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7) ABSTRACT

An ultrasonic unit includes a first and a second ultrasonic
wave transmission and reception portions that transmit ultra-
sonic waves to a subject and receive ultrasonic waves
reflected from the subject, a first sound guide portion
through which ultrasonic waves transmitted and received by
a first ultrasonic wave transmission and reception portion
pass, and a second sound guide portion through which
ultrasonic waves transmitted and received by a second
ultrasonic wave transmission and reception portion pass, in
which a distance between the first sound guide portion and

A61B 8/00 (2006.01) the second sound guide portion is gradually reduced toward
AGIB 8/15 (2006.01) the subject.
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ULTRASONIC UNIT, ULTRASONIC
APPARATUS, AND CONTROL METHOD FOR
ULTRASONIC UNIT

BACKGROUND

1. Technical Field

[0001] The present invention relates to an ultrasonic unit,
an ultrasonic apparatus, and a control method for the ultra-
sonic unit.

2. Related Art

[0002] In the related art, there is an ultrasonic probe or an
ultrasonic apparatus which outputs an ultrasonic wave trans-
mitted from an ultrasonic vibrator to a subject (for example,
a living body) (for example, refer to JP-A-2011-35916).
[0003] JP-A-2011-35916 discloses an ultrasonic probe in
which an ultrasonic medium fills between each ultrasonic
vibrator and an acoustic lens, and an ultrasonic wave trans-
mitted from the ultrasonic vibrator is emitted toward a
subject from the acoustic lens. JP-A-2011-35916 also dis-
closes a configuration in which an elastic body is provided
in each ultrasonic vibrator, and an ultrasonic wave emission
surface of the elastic body is an inclined surface. In this case,
an ultrasonic wave is sent at an angle corresponding to the
inclined surface.

[0004] Meanwhile, in the ultrasonic probe of the related
art as disclosed in JP-A-2011-35916, a plurality of ultrasonic
vibrators are provided on a single array substrate. However,
in a case where transmission and reception of ultrasonic
waves are necessary for a large area, in the configuration as
disclosed in JP-A-2011-35916, it is necessary to increase an
area of the array substrate, and thus an apparatus unit price
tends to increase.

[0005] Therefore, transmission and reception of ultrasonic
waves may be performed for a larger area by using a
plurality of array substrates each having the same size as that
of the array substrate of the related art. However, in this
case, a region in which transmission and reception of
ultrasonic waves are not performed is formed between the
array substrates, and thus an ultrasonic wave emitted from
the ultrasonic probe is not uniform. Also in a case where an
ultrasonic wave is received, ultrasonic waves which are
incident from a predetermined region include an ultrasonic
wave forwarded to the array substrate and an ultrasonic
wave forwarded to the region between the array substrates,
and thus measurement accuracy is reduced. Consequently,
the accuracy of transmission and reception of ultrasonic
waves is reduced. For example, in a case where an internal
tomographic image of a subject is formed on the basis of
transmission and reception results of ultrasonic waves, there
is a problem in that a highly accurate internal tomographic
image cannot be formed due to a defect such as the presence
of a region which is not reflected in a partial image.

SUMMARY

[0006] An advantage of some aspects of the invention is to
provide an ultrasonic unit, an ultrasonic apparatus and a
control method for the ultrasonic unit capable of increasing
the accuracy of transmission and reception of ultrasonic
waves, and application examples and embodiments capable
of achieving the advantage will be explained below.
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[0007] An ultrasonic unit according to this application
example includes a plurality of ultrasonic wave transmission
and reception portions that transmit ultrasonic waves to a
subject and receive ultrasonic waves reflected from the
subject; a first sound guide portion through which ultrasonic
waves transmitted and received by a first ultrasonic wave
transmission and reception portion forming the plurality of
ultrasonic wave transmission and reception portions pass;
and a second sound guide portion through which ultrasonic
waves transmitted and received by a second ultrasonic wave
transmission and reception portion forming the plurality of
ultrasonic wave transmission and reception portions pass, in
which a distance between the first sound guide portion and
the second sound guide portion is gradually reduced toward
the subject.

[0008] The plurality of ultrasonic wave transmission and
reception portions in the application example may be pro-
vided on different substrates, and may be provided on a
single substrate.

[0009] In the application example, the ultrasonic unit is
provided with the first sound guide portion through which
ultrasonic waves transmitted and received by the first ultra-
sonic wave transmission and reception portion pass and the
second sound guide portion through which ultrasonic waves
transmitted and received by the second ultrasonic wave
transmission and reception portion pass. A distance between
the first sound guide portion and the second sound guide
portion is gradually reduced toward the subject.

[0010] Consequently, even in a case where the first ultra-
sonic wave transmission and reception portion and the
second ultrasonic wave transmission and reception portion
are separated from each other, ultrasonic waves transmitted
from the first sound guide portion or the second sound guide
portion in a direction directed toward the subject are trans-
mitted from positions close to each other. In other words, in
a configuration in which the first sound guide portion or the
second sound guide portion is not provided, a region in
which an ultrasonic wave is not transmitted is present
between an ultrasonic wave transmitted from the first ultra-
sonic wave transmission and reception portion toward the
subject and an ultrasonic wave transmitted from the second
ultrasonic wave transmission and reception portion toward
the subject, and thus transmission density of the ultrasonic
waves is nonuniform. In contrast, in the application
example, since the first sound guide portion and the second
sound guide portion are provided so that a distance therebe-
tween is gradually reduced toward the subject, a distance
between an ultrasonic wave transmitted from the first ultra-
sonic wave transmission and reception portion and an ultra-
sonic wave transmitted from the second ultrasonic wave
transmission and reception portion is reduced, and thus an
ultrasonic wave can be transmitted in uniform transmission
density.

[0011] Also in a case where an ultrasonic wave is received,
if the first sound guide portion or the second sound guide
portion is not provided, an ultrasonic wave which is incident
between the first ultrasonic wave transmission and reception
portion and the second ultrasonic wave transmission and
reception portion cannot be received. In contrast, in the
application example, since a distance between the first sound
guide portion and the second sound guide portion is gradu-
ally reduced toward the subject, ultrasonic waves from a
subject can be caused to pass toward the first ultrasonic wave
transmission and reception portion and the second ultrasonic
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wave transmission and reception portion, and thus a region
in which an ultrasonic wave cannot be received is reduced.
[0012] As mentioned above, in the application example,
ultrasonic waves transmitted and received are uniform, and
thus it is possible to increase ultrasonic wave transmission
and reception accuracy.

[0013] It is preferable that the ultrasonic unit according to
the application example further includes an intermediate
portion that has an acoustic impedance which is different
from an acoustic impedance of each of the first sound guide
portion and the second sound guide portion is provided
between the first sound guide portion and the second sound
guide portion.

[0014] In the application example with this configuration,
the intermediate portion that has an acoustic impedance
which is different from an acoustic impedance of each of the
first sound guide portion and the second sound guide portion
is provided between the first sound guide portion and the
second sound guide portion. Consequently, since an ultra-
sonic wave is reflected by the intermediate portion, it is
possible to prevent crosstalk in which an ultrasonic wave
which has been incident to the first sound guide portion
passes through the second sound guide portion side or an
ultrasonic wave which has been incident to the second sound
guide portion passes through the first sound guide portion
side.

