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(57) ABSTRACT

An ultrasonic device includes a plurality of ultrasonic ele-
ment arrays each of which is provided with a plurality of
ultrasonic elements arranged in a first direction, in which the
plurality of ultrasonic element arrays are disposed at posi-
tions which do not interfere with each other in the first
direction, and are disposed at positions which are deviated
relative to each other in a second direction intersecting the
first direction.
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ULTRASONIC DEVICE, ULTRASONIC
MEASUREMENT APPARATUS, AND
ULTRASONIC IMAGE DISPLAY

BACKGROUND

1. Technical Field

[0001] The present invention relates to an ultrasonic
device, an ultrasonic measurement apparatus, and an ultra-
sonic image display.

2. Related Art

[0002] In the related art, there are an ultrasonic probe
including a one-dimensional array vibrator (one-dimen-
sional array) in which a plurality of vibrating elements
(ultrasonic elements) transmitting and receiving ultrasonic
waves are disposed in one direction, and an ultrasonic
diagnosis apparats (ultrasonic measurement apparatus)
including the ultrasonic probe (for example, refer to JP-A-
2012-105751).

[0003] The ultrasonic measurement apparatus disclosed in
JP-A-2012-105751 includes a convex type or a sector type
ultrasonic element array radially transmitting ultrasonic
waves from each ultrasonic element in a predetermined
scanning plane, or a linear type ultrasonic element array
linearly transmitting ultrasonic waves from each ultrasonic
element. The ultrasonic measurement apparatus configured
in the above-described way can acquire a tomographic
image of a measurement target in the scanning plane.

[0004] Meanwhile, when ultrasonic measurement is per-
formed by using an ultrasonic probe including a one-
dimensional array, ultrasonic tomographic images corre-
sponding to a plurality of measurement positions can be
acquired by inclining the ultrasonic probe or moving the
ultrasonic probe along a normal direction to a scanning
plane.

[0005] However, it is not easy to perform ultrasonic mea-
surement with high accuracy while reducing a distance
between measurement positions.

[0006] For example, in a mechanical ultrasonic measure-
ment apparatus which includes a driving mechanism moving
an ultrasonic probe along a normal direction to a scanning
plane or changing an inclination of the scanning plane of the
ultrasonic probe, and is configured to be able to change a
measurement position, there is concern that the apparatus
may be complex and become large in size. In such a
mechanical ultrasonic measurement apparatus, there is con-
cern that the scanning accuracy may be reduced due to
vibration or the like emitted from the driving mechanism.

[0007] On the other hand, a position of the scanning plane
or an inclination of the scanning plane may be manually
changed. However, in this case, there is concern that the
scanning accuracy may be reduced due to vibration in the
same manner as in the mechanical ultrasonic measurement
apparatus. Since a manual operation is performed, it is not
easy to quantitatively specify a position of the scanning
plane, that is, a measurement position.

[0008] There may be a configuration in which a plurality
of ultrasonic arrays are disposed in a normal direction to the
scanning plane. In this case, however, a distance between
scanning planes, that is, an interval between measurement
positions is restricted depending on an outer dimension of
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the ultrasonic array in the normal direction, and thus there is
a limitation in reducing a measurement position interval.

SUMMARY

[0009] An advantage of some aspects of the invention is to
provide an ultrasonic device, an ultrasonic measurement
apparatus, and an ultrasonic image display, capable of
performing highly accurate ultrasonic measurement while
reducing a measurement position interval.

[0010] An ultrasonic device according to an application
example includes a plurality of ultrasonic element arrays
each of which is provided with a plurality of ultrasonic
elements arranged in a first direction, in which the plurality
of ultrasonic element arrays are disposed at positions which
do not interfere with each other in the first direction, and are
disposed at positions which are deviated relative to each
other in a second direction intersecting the first direction.
[0011] In the plurality of ultrasonic element arrays in this
application example, ultrasonic elements are arranged in the
first direction. The plurality of ultrasonic element arrays are
disposed at positions which do not interfere with each other
in the first direction. In other words, a certain ultrasonic
element array and another ultrasonic element array adjacent
to the ultrasonic element array in the first direction are
disposed to be adjacent to or separate from each other in the
first direction (positions in the first direction do not overlap
each other). The plurality of respective ultrasonic element
arrays are disposed at positions which are deviated relative
to each other in the second direction.

[0012] Here, the ultrasonic element array is configured as,
for example, a so-called one-dimensional array which trans-
mits and receives ultrasonic waves along a scanning plane
including a central line which passes through the center of
the ultrasonic element array in the second direction and is
parallel to the first direction. Since the ultrasonic element
array also has a predetermined width dimension in the
second direction intersecting the scanning plane, in a case
where the ultrasonic element arrays are disposed at the same
position in the first direction and are arranged in the second
direction, an interval between the scanning planes of the
respective ultrasonic element arrays are not smaller than a
width dimension of the ultrasonic element array, and thus a
measurement position interval in the second direction is
increased. In contrast, in the application example, since the
ultrasonic element arrays are disposed at positions which do
not overlap each other in the first direction, the ultrasonic
element arrays adjacent to each other in the second direction
intersecting the scanning plane can be disposed at any
positions. Therefore, a distance between the scanning planes
in the second direction, that is, a measurement position
interval can be set regardless of an outer dimension of the
ultrasonic element array in the second direction, and can
thus be made smaller than the outer dimension of the
ultrasonic element array.

[0013] Since the ultrasonic element arrays are disposed in
advance with a predetermined positional relationship, com-
pared with a case in which the ultrasonic element array is
moved ore rotated using a driving mechanism as described
above, there is no influence of vibration or the like of the
driving mechanism, and highly accurate ultrasonic measure-
ment can be performed. Compared with a case of the manual
operation, similarly, there is no influence of vibration or the
like, and a distance to a measurement position can be more
accurately specified.
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[0014] As mentioned above, according to the application
example, it is possible to provide an ultrasonic device which
can perform highly accurate ultrasonic measurement while
reducing a measurement position interval.

[0015] In the ultrasonic device according to the applica-
tion example, it is preferable that a deviation amount in the
second direction in ultrasonic element arrays adjacent to
each other in the first direction among the plurality of
ultrasonic element arrays is smaller than a width in the
second direction of each of the ultrasonic element arrays
adjacent to each other.

[0016] In the application example with this configuration,
a deviation amount (for example, a deviation amount of the
central line) in the second direction in ultrasonic element
arrays adjacent to each other in the first direction among the
plurality of ultrasonic element arrays is smaller than a width
of each of the ultrasonic element arrays adjacent to each
other. In other words, a certain ultrasonic element array and
another ultrasonic element array adjacent to the ultrasonic
element array in the first direction are disposed to partially
overlap each other in the second direction. In this configu-
ration, a distance between the scanning planes in the second
direction, that is, a measurement position interval can be
made smaller than an outer dimension of the ultrasonic
element array in the second direction.

[0017] In the ultrasonic device according to the applica-
tion example, it is preferable that each of the ultrasonic
element arrays has a measurement region based on a set
transmission angle range of an ultrasonic wave in a plane
including the first direction, and the measurement regions
corresponding to the plurality of ultrasonic element arrays
have an overlapping region in which at least some of the
measurement regions overlap each other in a plan view in
the second direction.

[0018] Here, a transmission angle range in the ultrasonic
element array can be set in advance according to measure-
ment accuracy, an ultrasonic wave array structure, or the
like.

[0019] In the application example with this configuration,
the ultrasonic element array has a measurement region based
on a preset transmission angle range. An overlapping region
of measurement regions of the ultrasonic element arrays is
disposed in the second direction. Therefore, it is possible to
perform ultrasonic measurement at a plurality of measure-
ment positions along the second direction.

[0020] In the ultrasonic device according to the applica-
tion example, it is preferable that the transmission angle
range is within #45° with respect to a virtual line which is
orthogonal to the first direction.

[0021] In the application example with this configuration,
the transmission angle range in the ultrasonic element array
is within +45° with respect to the virtual line. Since a
transmission angle in the ultrasonic element array is set to be
within 45° as mentioned above, an ultrasonic wave trans-
mitted from the ultrasonic element array can be caused to
converge on a desired position, and an ultrasonic wave
reflected from a measurement target can be appropriately
received, so that highly accurate ultrasonic measurement can
be performed.

[0022] In the ultrasonic device according to the applica-
tion example, it is preferable that the ultrasonic element
arrays are arranged in two or more columns and five or less
columns in the first direction.
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[0023] 1In the application example with this configuration,
the ultrasonic element arrays are arranged in two or more
columns and five or less columns in the first direction. In
other words, two or more and five or less ultrasonic element
arrays are arranged in the first direction. For example, in a
configuration in which ultrasonic element arrays are
arranged in two columns, an ultrasonic wave transmission
angle can be secured in an equivalent manner to a case of the
related art in which one column is arranged, and thus it is
possible to reduce attenuation of an ultrasonic wave due to
an increase in a transmission angle. In a case of five
columns, it is possible to considerably reduce a measure-
ment position interval. In a case of three or more columns
and four or less columns, it is possible to reduce a measure-
ment position interval while suppressing attenuation due to
a transmission angle.

