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(57) ABSTRACT

An ultrasonic device includes a plurality of ultrasonic ele-
ment groups each including at least one transmitting element
adapted to transmit an ultrasonic wave and at least one
receiving element adapted to receive an ultrasonic wave, and
arranged along an X direction, and in each of the ultrasonic
element groups, a centroid position of the receiving area, in
which the receiving element included in the ultrasonic
element group is disposed, overlaps a transmitting area, in
which the transmitting element included in the ultrasonic
element group is disposed, in a projection view along a Y
direction.




Patent Application Publication = Mar. 2, 2017 Sheet 1 of 13 US 2017/0055950 A1




US 2017/0055950 A1

Mar. 2,2017 Sheet 2 of 13

Patent Application Publication

g1

4%

TAEN
NOTLOGS 1 NCILOTS ONISSTD0HC TVNDIS
FOVHOLS

i | NOILOHS | |
VIBED SNISSADON DINCWHYH
AV IdSIA _ e

NOH DAS T0HLNOD

W™ NOILEZOAY / NOISSINSNYML
NOILDES
NOLIVHIHO NOLLDIS TOHINOD

Pl

(]

—

mm@
LINOHID
NOILA=0Y
¢9
§
LiNadID

NOISSINGNYHL

LNoHio
NCILOZTES

L

m—

L/

L

;1

[

(09) ¢5

-(09) 1S
/‘]\m

-(09) 25

(09) 1§
/lu\m

-(08) 28

- (08) 16
/{/l.i.\\..m

(et S

N



Patent Application Publication = Mar. 2, 2017 Sheet 3 of 13 US 2017/0055950 A1




Patent Application Publication = Mar. 2, 2017 Sheet 4 of 13 US 2017/0055950 A1

4
J
SC '/
y
(/
NIRRT, HEREE
—~— 41
------ /\/500
54 ==
HERER NI HERER
Y SG

.



Patent Application Publication

FIG. 5A

FIG. 5B

FIG. 5C

Mar. 2,2017 Sheet 5 of 13

B

e
416 415 41d /50
| ) )

AN N

/

e A\ T y
LT T T - 412

NN D41
NNV NN
|
A11A
413
46 415 414
VLSl
L \\ N \ )' l /\-/41

s s
|

[~ 412

RN SRR RANAN A AR AR ARE
OO \
~ 411

US 2017/0055950 A1



Patent Application Publication

Mar. 2,2017 Sheet 6 of 13 US 2017/0055950 A1

7

L 513, Ar0, Ar1

5114 |

.~ 52(50)

512< |

! ’ —% " /f __./_"/LO
A ez po

| 7~521, Ar?

'>51 (50)




Patent Application Publication = Mar. 2, 2017 Sheet 7 of 13 US 2017/0055950 A1

(43 IR

X&—=Y



Patent Application Publication = Mar. 2, 2017 Sheet 8 of 13 US 2017/0055950 A1

Xe—=Y



Patent Application Publication = Mar. 2, 2017 Sheet 9 of 13 US 2017/0055950 A1

| /SA

513, Ar0. Ar1
~~—-51(50)
511%
x ‘,f/_ _/ // »
gy f
7 ////97/«52(5@
: /__%% ;//:;/‘“C:_/LO
ATV
AL PO
; // S g 4 p
N 7 |
7521, Ar2
512+« !
Y
X



Patent Application Publication

Mar. 2,2017 Sheet 10 of 13

- /58

T~ 51

‘,\/ ArQ

TTNAR2

FIG.10

US 2017/0055950 A1



Patent Application Publication = Mar. 2, 2017 Sheet 11 of 13 US 2017/0055950 A1
'/50 /5C
51 ~—T] T~ 51
ArO . — —_ Ar0
A=
7Nz
PO iy g '
_ 4/; _ 7 L0
7 90,
o
L1
521 7
| A\
A2 [ AR
Y




Patent Application Publication = Mar. 2, 2017 Sheet 12 of 13  US 2017/0055950 A1

/50 //50

I I\
51— | A~ 51
524 (52) \-/7{? — A 52B(52)
PO~} N | | L0
e e
7 PO
52B (52) 594 (52)
Ar2 -~ A~Ar2
1 -] |
Y



Patent Application Publication = Mar. 2, 2017 Sheet 13 of 13  US 2017/0055950 A1

ArQ « —

— 3 77/ // i
i / o I /'; i 52
/ s
/ //
o s
0" 2 /// ' i :/// H
///' %
A N
UgU
N7 j_ 2_/ Lo
1///‘;14 ! ‘/"' H
| /ﬁ/ﬂ/ /)S\%-\\ P2
PZ P b y; i 1 e 5
a0 W
. //// i ! /? i
0 A
7 )
N ///, o N // '
" '/// 0 | // i
AL
( G
T
R I R i




US 2017/0055950 A1

ULTRASONIC DEVICE, ULTRASONIC
MODULE, AND ULTRASONIC

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

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

[0003] 2. Related Art

[0004] In the past, there has been known an ultrasonic
diagnostic device (ultrasonic measurement device) for trans-
mitting and receiving an ultrasonic wave using an ultrasonic
probe to thereby form an ultrasonic image (see, e.g., JP-A-
2011-160856 (Document 1)).

[0005] In the device described in Document 1, the ultra-
sonic probe has a transmitting array and a receiving array.
Among these arrays, the transmitting array is configured as
a one-dimensional array having a plurality of fundamental
resonators, which correspond to an ultrasonic wave as a
fundamental wave, arranged in one direction (a scanning
direction) in accordance with an arrangement condition
corresponding to the fundamental wave. Further, the receiv-
ing array is configured as a one-dimensional array having a
plurality of harmonic resonators, which correspond to an
ultrasonic wave as a high-order harmonic wave with respect
to the fundamental wave, arranged in the one direction
described above in accordance with a predetermined
arrangement condition corresponding to the order of a
high-order harmonic wave. The transmitting array and the
receiving array are arranged in parallel and close to each
other.

[0006] However, in the ultrasonic probe described in
Document 1, a receiving aperture constituted by the receiv-
ing array is separated in a slicing direction perpendicular to
a scanning direction from a transmitting aperture constituted
by the transmitting array. In other words, the central posi-
tions of the transmitting aperture and the receiving aperture
in the slicing direction are different from each other, and in
particular in the configuration of Document 1, the central
position of the receiving aperture is located outside the
transmitting aperture.

[0007] Therefore, it is necessary to converge the ultrasonic
wave (a transmission wave) transmitted from the transmit-
ting aperture so that the convergence region (a so-called
hotspot) of the transmission wave is located on the receiving
aperture side in the slicing direction from the position
overlapping the central position of the transmitting aperture
in the normal direction of the ultrasonic array. Therefore,
since the acoustic intensity at the hotspot is lower compared
to the case in which the central positions of the transmitting
aperture and the receiving aperture coincide with each other
in the slicing direction, and thus the resolution degrades, the
accuracy of the ultrasonic measurement degrades.

[0008] Further, if the ultrasonic wave is transmitted in the
direction tilted at a predetermined angle with the slicing
direction of the ultrasonic array as described above, it is
necessary to perform signal processing of the received signal
and image processing taking the angle variation into con-
sideration in the case of generating an internal tomographic
image of an object based on the reception result of the
ultrasonic wave received by the receiving array, and there-
fore, there is a problem that the process becomes compli-
cated.
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SUMMARY

[0009] An advantages of some aspects of the invention is
to provide an ultrasonic device, an ultrasonic module, and an
ultrasonic measurement apparatus each capable of perform-
ing highly accurate ultrasonic measurements with a simple
process.

[0010] An ultrasonic device according to an application
example of the invention includes a plurality of element
groups each including at least one transmitting element
adapted to transmit an ultrasonic wave and at least one
receiving element adapted to receive an ultrasonic wave, and
arranged along a first direction, and in each of the element
groups, a centroid position of a receiving area, in which the
receiving element included in the element group is disposed,
overlaps a transmitting area, in which the transmitting
element included in the element group is disposed, in a
projection view along the first direction.