[0015] In the ultrasonic unit according to the application
example, it is preferable that the intermediate portion
includes an air layer.

[0016] In the application example with this configuration,
the intermediate portion includes an air layer. Air has an
acoustic impedance much lower than an acoustic impedance
of an acoustic member such as silicone through which an
ultrasonic wave propagates. Thus, if the intermediate portion
is an air layer, or includes an air layer, it is possible to further
reduce the above-described crosstalk.

[0017] In the ultrasonic unit according to the application
example, it is preferable that facing side surfaces of the first
sound guide portion and the second sound guide portion are
inclined in intersecting directions toward the subject.
[0018] In the application example with this configuration,
in a case where an ultrasonic wave is received, an ultrasonic
wave which is incident to a position corresponding to a gap
between the first ultrasonic wave transmission and reception
portion and the second ultrasonic wave transmission and
reception portion from a direction toward the subject is
reflected at a first side surface or a second side surface, and
thus an advancing direction thereof is changed to a direction
along the first side surface or the second side surface. Thus,
the ultrasonic wave whose advancing direction is changed is
received by the first ultrasonic wave transmission and recep-
tion portion or the second ultrasonic wave transmission and
reception portion, and therefore reception sensitivity can be
improved.

[0019] In the ultrasonic unit according to the application
example, it is preferable that a coupling surface of the first
ultrasonic wave transmission and reception portion and the
first sound guide portion and a coupling surface of the
second ultrasonic wave transmission and reception portion
and the second sound guide portion are located on different
planes.

[0020] In the application example with this configuration,
the first ultrasonic wave transmission and reception portion
and the second ultrasonic wave transmission and reception
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portion are disposed along different planes and thus are not
disposed on the same plane. For example, the first ultrasonic
wave transmission and reception portion may be disposed on
a first plane, and the second ultrasonic wave transmission
and reception portion may be disposed on a second plane
which is parallel to the first plane, and the second ultrasonic
wave transmission and reception portion may be disposed on
a second plane inclined with respect to a first plane. In this
configuration, it is possible to improve a degree of freedom
of arrangement of the first ultrasonic wave transmission and
reception portion or the second ultrasonic wave transmission
and reception portion.

[0021] Itis preferable that the ultrasonic unit according to
the application example further includes a first device
including the first ultrasonic wave transmission and recep-
tion portion and the first sound guide portion; and a second
device including the second ultrasonic wave transmission
and reception portion and the second sound guide portion,
and the first device and the second device are attachable to
and detachable from each other.

[0022] In the application example with this configuration,
the first device and the second device are attachable and
detachable. Therefore, for example, in a case where ultra-
sonic measurement is desired to be performed on a region in
a narrow range, the first device and the second device can be
separated from each other, and ultrasonic measurement can
be performed by using either one of the first device and the
second device.

[0023] An ultrasonic apparatus according to this applica-
tion example includes the ultrasonic unit described above;
and a controller that controls the ultrasonic unit.

[0024] As described above, the ultrasonic unit can perform
ultrasonic measurement with high accuracy by performing
uniform ultrasonic wave transmission and reception pro-
cesses on a subject. Thus, the ultrasonic apparatus using the
ultrasonic unit can perform various processes (for example,
a process of generating an internal tomographic image of a
subject on the basis of an ultrasonic measurement result)
based on a highly accurate ultrasonic measurement result,
with high accuracy.

[0025] In the ultrasonic apparatus according to the appli-
cation example, it is preferable that the controller includes a
timing controller that controls transmission timings of ultra-
sonic waves so that ultrasonic waves transmitted from the
plurality of ultrasonic wave transmission and reception
portions are simultaneously incident to a reference plane
intersecting a direction directed toward the subject.

[0026] In the application example with this configuration,
the controller performs delay driving so that a timing at
which an ultrasonic wave transmitted from the first ultra-
sonic wave transmission and reception portion passes
through a reference plane intersecting (for example,
orthogonal to) a direction directed toward a subject and a
timing at which an ultrasonic wave transmitted from the
second ultrasonic wave transmission and reception portion
passes through the reference plane are the same timing.
Consequently, wavefronts of ultrasonic waves transmitted
from the respective ultrasonic wave transmission and recep-
tion portions can be aligned with each other, and thus it is
possible to perform highly accurate ultrasonic measurement.
[0027] A control method according to an application
example is a control method for the described ultrasonic umt
described above, the method including performing delay
driving on the plurality of ultrasonic wave transmission and
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reception portions so that ultrasonic waves transmitted from
the plurality of ultrasonic wave transmission and reception
portions are simultaneously incident to a reference plane
intersecting a direction directed toward the subject.

[0028] In the application example, the controller performs
delay driving so that a timing at which an ultrasonic wave
transmitted from the first ultrasonic wave transmission and
reception portion passes through a reference plane intersect-
ing (for example, orthogonal to) a direction directed toward
a subject and a timing at which an ultrasonic wave trans-
mitted from the second ultrasonic wave transmission and
reception portion passes through the reference plane are the
same timing. Consequently, wavefronts of ultrasonic waves
transmitted from the respective ultrasonic wave transmis-
sion and reception portions can be aligned with each other,
and thus it is possible to perform highly accurate ultrasonic
measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0030] FIG. 1 is a schematic diagram illustrating a sche-
matic configuration of an ultrasonic measurement apparatus
according to a first embodiment.

[0031] FIG. 2 is a perspective view illustrating a sche-
matic configuration of an ultrasonic probe according to the
first embodiment.

[0032] FIG. 3 is a sectional view illustrating a schematic
configuration when the ultrasonic probe of the first embodi-
ment is viewed from the front.

[0033] FIG. 4 is a sectional view illustrating a schematic
configuration when a main device of the first embodiment is
viewed from the side.

[0034] FIG. 5 is a sectional view illustrating a schematic
configuration when a first sub-device of the first embodi-
ment is viewed from the side.

[0035] FIG. 6 is a plan view illustrating a schematic
configuration of an ultrasonic substrate according to the first
embodiment.

[0036] FIG. 7 is a sectional view obtained by cutting a part
of the ultrasonic substrate of the first embodiment along a Y
direction.

[0037] FIG. 8 is a block diagram illustrating a schematic
configuration of the ultrasonic probe including a circuit
substrate according to the first embodiment.

[0038] FIG. 9 is a schematic diagram schematically illus-
trating paths of ultrasonic waves propagating through
respective sound guide portions in the first embodiment.
[0039] FIG. 10 is a diagram for explaining a delay timing
during transmission of ultrasonic waves in the first embodi-
ment.

[0040] FIG. 11 is a schematic sectional view obtained by
cutting an ultrasonic probe in an X7 plane according to a
third embodiment.

[0041] FIG. 12 is a schematic sectional view obtained by
cutting an ultrasonic probe in an X7 plane according to a
fourth embodiment.