[0024] 1In the ultrasonic device according to the applica-
tion example, it is preferable that in a case where a length
dimension of the ultrasonic element array in the second
direction is indicated by x, and an arrangement interval
length of the plurality of ultrasonic element arrays in the
second direction is indicated by Px, the ultrasonic element
arrays included in n columns arranged in the first direction
among the plurality of ultrasonic elements are disposed at
positions satisfying (n-1)xPx=<x.

[0025] In the application example with this configuration,
the ultrasonic device is configured so that the length dimen-
sion x of the ultrasonic element array in the second direction,
the arrangement interval length Px in the second direction,
and the arrangement number n of ultrasonic element arrays
satisfy the relationship. Consequently, it is possible to per-
form ultrasonic measurement at n measurement positions
within a range of the length dimension X in the second
direction.

[0026] An ultrasonic measurement apparatus according to
an application example includes any one of the ultrasonic
devices of the application examples; and a control unit that
controls the ultrasonic device.

[0027] The ultrasonic measurement apparatus of this
application example includes any one of the ultrasonic
devices of the application examples and the control unit
controlling the ultrasonic device. In this configuration, it is
possible to provide the ultrasonic measurement apparatus
which can perform highly accurate ultrasonic measurement
while reducing a measurement position interval in the same
manner as in the application examples related to the ultra-
sonic devices.

[0028] In the ultrasonic measurement apparatus according
to the application example, it is preferable that the control
unit includes an angle setting portion that sets an ultrasonic
wave transmission angle in the ultrasonic element array in a
plane including the first direction.

[0029] In the application example with this configuration,
the control unit includes the angle setting portion that sets an
ultrasonic wave transmission angle in the ultrasonic element
array. An ultrasonic wave transmission angle can be changed
by the angle setting portion, and thus it is possible to change
a position of a measurement region according to the ultra-
sonic wave transmission angle. For example, an ultrasonic
wave transmission angle in each ultrasonic element array
can be set so that a measurement target is disposed in a
measurement region of the ultrasonic element array.
[0030] In the ultrasonic measurement apparatus according
to the application example, it is preferable that the angle
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setting portion sets the transmission angle on the basis of a
distance between a measurement position and the ultrasonic
element array in a virtual line which is orthogonal to the first
direction.

[0031] In the application example with this configuration,
the angle setting portion sets a transmission angle on the
basis of a distance between a measurement position and the
ultrasonic element array. For example, in a case where a
distance to a measurement position is short, a transmission
angle in the ultrasonic element array is increased, and, in a
case where the distance is long, a transmission angle is
reduced. Therefore, it is possible to appropriately set a
measurement region in each ultrasonic element array
according to the distance. Consequently, even in a case
where a distance between the ultrasonic element array and a
measurement target is changed, a measurement position can
be set to a position of a measurement target, and thus it is
possible to appropriately perform ultrasonic measurement.
[0032] An ultrasonic image display according to an appli-
cation example includes any one of the ultrasonic measure-
ment apparatuses of the application examples; and an image
display device.

[0033] In this application example, the ultrasonic image
display includes any one of the ultrasonic measurement
apparatuses of the application examples, and an image
display device. In this configuration, it is possible to perform
highly accurate ultrasonic measurement while reducing a
measurement position interval, and thus to display an ultra-
sonic image based on a measurement result, in the same
manner as in the application examples related to the ultra-
sonic devices. Therefore, it is possible to display a highly
accurate ultrasonic image acquired with a narrow interval,
and thus to improve visibility to an observer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0035] FIG. 1 is a perspective view illustrating a sche-
matic configuration of an ultrasonic measurement apparatus
according to a first embodiment.

[0036] FIG. 2 is a block diagram illustrating a schematic
configuration of the ultrasonic measurement apparatus
according to the first embodiment.

[0037] FIG. 3 is a plan view illustrating a schematic
configuration of an element board of an ultrasonic device in
the first embodiment.

[0038] FIG. 4 is a sectional view of the ultrasonic device
taken along the line A-A in FIG. 3.

[0039] FIG. 5 is a plan view schematically illustrating
arrangement of an ultrasonic element array according to the
first embodiment.

[0040] FIG. 6 is a side view schematically illustrating
arrangement of the ultrasonic element array according to the
first embodiment.

[0041] FIG. 7 is a flowchart illustrating an example of an
ultrasonic measurement process according to the first
embodiment.

[0042] FIG. 8 is a diagram schematically illustrating the
ultrasonic element array according to the first embodiment.
[0043] FIG. 9 is a diagram schematically illustrating the
ultrasonic element array according to the first embodiment.
[0044] FIG. 10 is a diagram schematically illustrating an
ultrasonic element array according to a second embodiment.
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[0045] FIG. 11 is a plan view schematically illustrating an
ultrasonic element array according to a third embodiment.
[0046] FIG. 12 is a diagram schematically illustrating the
ultrasonic element array according to the third embodiment.
[0047] FIG. 13 is a plan view schematically illustrating an
ultrasonic element array according to a modification
example.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

[0048] Hereinafter, an ultrasonic measurement apparatus
according to a first embodiment will be described with
reference to the drawings.

Configuration of Ultrasonic Measurement Apparatus

[0049] FIG. 1 is a perspective view illustrating a sche-
matic configuration of an ultrasonic measurement apparatus
1 according to the present embodiment. FIG. 2 is a block
diagram illustrating a schematic configuration of the ultra-
sonic measurement apparatus 1.

[0050] The ultrasonic measurement apparatus 1 of the
present embodiment corresponds to an ultrasonic measure-
ment apparatus and an ultrasonic image display, and, as
illustrated in FIG. 1, includes an ultrasonic probe 2 and a
control device 10 connected to the ultrasonic probe 2 via a
cable 3.

[0051] The ultrasonic measurement apparatus 1 sends
ultrasonic waves into a living body from the ultrasonic probe
2 in a state in which the ultrasonic probe 2 is brought into
contact with a surface of the living body (human body).
Ultrasonic waves reflected from an organ in the living body
are received by the ultrasonic probe 2, and, for example, an
internal tomographic image of the living body is obtained or
a state (for example, a blood flow) of an organ in the living
body is measured, on the basis of a received signal.
[0052] Configuration of Ultrasonic Probe

[0053] The ultrasonic probe 2 includes a casing 21 and an
ultrasonic sensor 22 accommodated in the casing 21. The
ultrasonic sensor 22 includes an ultrasonic device 23 pro-
vided with a plurality of ultrasonic element arrays 24
transmitting and receiving ultrasonic waves, and a circuit
board 25 (refer to FIG. 2) provided with a driver circuit and
the like controlling the ultrasonic device 23.

Configuration of Casing

[0054] As illustrated in FIG. 1, the casing 21 is formed in
a rectangular box shape in a plan view, and is provided with
a sensor window 21B on one surface (sensor surface 21A)
which is orthogonal to a thickness direction, and a part of the
ultrasonic device 23 is exposed to the one surface. A passing
hole 21C of the cable 3 is provided at a part (a side surface
in the example illustrated in FIG. 1) of the casing 21. The
cable 3 is inserted into the casing 21 through the passing
hole 21C so as to be connected to the circuit board 25. A gap
between the cable 3 and the passing hole 21C is filled with,
for example, a resin material, and thus water resistance is
ensured.

[0055] In the present embodiment, a configuration
example in which the ultrasonic probe 2 is connected to the
control device 10 via the cable 3 is described, but this is only
an example, and, for example, the ultrasonic probe 2 and the
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control device 10 may be connected to each other via
wireless communication, and various constituent elements
of the control device 10 may be provided in the ultrasonic
probe 2.

Configuration of Ultrasonic Device

[0056] FIG. 3 is a plan view in which an element board 41
of the ultrasonic device 23 is viewed from a sealing plate 42
side. FIG. 4 is a sectional view of the ultrasonic device 23
taken along the line A-A in FIG. 3.

[0057] The ultrasonic device 23 includes a plurality of
ultrasonic element arrays 24. The plurality of ultrasonic
element arrays 24 are disposed on the circuit board 25 with
a predetermined positional relationship. Each of the ultra-
sonic element arrays 24 is configured to be able to be driven
separately.

Configuration of Ultrasonic Element Array

[0058] As illustrated in FIG. 4, each of the ultrasonic
element array 24 is formed of an element board 41, a sealing
plate 42, an acoustic matching layer 43, and an acoustic lens
44.