[0011] In this application example, the element groups
each have the transmitting element and the receiving ele-
ment, and are configured so as to be able to transmit and
receive the ultrasonic wave, and are arranged along the first
direction. In these element groups, the centroid position of
the receiving area overlaps the transmitting area in the
projection view along the first direction.

[0012] Here, in the case in which the transmitting area and
the receiving area are arranged so as to be shifted from each
other in a second direction crossing the first direction when
viewed in the first direction, since it is necessary to transmit
the ultrasonic wave so as to be tiled toward the receiving
area in the second direction, there is a possibility that it is not
achievable to sufficiently converge the transmission wave,
and thus, the resolution degrades.

[0013] Further, in the case of transmitting the ultrasonic
wave so as to be tilted toward the receiving area in the
second direction, and receiving the reflected ultrasonic
wave, which has been reflected by the measurement object,
in the receiving area, the entering angle (the incident angle)
to the receiving area of the reflected ultrasonic wave to be
received by the receiving area varies. Therefore, it is nec-
essary to consider the influence of the variation of the
incident angle such as a variation in the delay time of the
reflected wave in accordance with the incident angle when
performing the signal processing based on the reception
signal, and there is a possibility that the signal processing
and the image processing based on the signal processing
become complicated.

[0014] In contrast, in this application example, since the
centroid position of the receiving area overlaps the trans-
mitting area when viewed in the first direction, the acoustic
intensity at the hotspot can be enhanced, and thus, the
degradation of the resolution described above can be sup-
pressed. Further, if the ultrasonic wave is transmitted from
the transmitting area toward the roughly normal direction,
the ultrasonic wave reflected by the object can be received
in the receiving area. Therefore, a variety of types of signal
processing can be performed without considering the influ-
ence of the variation of the incident angle, and the compli-
cation of the process can be suppressed, and thus, the
ultrasonic image can be formed with a simple process.
[0015] Therefore, according to this application example, it
is possible to provide the ultrasonic device capable of
performing a highly accurate ultrasonic measurement with a
simple process.
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[0016] In the ultrasonic device according to the applica-
tion example, it is preferable that the receiving area is
located inside the transmitting area in the projection view
along the first direction.

[0017] In the application example with this configuration,
the receiving area is located inside the transmitting area in
the projection view along the first direction. According to
this configuration, the degradation of the resolution and the
complication of the signal processing and the image pro-
cessing due to the shift in the second direction between the
transmitting area and the receiving area can be suppressed as
described above.

[0018] In the ultrasonic device according to the applica-
tion example, it is preferable that a centroid position of the
receiving area overlaps a centroid position of the transmit-
ting area in the projection view along the first direction.
[0019] In the application example with this configuration,
the centroid position of the receiving area coincides with the
centroid position of the transmitting area in the projection
view along the first direction. According to this configura-
tion, the degradation of the resolution and the complication
of the signal processing and the image processing due to the
shift in the second direction between the centroid positions
of the transmitting area and the receiving area can more
surely be suppressed as described above.

[0020] In the ultrasonic device according to the applica-
tion example, it is preferable that the centroid position of the
receiving area coincides with the centroid position of the
transmitting area.

[0021] In the application example with this configuration,
the centroid positions of the transmitting area and the
receiving area further coincide with each other. Therefore,
the degradation of the resolution can more surely be sup-
pressed in both of'the first direction and the second direction.
[0022] In the ultrasonic device according to the applica-
tion example, it is preferable that the transmitting elements
included in the element group are disposed at positions
axisymmetrical about an imaginary line passing through the
centroid position of the transmitting area and parallel to the
first direction, and the receiving elements included in the
element group are disposed at positions axisymmetrical
about the imaginary line.

[0023] In the application example with this configuration,
each of the transmitting elements and the receiving elements
are disposed at positions axisymmetrical about an imaginary
line passing through the centroid position of the transmitting
area (the receiving area) and parallel to the first direction.
According to this configuration, since the symmetrical prop-
erty in the second direction of the transmitting area and the
receiving area can be improved, the resolution in the second
direction can be improved, and thus, the reception accuracy
can be improved.

[0024] In the ultrasonic device according to the applica-
tion example, it is preferable that the transmitting elements
included in the element group are disposed at positions
point-symmetrical about the centroid position of the trans-
mitting area, and the receiving elements included in the
element group are disposed at positions point-symmetrical
about the centroid position of the transmitting area.

[0025] In the application example with this configuration,
the transmitting elements are disposed at the positions
point-symmetrical about the centroid position of the trans-
mitting area, and the receiving elements are disposed at the
positions point-symmetrical about the centroid position of
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the receiving area. According to this configuration, the
planar symmetry of the transmitting area and the receiving
area can be improved. Therefore, it is possible to converge
the ultrasonic wave transmitted from the transmitting ele-
ments to thereby improve the resolution in the case of
receiving the reflected wave, which has been reflected by the
object, with the receiving elements, and thus, the reception
accuracy can be improved.

[0026] In the ultrasonic device according to the applica-
tion example, it is preferable that the element group has an
array structure in which ultrasonic elements including the
transmitting element and the receiving element are arranged
in a two-dimensional array along the first direction and a
second direction crossing the first direction.

[0027] In the application example with this configuration,
since the ultrasonic elements are arranged along the first
direction and the second direction, the planar symmetry in
the arrangement of the ultrasonic elements can further be
improved. Therefore, it is possible to transmit the ultrasonic
wave three-dimensionally more uniform from the transmit-
ting elements, and thus, the accuracy of the ultrasonic
measurement can be improved.

[0028] In the ultrasonic device according to the applica-
tion example, it is preferable that the element groups each
have a plurality of receiving elements, the plurality of
receiving elements includes at least one first receiving
element adapted to receive a high-order harmonic wave
taking the ultrasonic wave transmitted from the transmitting
element as a fundamental wave, and at least one second
receiving element adapted to receive a high-order harmonic
wave of a different order from an order of the high-order
harmonic wave received by the first receiving element, the
first receiving elements are disposed at positions point-
symmetrical about the centroid position of the receiving
area, and the second receiving elements are disposed at
positions point-symmetrical about the centroid position of
the receiving area.

[0029] In the application example with this configuration,
as the receiving elements, the first receiving elements and
the second receiving elements for receiving the high-order
harmonic waves of the respective orders different from each
other are provided. Further, the first receiving elements and
the second receiving elements are each disposed at the
positions point-symmetrical about the centroid position of
the receiving area. Thus, each of the high-order harmonic
waves different in order can be received with high accuracy.
[0030] An ultrasonic module according to an application
example of the invention includes an ultrasonic device
including a plurality of element groups each including at
least one transmitting element adapted to transmit an ultra-
sonic wave and at least one receiving element adapted to
receive an ultrasonic wave, and arranged along a first
direction, and a circuit board on which the ultrasonic device
is disposed, and in each of the element groups, a centroid
position of a receiving area, in which the receiving element
included in the element group is disposed, overlaps a trans-
mitting area, in which the transmitting element included in
the element group is disposed, in a projection view along the
first direction.

[0031] In this application example, similarly to the appli-
cation examples described above, the element groups each
have the transmitting element and the receiving element, and
are configured so as to be able to transmit and receive the
ultrasonic wave, and are arranged along the first direction. In
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these element groups, the centroid position of the receiving
area overlaps the transmitting area in the projection view
along the first direction.

[0032] Thus, the acoustic intensity at the hotspot can be
enhanced, and thus, the degradation of the resolution
described above can be suppressed. Further, if the ultrasonic
wave is transmitted from the transmitting area toward the
roughly normal direction, the ultrasonic wave reflected by
the object can be received in the receiving area. Therefore,
a variety of types of signal processing can be performed
without considering the influence of the variation of the
incident angle of the reflected ultrasonic wave to the receiv-
ing area in accordance with the reflection position of the
ultrasonic wave, and the complication of the process can be
suppressed, and thus, the ultrasonic image can be formed
with a simple process.