[0042] FIG. 13 is a plan view in which an ultrasonic probe
is viewed from an ultrasonic wave transmission and recep-
tion direction in Modification Example 1.

[0043] FIG. 14 is a schematic sectional view obtained by
cutting an ultrasonic probe in a YZ plane according to
Modification Example 1.
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[0044] FIG. 15 is a schematic sectional view obtained by
cutting an ultrasonic probe in a YZ plane according to
Modification Example 3.

[0045] FIG. 16 is a plan view in which an ultrasonic probe
is viewed from an ultrasonic wave transmission and recep-
tion direction in Modification Example 4.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

[0046] Hereinafter, a description will be made of a first
embodiment of the invention.

[0047] FIG. 1 is a schematic diagram illustrating a sche-
matic configuration of an ultrasonic measurement apparatus
1 according to the present embodiment.

[0048] As illustrated in FIG. 1, the ultrasonic measure-
ment apparatus 1 (ultrasonic apparatus) includes an ultra-
sonic probe 2 and a control device 3. In the ultrasonic
measurement apparatus 1, the ultrasonic probe 2 is brought
into contact with a subject (for example, a living body in the
present embodiment), and the control device 3 controls the
ultrasonic probe 2. Consequently, the ultrasonic probe 2
performs ultrasonic measurement of transmitting an ultra-
sonic wave to the subject, and receiving an ultrasonic wave
reflected at the inside of the living body. The control device
3 receives an ultrasonic measurement result from the ultra-
sonic probe 2 so as to form, for example, an internal
tomographic image of the subject, and displays the internal
tomographic image on a display 31.

[0049] Hereinafter, each configuration of the ultrasonic
measurement apparatus 1 will be described in detail.

Configuration of Ultrasonic Probe

[0050] FIG. 2 is a perspective view illustrating a sche-
matic configuration of the ultrasonic probe 2 of the present
embodiment. FIG. 3 is a sectional view illustrating a sche-
matic configuration when the ultrasonic probe 2 of the
present embodiment is viewed from the front. FIG. 4 is a
sectional view illustrating a schematic configuration when a
main device 2A of the present embodiment is viewed from
the side. FIG. 5 is a sectional view illustrating a schematic
configuration when a first sub-device 2B of the present
embodiment is viewed from the side.

[0051] As illustrated in FIGS. 1 to 3, the ultrasonic probe
includes the main device 2A (first device), the first sub-
device 2B (second device), and a second sub-device 2C
(second device).

[0052] The devices 2A, 2B and 2C can separately com-
municate with the control device 3, and, for example, as
illustrated in FIG. 1, cable wires are respectively provided in
the devices 2A, 2B and 2C which are thus connected to the
control device 3.

[0053] The sub-devices 2B and 2C are attachable to and
detachable from the main device 2A, and can thus be
attached and detached depending on a measurement location
of the subject. In the present embodiment, the devices 2A,
2B and 2C are attachable and detachable along an X
direction (scanning direction). In other words, the first
sub-device 2B can be attached to and detached from a -X
side of the main device 2A, and the second sub-device 2C
can be attached to and detached from a +X side of the main
device 2A.
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[0054] Consequently, in a case where a wide range is a
measurement range, the sub-devices 2B and 2C are attached
to the main device 24, and thus it is possible to perform
ultrasonic measurement using the three devices 2A, 2B and
2C. In a case where a narrow range is a measurement range,
one or both of the first sub-device 2B and the second
sub-device 2C may be detached from the main device 2A
and used.

[0055] As illustrated in FIGS. 3 and 4, the main device 2A
is configured to include a main casing 21A, a main trans-
mission and reception portion 22A (first ultrasonic wave
transmission and reception portion), a main sound guide
portion 23A (first sound guide portion), and a main acoustic
lens 24A.

[0056] As illustrated in FIGS. 3 and 5, the first sub-device
2B is configured to include a first sub-casing 21B, a first
sub-transmission and reception portion 22B (second ultra-
sonic wave transmission and reception portion), a first
sub-sound guide portion 23B (second sound guide portion),
and a first sub-acoustic lens 24B.

[0057] The second sub-device 2C has the substantially
same configuration as that of the first sub-device 2B, and is
configured to include a second sub-casing 21C, a second
sub-transmission and reception portion 22C (second ultra-
sonic wave transmission and reception portion), a second
sub-sound guide portion 23C (second sound guide portion),
and a second sub-acoustic lens 24C.

[0058] An ultrasonic unit is formed of the main transmis-
sion and reception portion 22A, the main sound guide
portion 23 A, the first sub-transmission and reception portion
22B, the first sub-sound guide portion 23B, the second
sub-transmission and reception portion 22C, and the second
sub-sound guide portion 23C.

Configuration of Casing

[0059] As illustrated in FIGS. 3 and 4, the main casing
21A includes a bottom portion 211A, a sidewall portion
212A, and a pedestal portion 213A. As illustrated in FIGS.
3 and 5, the first sub-casing 21B includes a bottom portion
211B, a sidewall portion 212B, and a pedestal portion 213B.
Similarly, the second sub-casing 21C includes a bottom
portion 211C, a sidewall portion 212C, and a pedestal
portion 213C.

[0060] Each of the bottom portions 211A, 211B and 211C
is formed, for example, in a tabular shape. A connector 214A
which is connected to a cable wire via which the main device
2A is connected to the control device 3 is provided at a part
of the bottom portion 211A. Similarly, a connector 214B is
provided at a part of the bottom portion 211B, and a
connector 214C is provided at a part of the bottom portion
211C.

[0061] The sidewall portions 212A, 212B and 212C are
respectively formed to rise from outer peripheries of the
bottom portions 211A, 211B and 211C, and thus form a
storage space. Open windows 212A1, 212B1 and 212C1 are
respectively provided on surfaces of the sidewall portions
212A,212B and 212C opposite to the bottom portions 2114,
211B and 211C. The main sound guide portion 23A which
is tightly fixed to the main transmission and reception
portion 22A via an acoustic layer 22A1 is inserted into the
open window 212A1 over the inside and the outside of the
main casing 21A. Similarly, the first sub-sound guide por-
tion 23B which is tightly fixed to the first sub-transmission
and reception portion 22B via an acoustic layer 22B1 is
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inserted into the open window 212B1 over the inside and the
outside of the first sub-casing 21B. The second sub-sound
guide portion 23C which is tightly fixed to the second
sub-transmission and reception portion 22C via an acoustic
layer 22C1 is inserted into the open window 212C1 over the
inside and the outside of the second sub-casing 21C.
[0062] Here, an inner peripheral surface of the sidewall
portion 212A is in contact with a side surface (main side
surface 233A) of the main sound guide portion 23A. Simi-
larly, an inner peripheral surface of the sidewall portion
212B is in contact with a side surface (first sub-side surface
233B) of the first sub-sound guide portion 23B, and an inner
peripheral surface of the sidewall portion 212C is in contact
with a side surface (second sub-side surface 233C) of the
second sub-sound guide portion 23C.