[0059] The ultrasonic element array 24 includes a one-
dimensional ultrasonic array 47 in which a plurality of
ultrasonic wave transmission/reception portions 46 each of
which functions as a single transmission/reception channel
transmitting and receiving ultrasonic waves are disposed
along a Y direction (which is a scan direction and corre-
sponds to a first direction according to the invention). In the
present embodiment, the ultrasonic element array 24
includes a plurality of ultrasonic transducers (ultrasonic
elements) 45 disposed in a matrix form along an X direction
and the Y direction, and, among the ultrasonic transducers,
the plurality of ultrasonic transducers 45 disposed along the
X direction (which is a slice direction and corresponds to a
second direction according to the invention) form the ultra-
sonic wave transmission/reception portion 46 which func-
tions as a single transmission/reception channel. The ultra-
sonic wave transmission/reception portions 46 can be driven
separately, and transmit ultrasonic waves toward a +Z side.
Since the ultrasonic wave transmission/reception portions
46 can be driven separately, the ultrasonic element array 24
can apply an ultrasonic wave beam along a virtual plane
(hereinafter, also referred to as a scanning plane SC) passing
through the center of the one-dimensional ultrasonic array
47 in the X direction in parallel to a YZ plane. The scanning
plane SC is a plane including a central line which passes
through the center of the ultrasonic element array 24 (the
one-dimensional ultrasonic array 47 in the present embodi-
ment) in the X direction and is parallel to the Y direction.
[0060] Hereinafter, a description will be made of a con-
figuration of the ultrasonic element array 24.

Configuration of Flement Board

[0061] As illustrated in FIG. 4, the element board 41
includes a board main body portion 411, a vibration film 412
provided on the sealing plate 42 side of the board main body
portion 411, and a piezoelectric element 413 provided on the
vibration film 412. Here, in the following description, a
surface (first surface) of the vibration film 412 opposite to
the sealing plate 42 will be referred to as an ultrasonic wave
transmission/reception surface 412A, and a surface (second
surface) thereof on the sealing plate 42 side will be referred
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to as an operation surface 412B. In a plan view in which the
element board 41 is viewed from a board thickness direction,
a central region of the element board 41 is an array region
Arl, and the plurality of ultrasonic transducers 45 are
disposed in a matrix form.

[0062] The board main body portion 411 is a board
supporting the vibration film 412, and is formed of, for
example, a semiconductor substrate such as Si. An opening
411A corresponding to each of the ultrasonic transducers 45
is provided in the array region Arl of the board main body
portion 411. Each opening 411A is closed by the vibration
film 412 provided on a surface of the board main body
portion 411 on the sealing plate 42 side.

[0063] The vibration film 412 is made of, for example,
SiO, or a laminate of SiO, and ZrO,, and is provided to
entirely cover the board main body portion 411 on the
sealing plate 42 side. A thickness dimension of the vibration
film 412 is sufficiently smaller than that of the board main
body portion 411. In a case where the board main body
portion 411 is made of Si, and the vibration film 412 is made
of Si0,, for example, the board main body portion 411 is
subject to an oxidation process, and thus the vibration film
412 with a desired thickness dimension can be easily
formed. In this case, the board main body portion 411 is
subject to an etching process by using the vibration film 412
of 810, as an etching stopper, and thus it is possible to easily
form the opening 411A.

[0064] As illustrated in FIG. 4, the piezoelectric element
413 which is a laminate of a lower electrode 414, a piezo-
electric film 415, and an upper electrode 416 is provided on
the operation surface 412B of the vibration film 412 closing
each opening 411A. Here, a single ultrasonic transducer 45
1s formed of the vibration film 412 closing the opening 411 A
and the piezoelectric element 413.

[0065] In the ultrasonic transducer 45, a rectangular wave
voltage with a predetermined frequency is applied between
the lower electrode 414 and the upper electrode 416 so that
the vibration film 412 in an opening region of the opening
411A vibrates, and thus an ultrasonic wave can be sent from
the ultrasonic wave transmission/reception surface 412A
side. If the vibration film 412 vibrates due to an ultrasonic
wave which is reflected from a target object and is incident
from the ultrasonic wave transmission/reception surface
412A side, a potential difference occurs between an upper
part and a lower part of the piezoelectric film 415. Therefore,
the received ultrasonic wave can be detected by detecting
the potential difference occurring between the lower elec-
trode 414 and the upper electrode 416.

[0066] In the present embodiment, as illustrated in FIG. 3,
the plurality of ultrasonic transducers 45 are disposed along
the X direction (slice direction) and the Y direction (scan
direction) intersecting (in the present embodiment, orthogo-
nal to) the X direction in the predetermined array region Arl
of the element board 41.

[0067] The lower electrodes 414 of the ultrasonic trans-
ducers 45 arranged in the X direction are connected to each
other, so as to form a single ultrasonic wave transmission/
reception portion 46. In other words, in the ultrasonic wave
transmission/reception portion 46, the lower electrodes 414
are provided to cross the plurality of ultrasonic transducers
45 arranged along the X direction, and are formed in a linear
shape along the X direction. Each of the lower electrodes
414 is formed of a lower electrode main body 414A located
between the piezoelectric film 415 and the vibration film
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412, a lower electrode line 414B connecting adjacent lower
electrode main bodies 414A to each other, and a lower
terminal electrode line 414C extracted to each of terminal
regions Ar2 other than the array region Arl. Therefore, in the
ultrasonic transducers 45 arranged in the X direction, the
lower electrodes 414 have the same potential.

[0068] The lower terminal electrode line 414C extends to
the terminal region Ar2 other than the array region Arl so as
to form a first electrode pad 414P in the terminal region Ar2.
The first electrode pad 414P is connected to a terminal
portion provided on the wiring board.

[0069] On the other hand, as illustrated in FIG. 3, the
upper electrode 416 includes element electrode portions
416A provided to cross the plurality of ultrasonic transduc-
ers 45 along the Y direction, and a common electrode portion
4168 connecting ends of the plurality of element electrode
portions 416A to each other. Each of the element electrode
portions 416A includes an upper electrode main body 416C
laminated on the piezoelectric film 415, an upper electrode
line 416D connecting adjacent upper electrode main bodies
416C to each other, and an upper terminal electrode 416E
extending outward along the Y direction from the ultrasonic
transducers 45 which are disposed at both ends in the Y
direction.

[0070] The common electrode portion 4168 is provided at
each of a +Y side end and a -Y side end of the array region
Arl. The common electrode portion 416B on the +Y side
connects the upper terminal electrodes 416E to each other
which extend toward the +Y side from the ultrasonic trans-
ducers 45 provided at the +Y side end among the plurality
of ultrasonic transducers 45 provided along the Y direction.
The common electrode portion 4168 at the -Y side end
connects the upper terminal electrodes 416E extending
toward the —Y side to each other. Therefore, in the respective
ultrasonic transducers 45 in the array region Arl, the upper
electrodes 416 have the same potential. The pair of common
electrode portions 416B are provided along the X direction,
and ends thereof are extracted to the terminal regions Ar2
from the array region Arl. The common electrode portions
4168 form second electrode pads 416P connected to the
terminal portions of the wiring board in the terminal regions
Ar2.

[0071] In the above-described ultrasonic element array 24,
each ultrasonic wave transmission/reception portion 46 can
be driven separately, and functions as a single transmission/
reception channel. The plurality of ultrasonic wave trans-
mission/reception portions 46 are disposed along the Y
direction so as to form the one-dimensional ultrasonic array
47. The ultrasonic element array 24 can change a transmis-
sion angle of an ultrasonic wave along the scanning plane
SC since each ultrasonic wave transmission/reception por-
tion 46 is separately driven.

Configuration of Sealing Plate

[0072] A planar shape of the sealing plate 42 viewed from
the thickness direction is formed to be the same as, for
example, that of the element board 41, and is formed of a
semiconductor substrate such as Si or an insulator substrate.
A material or a thickness of the sealing plate 42 influences
frequency characteristics of the ultrasonic transducer 45, and
is thus preferably set on the basis of a center frequency of an
ultrasonic wave which is transmitted and received in the
ultrasonic transducer 45.
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[0073] The sealing plate 42 is provided with a plurality of
grooves 421 corresponding to the openings 411A of the
element board 41 in an array opposing region which opposes
the array region Ar1 of the element board 41. Consequently,
a gap with a predetermined dimension is provided between
the vibration film 412 and the element board 41 in a region
(inside the opening 411A) which is subject to vibration due
to the ultrasonic transducer 45, and thus vibration of the
vibration film 412 is not hindered. It is possible to prevent
a problem (crosstalk) that a back wave from a single
ultrasonic transducer 45 is incident to another ultrasonic
transducer 45 adjacent thereto.