[0033] Therefore, according to this application example, it
is possible to provide the ultrasonic module capable of
performing a highly accurate ultrasonic measurement with a
simple process.

[0034] An ultrasonic measurement apparatus according to
an application example of the invention includes an ultra-
sonic device including a plurality of element groups each
including at least one transmitting element adapted to trans-
mit an ultrasonic wave and at least one receiving element
adapted to receive an ultrasonic wave, and arranged along a
first direction, and a control section adapted to control the
ultrasonic device, and in each of the element groups, a
centroid position of a receiving area, in which the receiving
element included in the element group is disposed, overlaps
a transmitting area, in which the transmitting element
included in the element group is disposed, in a projection
view along the first direction.

[0035] In this application example, similarly to the appli-
cation examples described above, the element groups each
have the transmitting element and the receiving element, and
are configured so as to be able to transmit and receive the
ultrasonic wave, and are arranged along the first direction. In
these element groups, the centroid position of the receiving
area overlaps the transmitting area in the projection view
along the first direction.

[0036] Thus, the acoustic intensity at the hotspot can be
enhanced, and thus, the degradation of the resolution
described above can be suppressed. Further, if the ultrasonic
wave is transmitted from the transmitting area toward the
roughly normal direction, the ultrasonic wave reflected by
the object can be received in the receiving area. Therefore,
a variety of types of signal processing can be performed
without considering the influence of the variation of the
incident angle of the reflected ultrasonic wave to the receiv-
ing area in accordance with the reflection position of the
ultrasonic wave, and the complication of the process can be
suppressed, and thus, the ultrasonic image can be formed
with a simple process.

[0037] Therefore, according to this application example, it
is possible to provide the ultrasonic measurement apparatus
capable of performing a highly accurate ultrasonic measure-
ment with a simple process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.
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[0039] FIG. 1 is a perspective view showing a general
configuration of an ultrasonic measurement apparatus
according to a first embodiment of the invention.

[0040] FIG. 2 is a block diagram showing a general
configuration of an ultrasonic measurement apparatus
according to the embodiment.

[0041] FIG. 3 is a cross-sectional view showing a sche-
matic configuration of an ultrasonic probe according to the
embodiment.

[0042] FIG. 4 is a plan view showing a schematic con-
figuration of an ultrasonic device according to the embodi-
ment.

[0043] FIGS. 5A through 5C are cross-sectional views
showing the schematic configuration of the ultrasonic device
according to the embodiment.

[0044] FIG. 6 is a plan view showing a schematic con-
figuration of an ultrasonic element group of the embodi-
ment.

[0045] FIG. 7 is a diagram showing an operational
example of the ultrasonic element group of the embodiment.
[0046] FIG. 8 is a diagram showing an operational
example of an ultrasonic device according to a comparative
example.

[0047] FIG. 9 is a plan view showing a schematic con-
figuration of an ultrasonic element group of a modified
example of the first embodiment.

[0048] FIG. 10 is a plan view showing a schematic con-
figuration of an ultrasonic element group of a second
embodiment of the invention.

[0049] FIG. 11 is a plan view showing a schematic con-
figuration of an ultrasonic element group of a third embodi-
ment of the invention.

[0050] FIG. 12 is a plan view showing a schematic con-
figuration of an ultrasonic element group of a fourth embodi-
ment of the invention.

[0051] FIG. 13 is a plan view showing a schematic con-
figuration of an ultrasonic element group related to a modi-
fied example of the invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

[0052] An ultrasonic measurement apparatus as an elec-
tronic apparatus of a first embodiment according to the
invention will hereinafter be described based on the accom-
panying drawings.

Configuration of Ultrasonic Measurement Apparatus

[0053] FIG. 1 is a perspective view showing a general
configuration of the ultrasonic measurement apparatus 1
according to the present embodiment. FIG. 2 is a block
diagram showing a general configuration of the ultrasonic
measurement apparatus 1.

[0054] As shown in FIG. 1, the ultrasonic measurement
apparatus 1 according to the present embodiment is provided
with an ultrasonic probe 2, and a control device 10 electri-
cally connected to the ultrasonic probe 2 via a cable 3.
[0055] The ultrasonic measurement apparatus 1 transmits
an ultrasonic wave from the ultrasonic probe 2 to the inside
of a living body (e.g., a human body) with the ultrasonic
probe 2 having contact with a surface of the living body.
Further, the ultrasonic measurement apparatus 1 receives a
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high-order harmonic wave with respect to the fundamental
wave out of the ultrasonic wave reflected by a part in the
living body using the ultrasonic probe 2, and then obtains an
internal tomographic image in the living body, for example,
and measures the state (e.g., blood flow) of the part in the
living body based on the received signal.

Configuration of Ultrasonic Probe

[0056] FIG. 3 is a cross-sectional view of the ultrasonic
probe 2 cut along the line III-III shown in FIG. 1, and
showing a general configuration of the ultrasonic probe 2.
[0057] The ultrasonic probe 2 is provided with a housing
21 and an ultrasonic sensor 22.

Configuration of Housing

[0058] As shown in FIG. 1, the housing 21 is formed to
have a box-like shape having a rectangular planar shape, and
supports the ultrasonic sensor 22. One surface (a sensor
surface 21A) perpendicular to the thickness direction of the
housing 21 is provided with a sensor window 21B, and a part
(an acoustic lens 8 described later) of the ultrasonic sensor
22 is exposed. Further, in apart (a side surface in the example
shown in FIG. 1) of the housing 21, there is disposed a
through hole 21C for the cable 3, and the cable 3 is inserted
into the housing 21. Although not shown in the drawings, the
cable 3 is connected to the ultrasonic sensor 22 (a circuit
board 6 described later) in the inside of the housing 21.
Further, the gap between the cable 3 and the through hole
21C is filled with, for example, a resin material to thereby
ensure the waterproof property.

[0059] It should be noted that although in the present
embodiment, there is shown a configuration example in
which the ultrasonic probe 2 and the control device 10 are
connected to each other using the cable 3, the configuration
is not limited to this example, and it is also possible to, for
example, connect the ultrasonic probe 2 and the control
device 10 to each other with wireless communication, or
dispose a variety of constituents of the control device 10
inside the ultrasonic probe 2.

Configuration of Ultrasonic Sensor

[0060] The ultrasonic sensor 22 corresponds to the ultra-
sonic module according to the invention, and is provided
with an ultrasonic device 4, the circuit board 6, a flexible
board 7, and the acoustic lens 8 as shown i FIG. 3.
Although described later, the circuit board 6 is provided with
a driver circuit for controlling the ultrasonic device 4, and so
on, and the ultrasonic device 4 is electrically connected to
the circuit board 6 via the flexible board 7. On the ultrasonic
wave transmission/reception side surface of the ultrasonic
device 4, there is disposed the acoustic lens 8. The ultrasonic
sensor 22 is housed in the housing 21 so that the acoustic
lens 8 is exposed, transmits the ultrasonic wave from the
exposed part to an object, and then receives a reflected wave
from the object.

Configuration of Acoustic Lens

[0061] The acoustic lens 8 efficiently propagates the ultra-
sonic wave, which has been emitted from the ultrasonic
device 4, to the living body as the measurement object, and
further propagates the ultrasonic wave, which has been
reflected in the living body, to the ultrasonic device 4 with
efficiency. The acoustic lens 8 is disposed along the surface
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with which the ultrasonic device 4 transmits and receives the
ultrasonic wave. It should be noted that although not shown
in the drawings, between the ultrasonic device 4 and the
acoustic lens 8, there is disposed an acoustic matching layer.
The acoustic lens 8 and the acoustic matching layer are set
to have an acoustic impedance intermediate between the
acoustic impedance of the ultrasonic elements 50 (transmit-
ting element 51 and receiving element 52) of an element
substrate 41 and the acoustic impedance of the living body.