[0063] When the first sub-device 2B is attached to the
main device 2A, the sidewall portion 212A and the sidewall
portion 212B come into contact with each other. The side-
wall portion 212A and the sidewall portion 212B are pro-
vided with fixation mechanisms 215A which attachably and
detachably fix the first sub-device 2B to the main device 2A.
Similarly, when the second sub-device 2C is attached to the
main device 2A, the sidewall portion 212A and the sidewall
portion 212C come into contact with each other. The side-
wall portion 212A and the sidewall portion 212C are pro-
vided with fixation mechanisms 215B which attachably and
detachably fix the second sub-device 2C to the main device
2A.

[0064] Regarding the fixation mechanisms 215A and
215B, for example, there may be a configuration in which
engagement grooves are provided at one of the main casing
21A and the sub-casings 21B and 21C, and engagement
claws which can be engaged with the engagement grooves
are provided at the other, and fixation may be performed by
using surface fasteners or the like.

[0065] Each of the pedestal portions 213A, 213B and
213C is provided at an intermediate position of the sidewall
portion 212A in a height direction (a Z direction directed
toward the open window 212A1 from the bottom portion
211A). The pedestal portions 213A, 213B and 213C are
formed, for example, in a tabular shape. The main transmis-
sion and reception portion 22A is fixed to the pedestal
portion 213A, the first sub-transmission and reception por-
tion 22B is fixed to the pedestal portion 213B, and the
second sub-transmission and reception portion 22C is fixed
to the pedestal portion 213C.

[0066] Here, the pedestal portion 213A of the main casing
21A is formed in parallel to the bottom portion 211A. In
contrast, the pedestal portion 213B of the first sub-casing
21B is inclined so that a normal direction thereto is tilted
toward the +X side. The pedestal portion 213C of the second
sub-casing 21C is inclined so that a normal direction thereto
is tilted toward the -X side.

[0067] Each of the pedestal portions 213A, 213B and
213C is provided with wiring holes 213A1 and 213B1
(wiring holes of the pedestal portion 213C are not illus-
trated). A connection wiring 214A1 (for example, an FPC)
via which the main transmission and reception portion 22A
and the connector 214A are connected to each other is
inserted into the wiring hole 213A1 provided in the pedestal
portion 213A. A connection wiring 214B1 via which the first
sub-transmission and reception portion 22B and the connec-
tor 214B are connected to each other is inserted into the
wiring hole 213B1 provided in the pedestal portion 213B. A
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connection wiring 214C1 via which the second sub-trans-
mission and reception portion 22C and the connector 214C
are connected to each other is inserted into the wiring hole
provided in the pedestal portion 213C.

Configuration of Ultrasonic Wave Transmission and
Reception Portion

[0068] The main transmission and reception portion 22A,
the first sub-transmission and reception portion 22B, and the
second sub-transmission and reception portion 22C are
members (ultrasonic wave transmission and reception por-
tion) transmitting and receiving ultrasonic waves. The main
transmission and reception portion 22A, the first sub-trans-
mission and reception portion 22B, and the second sub-
transmission and reception portion 22C have the same
ultrasonic wave transmission and reception structure, and,
for example, each thereof is configured to include an ultra-
sonic substrate 40, a sealing plate 50 (refer to FIG. 7), and
a circuit substrate. In the present embodiment, as illustrated
in FIG. 3, the main transmission and reception portion 224,
the first sub-transmission and reception portion 22B, and the
second sub-transmission and reception portion 22C are
disposed at positions separated from each other by a prede-
termined distance in the X direction.

[0069] Hereinafter, a description will be made of the
ultrasonic substrate 40, the sealing plate 50, and the circuit
substrate forming the main transmission and reception por-
tion 22A, the sub-transmission and reception portions 22B
and 22C.

[0070] FIG. 6 is a plan view illustrating a schematic
configuration of the ultrasonic substrate 40 of the present
embodiment.

[0071] As illustrated in FIG. 6, a plurality of ultrasonic
transducers 45 (ultrasonic elements) are disposed in a two-
dimensional array form along the X direction (scanning
direction) and the Y direction (slice direction) which inter-
sect each other (are orthogonal to each other as an example
in the present embodiment) on the ultrasonic substrate 40.
Here, a transmission and reception train Ch (element group)
of one channel (CH) is formed by a plurality of ultrasonic
transducers 45 disposed in the Y direction. The transmission
and reception train Ch of one CH is disposed to be arranged
in a plurality along the Y direction, and thus the ultrasonic
substrate 40 having a one-dimensional array structure is
formed. Here, a region in which the ultrasonic transducers
45 are disposed is referred to as an array region Ar.

[0072] In FIG. 6, for convenience of description, the
number of disposed ultrasonic transducers 45 is reduced,
but, actually, a larger number of ultrasonic transducers 45
are disposed.

[0073] FIG. 7 is a sectional view obtained by cutting the
ultrasonic substrate 40 along the Y direction.

[0074] As illustrated in FIG. 7, the ultrasonic substrate 40
1s configured to include an element base plate 41, a support
film 42 provided on the element base plate 41, and a
piezoelectric element 43 provided on the support film 42.
[0075] The element base plate 41 is formed of, for
example, a semiconductor base plate such as Si. The element
base plate 41 is provided with an opening portion 41A
corresponding to each ultrasonic transducer 45. In the pres-
ent embodiment, each opening portion 41A is a through-hole
which penetrates through the element base plate 41 in a base
plate thickness direction, and the support film 42 is provided
at one end side (sealing plate 50 side) of the through-hole.
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[0076] An acoustic layer fills a side of the opening portion
41A on which the support film 42 is not provided. The
acoustic layer corresponds to the acoustic layer 22A1 illus-
trated in FIGS. 3 and 4 in the main transmission and
reception portion 22A, corresponds to the acoustic layer
22B1 as illustrated in FIGS. 3 and 5 in the first sub-
transmission and reception portion 22B, and corresponds to
the acoustic layer 22C1 illustrated in FIG. 3 in the second
sub-transmission and reception portion 22C.

[0077] The support film 42 is formed of, for example, a
laminate of SiO, and ZrO,, and is provided to cover the
entire element base plate 41 on the sealing plate 50 side. In
other words, the support film 42 is supported by a partition
wall 41B forming the opening portion 41A, and closes the
opening portion 41A on the sealing plate 50 side. A thickness
dimension of the support film 42 is sufficiently smaller than
a thickness dimension of the element base plate 41.

[0078] The piezoelectric element 43 is provided on the
support film 42 closing each opening portion 41A. The
piezoelectric element 43 is formed of a laminate obtained by
laminating a lower electrode 431, a piezoelectric film 432,
and an upper electrode 433 from the support film 42 side.
[0079] Here, a portion of the support film 42 closing the
opening portion 41A forms a vibration portion 421, and a
single ultrasonic transducer 45 is formed of the vibration
portion 421 and the piezoelectric element 43.

[0080] In the ultrasonic transducer 45, a square wave
voltage (drive signal) having a predetermined frequency is
applied between the lower electrode 431 and the upper
electrode 433, and thus the piezoelectric film 432 is bent so
that the vibration portion 421 vibrates to send an ultrasonic
wave. If the vibration portion 421 vibrates due to an ultra-
sonic wave reflected from a living body, a potential differ-
ence is generated between the upper and lower parts of the
piezoelectric film 432. Consequently, a potential difference
generated between the lower electrode 431 and the upper
electrode 433 is detected, and thus the received ultrasonic
wave can be detected.