[0074] If the vibration film 412 vibrates, an ultrasonic
wave as a back wave is emitted not only to the opening 411A
side (ultrasonic wave transmission/reception surface 412A
side) but also to the sealing plate 42 side (operation surface
412B side). The back wave is reflected by the sealing plate
42, and is emitted to the vibration film 412 side again via the
gap. In this case, if phases of the reflected back wave and the
ultrasonic wave emitted to the ultrasonic wave transmission/
reception surface 412A side from the vibration film 412 are
deviated relative to each other, the ultrasonic wave attenu-
ates. Therefore, in the present embodiment, a depth of each
of the grooves 421 is set so that an acoustic distance in the
gap is an odd-numbered multiple of X/4 when a wavelength
of the ultrasonic wave is indicated by X. In other words, a
thickness dimension of each portion of the element board 41
or the sealing plate 42 is set by taking into consideration the
wavelength X of an ultrasonic wave emitted from the
ultrasonic transducer 45.

[0075] The sealing plate 42 may have a configuration in
which openings (not illustrated) are provided to correspond
to the electrode pads 414P and 416P provided in the terminal
regions Ar2 at positions of the element board 41 opposing
the terminal regions Ar2. In this case, through electrodes
(through-silicon via (TSV)) which penetrate through the
sealing plate 42 in the thickness direction are provided in the
opening, and thus the electrode pads 414P and 416P are
connected to the terminal portions of the wiring board via
the through electrodes. There may be a configuration in
which flexible printed circuits (FPC), cables, or wires are
inserted into the openings so that the electrode pads 414P
and 416P are connected to the wiring board.

Configuration of Acoustic Matching Layer and Acoustic
Lens

[0076] As illustrated in FIG. 4, the acoustic matching layer
43 is provided on the element board 41 on an opposite side
to the sealing plate 42. Specifically, the acoustic matching
layer 43 fills between the element board 41 and the acoustic
lens 44, and is formed with a predetermined thickness
dimension from the surface of the board main body portion
411.

[0077] The acoustic lenses 44 are provided on the acoustic
matching layer 43, and are exposed to the outside of the
sensor window 21B of the casing 21 as illustrated in FIG. 1.
The acoustic lens 44 has a cylindrical shape as a result of a
surface thereof on the +Z side being curved along the X
direction (slice direction), and causes an ultrasonic wave
transmitted from each ultrasonic wave transmission/recep-
tion portion 46 of the ultrasonic element array 24 to con-
verge along the scanning plane SC.

[0078] The acoustic matching layer 43 or the acoustic lens
44 causes an ultrasonic wave transmitted from the ultrasonic
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transducer 45 to propagate toward a living body which is a
measurement target with high efficiency, and causes an
ultrasonic wave reflected inside the living body to propagate
toward the ultrasonic transducer 45 with high efficiency.
Thus, each the acoustic matching layer 43 and the acoustic
lens 44 is set to acoustic impedance similar to acoustic
impedance of a living body. As a material having such
acoustic impedance, for example, silicon may be used.

Arrangement of Ultrasonic Element Arrays

[0079] FIG. 5 is a plan view schematically illustrating
arrangement of the plurality of ultrasonic element arrays 24
in a case where the ultrasonic device 23 is viewed from the
-7 side.

[0080] As illustrated in FIG. 5, the ultrasonic device 23
includes the ultrasonic element arrays 24 of odd-numbered
columns (in the present embodiment, three), and the three
ultrasonic element arrays 24 are disposed in the Y direction.
Hereinafter, for description, the three ultrasonic element
arrays 24 are respectively referred to as a first ultrasonic
element array 24A, a second ultrasonic element array 24B,
and a third ultrasonic element array 24C from the -Y side.
[0081] In the present embodiment, the respective ultra-
sonic element arrays 24A, 24B and 24C are disposed at
positions which are adjacent to each other in the Y direction
(scan direction) and do not interfere with each other, and
positions which are deviated in the X direction.

[0082] In other words, when an outer dimension of each of
the ultrasonic element arrays 24A, 24B and 24C in the Y
direction is referred to as a first dimension y, an arrangement
interval length Py of each of the ultrasonic element arrays
24 A, 24B and 24C in the Y direction is the same as the first
dimension y. Here, a deviation amount of each scanning
plane SC (that is, the central line including the scanning
plane SC) in the Y direction is the arrangement interval
length Py.

[0083] When an outer dimension of each of the ultrasonic
element arrays 24A, 24B and 24C in the X direction is
referred to as a second dimension X, an arrangement interval
length Px of each of the ultrasonic element arrays 24A, 24B
and 24C in the X direction is smaller than the second
dimension x. In FIG. 5, Px is x/3. In other words, the
scanning plane SC of each of the ultrasonic element arrays
24A, 24B and 24C is disposed with the arrangement interval
length Px smaller than the second dimension x in the X
direction (slice direction). In other words, arrangement
positions of the ultrasonic element arrays 24 adjacent to each
other in the Y direction partially overlap each other in the X
direction.

[0084] The interval length Px between the scanning planes
SC in the present embodiment configured in the above-
described way is smaller than an interval (second dimension
x) between the scanning planes SC in a case where the
ultrasonic element array 24 such as a ultrasonic element
array 24X indicated by two-dot chain lines in FIG. 5 is
disposed to be adjacent along the X direction.

[0085] Here, in the ultrasonic device 23 of the present
embodiment, the second dimension X, the arrangement inter-
val length Px in the X direction, and the number n (in the
present embodiment, n=3) of ultrasonic element arrays 24
arranged in the Y direction satisfy a relationship of the
following Expression (1). In other words, in the present
embodiment, a plurality of scanning planes SC are disposed
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at a predetermined interval (arrangement interval length Px)
shorter than the second dimension x of the ultrasonic ele-
ment array 24.

(n-1)xPx=x [0Y]

Measurement Region of Ultrasonic Element Array

[0086] FIG. 6 is a side view in which the plurality of
ultrasonic element arrays 24 illustrated in FIG. 5 are viewed
from the -X side.

[0087] Inthe present embodiment, as illustrated in FIG. 6,
each of the ultrasonic element arrays 24A, 24B and 24C
applies an ultrasonic wave beam within an angle range of
+0,, (for example, 45°) with respect to a normal line N to the
one-dimensional ultrasonic array 47 under the control of the
control device 10. The normal line N is a virtual line which
is orthogonal to the X direction and the Y direction. The
angle range is a set value of an ultrasonic wave transmission
angle range when the ultrasonic element array 24 is driven
under the control of a control unit which will be described
later, and is a value which is equal to or less than the
maximum value of an angle at which the ultrasonic element
array 24 can transmit an ultrasonic wave.

[0088] Inthis case, the ultrasonic element arrays 24 A, 24B
and 24C can respectively perform ultrasonic measurement
on measurement regions F1, F2 and F3. The measurement
regions F1, F2 and F3 have a first overlapping region F4 in
which the regions overlap each other in the X direction. If
a measurement target is disposed at a position overlapping
the first overlapping region F4 in the X direction, the
ultrasonic element arrays 24A, 24B and 24C can perform
ultrasonic measurement.

[0089] As will be described later, in the present embodi-
ment, ultrasonic measurement is performed by disposing a
measurement target at a position where an ultrasonic wave
transmission angle of the second ultrasonic element array
24B is 0°. In this case, a region in which the measurement
regions F1, F2 and F3 overlap each other in the X direction
is a second overlapping region F5 illustrated in FIG. 6. In the
second overlapping region F5, an ultrasonic wave is trans-
mitted from the second ultrasonic element array 24B at a
transmission angle of 0°, that is, in the Z direction. Thus, it
is possible to improve measurement accuracy in ultrasonic
measurement using the second ultrasonic element array 24B.

[0090] Here, the minimum distance h between the first
overlapping region F4 and the second overlapping region
F5, and the ultrasonic element arrays 24 in the 7 direction
is expressed by the following Equation (2). A dimension ya
is a dimension of the one-dimensional ultrasonic array 47 in
the Y direction. The number n of arranged ultrasonic element
arrays 24 (hereinafter, also referred to as the arrangement
number n) is 2K+1 (where K is an integer of 1 or more, and
K=1 in the present embodiment). The first dimension y of
the ultrasonic element array 24, the dimension ya of the
one-dimensional ultrasonic array 47, and the transmission
angle 6, are set so that the distance h is equal to or less than
a target value hl of a measurement distance. Consequently,
a measurement target in which a measurement distance is
equal to or more than the target value hl can be disposed in
the first overlapping region F4 and the second overlapping
region F5.

h=(Ky-ya/2)xcot 0, 2)
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Configuration of Circuit Board

[0091] The circuit board 25 is provided with a driver
circuit and the like for controlling the ultrasonic transducers
45, and is bonded to the ultrasonic device 23 via, for
example, a wiring member such as a flexible printed circuit
(FPC) (not illustrated). The circuit board 25 is provided
with, as illustrated in FIG. 2, a selection circuit 251, a
transmission circuit 252, and a reception circuit 253.
[0092] The selection circuit 251 is connected to the ultra-
sonic device 23, and switches between transmission con-
nection for connecting any one of the ultrasonic element
arrays 24 to the transmission circuit 252 and reception
connection for connecting any one thereof to the reception
circuit 253 under the control of the control device 10.
[0093] The transmission circuit 252 outputs a transmission
signal for transmitting an ultrasonic wave, to any one of the
ultrasonic element arrays 24 of the ultrasonic device 23 via
the selection circuit 251 when switching to the transmission
connection occurs under the control of the control device 10.
[0094] The reception circuit 253 outputs a received signal
which is input from the ultrasonic device 23 via the selection
circuit 251 to the control device 10 when switching to the
reception connection occurs under the control of the control
device 10. The reception circuit 253 is configured to include,
for example, a low noise amplification circuit, a voltage
controlled attenuator, a programmable gain amplifier, a
low-pass filter, and an A/D converter, and performs signal
processes such as conversion of the received signal to a
digital signal, removal of a noise component, and amplifi-
cation to a desired signal level, and outputs the received
signal having undergone the processes to the control device
10.

