezoelectric film
413B. Therefore, the polarization voltage (transmission
polarization voltage VA) for performing appropriate polar-
ization process regardless of the occurrence of the dielectric
breakdown is sufficiently smaller than that of the reception
polarization voltage VB. In other words, in the embodiment,
the polarization voltage outputting unit 63 applies the trans-
mission polarization voltage VA and the reception polariza-
tion voltage VB having a relationship of VA<VB to the
transmitting piezoelectric film 413B and the receiving piezo-
electric film 414A.

[0133] The transmission selecting circuit 64 performs
switching, based on the control by the control device 10,
between ultrasonic transmitting connection of connecting
the ultrasonic transmitters 42 (first signal terminal SA) and
the transmission circuit 61 and transmission polarizing con-
nection of connecting the ultrasonic transmitters 42 (first
signal terminal SA) and the polarization voltage outputting
unit 63.

[0134] The reception selecting circuit 65 performs switch-
ing, based on the control by the control device 10, between
ultrasonic receiving connection of connecting the ultrasonic
receiver 43 (second signal terminal SB) and the reception
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circuit 62 and reception polarizing connection of connecting
the ultrasonic receiver 43 (second signal terminal SB) and
the polarization voltage outputting unit 63.

Configuration of Control Device

[0135] As illustrated in FIG. 2, the control device 10 is
configured to include an operating unit 11, a display unit 12,
a storage unit 13, and a controller 14. For example, the
control device 10 may use a terminal device such as a tablet
terminal, a smartphone, or a personal computer, and may be
a dedicated terminal device for operating the ultrasonic
probe 2.

[0136] The operating unit 11 is a user interface (UI)
through which a user operates the ultrasonic measuring
device 1, and can be formed of a touch panel, an operating
button, a keyboard, a mouse, or the like which are provided
on the display unit 12.

[0137] The display unit 12 is configured of a liquid crystal
display or the like, and displays an image.

[0138] The storage unit 13 stores various types of pro-
grams and various types of data for controlling the ultrasonic
measuring device 1.

[0139] The controller 14 is configured to have an arith-
metic circuit such as a central processing unit (CPU), a
processing circuit that performs various types of processes
which will be described below, and the storage circuit such
as a memory. The controller 14 performs reading of the
various types of programs stored in the storage unit 13,
thereby functioning as a transmission/reception control unit
141, a signal processing unit 142, and a polarization control
unit 143.

[0140] When an operation signal indicating the perform-
ing of the ultrasonic measurement is input from the operat-
ing unit 11, the transmission/reception control unit 141
causes the transmission selecting circuit 64 to perform
switching to the ultrasonic transmitting connection and
causes the reception selecting circuit 65 to perform switch-
ing to the ultrasonic receiving connection. The transmission/
reception control unit 141 outputs the drive voltage from the
transmission circuit 61 and transmits the ultrasonic waves
from the transmission transducers 421. In addition, the
transmission/reception control unit 141 acquires the
received signal output from the reception circuit 62.

[0141] The signal processing unit 142 performs a prede-
termined process based on the received signal acquired from
the reception circuit 62. For example, the signal processing
unit 142 generates an internal tomographic image of the
living body based on the received signal, and outputs the
image to the display unit 12 or performs a measurement
process of bloodstream or blood pressure.

[0142] For example, the polarization control unit 143
causes the transmission selecting circuit 64 to perform
switching to the transmission polarizing connection at a
predetermined timing and causes the reception selecting
circuit 65 to perform switching to the reception polarizing
connection. Examples of the timing include when a power
source of the ultrasonic measuring device 1 is switched from
an off state to an on state or immediately before the
measurement processing is performed by the transmission/
reception control unit 141, every certain period, or the like.
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Operational Effect of Embodiment