Configuration of Ultrasonic Device

[0062] FIG. 4 is a plan view of the ultrasonic device 4
viewed from the acoustic lens 8§ side, and showing a sche-
matic configuration of the ultrasonic device 4.

[0063] In the following description, the scanning direction
(a first direction) of the ultrasonic device 4 having a one-
dimensional array structure as described later is defined as
an X direction, and the slicing direction (a second direction)
perpendicular to the scanning direction is defined as a Y
direction.

[0064] The ultrasonic device 4 is constituted by a plurality
of ultrasonic element groups 5, each of which has a plurality
of ultrasonic elements 50 (see FIGS. 5A through 5C), and
which are arranged in the Y direction on the element
substrate 41. The ultrasonic element groups 5 arranged in the
slicing direction are each a transmission/reception channel
for transmitting and receiving the ultrasonic wave using the
ultrasonic elements 50. The ultrasonic element groups 5 as
the transmission/reception channels are arranged in the Y
direction to constitute an ultrasonic array 500 as the one-
dimensional array.

[0065] It should be noted that the element substrate 41 is
provided with wiring (not shown) for driving the plurality of
ultrasonic elements 50, and signal terminals Sc, to which the
wiring is connected, and which are connected to the circuit
board 6 with the flexible board 7. It should be noted that in
the example shown in the drawing, the signal terminals Sc
are disposed in the end parts on the both sides in the Y
direction of the element substrate 41 along the X direction.

Configuration of Element Substrate

[0066] FIGS. SA through 5C show an example of a
configuration of the element substrate 41 and the ultrasonic
element 50. FIG. 5A is a plan view of the ultrasonic element
50, FIG. 5B is a cross-sectional view showing a cross-
sectional surface along the line B-B shown in FIG. 5A, and
FIG. 5C is a cross-sectional view showing a cross-sectional
surface along the line C-C shown in FIG. 5A.

[0067] As shown in FIGS. 5A through 5C, the element
substrate 41 is provided with a substrate main body part 411,
and a vibrating film 412 stacked on the substrate main body
part 411.

[0068] The substrate main body part 411 is a semiconduc-
tor substrate made of, for example, Si. Inside the array
region of the substrate main body part 411, there are
disposed aperture parts 411A corresponding respectively to
the ultrasonic elements. Further, the aperture parts 411A are
closed by the vibrating film 412 disposed on the rear surface
41A side of the substrate main body part 411.

[0069] The vibrating film 412 is formed of, for example,
SiQ, or a laminated body of Si0, and ZrQ,, and is disposed
so as to cover the entire area on the rear surface 41A side of
the substrate main body part 411. The thickness dimension
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of the vibrating film 412 becomes sufficiently small one with
respect to the substrate main body part 411. In the case of
forming the substrate main body part 411 using Si and
forming the vibrating film 412 using SiO,, by performing an
oxidation treatment on, for example, the surface on the rear
surface 41A side of the substrate main body part 411, it
becomes possible to easily form the vibrating film 412
having a desired thickness dimension. Further, in this case,
by performing an etching treatment on the substrate main
body part 411 using the vibrating film 412 made of SiO, as
an etching stopper, it is possible to easily form the aperture
parts 411A.

Configuration of Ultrasonic Wave Transmitting Sections

[0070] As shown in FIGS. 5A through 5C, the ultrasonic
elements 50 are each configured including the vibrating film
412 and a piezoelectric element 413.

[0071] The piezoelectric element 413 is a laminated body
of a lower-part electrode 414, a piezoelectric film 415, and
an upper-part electrode 416, and is disposed on the vibrating
film 412 closing each of the aperture parts 411 A as shown in
FIGS. 5A through 5C.

[0072] The lower-part electrode 414 is connected to the
signal terminal via a signal line not shown, and a drive
voltage is applied to the lower-part electrode 414. It should
be noted that the lower-part electrodes 414 of the transmit-
ting elements 51 described later out of the ultrasonic ele-
ments 50 included in one transmission/reception channel are
electrically connected to each other via the signal lines.
Similarly, the lower-part electrodes 414 of the receiving
elements 52 described later out of the ultrasonic elements 50
included in one transmission/reception channel are electri-
cally connected to each other via the signal lines.

[0073] The piezoelectric film 415 is formed of a thin film
made of lead zirconate titanate (PZT) or the like, and is
configured so as to cover at least the lower-part electrode
414.

[0074] The upper-part electrode 416 is connected to a
common terminal via the signal line not shown, and a
common voltage is applied to the upper-part electrode 416.
It should be noted that the plurality of upper-part electrodes
416 is electrically connected via the signal lines.

[0075] Here, the ultrasonic elements 50 include the trans-
mitting elements 51 for transmitting the ultrasonic wave
(fundamental wave) and the receiving elements 52 capable
of receiving a high-order harmonic wave with respect to the
fundamental wave as described later.

[0076] The transmitting elements 51 are each configured
so as to be able to transmit the fundamental wave having a
predetermined frequency at a desired efficiency. Specifically,
in the transmitting element 51, by applying a rectangular-
wave voltage having a predetermined frequency between the
lower-part electrode 414 and the upper-part electrode 416, it
is possible to vibrate the vibrating film 412 in an aperture
region of each of the aperture parts 411A to transmit the
ultrasonic wave. In the transmitting element 51, the shape
(the aperture shape of the aperture part 411A) of the vibrat-
ing film 412 is set in accordance with the frequency of the
fundamental wave, and the fundamental wave can be trans-
mitted at a desired efficiency.

[0077] The receiving element 52 is configured so as to be
able to receive the high-order harmonic wave having the
predetermined order with respect to the fundamental wave at
a desired efficiency, but is basically configured similarly to
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the transmitting element 51, and has the shape of the
vibrating film 412 set in accordance with the frequency of
the high-order harmonic wave with respect to the funda-
mental wave, and is capable of receiving the high-order
harmonic wave at a desired efficiency.

Configuration of Ultrasonic Element Group

[0078] FIG. 6 is a plan view showing a schematic con-
figuration of the ultrasonic wave element group 5 when
viewing the element substrate 41 from the acoustic lens 8
side.

[0079] The ultrasonic element group 5 is constituted by
the plurality of ultrasonic elements 50 including the trans-
mitting elements 51 and the receiving elements 52 arranged
in a two-dimensional array along the X direction and the Y
direction. The ultrasonic element group 5 receives a high-
order harmonic wave with respect to the fundamental wave
having been transmitted from the transmitting elements 51
using the receiving elements 52. It should be noted that in
the following description, the area surrounding the arrange-
ment positions of the plurality of ultrasonic elements 50
constituting the ultrasonic element group 5 is defined as a
transmitting/receiving area Ar0. The transmitting/receiving
area Ar0 is the maximum area of rectangular areas surround-
ing the plurality of ultrasonic elements 50 constituting the
ultrasonic element group 5 in a circumscribed manner in a
planar view viewed from the thickness direction of the
element substrate 41, for example. In other words, the
transmitting/receiving area Ar0 is the minimum area of the
rectangular areas surrounding all of the ultrasonic elements
50 constituting the ultrasonic element group 5. Further, the
center of the transmitting/receiving area Ar0 is defined as a
central position P0, and an imaginary line passing through
the central position PO and parallel to the X direction is
defined as a center line LO0.