Configuration of Control Device

[0095] As illustrated in FIG. 2, the control device 10 is
configured to include, for example, an operation unit 11, a
display unit 12, a storage unit 13, and a control unit 14. As
the control device 10, for example, a terminal device such as
atablet terminal, a smart phone, or a personal computer may
be used, and a dedicated terminal device for operating the
ultrasonic probe 2 may be used. The control device 10
corresponds to an image display device according to the
invention.

[0096] The operation unit 11 is a user interface (Ul) for a
user operating the ultrasonic measurement apparatus 1, and
may be formed of, for example, a touch panel provided on
the display unit 12, an operation button, a keyboard, or a
mouse.

[0097] The display unit 12 is formed of, for example, a
liquid crystal display, and displays an image.

[0098] The storage unit 13 stores various programs and
various pieces of data for controlling the ultrasonic mea-
surement apparatus 1.

[0099] The control unit 14 is formed of, for example, a
calculation circuit such as a central processing unit (CPU),
and a storage circuit such as a memory. The control unit 14
reads the various programs stored in the storage unit 13 and
executes the programs, so as to function as a selection
control portion 141, a transmission/reception control portion
142, an angle setting portion 143, and a display control
portion 144, and controls the ultrasonic device 23 and the
display unit 12.
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[0100] The selection control portion 141 controls the
selection circuit 251 to select a single ultrasonic element
array 24 performing transmission and reception of ultrasonic
waves from among the plurality of ultrasonic element arrays
24, and performs switching to the transmission connection
during transmission of an ultrasonic wave and switching to
the reception connection during reception of an ultrasonic
wave. If transmission and reception of ultrasonic waves in
the single ultrasonic element array 24 are completed, the
selection control portion 141 changes the ultrasonic element
array 24 performing transmission and reception of ultrasonic
waves. In the present embodiment, for example, the selec-
tion control portion 141 selects the ultrasonic element arrays
24A, 24B and 24C in this order.

[0101] The transmission/reception control portion 142
controls transmission and reception of ultrasonic waves. The
transmission/reception control portion 142 controls, for
example, the selection circuit 251 so as to connect the
ultrasonic device 23 to the transmission circuit 252 during
transmission of an ultrasonic wave, and to connect the
ultrasonic device 23 to the reception circuit 253 during
reception of an ultrasonic wave. The transmission/reception
control portion 142 controls the transmission circuit 252 to
perform a process of generating and outputting a transmis-
sion signal, and controls the reception circuit 253 to perform
a process of setting a frequency of a received signal or
setting a gain thereof.

[0102] The transmission/reception control portion 142
controls ultrasonic wave transmission angles of the respec-
tive ultrasonic element arrays 24A, 24B and 24C on the
basis of set values of ultrasonic wave transmission angles set
by the angle setting portion 143.

[0103] The angle setting portion 143 sets ultrasonic wave
transmission angles of the respective ultrasonic element
arrays 24A, 24B and 24C. The angle setting portion 143 sets
transmission angles in the respective ultrasonic element
arrays 24A, 24B and 24C on the basis of, for example,
distances between the respective ultrasonic element arrays
24A, 24B and 24C and a measurement position in the 7
direction.

[0104] In the present embodiment, as will be described
later, the angle setting portion 143 sets transmission angles
in the first ultrasonic element array 24A and the third
ultrasonic element array 24C according to a distance from
the center (the center of the second ultrasonic element array
24B) of the ultrasonic device 23 in the Y direction.

[0105] The display control portion 144 generates an ultra-
sonic image (for example, a B mode image) on the basis of
ultrasonic measurement results in the respective ultrasonic
element arrays 24A, 24B and 24C. The display control
portion 144 displays the generated ultrasonic image on the
display unit 12.

Ultrasonic ~ Measurement  Process in  Ultrasonic
Measurement Apparatus
[0106] FIG. 7 is a flowchart illustrating an example of an

ultrasonic measurement process in the ultrasonic measure-
ment apparatus 1.

[0107] FIGS. 8 and 9 are diagrams schematically illustrat-
ing the ultrasonic element arrays 24 in the ultrasonic mea-
surement process illustrated in FIG. 7.

[0108] Hereinafter, a description will be made of the
ultrasonic measurement process in the ultrasonic measure-
ment apparatus 1. The ultrasonic measurement apparatus 1
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of the present embodiment may be used for, for example,
puncture work of inserting a puncture needle into a prede-
termined organ (for example, a blood vessel) in a living
body. In other words, when an operator inserts the puncture
needle into the living body in the X direction, the operator
can more easily recognize a position of the puncture needle
by checking (observing) an ultrasonic image which is gen-
erated on the basis of ultrasonic measurement results in the
plurality of ultrasonic element arrays 24 and is displayed on
the display unit 12.

[0109] As illustrated in FIG. 7, first, the ultrasonic mea-
surement apparatus 1 performs preliminary measurement for
setting a transmission angle in each ultrasonic element array
(step S1).

[0110] In step S1, the selection control portion 141 con-
trols the selection circuit 251 to connect either of the
transmission circuit 252 and the reception circuit 253 to the
second ultrasonic element array 24B located at the center in
the Y direction among the plurality of ultrasonic element
arrays 24. The transmission/reception control portion 142
drives the second ultrasonic element array 24B to transmit
and receive ultrasonic waves. At this time, as illustrated in
FIG. 8, the ultrasonic probe 2 is fixed to a body surface so
that the second ultrasonic element array 24B is located
directly over (-7 side) a measurement target X (observation
position). A position where the ultrasonic probe 2 is fixed is
adjusted, for example, by the operator referring to the
ultrasonic image acquired during the preliminary measure-
ment.

[0111] Next, as illustrated in FIG. 8, the angle setting
portion 143 sets transmission angles in the first ultrasonic
element array 24A and the third ultrasonic element array
24C on the basis of a distance h2 in the Z direction between
the measurement target X and the ultrasonic element arrays
24 (step S2).

[0112] Here, in FIG. 8, ultrasonic wave transmission
directions of the first ultrasonic element array 24A and the
third uvltrasonic element array 24C are indicated by D1 and
D3, and the magnitude of the transmission angle is indicated
by 61. In FIG. 8, when projected onto the YZ plane (a plane
parallel to each scanning plane), a point O (indicating a
central position of the measurement target X in the illus-
trated example) is set at the distance h2 in a normal line N2
to the second ultrasonic element array 24B, passing through
a center C2 of the one-dimensional ultrasonic array 47.

[0113] The angle setting portion 143 sets the transmission
direction D1 in the first ultrasonic element array 24A as a
vector which is directed from a center C1 of the first
ultrasonic element array 24A toward the point O. The angle
setting portion 143 sets the transmission angle 01 in the first
ultrasonic element array 24A as 01 satisfying the following
Equation (3). In the present embodiment, since Py is y, 01
satisfying the following Equation (4) is set.

[0114] The angle setting portion 143 sets the transmission
direction D3 and the transmission angle 01 in the third
ultrasonic element array 24C as follows. In other words, the
transmission direction D3 is set as a vector which is directed
from a center C3 of the third ultrasonic element array 24C
toward the point O, and the transmission angle 01 is set to
satisfy the following Equations (3) and (4).

tan O1=Py/h2 (3)

tan 01=y/2 (©)
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[0115] As mentioned above, in the present embodiment,
the transmission angles and the transmission directions D1
and D3 in the ultrasonic element arrays 24 A and 24C with
the second ultrasonic element array 24B interposed therebe-
tween along the Y direction are symmetric to each other with
respect to the normal line N2 when projected onto the XY
plane. In other words, the angle setting portion 143 sets the
transmission angle 61 on the basis of the distance h2
between the ultrasonic element arrays 24 and the measure-
ment target X in the Z direction, and the distance (arrange-
ment interval length Py) between the center C2 and the
center of each of the ultrasonic element arrays 24 in the Y
direction.