[0143] The ultrasonic device 4 of the embodiment
includes the transmission transducer 421 and the reception
transducer 431. The transmission transducer 421 is config-
ured to have the support film 412 (first vibration portion
412A) that covers the first opening 411A of the element
substrate 411 and the transmission piezoelectric element 413
provided on the first vibration portion 412A. The transmis-
sion piezoelectric element 413 includes the transmitting
piezoelectric film 413B sandwiched between the lower
electrode 413A and the upper electrode 413C in the thick-
ness direction. In addition, the reception transducer 431 is
configured to have the support film 412 (second vibration
portion 412B) that covers the second opening 411B of the
element substrate 411 and the reception piezoelectric ele-
ment 414 provided on the second vibration portion 412B.
The reception piezoelectric element 414 has a configuration
in which the receiving piezoelectric film 414A provided on
the second vibration portion 412B is sandwiched between
the first electrode 414B and the second electrode 414C in an
intersecting direction (in the embodiment, the X direction
orthogonal to the thickness direction) intersecting with the
thickness direction. In the embodiment, the film thickness
dimension t; of the receiving piezoelectric film 414A is
formed to be smaller than the film thickness dimension t, of
the transmitting piezoelectric film 413B.

[0144] In a case where the ultrasonic waves are transmit-
ted by using the transmission transducer 421, and the
predetermined drive voltage is applied between the elec-
trodes, it is necessary to increase a displacement amount of
the piezoelectric film, and the displacement amount is
inversely proportional to the distance between the electrodes
in a qualitative manner. In the embodiment, the distance
between the lower electrode 413A and the upper electrode
413C is the film thickness dimension t, of the transmitting
piezoelectric film 413B, and thus it is possible to sufficiently
increase the transmitting sensitivity.

[0145] In addition, in a case where the ultrasonic waves
are received in the reception transducer 431, it is necessary
to acquire a large signal from the slight displacement of the
second vibration portion 412B, and the signal value is
qualitatively proportional to the distance between elec-
trodes. In the embodiment, the distance between the elec-
trodes of the first electrode 414B and the second electrode
414C has a value that is sufficiently larger than the film
thickness dimension t; of the receiving piezoelectric film
414A, and thus it is possible to sufficiently increase the
receiving sensitivity.

[0146] Accordingly, compared to a case where the trans-
mission and the reception of the ultrasonic waves are
performed by one ultrasonic transducer or a case of using the
piezoelectric films having the same film thickness dimension
in the transmission transducer and the reception transducer,
it 1s possible for the transmission transducer 421 to have
high transmission efficiency of the ultrasonic waves and it is
possible for the reception transducer 431 to have high
reception efficiency of the ultrasonic waves.

[0147] In addition to this, the contour lines of the figures
of merit in FIGS. 12 to 15 have a shape in which the contour
lines approach the vertical axis in parallel. In other words,
when t is small, the figure of merit is higher, compared to
a case where t, is small. In this manner, a relationship of
ty<t, is satisfied, and thereby it is possible to effectively
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increase the figure of merit, that is, it is possible to remark-
ably improve the transmission/reception efficiency of the
ultrasonic device 4.

[0148] In addition, in the embodiment, the film thickness
dimension t, of the transmitting piezoelectric film 413B is
preferably 300 nm to 1800 nm, and more preferably 500 nm
to 1800 nm. In addition, the film thickness dimension t; of
the receiving piezoelectric film 414A is 80 nm or larger.
[0149] In such a configuration, while the dielectric break-
down of the transmitting piezoelectric film 413B and the
receiving piezoelectric film 414 A is reduced, it is possible to
obtain the ultrasonic device 4 having high transmission/
reception efficiency.