[0081] Inthe present embodiment, as illustrated in FIG. 6,
the lower electrode 431 is formed linearly along the Y
direction, and connects a plurality of ultrasonic transducers
45 forming the transmission and reception train Ch of one
CH to each other. Drive terminals 431A are provided at both
ends of the lower electrode 431. Each of the drive terminals
431A is electrically connected to the circuit substrate.
[0082] The upper electrode 433 is formed linearly along
the X direction, and connects the ultrasonic transducers 45
arranged in the X direction to each other. Ends of the upper
electrode 433 on the £X sides are connected to common
electrode lines 433A. The common electrode line 433A
connects the upper electrodes 433 disposed in a plurality
along the Y direction to each other, and a common terminal
433B electrically connected to the circuit substrate is pro-
vided at an end thereof.

[0083] The sealing plate 50 is formed so that a planar
shape viewed from a thickness direction is the same as, for
example, a shape of the ultrasonic substrate 40, and is fixed
to the support film 42 side of the ultrasonic substrate 40 via,
for example, a fixation member 51 such as a resin so as to
reinforce the ultrasonic substrate 40.

[0084] The sealing plate 50 is provided with opening
portions (not illustrated) at positions facing the drive termi-
nal 431A and the common terminal 433B of the element
base plate 41, and the drive terminal 431A and the common
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terminal 433B are electrically connected to the circuit sub-
strate via the opening portions by using, for example, an
FPC. Through-electrodes which penetrate through the seal-
ing plate 50 in the thickness direction may be provided, and
the drive terminal 431 A and the common terminal 433B may
be electrically connected to the circuit substrate via the
through-electrodes.

[0085] The circuit substrate is connected to the drive
terminal 431A or the common terminal 433B. The circuit
substrate is connected to the control device 3, and controls
driving of the ultrasonic substrate 40 on the basis of a
command signal for an instruction for ultrasonic wave
transmission and reception processes from the control
device 3.

[0086] FIG. 8 is a block diagram illustrating a schematic
configuration of the ultrasonic probe 2 including the circuit
substrate of the present embodiment.

[0087] Inthe present embodiment, as illustrated in FIG. 8,
there are provided a main circuit substrate 60A for control-
ling the ultrasonic substrate 40 of the main transmission and
reception portion 22A, a first sub-circuit substrate 60B for
controlling the ultrasonic substrate 40 of the first sub-
transmission and reception portion 22B, and a second sub-
circuit substrate 60C for controlling the ultrasonic substrate
40 of the second sub-transmission and reception portion
22C.

[0088] Each of the circuit substrates 60A, 60B and 60C
includes, as illustrated in FIG. 8, for example, a selection
circuit 61, a transmission circuit 62, and a reception circuit
63 as various circuits driving the ultrasonic transducer 45.
Each of the circuit substrates 60A, 60B and 60C may include
a ground circuit or the like which maintains the common
terminal 433B at a predetermined common potential.
[0089] The selection circuit 61 switches between trans-
mission connection for connection between the ultrasonic
transducers 45 (transmission and reception train Ch) and the
transmission circuit 62, and reception connection for con-
nection between the ultrasonic transducers 45 (transmission
and reception train Ch) and the reception circuit 63, under
the control of the control device 3.

[0090] The transmission circuit 62 outputs a transmission
signal for transmitting an ultrasonic wave, to each of the
ultrasonic transducers 45 (each transmission and reception
train Ch) via the selection circuit 61 when switching to the
transmission connection occurs under the control of the
control device 3.

[0091] The reception circuit 63 outputs a received signal
which is input from the ultrasonic transducers 45 (transmis-
sion and reception train Ch) via the selection circuit 61 to the
control device 3 when switching to the reception connection
occurs under the control of the control device 3. The
reception circuit 63 is configured to include. for example, a
low noise amplification circuit, a voltage controlled attenu-
ator, a programmable gain amplifier, a low-pass filter, and an
A/D converter, and performs signal processes such as con-
version of the received signal to a digital signal, removal of
a noise component, and amplification to a desired signal
level, and the received signal having undergone the pro-
cesses to the control device 3.

Configuration of Sound Guide Portion

[0092] Returning to FIGS. 2 to 5, the main sound guide
portion 23A is provided on the main transmission and
reception portion 22A via the acoustic layer 22A1. The first
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sub-sound guide portion 23B is provided on the first sub-
transmission and reception portion 22B via the acoustic
layer 22B1. The second sub-sound guide portion 23C is
provided on the second sub-transmission and reception
portion 22C via the acoustic layer 22C1. The sound guide
portions 23A, 23B and 23C are made of, for example,
silicone, and thus have the substantially same acoustic
impedance as that of a living body. An ultrasonic wave
transmitted from each of the ultrasonic wave transmission
and reception portions 22A, 22B and 22C can be uniformly
transmitted in a predetermined first ultrasonic wave trans-
mission and reception direction by the main sound guide
portion 234, the first sub-sound guide portion 23B, and the
second sub-sound guide portion 23C, and thus an ultrasonic
wave which is incident from the ultrasonic wave transmis-
sion and reception direction can be guided to each of the
ultrasonic wave transmission and reception portions 22A,
22B and 22C so as to be received.

[0093] The main sound guide portion 23A is formed in a
substantially rectangular parallelepiped shape having a dis-
tal end surface (main distal end surface 231A), a basal end
surface (main basal end surface 232A), and a side surface
(main side surface 233A).

[0094] The main distal end surface 231A is a surface on
which the main acoustic lens 24 A is provided, and is a planar
surface which is parallel to the pedestal portion 213A of the
main casing 21A.

[0095] The main basal end surface 232A is a surface
(coupling surface) which is connected to the main transmis-
sion and reception portion 22A via the acoustic layer 22A1
on an opposite side to the main distal end surface 231A, and
is a planar surface which is parallel to the pedestal portion
213A of the main casing 21A.

[0096] The main side surface 233A is a side surface via
which the main distal end surface 231A is connected to the
main basal end surface 232A, and is a planar surface which
is orthogonal to the main distal end surface 231A and the
main basal end surface 232A. Here, a surface on the first
sub-device 2B side (-X side) will be referred to as a first
main side surface 233A1, and a surface on the second
sub-device 2C side (+X side) will be referred to as a second
main side surface 233A2.

[0097] FIG. 9 is a schematic diagram schematically illus-
trating paths of ultrasonic waves propagating through the
respective sound guide portions (the main sound guide
portion 234, the first sub-sound guide portion 23B, and the
second sub-sound guide portion 23C).