[0116] The distance h2 between the ultrasonic element
arrays 24 and the measurement target X may be calculated
on the basis of a coordinate of a measurement position
designated by the operator. The coordinate of the measure-
ment position is acquired, for example, by the operator
designating the measurement position through an operation
of the operation unit 11 while observing an ultrasonic image
displayed on the display unit 12.

[0117] The control device 10 detects a position of a
measurement target such as a blood vessel, for example,
through edge detection or pattern detection in an ultrasonic
image on the basis of a result of the preliminary measure-
ment, and calculates and sets a transmission angle according
to a detection result.

[0118] Next, the selection control portion 141 selects the
ultrasonic element array 24 performing transmission and
reception of ultrasonic waves (step S3). In the present
embodiment, the first ultrasonic element array 24A, the
second ultrasonic element array 24B, and the third ultrasonic
element array 24C are driven in this order.

[0119] Next, the transmission/reception control portion
142 drives the ultrasonic element array 24 selected in step S3
to perform transmission and reception of ultrasonic waves
(step S4). In step S4, first, the transmission/reception control
portion 142 drives the ultrasonic element array 24 of a
driving target to transmit an ultrasonic wave as illustrated in
FIG. 9. Here, the transmission angle 61 in each ultrasonic
element array 24 is set to satisfy the above Equations (3) and
(4), and the measurement target X is disposed at a substan-
tially central position in an overlapping region F6 in which
the respective measurement regions F1, F2 and F3 of the
ultrasonic element arrays 24A, 24B and 24C overlap each
other. The ultrasonic element array 24 as a driving target
receives a reflected wave from the measurement target X.
The reception circuit 253 performs various processes on a
received signal from the ultrasonic element array 24, and
outputs the received signal having undergone the processes
to the control device 10.

[0120] Next, the display control portion 144 generates an
ultrasonic image (for example, a B mode image) on the basis
of an ultrasonic measurement result in the ultrasonic element
array 24, and displays the generated ultrasonic image on the
display unit 12 (step S5). In the present embodiment, a
description has been made of an exemplary configuration in
which an ultrasonic image is displayed, but the control
device 10 may store a measurement result in the storage unit
13 instead of displaying the measurement result.

[0121] Next, the angle setting portion 143 determines
whether or not the ultrasonic wave transmission angle is
required to be changed (step S6).
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[0122] For example, as illustrated in FIG. 9, if a position
of the measurement target X is changed so as to be moved
to the outside of the overlapping region F6, the measurement
target X cannot be measured with the ultrasonic element
arrays 24. In FIG. 9, the first and third ultrasonic element
arrays 24A and 24C cannot measure the measurement target
X, and thus it is necessary to reset the first and third
ultrasonic element arrays 24A and 24C.

[0123] For example, in a case where the operator instructs
an angle to be set by performing an input operation, the
angle setting portion 143 determines YES in step S6. For
example, in a case where a position of the measurement
target X in the Z direction is changed by a predetermined
value or greater (for example, 50% or more of a width of the
overlapping region Fé in the Z direction) on the basis of a
measurement result in the second ultrasonic element array
24B, the angle setting portion 143 determines YES in step
S6. A width h3 of the overlapping region Fé in the Z
direction may be roughly estimated by using, for example,
the following Equation (5).

h3=yaxcot 61 (5)

[0124] IfYES is determined in step S6, the control unit 14
performs the processes in step S2 and the subsequent steps.
As illustrated in FIG. 9, in step S2, the angle setting portion
143 resets transmission angles in the first and third ultra-
sonic element arrays 24A and 24C so that the moved
measurement target X is included in the overlapping region.

[0125] On the other hand, if NO is determined in step S6,
the control unit 14 determines whether or not an instruction
for finishing the measurement is received (step S7). IfNO is
determined in step S7, the control unit 14 performs the
processes in step S3 and the subsequent steps. If YES is
determined, the control unit 14 finishes the ultrasonic mea-
surement process.

Operations and Effects of First Embodiment

[0126] In the plurality of ultrasonic element arrays 24, the
ultrasonic wave transmission/reception portions 46 are
arranged in the Y direction. The plurality of ultrasonic
element arrays 24 do not overlap each other in the Y
direction, and are disposed at positions which do not inter-
fere with each other. In other words, a certain ultrasonic
element array 24 and another ultrasonic element array 24
adjacent to the ultrasonic element array 24 in the Y direction
are disposed to be adjacent to or separate from each other in
the Y direction. The plurality of ultrasonic element arrays 24
are disposed at different positions in the X direction.

[0127] Each of the ultrasonic element arrays 24 has a
predetermined outer dimension. Thus, in a case where the
ultrasonic element arrays 24 are arranged in the X direction,
an interval between the scanning planes SC are not smaller
than a width dimension of the ultrasonic element array 24,
and thus a measurement position interval is increased. In
contrast, in the present embodiment, since the ultrasonic
element arrays 24 are disposed at positions which do not
overlap each other in the Y direction, the ultrasonic element
arrays adjacent to each other in the X direction can be
disposed at any positions. Therefore, a distance between the
scanning planes SC, that is, a measurement position interval
can be freely set. In other words, the ultrasonic element
arrays 24 can be disposed at positions overlapping each
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other in the X direction, and thus a measurement position
interval can be made smaller than an outer dimension of the
ultrasonic element array 24.

[0128] Since the ultrasonic element arrays 24 are disposed
in advance with a predetermined positional relationship,
there is no influence of vibration or the like, and highly
accurate ultrasonic measurement can be performed com-
pared with a configuration in which the scanning plane SC
is moved to any position by moving or rotating the ultrasonic
element array 24.

[0129] As mentioned above, according to the present
embodiment, it is possible to perform highly accurate ultra-
sonic measurement while reducing a measurement position
interval. It is possible to display an ultrasonic image based
on a measurement result. Therefore, it is possible to display
a highly accurate ultrasonic image acquired with a narrow
interval, and thus to improve visibility to an observer.
[0130] In the present embodiment, the ultrasonic element
array 24 has a measurement region based on a preset
transmission angle range. An overlapping region of mea-
surement regions of the ultrasonic element arrays 24 is
disposed in the X direction. Therefore, it is possible to
perform ultrasonic measurement at a plurality of measure-
ment positions along the X direction.

[0131] In the present embodiment, the length dimension x
of the ultrasonic element array 24 in the X direction, the
arrangement interval length Px in the X direction, and the
arrangement number n of ultrasonic element arrays 24
satisfy a relationship of (n—1)xPx=x. Consequently, it is
possible to perform ultrasonic measurement at n measure-
ment positions within a range of the length dimension x in
the X direction.

[0132] In the present embodiment, a distance between the
ultrasonic element array 24 and the overlapping region in a
direction along the normal line N is equal to or less than the
target value h1. In other words, the ultrasonic device 23 has
an ultrasonic wave transmission angle range, an outer
dimension of the ultrasonic element array 24, and a posi-
tional relationship between the plurality of ultrasonic ele-
ment arrays 24 so that the distance is equal to or less than the
preset target value h1. In this configuration, since a target
value is set according to a distance between the ultrasonic
element arrays 24 and the measurement target X, the mea-
surement target X can be disposed in an overlapping region
of the ultrasonic element arrays 24, and thus it is possible to
perform ultrasonic measurement on the measurement target
X at a plurality of measurement positions.

[0133] In the present embodiment, a transmission angle
range in the ultrasonic element array 24 is within +45°.
Since a transmission angle in the ultrasonic element array 24
is set to be within 45° as mentioned above, an ultrasonic
wave transmitted from the ultrasonic element array 24 can
be caused to converge on a desired position, and an ultra-
sonic wave reflected from a measurement target can be
appropriately received, so that highly accurate ultrasonic
measurement can be performed.

[0134] In the present embodiment, the ultrasonic element
arrays 24 in three columns are disposed in the Y direction.
In this configuration, it is possible to prevent a distance
between the ultrasonic element arrays 24 in the Y direction
from being increasing, and thus to prevent an increase in an
ultrasonic wave transmission angle. Therefore, it is possible
to reduce a measurement position interval while suppressing
attenuation of an ultrasonic wave due to an increase in a
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transmission angle. In the present embodiment, a transmis-
sion angle in the second ultrasonic element array 24B can be
set to 0° by disposing a measurement target under the second
ultrasonic element array 24B, and thus it is possible to
prevent deterioration in the measurement accuracy of the
second ultrasonic element array 24B. Ultrasonic wave trans-
mission angles of other ultrasonic element arrays 24 adja-
cent to the second ultrasonic element array 24B are set to the
same magnitude, and thus it is possible to prevent deterio-
ration in the measurement accuracy of only one of the
ultrasonic element arrays 24. Therefore, it is possible to
more reliably reduce a measurement interval.