[0150] In the embodiment, the natural frequency of the
transmission transducer 421 is set to be larger by 0.2 MHz
to 0.8 MHz (more preferably, 0.5 MHz) than the natural
frequency f, of the transmission transducer 421 and the
natural frequency f5 of the reception transducer 431.
[0151] When the transmission transducer 421 and the
reception transducer 431 have the equal natural frequency as
each other, and the ultrasonic waves are transmitted from the
transmission transducer 421, the reception transducer 431
resonates, and the output voltage containing the noise com-
ponent is output and has an influence on the reception
accuracy of the ultrasonic sounds. In the embodiment, since
the natural frequencies of the transmission transducer 421
and the reception transducer 431 are different from each
other, it is possible to reduce the noise due to such a
resonance, and it is possible to improve the reception
accuracy.

[0152] Here, in a case where f,~{;<0.2 MHz, it is not
possible to sufficiently control the resonance of the reception
transducer 431 during the transmission of the ultrasonic
waves, and thus the reception accuracy is reduced. In
addition, in a case where f,-fz>0.8 MHz, a difference
between the frequency of the ultrasonic waves transmitted
from the transmission transducer 421 and the frequency of
the ultrasonic waves that is suitable to be received by the
reception transducer 431 increases, and thus the reception
accuracy is reduced in the reception transducer. In this
respect, in the range described above, while mixture of the
noise component into the output voltage, which is output
from the reception transducer 431, is reduced, it is possible
for the reception transducer 431 to receive reflected waves
of the ultrasonic waves transmitted from the transmission
transducer 421 with high receiving sensitivity, and improve-
ment in the transmission/reception efficiency of the ultra-
sonic waves is achieved in the ultrasonic device 4.

[0153] In addition, in the embodiment, the natural fre-
quency fy; of the reception transducer 431 is set to be smaller
than the natural frequency f, of the transmission transducer
421. In this case, since the opening width L; of the second
opening 411B in the reception transducer 431 increases, the
second vibration portion 412B is easily bent, and the
improvement in the receiving sensitivity is achieved in the
reception transducer 431.

[0154] In the embodiment, the circuit board 6 is provided
with the polarization voltage outputting unit 63, and the
polarization voltage outputting unit 63 applies the transmis-
sion polarization voltage VA to the transmitting piezoelectric
film 413B and performs the polarization process before the
transmission/reception process of the ultrasonic waves is
performed in the ultrasonic device 4, and the polarization
voltage outputting unit applies the reception polarization
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voltage VB larger than the transmission polarization voltage
VA to the receiving piezoelectric film 414A and performs the
polarization process. When the reception polarization volt-
age VB is applied to the transmitting piezoelectric film
413B, there is a concern that the dielectric breakdown will
occur in the transmitting piezoelectric film 413B due to a
very large voltage. When the transmission polarization volt-
age VA is applied to the receiving piezoelectric film 414A,
it is not possible for the sufficient polarization process to be
performed, and the receiving sensitivity is considered to be
reduced. However, in the embodiment, it is possible to apply
the optimal polarization voltage to each of the transmitting
piezoelectric film 413B and the receiving piezoelectric film
414A, and it is possible to maintain high transmission/
reception efficiency of the transmission transducer 421 and
the reception transducer 431.

[0155] As described above, in the embodiment, since the
transmission/reception efficiency is high in the ultrasonic
device 4, it is possible to appropriately perform the trans-
mission/reception process of the ultrasonic waves even in a
case where the ultrasonic measurement into the living body
is performed by using the ultrasonic probe 2. In addition, the
control device 10 is capable of performing highly accurate
measurement process (for example, generation of the inter-
nal tomographic image, measurement of bloodstream or
blood pressure, or the like), based on the results from the
ultrasonic measurement obtained by the corresponding
ultrasonic device 4.

Modification Example

[0156] Note that, the invention is not limited to the
embodiments described above, and the invention also
includes a configuration obtained through modification,
improvement, and an appropriate combination of the
embodiments in a range in which it is possible to achieve the
object of the invention.