[0098] The main basal end surface 232A of the main
sound guide portion 23A is preferably formed in the same
shape and with the same size as those of the array region Ar
(a region in which the ultrasonic transducers 45 are disposed
in an array form) in the main transmission and reception
portion 22A. The main distal end surface 231A is also
preferably formed in the same shape and with the same size
as those of the array region Ar. The main distal end surface
231A and the main basal end surface 232A overlap and
match each other in a projection view of the main sound
guide portion 23 A from a normal direction to the main distal
end surface 231A and the main basal end surface 232A.
[0099] In the main sound guide portion 23A with the
above-described configuration, an ultrasonic wave transmit-
ted from the array region Ar of the main transmission and
reception portion 22A propagates toward the main distal end
surface 231A from the main basal end surface 232A, and is
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sent in a normal direction (ultrasonic wave transmission and
reception direction D1; a direction toward a living body
corresponding to a subject) to the main distal end surface
231A.

[0100] The first sub-sound guide portion 23B is config-
ured to include a distal end surface (first sub-distal end
surface 231B), a basal end surface (first sub-basal end
surface 232B), and a side surface (first sub-side surface
233B).

[0101] The first sub-distal end surface 231B is a surface on
which the first sub-acoustic lens 24B is provided. The first
sub-basal end surface 232B is a surface (coupling surface)
which is connected to the first sub-transmission and recep-
tion portion 22B via the acoustic layer 22B1 on an opposite
side to the first sub-distal end surface 231B, and is inclined
with respect to the main basal end surface 232A (two
surfaces are different planar surfaces).

[0102] Here, the first sub-basal end surface 232B is a
planar surface which is parallel to the pedestal portion 213B
of the first sub-casing 21B. On the other hand, the first
sub-distal end surface 231B is a planar surface which is
inclined with respect to the first sub-basal end surface 232B.
Specifically, the first sub-distal end surface 231B is inclined
so that a distance between the first sub-distal end surface
231B and the first sub-basal end surface 232B is reduced
toward the +X side. As illustrated in FIG. 9, an inclined
angle of the first sub-distal end surface 231B is an angle at
which an ultrasonic wave is emitted in the ultrasonic wave
transmission and reception direction D1 when the ultrasonic
wave sent from the first sub-transmission and reception
portion 22B passes through the first sub-distal end surface
231B. Such an inclined angle is set as appropriate according
to a difference or the like between sonic speeds in the first
sub-sound guide portion 23B and the first sub-acoustic lens
24B.

[0103] The first sub-basal end surface 232B is preferably
formed in the same shape and with the same size as those of
the array region Ar of the first sub-transmission and recep-
tion portion 22B. The first sub-distal end surface 231B
preferably has a shape and a size so as to match the first
sub-basal end surface 232B in a projection view of the first
sub-sound guide portion 23B from a normal direction to the
first sub-basal end surface 232B.

[0104] An end of the first sub-distal end surface 231B on
the +X side is in contact with the first main side surface
233A1 of the main sound guide portion 23A. Therefore,
there is a configuration in which an ultrasonic wave emis-
sion surface (main distal end surface 231A) of an ultrasonic
wave sent by the main transmission and reception portion
22A is adjacent to an ultrasonic wave emission surface (first
sub-distal end surface 231B) of an ultrasonic wave sent by
the first sub-transmission and reception portion 22B when
viewed from the ultrasonic wave transmission and reception
direction D1.

[0105] In other words, in the present embodiment, a
distance between the main distal end surface 231 A via which
an ultrasonic wave from the main transmission and reception
portion 22A is input and output and the first sub-distal end
surface 231B via which an ultrasonic wave from the first
sub-transmission and reception portion 22B is input and
output is shorter than a distance between the main transmis-
sion and reception portion 22A and the first sub-transmission
and reception portion 22B. In this case, as illustrated in FIG.
9, a transmission and reception range Al (a range in which
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an ultrasonic wave can be transmitted and received) in
which an ultrasonic wave from the main transmission and
reception portion 22A is sent is close to a transmission and
reception range A2 (a range in which an ultrasonic wave can
be transmitted and received) in which an ultrasonic wave
from the first sub-transmission and reception portion 22B is
sent, and thus the ultrasonic wave can be uniformly sent (a
gap between the transmission and reception range Al and
the transmission and reception range A2 is reduced).
[0106] The first sub-side surface 233B is a side surface via
which the first sub-distal end surface 231B is connected to
the first sub-basal end surface 232B. Here, a surface on the
main sound guide portion 23A side (+X side) will be referred
to as a first sub-facing side surface 233B1.

[0107] In the present embodiment, as described above, a
+X side end edge of the first sub-distal end surface 231B is
in contact with the first main side surface 233 A1 of the main
sound guide portion 23 A. The first sub-side surface 233B is
a surface which is perpendicular to the first sub-basal end
surface 232B. Therefore, the first sub-facing side surface
233B1 is inclined with respect to the first main side surface
233A1, and thus forms an air layer (intermediate portion)
with the first main side surface 233A1. In other words, a
distance between the main sound guide portion 23 A and the
first sub-sound guide portion 23B is gradually reduced
toward a subject (living body). Therefore, the transmittance
of an ultrasonic wave of the distal end surface (the main
distal end surface 231A and the first sub-distal end surface
231B) side is higher than the transmittance of an ultrasonic
wave of the basal end surface (the main basal end surface
232A and the first sub-basal end surface 232B) side in the
surface along the ultrasonic wave transmission and reception
direction D1 between the main transmission and reception
portion 22A and the first sub-transmission and reception
portion 22B.

[0108] This configuration prevents a defect that an ultra-
sonic wave sent from the main transmission and reception
portion 22A is incident to the first sub-sound guide portion
23B side from the main basal end surface 232A side of the
main sound guide portion 23A so as to cause crosstalk. This
configuration prevents a defect that an ultrasonic wave sent
from the first sub-transmission and reception portion 22B is
incident to the main sound guide portion 23A side from the
first sub-basal end surface 232B side of the first sub-sound
guide portion 23B so as to cause crosstalk.

[0109] A main component of an ultrasonic wave which is
incident from the ultrasonic wave transmission and recep-
tion direction D1 is refracted toward the main transmission
and reception portion 22A or the first sub-transmission and
reception portion 22B by the main distal end surface 231A
or the first sub-distal end surface 231B. However, some
components of the incident ultrasonic wave advance toward
between the main transmission and reception portion 22A
and the first sub-transmission and reception portion 22B.
Also 1n this case, in the present embodiment, as described
above, the air layer is interposed between the first main side
surface 233A1 and the first sub-facing side surface 233B1,
and thus a direction of the incident ultrasonic wave can be
corrected to the main transmission and reception portion
22A side or the first sub-transmission and reception portion
22B side. Consequently, reception sensitivity in ultrasonic
wave reception is made favorable.

[0110] The second sub-sound guide portion 23C is con-
figured to include a second sub-distal end surface 231C, a
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second sub-basal end surface 232C, and a second sub-side
surface 233C (a surface facing the second main side surface
233A2 will be referred to as a second sub-facing side surface
233C1). In the second sub-sound guide portion 23C, an
inclined direction of the second sub-distal end surface 231C
is reverse to that of the first sub-distal end surface 231B. In
other words, the second sub-distal end surface 231C is
inclined so that a distance between the second sub-distal end
surface 231C and the second sub-basal end surface 232C is
reduced toward the -X side.