[0135] Here, in the present embodiment, an ultrasonic
wave transmission angle can be changed by the angle setting
portion 143, and thus it is possible to change a position of
a measurement region according to the ultrasonic wave
transmission angle. For example, an ultrasonic wave trans-
mission angle in each ultrasonic element array can be set so
that a measurement target is disposed in a measurement
region of the ultrasonic element array 24.

[0136] Here, the angle setting portion 143 sets a transmis-
sion angle on the basis of the distance h2 between a
measurement position and the ultrasonic element array 24.
For example, in a case where the distance h2 is short, a
transmission angle in the ultrasonic element array 24 is
increased, and, in a case where the distance h2 is long, a
transmission angle is reduced. Therefore, it is possible to
appropriately set a measurement region in each ultrasonic
element array 24 according to the distance. Consequently,
even in a case where a distance between the ultrasonic
element array 24 and a measurement target is changed, a
measurement position can be set to a position of a measure-
ment target, and thus it is possible to appropriately perform
ultrasonic measurement.

Second Embodiment

[0137] Next, a second embodiment will be described.
[0138] In the first embodiment, three ultrasonic element
arrays 24 are configured to be disposed in the Y direction,
that is, an odd number of ultrasonic element arrays 24 are
configured to be disposed. In contrast, in the second embodi-
ment, there is a difference in that an even number of, for
example, two ultrasonic element arrays 24 are configured to
be disposed.

[0139] Hereinafter, a reception transducer according to the
present embodiment will be described. In the following
description, the same constituent elements as in the first
embodiment are given the same reference numerals, and
description thereof will be omitted or made briefly.

[0140] FIG. 10 is a diagram schematically illustrating each
ultrasonic element array 24 of an ultrasonic device 23A
according to the second embodiment.

[0141] The ultrasonic device 23A illustrated in FIG. 10
includes a first ultrasonic element array 24A and a second
ultrasonic element array 24B. The ultrasonic device 23A is
configured in the same manner as the ultrasonic device 23 of
the first embodiment except that the third ultrasonic element
array 24C is not provided.

[0142] In an ultrasonic measurement apparatus of the
present embodiment, as illustrated in FIG. 10, the measure-
ment target X is disposed on a virtual plane which passes
between the first ultrasonic element array 24A and the
second ultrasonic element array 24B in the Y direction and
is parallel to the XZ plane. In other words, when projected
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onto the YZ plane (a plane which is parallel to each scanning
plane), the measurement target X is disposed on a normal
line N3 to each ultrasonic element array 24, passing between
the first ultrasonic element array 24A and the second ultra-
sonic element array 24B in the Y direction.

[0143] Here, as in the present embodiment, in a case
where an even number (that is, the arrangement number
n=2K, and K=1 in the present embodiment) of ultrasonic
element arrays 24 are provided, the minimum distance h
between an ovetlapping region in which measurement
regions of the respective ultrasonic element arrays 24 over-
lap each other and the ultrasonic element arrays 24 in the 7
direction is expressed by the following Equation (6) in the
same manner as in the first embodiment. Also in the present
embodiment, the first dimension y of the ultrasonic element
array 24, the dimension ya of the one-dimensional ultrasonic
array 47, and the transmission angle 6,, are set so that the
distance h is equal to or less than a target value of a
measurement distance.

h={Ky-(y-ya)/2}xcot 6,, (6)

[0144] In an ultrasonic measurement process, in the same
manner as in the first embodiment, the angle setting portion
143 sets a transmission angle 62 in each of the first ultra-
sonic element array 24A and the second ultrasonic element
array 24B to satisfy the following Equation (7) in the
substantially same manner as in the transmission angle 61 of
the first embodiment.

[0145] Here, in the present embodiment, a distance
between the first ultrasonic element array 24A and the
normal line N3 is shorter than a distance between the first
ultrasonic element array 24A and the normal line N2 in the
first embodiment. Thus, in the second embodiment, under
the condition in which a depth of a measurement target is the
same as in the first embodiment, for example, a transmission
angle may be smaller than a transmission angle in the first
ultrasonic element array 24A of the first embodiment.

tan 02=(Py/2)h2 )

[0146] Also in the ultrasonic measurement apparatus pro-
vided with the ultrasonic device 23A, the measurement
target X is disposed directly under the second ultrasonic
element array 24B, and thus an ultrasonic measurement
process can be performed in the same manner as in the first
embodiment. This is also the same for a case where the
measurement target X is disposed directly under the first
ultrasonic element array 24A.

Operations and Effects of Second Embodiment

[0147] In the present embodiment, the ultrasonic element
arrays 24 in two colunmns are disposed in the Y direction. In
this configuration, it is possible to reduce a distance between
the ultrasonic element arrays 24 in the Y direction, and thus
to prevent an increase in an ultrasonic wave transmission
angle. Therefore, it is possible to reduce a measurement
position interval while suppressing attenuation of an ultra-
sonic wave due to an increase in a transmission angle.

[0148] Ultrasonic wave transmission angles of the two
ultrasonic element arrays 24 are set to be the same as each
other, and thus it is possible to prevent deterioration in the
ultrasonic measurement accuracy of one of the ultrasonic
element arrays 24. Consequently, quality of an ultrasonic
image can be made uniform. The same image process is
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performed on two ultrasonic images which are acquired at
the substantially same angle, and thus a process can be
simplified.

Third Embodiment
[0149] Next, a third embodiment will be described.
[0150] In the first embodiment, three ultrasonic element

arrays 24 are configured to be disposed in the Y direction. In
contrast, in the third embodiment, there is a difference in that
an odd number of (five or more) ultrasonic element arrays 24
are configured to be disposed.

[0151] FIG. 11 is a plan view schematically illustrating
ultrasonic element arrays 24 when an ultrasonic device 23B
of the third embodiment is viewed from the -Z side.
[0152] The ultrasonic device 23B illustrated in FIG. 11
includes not only the first ultrasonic element array 24A, the
second ultrasonic element array 24B, and the third ultrasonic
element array 24C of the first embodiment, but also a fourth
ultrasonic element array 24D and a fifth ultrasonic element
array 24E.

[0153] Also in the present embodiment, the ultrasonic
element arrays 24 are disposed to be adjacent to each other
in the Y direction (scan direction) and are disposed with the
arrangement interval length Px in the X direction. In the
present embodiment, the arrangement interval length Px in
the X direction is x/5.

[0154] Among the ultrasonic element arrays 24, the fourth
ultrasonic element array 24D is disposed on the -Y side of
the first ultrasonic element array 24A. An interval between
the scanning planes SC in the X direction of the first
ultrasonic element array 24A and the fourth ultrasonic
element array 24D is Px.

[0155] The fifth ultrasonic element array 24E is disposed
on the +Y side of the third ultrasonic element array 24C. An
interval between the scanning planes SC in the X direction
of the third ultrasonic element array 24C and the fifth
ultrasonic element array 24E is Px.

[0156] FIG. 12 is a side view in which the plurality of
ultrasonic element arrays 24 illustrated in FIG. 11 are
viewed from the -X side.

[0157] As illustrated in FIG. 12, the measurement target X
is disposed in an overlapping region F7 in which measure-
ment regions of the ultrasonic element arrays 24 overlap
each other. As illustrated in FIG. 12, a transmission angle of
each ultrasonic element array 24 is set. A transmission angle
03 of each of the fourth ultrasonic element array 24D and the
fifth ultrasonic element array 24E is set to 83 satisfying the
following Equation (8). The transmission angle 03 is larger
than the transmission angle 62 of each of the first ultrasonic
element array 24A and the third ultrasonic element array
24C.

tan 03=2Py/h2 (®)

Operations and Effects of Third Embodiment

[0158] In the present embodiment, the ultrasonic element
arrays 24 in five columns are disposed in the Y direction. In
this configuration, it is possible to considerably reduce a
measurement position interval. In the present embodiment,
since an odd number of ultrasonic element arrays 24 are
disposed in the Y direction, a measurement target is disposed
directly under the ultrasonic element array 24 disposed at the
center, and thus an ultrasonic wave transmission angle of the
ultrasonic element array 24 can be set to 0°. Since two sets
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of ultrasonic element arrays 24 are disposed with the ultra-
sonic element array 24 disposed at the center interposed
therebetween, the ultrasonic element arrays 24 in each set
are disposed at an equal distance from the center of the
ultrasonic device 23. In other words, in each set, distances
from the ultrasonic element arrays 24 to a measurement
position are the substantially same as each other. Therefore,
ultrasonic wave transmission angles in each set can be made
the same as each other, and thus ultrasonic measurement can
be performed with substantially equivalent accuracy.