[0157] In the embodiments described above, in order to
obtain the natural frequency f of the reception transducer
431 which is smaller than the natural frequency f, of the
transmission transducer 421, an example of having a large
opening width of the second opening 411B is described.
However, the film thickness dimension of the receiving
piezoelectric film 414A may be small, or the film thickness
dimension of the receiving piezoelectric film 414A may be
small while the second opening 411B has the large opening
width. As described above, the receiving piezoelectric film
414A has a higher withstand voltage than that of the trans-
mitting piezoelectric film 413B, and the dielectric break-
down is unlikely to occur. Accordingly, as described above,
even in a case where the film thickness dimension of the
receiving piezoelectric film 414A is small, there is no
increase in a risk of occurrence of the dielectric breakdown,
and thus it is possible to realize high transmission/reception
efficiency.

[0158] Further, in the embodiments and modification
example described above, the natural frequency fj of the
reception transducer 431 is smaller than the natural fre-
quency f, of the transmission transducer 421, and thereby
the reduction in the receiving sensitivity is reduced due to
the resonance; however, the invention is not limited thereto.
For example, the natural frequency f, of the transmission
transducer 421 may be smaller than the natural frequency f5
of the reception transducer 431. In the reception transducer
431 of the embodiment, it is possible to realize the high
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receiving sensitivity, compared to a configuration in the
related art, in which the receiving piezoelectric film is
sandwiched between the two electrodes in the thickness
direction. Hence, in the embodiment, the opening width of
the second opening 411B is large, or the film thickness
dimension of the transmitting piezoelectric film 413B is
small, and thereby the transmitting sensitivity may be
improved.

[0159] Further, the embodiments and modification
examples employ an example in which the natural frequency
f; of the reception transducer 431 or the natural frequency f,
of the transmission transducer 421 are reduced to be lower
than the natural frequency (for example, 8 MHz) as a target
frequency; however, the natural frequencies may be
designed to be higher than the natural frequency as the
target.

[0160] In addition, the difference between the natural
frequency f, of the transmission transducer 421 and the
natural frequency f of the reception transducer 431 is 0.2
MHz to 0.8 MHz; however, the difference is not limited
thereto. For example, in a case where so-called harmonic
processing of receiving a high frequency from a measure-
ment target by the reception transducer 431 is performed or
the like, the natural frequency fy; of the reception transducer
431 may be set, depending on a frequency (integer multiple
of {,) of high frequency.

[0161] Further, an example in which the natural frequency
f, of the transmission transducer 421 and the natural fre-
quency f; of the reception transducer 431 have different
values from each other is employed; however, the invention
is not limited thereto, and the same natural frequency may
be used.

[0162] For example, in the embodiment, the ultrasonic
transmitter 42 and the ultrasonic receiver 43 are alternately
disposed in the X direction; however, on the element sub-
strate 41, the transmission region that is provided with only
ultrasonic transmitters 42 may be separately provided from
the reception region that is provided with only the ultrasonic
receivers 43. In this case, a damping member that absorbs
vibration is provided between the transmission region and
the reception region. In addition, a transmission substrate,
on which only the ultrasonic transmitters 42 are provided,
and a reception substrate, on which only the ultrasonic
receivers are provided, may be separately provided. In such
a configuration, transmission of vibration from the trans-
mission region (transmission substrate) to the reception
region (reception substrate) is reduced, and it is possible to
reduce noise by resonance.

[0163] The embodiment employs an example in which the
first opening 411A and the second opening 411B are con-
figured to have a rectangular shape when viewed in the
thickness direction of the element substrate 411; however,
the shape is not limited thereto. For example, a circular
shape may be formed, or another polygonal shape may be
formed.

[0164] The embodiment employs an example in which the
reception transducer 431 includes the first electrode 414B
and the second electrode 414C provided on the top surface
(opposite side to the support film 412) of the receiving
piezoelectric film 414A on the support film 412; however,
the invention is not limited thereto.