[0080] The transmitting elements 51 are arranged in the X
direction and the Y direction except on the center line L0.
Among the plurality of transmitting elements 51, the trans-
mitting elements 51 disposed on the +Y side of the center
line LO constitute a first transmitting aperture 511, and the
transmitting elements 51 disposed on the =Y side of the
center line L0 constitute a second transmitting aperture 512.
[0081] The first transmitting aperture 511 and the second
transmitting aperture 512 constitute a composite transmit-
ting aperture 513. A first area Arl in which the composite
transmitting aperture 513 is set is a rectangular area (trans-
mitting area) surrounding the first transmitting aperture 511
and the second transmitting aperture 512. In the present
embodiment, the first area Arl coincides with the transmit-
ting/receiving area Ar0. Similarly to the transmitting/receiv-
ing area described above, the transmitting area is the maxi-
mum area of the rectangular areas surrounding the plurality
of transmitting elements 51 constituting the ultrasonic ele-
ment group 5 in a circumscribed manner in the planar view.
In other words, the transmitting area is the minimum area of
the rectangular areas surrounding all of the transmitting
elements 51.

[0082] Further, the transmitting elements 51 are arranged
so that the first transmitting aperture 511 and the second
transmitting aperture 512 become in an axisymmetrical
relationship about the center line L0, and become point-
symmetrical about the central position P0. Therefore, the
centroid position of the area (the transmitting area) in which
the transmitting elements 51 are arranged coincides with the
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central position PO. The transmitting elements 51 are dis-
posed at positions, which are axisymmetrical about the
center line .0 and at the same time point-symmetrical about
the central position PO as the centroid position.

[0083] The receiving elements 52 are arranged in the X
direction along the center line L0 to constitute a receiving
aperture 521. A second area Ar2 set as the receiving aperture
521 is a rectangular area (a receiving area) sutrounding the
receiving aperture 521, and is included in the transmitting/
receiving area Ar0 in a planar view viewed from the normal
direction of the element substrate 41. Similarly to the
transmitting/receiving area described above, the receiving
area is the maximum area of the rectangular areas surround-
ing the plurality of receiving elements 52 constituting the
ultrasonic element group 5 in a circumscribed manner in the
planar view. In other words, the receiving area is the
minimum area of the rectangular areas surrounding all of the
receiving elements 52.

[0084] In the receiving aperture 521, the receiving ele-
ments 52 are arranged so as to be axisymmetrical about the
center line [0 and point-symmetrical about the central
position P0. Therefore, the centroid position of the area (the
receiving area) in which the receiving elements 52 are
arranged coincides with the central position P0. The receiv-
ing elements 52 are disposed at positions, which are axi-
symmetrical about the center line L0 and at the same time
point-symmetrical about the central position PO as the
centroid position. Further, the receiving aperture 521 (the
receiving area) is located inside the composite transmitting
aperture 513 (the transmitting area) viewed in the X direc-
tion.

Transmission/Reception of Ultrasonic Wave by Ultrasonic
Element Group

[0085] FIG. 7 is a diagram schematically showing an
action of driving the ultrasonic element group 5 to transmit
and receive the ultrasonic wave. FIG. 8 is a diagram sche-
matically showing a comparative example in which the
transmitting aperture and the receiving aperture are config-
ured so as to be arranged side by side in the slicing direction.
Tt should be noted that although the acoustic lens 8 is omitted
in FIG. 7, the ultrasonic wave is converged in the slicing
direction by the acoustic lens 8 in the present embodiment.
[0086] As shown in FIG. 7, when driving the transmitting
elements 51 of the ultrasonic element group 5 at the same
time to transmit the ultrasonic wave, the ultrasonic wave is
converged by the acoustic lens 8. In the ultrasonic element
group 5 of the present embodiment, the central position of
the composite transmitting aperture 513 formed of the
transmitting elements 51 and the central position of the
receiving aperture 521 formed of the receiving elements 52
coincide with each other. Therefore, it is possible for the
receiving elements 52 to receive the reflected wave from an
object X located on or around the normal line N of the
ultrasonic array passing through the central position. Thus,
it is possible to inhibit the incident angle of the reflected
wave to the receiving elements 52 from varying even in the
case in which the position in the depth direction of the object
is different.

[0087] In contrast, as shown in FIG. 8, in an ultrasonic
element group 530 configured so that a transmitting aperture
531 and a receiving aperture 532 are arranged side by side
in the slicing direction, when the generation position Pn of
the reflected wave varies in the direction along the normal
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line N of an ultrasonic wave transmitting/receiving surface
of the ultrasonic element group 530, namely the depth
direction, the incident angle 6n of the reflected wave to the
receiving aperture 532 also varies (in FIG. 8, the three
generation positions Pn (n=1, 2, 3) are illustrated). There-
fore, it is necessary to calculate the position of the object
taking the incident angle of the reflected wave into consid-
eration in addition to the reception timing of the reflected
wave, and there is a possibility that the process becomes
complicated.

[0088] In contrast, in the ultrasonic element group 5 of the
present embodiment shown in FIG. 7, since it is possible to
inhibit the incident angle of the reflected wave to the
receiving elements 52 from varying in accordance with the
position in the depth direction of the object, it is possible to
inhibit the process from becoming complicated due to the
calculation of the position of the object with the variation of
the incident angle taken into consideration.

Configuration of Circuit Board

[0089] The circuit board 6 shown in FIG. 2 is provided
with a drive signal terminal (not shown) and a common
terminal (not shown), and the ultrasonic device 4 is con-
nected to the circuit board 6 with the flexible board 7.
Further, the circuit board 6 is connected to the control device
10 via the cable 3.

[0090] The circuit board 6 is provided with a driver circuit
for driving the ultrasonic device 4, and so on. Specifically,
as shown in FIG. 2, the circuit board 6 is provided with a
selection circuit 61, a transmission circuit 62, and a recep-
tion circuit 63.

[0091] The selection circuit 61 selects the transmitting
elements 51 to be connected to the transmission circuit 62
based on the control by the control device 10.

[0092] The transmission circuit 62 outputs a transmission
signal, which represents the fact that the ultrasonic device 4
is made to transmit the ultrasonic wave via the selection
circuit 61 due to the control by the control device 10. It
should be noted that the transmitting elements 51 included
in the ultrasonic element group 5 selected by the selection
circuit 61 are driven in accordance with the output of the
transmission signal, and transmit an ultrasonic wave.

[0093] The reception circuit 63 outputs a reception signal,
which has been input from the ultrasonic sensor 22, to the
control device 10. The reception circuit 63 is configured
including, for example, a low-noise amplifier circuit, a
voltage-controlled attenuator, a programmable-gain ampli-
fier, a low-pass filter, an A/D converter, and a phasing
addition circuit, and performs a variety types of signal
processing such as conversion of the reception signal into a
digital signal, elimination of a noise component, amplifica-
tion to a desired signal level, and phasing addition process-
ing on each of the channels, and then outputs the reception
signal thus processed to the control device 10.

Configuration of Control Device

[0094] As shown in FIG. 2, the control device 10 is
configured including, for example, an operation section 11,
a display section 12, a storage section 13, and a control
section 14. As the control device 10, there can be used a
terminal device such as a tablet terminal, a smartphone, or
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a personal computer, and the control device 10 can also be
a dedicated terminal device for operating the ultrasonic
probe 2.

[0095] The operation section 11 is a user interface (UI) for
the user to operate the ultrasonic measurement apparatus 1,
and can be formed of, for example, a touch panel or
operation buttons disposed on the display section 12, a
keyboard, or a mouse.

[0096] The display section 12 is formed of, for example,
a liquid crystal display, and displays an image.

[0097] The storage section 13 stores a variety of programs
and a variety of data for controlling the ultrasonic measure-
ment apparatus 1.

[0098] The control section 14 is constituted by an arith-
metic circuit such as a central processing unit (CPU), a
processing circuit for performing each of the processes
described later, and a storage circuit such as a memory.
Further, the control section 14 reads and executes the variety
of programs stored in the storage section 13 to thereby
function as a transmission/reception control section 141, a
harmonic processing section 142, and a signal processing
section 143.