Modification Examples

[0159] The invention is not limited to the above-described
respective embodiments, and configurations obtained
through modifications, alterations, and combinations of the
embodiments within the scope of being capable of achieving
the object of the invention are included in the invention.
[0160] For example, in the above-described respective
embodiments, two, three or five ultrasonic element arrays 24
are arranged in the Y direction, but the number of arranged
ultrasonic element arrays 24 is not limited thereto, and any
number of ultrasonic element arrays 24 may be disposed.
[0161] FIG. 13 is a diagram illustrating a modification
example of arrangement of a plurality of ultrasonic element
arrays 24.

[0162] In the above-described respective embodiments, a
description has been made of an exemplary configuration in
which plurality of ultrasonic element arrays 24 are disposed
along the Y direction within a range smaller than the second
dimension x of the ultrasonic element array 24 in the X
direction, but any other configuration may be used. For
example, as illustrated in FIG. 13, there may be a configu-
ration in which columns of the ultrasonic element arrays 24
(hereinafter, also referred to as ultrasonic element array
columns) disposed along the Y direction as described above
are disposed in parallel to each other in the X direction (slice
direction). The plurality of ultrasonic element arrays 24 may
be disposed over a range larger than the second dimension
x of the ultrasonic element array 24 in the X direction. Also
in this configuration, a scanning plane interval can be
reduced compared with a configuration in which the plural-
ity of ultrasonic element arrays 24 are only disposed in the
slice direction.

[0163] In other words, according to an aspect of the
invention, among the plurality of ultrasonic element arrays,
a first ultrasonic element array and a second ultrasonic
element array overlapping the first ultrasonic element array
when projected in a first direction are included. Conse-
quently, compared with a configuration in which two ultra-
sonic element arrays are disposed in a second direction, a
distance between scanning planes of the first ultrasonic
element array and the second ultrasonic element array in the
second direction can be reduced.

[0164] In the above-described respective embodiments,
among the plurality of ultrasonic element arrays 24, ultra-
sonic element arrays 24 adjacent to each other in the Y
direction are disposed to be in partial contact with each
other, but this is only an example. For example, arrangement
positions of ultrasonic element arrays 24 adjacent to each
other in the Y direction may be separated from each other.
[0165] In the above-described respective embodiments, a
description has been made of an exemplary configuration in
which outer dimensions of the ultrasonic element arrays 24
are all the same as each other, but there may be a configu-
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ration in which ultrasonic element arrays with different
dimensions may be combined with each other.

[0166] In the above-described respective embodiments, a
description has been made of an exemplary configuration in
which measurement regions of the plurality of ultrasonic
element arrays 24 overlap each other in the X direction (slice
direction), but any other configuration may be used. In other
words, there may be a configuration in which some mea-
surement regions of the plurality of ultrasonic element
arrays 24 may overlap each other. All measurement regions
of the ultrasonic element arrays 24 may not overlap each
other in the X direction. For example, in a case where
measurement regions overlap each other in a direction
intersecting the X direction and the Y direction, a distance
between scanning planes in the intersecting direction can be
shorter than in a configuration of the related art.

[0167] In the above-described respective embodiments, a
description has been made of an exemplary configuration in
which an ultrasonic wave transmission angle of the ultra-
sonic element array 24 is within a range of +45° with respect
to a normal direction to the one-dimensional ultrasonic array
47, but this is only an example. The maximum value of an
ultrasonic wave transmission angle may be more than 45°,
and may be smaller than 45°. If the maximum value is 45°,
an ultrasonic wave scanning range can be sufficiently
secured compared with a case where the maximum value is
less than 45°. If a transmission angle is equal to or less than
45° it is possible to prevent a decrease in resolution due to
being more than 45°.

[0168] In the above-described respective embodiments,
the ultrasonic device 23 is configured so that a measurable
distance in the Z direction is equal to or less than a preset
target value, but this is only an example, and the ultrasonic
device 23 may not be configured so that a measurable
distance in the Z direction is equal to or less than a target
value. In other words, there may be a configuration in which
ultrasonic measurement is performed within a measurable
distance range which is defined depending on a size of the
ultrasonic element array 24 or a change range of an ultra-
sonic wave transmission angle without setting a target value.
[0169] In the above-described respective embodiments, a
description has been made of an exemplary configuration in
which the ultrasonic transducer 45 includes the vibration
film 412 and the piezoelectric element 413 formed on the
vibration film 412, but any other configuration may be used.
For example, there may be a configuration in which the
ultrasonic transducer 45 includes a vibration film and a
vibrator (for example, an electrostatic actuator) causing the
vibration film to vibrate.

[0170] In the embodiments, a description has been made
of an exemplary configuration in which the ultrasonic mea-
surement apparatus employs an organ of a living body as a
measurement target, but the invention is not limited thereto.
For example, the invention is applicable to a measuring
machine which employs various structural bodies as mea-
surement targets, and detects defects of the structural bodies
or examines deterioration thereof. For example, the inven-
tion is applicable to a measuring machine which employs
various semiconductor packages, wafers, or the like as
measurement targets, and detects defects of the measure-
ment targets.

[0171] A specific structure at the time of implementing the
invention may be configured by combining the respective
embodiments and modification examples with each other as
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appropriate within the scope of being capable of achieving
the object of the invention, and may be altered to other
structures as appropriate.

[0172] The entire disclosure of Japanese Patent Applica-
tion No. 2016-065204 filed Mar. 29, 2016 is expressly
incorporated by reference herein.

What is claimed is:

1. An ultrasonic device comprising;

a plurality of ultrasonic element arrays each of which is
provided with a plurality of ultrasonic elements
arranged in a first direction,

wherein the plurality of ultrasonic element arrays are
disposed at positions which do not interfere with each
other in the first direction, and are disposed at positions
which are deviated relative to each other in a second
direction intersecting the first direction.

2. The ultrasonic device according to claim 1,

wherein a deviation amount in the second direction in
ultrasonic element arrays adjacent to each other in the
first direction among the plurality of ultrasonic element
arrays is smaller than a width in the second direction of
each of the ultrasonic element arrays adjacent to each
other.

3. The ultrasonic device according to claim 1,

wherein each of the ultrasonic element arrays has a
measurement region based on a set transmission angle
range of an ultrasonic wave in a plane including the first
direction, and

wherein the measurement regions corresponding to the
plurality of ultrasonic element arrays have an overlap-
ping region in which at least some of the measurement
regions overlap each other in a plan view in the second
direction.

4. The ultrasonic device according to claim 3,

wherein the transmission angle range is within +45° with
respect to a virtual line which is orthogonal to the first
direction.

5. The ultrasonic device according to claim 1,

wherein the ultrasonic element arrays are arranged in two
or more columns and five or less columns in the first
direction.

6. The ultrasonic device according to claim 1,

wherein, in a case where a length dimension of the
ultrasonic element array in the second direction is
indicated by x, and an arrangement interval length of
the plurality of ultrasonic element arrays in the second
direction is indicated by Px, the ultrasonic element
arrays included in n columns arranged in the first
direction among the plurality of ultrasonic elements are
disposed at positions satisfying (n—1)xPx=x.

7. An ultrasonic measurement apparatus comprising:

the ultrasonic device according to claim 1; and

a control unit that controls the ultrasonic device.

8. An ultrasonic measurement apparatus comprising:

the ultrasonic device according to claim 2; and

a control unit that controls the ultrasonic device.

9. An ultrasonic measurement apparatus comprising:

the ultrasonic device according to claim 3; and

a control unit that controls the ultrasonic device.

10. An ultrasonic measurement apparatus comprising:

the ultrasonic device according to claim 4; and

a control unit that controls the ultrasonic device.
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11. An ultrasonic measurement apparatus comprising:

the ultrasonic device according to claim 5; and

a control unit that controls the ultrasonic device.

12. An ultrasonic measurement apparatus comprising:

the ultrasonic device according to claim 6; and

a control unit that controls the ultrasonic device.

13. The ultrasonic measurement apparatus according to

claim 7,

wherein the control unit includes an angle setting portion
that sets an ultrasonic wave transmission angle in the
ultrasonic element array in a plane including the first
direction.

14. The ultrasonic measurement apparatus according to

claim 13,

wherein the angle setting portion sets the transmission
angle on the basis of a distance between a measurement
position and the ultrasonic element array in a virtual
line which is orthogonal to the first direction.

15. An ultrasonic image display comprising:

the ultrasonic measurement apparatus according to claim
7; and

an image display device.

13
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16. An ultrasonic image display comprising:

the ultrasonic measurement apparatus according to claim
8; and

an image display device.

17. An ultrasonic image display comprising:

the ultrasonic measurement apparatus according to claim
9; and

an image display device.

18. An ultrasonic image display comprising:

the ultrasonic measurement apparatus according to claim
10; and

an image display device.

19. An ultrasonic image display comprising:

the ultrasonic measurement apparatus according to claim
13; and

an image display device.

20. An ultrasonic image display comprising:

the ultrasonic measurement apparatus according to claim
14; and

an image display device.
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