[0165] FIGS. 17 and 18 are sectional views illustrating
another example of the reception transducer.
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[0166] As illustrated in FIG. 17, the reception transducer
431 may be configured to have the first electrode 414B and
the second electrode 414C provided on the support film 412
and to have the receiving piezoelectric film 414A stacked on
the first electrode 414B and the second electrode 414C. In
other words, a configuration in which the first electrode
414B and the second electrode 414C are disposed between
the receiving piezoelectric film 414A and the support film
412 may be employed.

[0167] In addition, as illustrated in FIG. 18, the reception
transducer 431 may be configured to have the first electrode
414B and the second electrode 414C which are embedded
inside the receiving piezoelectric film 414A.

[0168] In such configurations, since an air layer is not
interposed between the first electrode 414B and the second
electrode 414C, it is possible to effectively reduce the
occurrence of the dielectric breakdown.

[0169] In addition, in the embodiments and the examples
in FIGS. 17 and 18, the first electrode 414B and the second
electrode 414C are disposed in the X direction orthogonal to
the thickness direction (7 direction); however, the first
electrode 414B and the second electrode 414C may be
disposed in the Y direction, or the first electrode 414B and
the second electrode 414C may be disposed in a direction
inclined with respect to the X direction and the Y direction.
[0170] In addition, the direction, in which the electrodes
are disposed, is not limited to a direction orthogonal to the
7 direction. A distance of the first electrode 414B from the
support film 412 may be different from a distance of the
second electrode 414C from the support film 412. For
example, a configuration, in which any one of the first
electrode 414B and the second electrode 414C is provided at
a boundary position between the support film 412 and the
receiving piezoelectric film 414A, and the other electrode is
embedded in the receiving piezoelectric film 414A, may be
employed.

[0171] The embodiment described above employs an
example in which the ultrasonic device 4 is provided with
the reinforcing plate on the side of the support film 412
opposite to the element substrate 411, the ultrasonic waves
are transmitted to the opposite side to the first opening 411A
side, and the ultrasonic waves are received from an opposite
side to the second opening 411B; however, the invention is
not limited thereto. For example, a configuration in which
the reinforcing plate is bonded to the element substrate 411
on the support film 412 side via resin may be employed. In
this case, the transmission transducer 421 transmits the
ultrasonic waves to the first opening 411A side and the
reception transducer 431 receives the ultrasonic waves inci-
dent to the second opening 411B side.

[0172] In the embodiment described above, the ultrasonic
measuring device that measures a part of the living body as
a measurement target is described as an example; however,
the invention is not limited thereto. For example, the inven-
tion can be applied to an ultrasonic measuring device that
detects a defect of a structure, with various type of structures
as the measurement target, and checks for aging. In addition,
the invention can also be applied to an ultrasonic measuring
device that detects a defect of a measurement target, with a
semiconductor package, a wafer, or the like as the measure-
ment target. In particular, in the invention, since the recep-
tion transducer 431 has very high receiving sensitivity, it is
possible to receive the ultrasonic waves with high sensitivity
even in a case where ultrasonic attenuation is large from the
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measurement target. Accordingly, it is possible to perform
the ultrasonic measurement with high transmission/recep-
tion efliciency regardless of the measurement target by using
the ultrasonic device 4 that has the opening widths of the
first opening 411 A and the second opening 411B and the film
thickness dimensions of the transmitting piezoelectric film
413B and the receiving piezoelectric film 414A depending
on the frequency of the ultrasonic waves from the measure-
ment target. In addition, in a case where the first opening
411A or the second opening 411B are formed to be larger
depending on the frequency of the ultrasonic waves from the
measurement target, the film thickness dimension of the
transmitting piezoelectric film may be 1800 nm or smaller.
[0173] In the embodiment described above, it is preferable
that the film thickness dimension of the transmitting piezo-
electric film 413B is 300 nm or larger, and the film thickness
dimension of the receiving piezoelectric film 414A is 80 nm
or larger; however, the invention is not limited thereto. In
other words, in a case where a piezoelectric material other
than PZT is used as the material of the transmitting piezo-
electric film 413B or the receiving piezoelectric film 414A,
it is possible to define the minimum film thickness dimen-
sion depending on the pressure resistance of the materials.
[0174] In addition, the specific structure of the embodi-
ment of the invention may be configured by combining the
embodiments and modification examples in a range in which
it is possible to achieve the object of the invention, and may
be appropriately modified to have another structure.