[0099] The transmission/reception control section 141
performs control of making the selection circuit 61 select the
transmission channel T to be the driving object. Further, the
transmission/reception control section 141 performs control
of a generation and output process of the transmission signal
on the transmission circuit 62. Further, the transmission/
reception control section 141 performs control of frequency
setting, gain setting, and so on of the reception signal on the
reception circuit 63.

[0100] The harmonic processing section 142 extracts a
harmonic component for each of the channels based on the
reception signal of each of the channels.

[0101] The signal processing section 143 performs a vari-
ety of processes for obtaining a good tomographic image on
the reception signal on which the harmonic process has been
performed. As the variety of processes, there can be cited a
nonlinear compression process such as a logarithmic con-
version process for converting the expression format so that
the maximum part and the minimum part of the signal
strength of the reception signal are easily checked at the
same time, a sensitive time control (STC) process for
correcting the gain (luminance) in accordance with the
propagation time (i.e., the depth) of the reflected wave, and
so on. Further, the signal processing section 143 generates a
variety of ultrasonic images such as a B-mode image or an
M-mode image, and then makes the display section 12
display the ultrasonic images.

Functions and Advantages of First Embodiment

[0102] The ultrasonic element groups 5 each have the
transmitting elements 51 and the receiving elements 52, and
are configured so as to be able to transmit and receive the
ultrasonic wave, and are arranged along the X direction (the
scanning direction), and function as a single transmission/
reception channel. In each of the ultrasonic element groups
5, the centroid position of the receiving area in which the
receiving elements 52 are disposed coincides with the cen-
troid position (the central position P0) of the transmitting
area in which the transmitting elements 51 are disposed, and
the transmitting area and the receiving area overlap each
other.
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[0103] Here, in the case in which the transmitting area and
the receiving area are arranged so as to be shifted from each
other in the Y direction (the slicing direction) when viewed
in the X direction, since it is necessary to transmit the
ultrasonic wave so as to be tiled toward the receiving area in
the slicing direction, there is a possibility that it is not
achievable to sufficiently converge the transmission wave,
and thus, the resolution degrades. In contrast, in the present
embodiment, since the first area Arl and the second area Ar2
overlap each other, the degradation of the resolution
described above can be suppressed.

[0104] Further, since the centroid position of the receiving
area coincides with the centroid position of the transmitting
area, the degradation of the resolution not only in the slicing
direction but also in the scanning direction can more surely
be suppressed.

[0105] Further, in the case in which the transmitting area
and the receiving area are arranged so as to be shifted in the
Y direction from each other when viewed in the X direction,
the incident angle of the reflected wave varies in accordance
with the distance from the receiving area to the reflection
position in the direction along the normal line N as shown
in FIG. 8. Therefore, it is necessary to perform the signal
processing and the subsequent image processing on the
reception signal (e.g., a setting process of the delay time of
the reflected wave, and a correction process of the signal
strength to the propagation distance) taking the variation of
the incident angle into consideration when processing the
reception signal, and there is a possibility that the process
becomes complicated. In contrast, in the present embodi-
ment, since the incident angle variation described above can
be suppressed, and thus, the complication of the process
described above can be suppressed, the ultrasonic image can
be formed with a simple process.

[0106] Further, in the present embodiment, the transmit-
ting elements 51 and the receiving elements 52 are disposed
at the positions axisymmetrical about the center line 10.
Thus, the symmetrical property in the Y direction, namely
the slicing direction, of the transmitting area and the receiv-
ing area can be improved. Therefore, it is possible to
improve the resolution in the slicing direction, and thus, the
reception accuracy can be improved.

[0107] Further, the transmitting elements 51 and the
receiving elements 52 are disposed at the positions point-
symmetrical about the central position PO (the centroid
position of the transmitting area and the receiving area).
Therefore, according to this configuration, the planar sym-
metry of the transmitting area and the receiving area can be
improved. Therefore, it is possible to converge the ultrasonic
wave transmitted from the transmitting elements 51 to
thereby improve the resolution in the case of receiving the
reflected wave, which has been reflected by the object, with
the receiving elements 52, and thus, the reception accuracy
can be improved.

[0108] Since the ultrasonic elements 50 are arranged along
the X direction and the Y direction in the ultrasonic element
group 5, the planar symmetry in the arrangement of the
ultrasonic elements 50 can further be improved. Therefore,
it is possible to transmit the ultrasonic wave three-dimen-
sionally more uniform from the transmitting elements 51,
and thus, the accuracy of the ultrasonic measurement can be
improved.
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Modified Example of First Embodiment

[0109] FIG. 9 is a plan view schematically showing an
ultrasonic element group SA related to a first modified
example of the first embodiment.

[0110] Although in the first embodiment described above,
the plurality of receiving elements 52 is arranged in a line
along the X direction, in the ultrasonic element group 5A
shown in FIG. 9, the plurality of receiving elements 52 is
disposed so as to be arranged along the X direction and the
Y direction. In FIG. 9, there is illustrated a configuration in
which the 9 receiving elements 52 are disposed. In such a
configuration, by increasing the number of receiving ele-
ments 52, the reception sensitivity can be improved.

Second Embodiment

[0111] Then, a second embodiment according to the inven-
tion will be described.

[0112] In the first embodiment described above, the
receiving elements 52 are disposed so as to be adjacent to
each other. In contrast, the second embodiment is different
in the point that the transmitting elements 51 are disposed on
the X-direction side and the Y-direction side of the receiving
element 52 in the ultrasonic element group.

[0113] It should be noted that in the following explanation,
the constituents substantially the same as those of the first
embodiment are denoted by the same reference symbols,
and the explanation thereof will be omitted or simplified.
[0114] FIG. 10 is a plan view schematically showing an
ultrasonic element group 5B of the second embodiment.
[0115] As shown in FIG. 10, regarding the plurality of
receiving elements 52, the plurality of transmitting elements
51 and the plurality of receiving elements 52 are disposed in
the second area Ar2 having a rectangular shape. The centroid
position of the receiving area in which the receiving ele-
ments 52 are disposed coincides with the central position PO
of the transmitting/receiving area Ar0 of the ultrasonic
element group 5B. Specifically, one of the receiving ele-
ments 52 is disposed at a position overlapping the central
position P0. Further, the plurality of receiving elements 52
is disposed so as to be located on the both sides of each of
the transmitting elements 51 in the X direction and the Y
direction.

[0116] It should be noted that in the transmitting/receiving
area Ar0, the centroid position of the transmitting area in
which the transmitting elements 51 are disposed coincides
with the central position PO of the transmitting/receiving
area Ar0 and the centroid position of the receiving area in
which the receiving elements 52 are disposed. Further, the
transmitting elements 51 and the receiving elements 52 are
each disposed at the positions axisymmetrical about the
center line L0.

Functions and Advantages of Second Embodiment

[0117] In the second embodiment, since the transmitting
elements 51 and the receiving elements 52 are alternately
arranged in the X direction and the Y direction in the second
area Ar2 set in the vicinity of the center of the transmitting/
receiving area Ar0, the degradation of the output of the
transmission wave from the vicinity of the central position
P0 can be suppressed. Further, it is possible to suppress
degradation of the image quality of the ultrasonic image due
to the degradation of the planar symmetry in the arrange-
ment of the receiving elements 52.
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Third Embodiment

[0118] Then, a third embodiment according to the inven-
tion will be described.

[0119] In the second embodiment, the transmitting ele-
ments 51 and the receiving elements 52 are arranged alter-
nately in the X direction and the Y direction in the second
area Ar2. In contrast, the third embodiment is different in the
point that the receiving elements 52 are disposed along a
diagonal line of the receiving area.

[0120] FIG. 11 is a plan view schematically showing an
ultrasonic element group 5C of the third embodiment.
[0121] As shown in FIG. 11, the receiving elements 52 are
arranged along the diagonal line L1 of the second area Ar2
so as to be shifted one at a time to the +X side and the +Y
side. Further, one of the receiving elements 52 is disposed at
a position overlapping the central position P0. The centroid
position of the receiving area in which the receiving ele-
ments 52 are disposed coincides with the central position P0
of the transmitting/receiving area Ar0 of the ultrasonic
element group 5C, and the receiving elements 52 are dis-
posed at the positions point-symmetrical about the central
position P0.