[0111] An end of the second sub-distal end surface 231C
on the -X side is in contact with the second main side
surface 233A2 of the main sound guide portion 23A, and the
second sub-facing side surface 233C1 is inclined with
respect to the second main side surface 233A2.

[0112] Other configurations are the same as those of the
first sub-sound guide portion 23B, and thus description
thereof will be omitted here.

[0113] As illustrated in FIG. 9, by using the second
sub-sound guide portion 23C, the transmission and reception
range Al (a range in which an ultrasonic wave can be
transmitted and received) in which an ultrasonic wave from
the main transmission and reception portion 22A is sent is
close to a transmission and reception range A3 (a range in
which an ultrasonic wave can be transmitted and received)
in which an ultrasonic wave from the second sub-transmis-
sion and reception portion 22C is sent, and thus the ultra-
sonic wave can be uniformly sent (a gap between the
transmission and reception range Al and the transmission
and reception range A3 is reduced).

Configuration of Acoustic Lens

[0114] The main acoustic lens 24A is in close contact with
and fixed to the main distal end surface 231A of the main
sound guide portion 23A. The first sub-acoustic lens 24B is
in close contact with and fixed to the first sub-distal end
surface 231B of the first sub-sound guide portion 23B. The
second sub-acoustic lens 24C is in close contact with and
fixed to the second sub-distal end surface 231C of the second
sub-sound guide portion 23C.

[0115] Each of the acoustic lenses 24A, 24B and 24C has
a substantially cylindrical shape with the X direction as an
axis. In other words, when cut in a YZ plane, surface shapes
of the acoustic lenses 24A, 24B and 24C on opposite sides
to the sound guide portions 23A, 23B and 23C are circular
arc shapes.

[0116] In the X direction, the side surface of the main
acoustic lens 24A on the first sub-acoustic lens 24B side is
in close contact with the side surface of the first sub-acoustic
lens 24B on the main acoustic lens 24 A side. Similarly, the
side surface of the main acoustic lens 24A on the second
sub-acoustic lens 24C side is in close contact with the side
surface of the second sub-acoustic lens 24C on the main
acoustic lens 24A side.

[0117] Here, each of the acoustic lenses 24 A, 24B and 24C
has an acoustic impedance close to that of a living body
which is a subject, and has an acoustic impedance lower than
that of each of the sound guide portions 23 A, 23B and 23C.
Consequently, transmission directions of ultrasonic waves
can be aligned with the ultrasonic wave transmission and
reception direction D1 when an ultrasonic wave propagates
toward the first sub-acoustic lens 24B from the first sub-
distal end surface 231B of the first sub-sound guide portion
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23B and when an ultrasonic wave propagates toward the
second sub-acoustic lens 24C from the second sub-distal end
surface 231C.

Configuration of Control Device

[0118] As illustrated in FIG. 1, the control device 3 is
configured to include, for example, the display 31, an
operation device 32, a storage 33, and a controller 34. As the
control device 3, for example, a terminal device such as a
tablet 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.

[0119] The display 31 is formed of, for example, a liquid
crystal display, and displays an image.

[0120] The operation device 32 is a user interface (UI) for
a user operating the ultrasonic measurement apparatus 1, and
may be formed of, for example, a touch panel provided on
the display 31, an operation button, a keyboard, or a mouse.
[0121] The storage 33 stores various programs and various
pieces of data for controlling the ultrasonic measurement
apparatus 1.

[0122] The controller 34 is formed of, for example, a
calculation circuit such as a central processing unit (CPU),
and a storage circuit such as a memory. The controller 34
reads the various programs stored in the storage 33 and
executes the programs, so as to function as a transmission
controller 341, a reception controller 342, an image forming
portion 343, and a display controller 344, and controls the
ultrasonic probe 2.

[0123] The transmission controller 341 outputs a com-
mand signal for switching to transmission connection and a
command signal for outputting a drive signal to the trans-
mission c¢ircuit 62, to the selection circuit 61 of each of the
circuit substrates 60A, 60B and 60C.

[0124] The reception controller 342 outputs a command
signal for switching to reception connection and a command
signal for causing the reception circuit 63 to perform a
reception process on a received signal, to the selection
circuit 61 of each of the circuit substrates 60A, 608 and 60C.
[0125] The image forming portion 343 processes a
received signal which is received from the reception circuit
63, so as to generate an internal tomographic image of a
living body.

[0126] The display controller 344 controls the display 31
to display the generated internal tomographic image.

Control Method for Ultrasonic Unit

[0127] In the present embodiment, if an input signal for
performing ultrasonic measurement using the ultrasonic
probe 2 is input to the control device 3, the transmission
controller 341 of the control device 3 outputs a command
signal for outputting a drive signal at a timing corresponding
to a position of the ultrasonic wave transmission and recep-
tion portion, to the respective ultrasonic transducers 45
(transmission and reception train Ch). In other words, the
transmission controller 341 forms a timing controller.
[0128] FIG. 10 is a diagram for explaining a delay timing
during transmission of an ultrasonic wave.

[0129] In acase where a plane passing through tip parts of
the first sub-sound guide portion 23B and the second sub-
sound guide portion 23C on the ultrasonic wave transmis-
sion and reception direction D1 side is set as a reference
plane P (refer to FIG. 10; the reference plane P which is
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orthogonal to the ultrasonic wave transmission and reception
direction D1), the transmission controller 341 delays drive
timings (ultrasonic wave transmission timings) of the
respective ultrasonic transducers 45 (transmission and
reception train Ch) so that ultrasonic waves output from the
respective ultrasonic transducers 45 of the main transmis-
sion and reception portion 22A, the first sub-transmission
and reception portion 22B, and the second sub-transmission
and reception portion 22C simultaneously pass through the
reference plane P.

[0130] Here, an inclined angle of the first sub-transmission
and reception portion 22B with respect to the main trans-
mission and reception portion 22A is indicated by 1, an
inclined angle of the first sub-distal end surface 231B with
respect to the first sub-basal end surface 232B is indicated by
0, a width dimension of the array region Ar along the X
direction (scanning direction) is indicated by W, and a
dimension from the first sub-distal end surface 231B to the
first sub-basal end surface 232B in the first sub-facing side
surface 233B1 is indicated by H. The time required for an
ultrasonic wave output from each ultrasonic transducer 45 of
the main transmission and reception portion 22A to reach the
reference plane P is indicated by T.

[0131] In the first sub-transmission and reception portion
22B, an ultrasonic wave sent from the ultrasonic transducer
45 located at a distance x from a -X side end of the array
region Ar is incident to a position of the distance x from the
first sub-side surface 233B on an opposite side to the first
sub-facing side surface 233B1 in the first sub-basal end
surface 232B. The ultrasonic wave which is incident to the
first sub-basal end surface 232B advances at a sonic speed
cl corresponding to a material of the first sub-sound guide
portion 23B over a distance of H+(W-x)tan 0 from the first
sub-distal end surface 231B to emission. An ultrasonic wave
emitted from the first sub-distal end surface 231B advances
at a sonic speed c2 corresponding to a material of the first
sub-acoustic lens 24B over a distance of (x-sin (8+1))/cos 6
to the reference plane P.