[0175] The entire disclosure of Japanese Patent Applica-
tion No. 2016-163344 filed Aug. 24, 2016 is expressly
incorporated by reference herein.

What is claimed is:

1. An ultrasonic device comprising:

a substrate provided with a first opening and a second
opening;

a support film that is provided on the substrate and closes
the first opening and the second opening;

a transmitting piezoelectric film that is provided on the
support film at a position which overlaps the first
opening when viewed in a thickness direction of the
substrate, and is sandwiched between a pair of elec-
trodes in the thickness direction of the substrate; and

a receiving piezoelectric film that is provided on the
support film at a position which overlaps the second
opening when viewed in the thickness direction of the
substrate, and is sandwiched between a pair of elec-
trodes in an intersecting direction intersecting with the
thickness direction of the substrate,

wherein a film thickness dimension of the receiving
piezoelectric film in the thickness direction of the
substrate is smaller than a film thickness dimension of
the transmitting piezoelectric film.

2. The ultrasonic device according to claim 1,

wherein the film thickness dimension of the transmitting
piezoelectric film is 300 nm to 1800 nm, and

wherein the film thickness dimension of the receiving
piezoelectric film is 80 nm or larger.

3. The ultrasonic device according to claim 1,

wherein the support film is provided with a first vibration
portion that closes the first opening and a second
vibration portion that closes the second opening,

wherein a transmission transducer is configured to have
the first vibration portion and the transmitting piezo-
electric film,
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wherein a reception transducer is configured to have the
second vibration portion and the receiving piezoelectric
film, and

wherein a natural frequency of the transmission trans-
ducer is different from a natural frequency of the
reception transducer.

4. The ultrasonic device according to claim 3,

wherein a difference between the natural frequency of the
transmission transducer and the natural frequency of
the reception transducer is 0.2 MHz to 0.8 MHz.

5. The ultrasonic device according to claim 3,

wherein the natural frequency of the reception transducer
is lower than the natural frequency of the transmission
transducet.

6. An ultrasonic module comprising;

an ultrasonic device that includes a substrate provided
with a first opening and a second opening, a support
film that is provided on the substrate and closes the first
opening and the second opening, a transmitting piezo-
electric film that is provided on the support film at a
position which overlaps the first opening when viewed
in a thickness direction of the substrate and that is
sandwiched between a pair of electrodes in the thick-
ness direction of the substrate, and a receiving piezo-
electric film that is provided on the support film at a
position which overlaps the second opening when
viewed in the thickness direction of the substrate and
that is sandwiched between a pair of electrodes in an

14
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intersecting direction intersecting with the thickness
direction of the substrate; and

a housing that accommodates the ultrasonic device,

wherein a film thickness dimension of the receiving
piezoelectric film in the thickness direction of the
substrate is smaller than a film thickness dimension of
the transmitting piezoelectric film.

7. An ultrasonic measuring device comprising:

an ultrasonic device that includes a substrate provided
with a first opening and a second opening, a transmit-
ting piezoelectric film that is provided on the support
film at a position which overlaps the first opening when
viewed in a thickness direction of the substrate and that
is sandwiched between a pair of electrodes in the
thickness direction of the substrate, and a receiving
piezoelectric film that is provided on the support film at
a position which overlaps the second opening when
viewed in the thickness direction of the substrate and
that is sandwiched between a pair of electrodes in an
intersecting direction intersecting with the thickness
direction of the substrate; and

a controller that controls the ultrasonic device,

wherein a film thickness dimension of the receiving
piezoelectric film in the thickness direction of the
substrate is smaller than a film thickness dimension of
the transmitting piezoelectric film.
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