[0122] It should be noted that the centroid position of the
transmitting area in which the transmitting elements 51 are
disposed coincides with the central position P0, and the
transmitting elements 51 are disposed at the positions point-
symmetrical about the central position P0.

[0123] Further, the receiving elements 52 are arranged in
the scanning direction at predetermined intervals d. In other
words, the reception channels each included in one ultra-
sonic element group 5C are arranged in the scanning direc-
tion at the predetermined intervals d. It should be noted that
the predetermined intervals d are set to the value corre-
sponding to the frequency (the wavelength) of the high-
order harmonic wave as the reception object with respect to
the fundamental wave transmitted from the transmitting
elements 51.

[0124] It should be noted that in the present embodiment,
the configuration in which the receiving elements 52 are
arranged so as to be shafted one at a time to the +X side and
the +Y side is not a limitation, but a variety of types of
arrangement configurations of the receiving elements 52
such as a configuration in which the receiving elements 52
are arranged so as to be shifted one at a time to the +X side
and the =Y side can be adopted providing the receiving
elements 52 are disposed point-symmetrically about the
central position P0, and the receiving elements 52 are
arranged at the predetermined intervals d in the scanning
direction in the second area Ar2 in that configuration.

Functions and Advantages of Third Embodiment

[0125] In the present embodiment, since the receiving
elements 52 are arranged along the diagonal line L1 of the
second area Ar2, it is possible to inhibit the output of the
transmission wave from the vicinity of the central position
PO from degrading.

[0126] Further, the transmitting elements 51 and the
receiving elements 52 are disposed at the positions point-
symmetrical about the central position P0. Thus, it is pos-
sible to improve the planar symmetry related to the arrange-
ment of the transmitting elements 51 and the receiving
elements 52 in the transmitting/receiving area Ar0, and the
receiving accuracy can be improved.
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[0127] Further, the reception channels each configured by
arranging the receiving elements 52 along the diagonal line
L1 of the second area Ar2 are arranged in the scanning
direction (the X direction) at the predetermined intervals d.
By setting the predetermined intervals d in accordance with
the frequency (wavelength) of the high-order harmonic
wave as the reception object and so on, the reception
accuracy of the high-order harmonic wave can be improved.

Fourth Embodiment

[0128] Then, a fourth embodiment according to the inven-
tion will be described.

[0129] In each of the embodiments described above, the
ultrasonic element group is provided with the ultrasonic
elements of the same type capable of receiving a high-order
harmonic wave of the predetermined order as the receiving
elements 52. In contrast, the fourth embodiment is different
from each of the embodiments in the point that there are
provided a plurality of types of receiving elements config-
ured so as to be able to appropriately receive the high-order
harmonic waves different in order.

[0130] FIG. 12 is a plan view schematically showing an
ultrasonic element group 5D of the fourth embodiment.
[0131] The ultrasonic element group 5D shown in FIG. 12
is provided with first receiving elements 52A and second
receiving elements 52B configured so as to be able to receive
the high-order harmonic waves of the respective orders
different from each other as the receiving elements 52.
[0132] The first receiving elements 52A are the ultrasonic
elements for receiving a high-order harmonic wave of a
predetermined order, for example, a second-order harmonic
wave with respect to the fundamental wave. Specifically, the
first receiving elements 52A each have a shape (i.e., an
aperture shape of the aperture part 411A) of the vibrating
area of the vibrating film 412 and the characteristics of the
piezoelectric elements 413 corresponding to the frequency
(wavelength) of the second-order harmonic wave, and are
each configured so as to be able to receive the second-order
harmonic wave in good condition.

[0133] The second receiving elements 52B are the ultra-
sonic elements for receiving a high-order harmonic wave of
an order different from that of the first receiving elements
52A, for example, a third-order harmonic wave, and are each
configured so as to be able to receive the third-order har-
monic wave in good condition.

[0134] In FIG. 12, the four receiving elements 52 includ-
ing the first receiving elements 52A and the second receiving
elements 52B constitute the second area Ar2. The centroid
position of the receiving area in which the receiving ele-
ments 52 are disposed coincides with the central position PO
of the transmitting/receiving area Ar0 and the central posi-
tion of the second area Ar2. In the second area Ar2, the first
receiving elements 52A and the second receiving elements
52B are arranged alternately in the X direction and the Y
direction. In such a manner, in the second area Ar2, the first
receiving elements 52A and the second receiving elements
52B are each disposed at the positions point-symmetrical
about the centroid position of the receiving area.

[0135] Further, the plurality of ultrasonic element groups
5D is arranged in the X direction, and the first receiving
elements 52A and the second receiving elements 52B are
arranged alternately along the X direction throughout the
plurality of ultrasonic element groups 5D.
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Functions and Advantages of Fourth Embodiment

[0136] In the present embodiment, as the receiving ele-
ments 52, the first receiving elements 52A and the second
receiving elements 52B for receiving the high-order har-
monic waves of the respective orders different from each
other are provided. Thus, it is possible to improve the
reception accuracy with respect to the high-order harmonic
waves of the respective orders different from each other.

[0137] Further, the first receiving elements 52A and the
second receiving elements 52B are disposed at the positions
point-symmetrical about the central position of the second
area Ar2, namely the central position PO in the present
embodiment. Thus, it is possible to improve the planar
symmetry of the arrangement positions with respect to each
of the first receiving elements 52A and the second receiving
elements 52B, and the high-order harmonic waves of the
corresponding orders can be received with high accuracy.

Modified Examples

[0138] It should be noted that the invention is not limited
to each of the embodiments described above, but includes
modifications and improvements within a range where the
advantages of the invention can be achieved, and configu-
rations, which can be obtained by, for example, arbitrarily
combining the embodiments.

[0139] FIG. 13 is a diagram showing a schematic configu-
ration of an ultrasonic element group in a modified example
of the ultrasonic device according to the invention.

[0140] Although in each of the embodiments described
above, there is illustrated the configuration of being pro-
vided with the transmitting elements 51 and the receiving
elements 52 as the plurality of ultrasonic elements 50
arranged in the Y direction (the slicing direction), the
invention is not limited to this configuration. Specifically, it
is possible to adopt ultrasonic element groups 5E each
constituted by a transmission channel T having the plurality
of transmitting elements 51 arranged in the Y direction, and
a reception channel R having the plurality of receiving
elements 52 arranged in the Y direction arranged side by side
in the X direction as shown in FIG. 13.

[0141] As shown in FIG. 13, the central position P1 of the
transmission channel T is located on the center line L0
passing through the center of the transmitting/receiving area
Ar( having a rectangular shape surrounding the transmission
channel T and the reception channel R. Similarly, the central
position P2 of the reception channel R is located on the
center line L0. In other words, in the projection view in the
X direction, the centroid position of the transmitting area
and the centroid position of the receiving area overlap each
other. Further, in each of the ultrasonic element groups 5E,
the transmitting elements 51 and the receiving elements 52
are disposed at the positions axisymmetrical about the center
line L0,

[0142] Further, in the ultrasonic array constituted by the
plurality of ultrasonic element groups 5E arranged in the Y
direction, the transmission channels T and the reception
channels R are each arranged in the Y direction at prede-
termined intervals. It should be noted that the predetermined
intervals are intervals corresponding to the frequency of the
high-order harmonic wave received by the reception chan-
nels R. In other words, the reception channels R are arranged
at intervals equal to or smaller than the maximum interval
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between the reception channels R with which the high-order
harmonic wave can be received with a desired accuracy.
[0143] Insuch a configuration, the respective central posi-
tions (the centroid positions) P1, P2 of the transmission
channel T and the reception channel R are located on the
center line L0 passing through the central position P1 of the
transmitting/receiving area Ar0, and coincide with each
other in the projection view in the scanning direction.
Therefore, compared to the configuration (see FIG. 8) in
which the transmission channels T and the reception chan-
nels R are arranged side by side in the slicing direction, the
resolution in the slicing direction can be improved, and at
the same time, the complication of the process related to the
generation of the ultrasonic image based on the reception
signal can be suppressed.

[0144] Further, by arranging the transmission channels T
and the reception channels R side by side in the scanning
direction, it is possible to increase the area of the receiving
aperture while suppressing the reduction of the area of the
transmitting aperture. Therefore, it is possible to improve the
reception accuracy of the reflected wave while suppressing
the degradation of the resolution, and the degradation of the
image quality of the ultrasonic image can be suppressed.
[0145] Although in each of the embodiments described
above, there is illustrated the configuration in which the
centroid position of the receiving area coincides with the
centroid position of the transmitting area in the Y direction
(the slicing direction), the invention is not limited to this
configuration. For example, it is possible to adopt a con-
figuration in which the centroid position of the receiving
area overlaps the transmitting area in the projection view in
the X direction (the scanning direction). In such a configu-
ration, compared to the case in which the transmitting area
and the receiving area are shifted in the Y direction (the
slicing direction) from each other when viewed in the X
direction, the distance between the centroid position of the
receiving area and the centroid position of the transmitting
area, namely the central position of the first area Arl and the
central position of the second area Ar2, can be shortened,
and thus, the degradation of the resolution can be sup-
pressed.

[0146] Although in each of the embodiments described
above, in the projection view along the X direction (the
slicing direction), there is illustrated the configuration in
which the receiving area (the receiving aperture) is located
inside the transmitting area (the composite transmitting
aperture), the invention is not limited to this configuration.
It is also possible that, for example, the receiving area and
the transmitting area are shifted in the Y direction from each
other within the range in which the centroid position of the
receiving area overlaps the transmitting area, and a part of
the receiving area is located outside the transmitting area in
the projection view. In such a configuration, compared to the
case in which the transmitting area and the receiving area are
shifted in the Y direction (the slicing direction) from each
other when viewed in the X direction, the distance between
the centroid position of the receiving area and the centroid
position of the transmitting area, namely the central position
of the first area Arl and the central position of the second
area Ar2, can be shortened, and thus, the degradation of the
resolution can be suppressed.

[0147] Although in the fourth embodiment, there is illus-
trated the configuration provided with the two types of
receiving elements 52, it is also possible to adopt a configu-
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ration simultaneously provided with three or more types of
receiving elements 52 for receiving the high-order harmonic
waves of the respective orders different from each other in
good condition.

[0148] Further, although there is illustrated the configura-
tion in which the two lines of receiving elements 52 each
arranged along the X direction are arranged in the Y
direction, it is also possible to adopt a configuration includ-
ing only one line or a configuration having three or more
lines arranged. Further, it is also possible to adopt a con-
figuration in which the plurality of receiving elements 52 are
arranged only in the Y direction. Further, it is also possible
for the receiving elements 52 different in type not to be
arranged alternately, but to be arranged adjacent to each
other in the X direction and the Y direction.

[0149] Although in each of the embodiments described
above, as the ultrasonic device, there is illustrated the
configuration configured so as to drive the transmitting
elements 51 constituting the ultrasonic element group at the
same time to have the one-dimensional array structure, the
invention is not limited to this configuration. Specifically, it
is possible to adopt a configuration in which at least a part
of the transmitting elements 51 can be driven individually in
one ultrasonic element group. For example, the transmitting
elements 51 arranged side by side in the scanning direction
can be configured so as to individually be driven while being
delayed in the slicing direction.

[0150] Although in each of the embodiments described
above, there is illustrated the ultrasonic measurement device
taking a living body as the measurement object, the inven-
tion is not limited to this example. For example, the inven-
tion can be applied to an electronic apparatus taking a
variety of types of structures as the measurement object, and
for performing the detection of the defects and inspection of
aging of the structure. Further, the invention can also be
applied to an electronic apparatus taking, for example, a
semiconductor package or a wafer as the measurement
object, and for detecting the defects of the measurement
object.

[0151] Besides the above, specific structures to be adopted
when implementing the invention can be configured by
arbitrarily combining the embodiments and the modified
examples described above with each other, or can arbitrarily
be replaced with other structures and so on within the range
in which the advantages of the invention can be achieved.
[0152] The entire disclosure of Japanese Patent Applica-
tion No. 2015-171174 filed on Aug. 31, 2015 is expressly
incorporated by reference herein.

What is claimed is:

1. An ultrasonic device comprising:

a plurality of element groups each including at least one
transmitting element adapted to transmit an ultrasonic
wave and at least one receiving element adapted to
receive an ultrasonic wave, and arranged along a first
direction,

wherein in each of the element groups, a centroid position
of a receiving area, in which the receiving element
included in the element group is disposed, overlaps a
transmitting area, in which the transmitting element
included in the element group is disposed, in a projec-
tion view along the first direction.

2. The ultrasonic device according to claim 1, wherein

the receiving area is located inside the transmitting area in
the projection view along the first direction.
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3. The ultrasonic device according to claim 1, wherein

the centroid position in the receiving area overlaps a
centroid position of the transmitting area in the projec-
tion view along the first direction.

4. The ultrasonic device according to claim 3, wherein

the centroid position of the receiving area coincides with
the centroid position of the transmitting area.

5. The ultrasonic device according to claim 4, wherein

the transmitting elements included in the element group
are disposed at positions axisymmetrical about an
imaginary line passing through the centroid position of
the transmitting area and parallel to the first direction,
and

the receiving elements included in the element group are
disposed at positions axisymmetrical about the imagi-
nary line.

6. The ultrasonic device according to claim 4, wherein

the transmitting elements included in the element group
are disposed at positions point-symmetrical about the
centroid position of the transmitting area, and

the receiving elements included in the element group are
disposed at positions point-symmetrical about the cen-
troid position of the transmitting area.

7. The ultrasonic device according to claim 6, wherein

the element group has an array structure in which ultra-
sonic elements including the transmitting element and
the receiving element are arranged in a two-dimen-
sional array along the first direction and a second
direction crossing the first direction.

8. The ultrasonic device according to claim 1, wherein

the element groups each have a plurality of receiving
elements,

the plurality of receiving elements includes at least one
first receiving element adapted to receive a high-order
harmonic wave taking the ultrasonic wave transmitted
from the transmitting element as a fundamental wave,
and at least one second receiving element adapted to
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receive a high-order harmonic wave of a different order
from an order of the high-order harmonic wave
received by the first receiving element,

the first receiving elements are disposed at positions
point-symmetrical about the centroid position of the
receiving area, and

the second receiving elements are disposed at positions
point-symmetrical about the centroid position of the
receiving area.

9. An ultrasonic module comprising:

an ultrasonic device including a plurality of element
groups each including at least one transmitting element
adapted to transmit an ultrasonic wave and at least one
receiving element adapted to receive an ultrasonic
wave, and arranged along a first direction; and

a circuit board on which the ultrasonic device is disposed,

wherein in each of the element groups, a centroid position
of a receiving area, in which the receiving element
included in the element group is disposed, overlaps a
transmitting area, in which the transmitting element
included in the element group is disposed, in a projec-
tion view along the first direction.

10. An ultrasonic measurement apparatus comprising:

an ultrasonic device including a plurality of element
groups each including at least one transmitting element
adapted to transmit an ultrasonic wave and at least one
receiving element adapted to receive an ultrasonic
wave, and arranged along a first direction; and

a control section adapted to control the ultrasonic device,

wherein in each of the element groups, a centroid position
of a receiving area, in which the receiving element
included in the element group is disposed, overlaps a
transmitting area, in which the transmitting element
included in the element group is disposed, in a projec-
tion view along the first direction.
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