[0132] Therefore, the transmission controller 341 delays a
drive timing by a delay time t in the following Equation (1)
from a drive time of each ultrasonic transducer 45 (trans-
mission and reception train Ch) of the main transmission and
reception portion 22A, and drives the ultrasonic transducers
45 (transmission and reception train Ch) located at the
distance x from the -X side end of the array region Ar of the
first sub-transmission and reception portion 22B. In a case
where a value of t is a positive value, the ultrasonic
transducer 45 is driven at a timing which is later than, by the
time t, a drive timing of each ultrasonic transducer 45 of the
main transmission and reception portion 22A. In a case
where a value of t is a negative value, the ultrasonic
transducer 45 is driven at a timing which is earlier than, by
the time t, a drive timing of each ultrasonic transducer 45 of
the main transmission and reception portion 22A.

(H+(W—x)tan9 x-sin(9+<p)] (D
1=7T- +
cl c2-cosf

[0133] The above-described delay time is a delay time
regarding the first sub-transmission and reception portion
22B, but 1s also the same for the second sub-transmission
and reception portion 22C. In the second sub-transmission
and reception portion 22C, the ultrasonic transducer 45 at
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the distance x from the +X side end of the array region Ar
is driven at the delay time t based on the above Equation (1),
and thus timings at which ultrasonic waves reach the refer-
ence plane P can be aligned with each other.

[0134] Regarding received ultrasonic waves which are
received by the respective ultrasonic transducers 45 (trans-
mission and reception train Ch), acoustic distances in the
first sub-sound guide portion 23B and the second sub-sound
guide portion 23C are different from each other. Therefore,
the reception controller 342 delays a reception timing of a
received signal by taking into consideration the delay time
tshown in Equation (1). For example, in a case where a drive
timing is delayed by the time t in ultrasonic wave transmis-
sion, a timing which is delayed by the time t from the timing
at which a received signal is output is set as a reception
timing. In a case where a drive timing is advanced by the
time t in ultrasonic wave transmission, a timing which is
advanced by the time t from the timing at which a received
signal is output is set as a reception timing.

Advantageous Effects of First Embodiment

[0135] In the present embodiment, the ultrasonic probe 2
includes the main sound guide portion 23A through which
ultrasonic waves transmitted and received in the main trans-
mission and reception portion 22A pass; the first sub-sound
guide portion 23B through which ultrasonic waves trans-
mitted and received in the first sub-transmission and recep-
tion portion 22B pass; and the second sub-sound guide
portion 23C through which ultrasonic waves transmitted and
received in the second sub-transmission and reception por-
tion 22C pass.

[0136] A distance between the main sound guide portion
23A and the first sub-sound guide portion 23B is gradually
reduced toward a subject, and a distance between the main
sound guide portion 23A and the second sub-sound guide
portion 23C is also reduced toward the subject. In other
words, a distance between the main distal end surface 231A
and the first sub-distal end surface 231B is shorter than a
distance between the main transmission and reception por-
tion 22A and the first sub-transmission and reception portion
22B, and a distance between the main distal end surface
231A and the second sub-distal end surface 231C is shorter
than a distance between the main transmission and reception
portion 22A and the second sub-transmission and reception
portion 22C.

[0137] Thus, even in a case where the main transmission
and reception portion 22A is separated from the first sub-
transmission and reception portion 22B (second sub-trans-
mission and reception portion 22C), the transmission and
reception range Al in which ultrasonic measurement can be
performed by the main transmission and reception portion
22A is close to the transmission and reception range A2 in
which ultrasonic measurement can be performed by the first
sub-transmission and reception portion 22B (the transmis-
sion and reception range A3 in which ultrasonic measure-
ment can be performed by the second sub-transmission and
reception portion 22C). Therefore, even in a case where
there is a region in which transmission and reception of
ultrasonic waves cannot be performed between the main
transmission and reception portion 22A and the first sub-
transmission and reception portion 22B or between the main
transmission and reception portion 22A and the second
sub-transmission and reception portion 22C, it is possible to
uniformly transmit and receive ultrasonic waves in the
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ultrasonic probe 2. Consequently, when an internal tomo-
graphic image is formed by the image forming portion 343,
it is possible to prevent a defect such as the presence of a
region in which ultrasonic measurement is not performed at
a part of an internal tomographic image, and thus to form an
accurate internal tomographic image.

[0138] In a case where the main transmission and recep-
tion portion 22A, the first sub-transmission and reception
portion 22B, and the second sub-transmission and reception
portion 22C are provided on a single substrate, as a range in
which ultrasonic measurement is performed is increased, a
substrate size is required to be also increased, and thus
apparatus cost increases. In contrast, in the present embodi-
ment, the ultrasonic substrate 40 having the main transmis-
sion and reception portion 22A and the ultrasonic substrate
40 having the first sub-transmission and reception portion
22B can be formed separately from each other, and thus
apparatus cost can be reduced.

[0139] In the present embodiment, the main distal end
surface 231A and the first sub-distal end surface 231B
(second sub-distal end surface 231C) are adjacent to each
other when viewed from the ultrasonic wave transmission
and reception direction D1. Thus, the transmission and
reception range Al in which ultrasonic measurement can be
performed by the main transmission and reception portion
22A is adjacent to the transmission and reception range A2
in which ultrasonic measurement can be performed by the
first sub-transmission and reception portion 22B (the trans-
mission and reception range A3 in which ultrasonic mea-
surement can be performed by the second sub-transmission
and reception portion 22C). In other words, a measurenent
impossible region in which transmission and reception of
ultrasonic waves are not performed is not present between
the transmission and reception range Al and the transmis-
sion and reception range A2 (transmission and reception
range A3). Consequently, it is possible to perform ultrasonic
measurement with higher accuracy.

[0140] In the present embodiment, there is a gap between
the main sound guide portion 23A and the first sub-sound
guide portion 23B (second sub-sound guide portion 23C),
and an air layer (intermediate portion) is formed therein.
[0141] Air has an acoustic impedance which is consider-
ably lower than an acoustic impedance of the main sound
guide portion 23A, the first sub-sound guide portion 23B,
and the second sub-sound guide portion 23C, and thus an
ultrasonic wave is reflected at an interface between the
sound guide portions 23A, 23B and 23C and air. Therefore,
it is possible to prevent propagation of an ultrasonic wave
from the main sound guide portion 23A to the first sub-sound
guide portion 23B (second sub-sound guide portion 23C) or
from the first sub-sound guide portion 23B (second sub-
sound guide portion 23C) to the main sound guide portion
23 A, and thus to minimize crosstalk.

[0142] The first sub-facing side surface 233B1 or the
second sub-facing side surface 233C1 is inclined with
respect to the main side surface 233A which is parallel to the
ultrasonic wave transmission and reception direction D1.
[0143] When an ultrasonic wave is incident to the first
sub-sound guide portion 23B or the second sub-sound guide
portion 23C from the ultrasonic wave transmission and
reception direction D1, the ultrasonic wave is refracted at an
angle corresponding to an inclined angle of the first sub-
distal end surface 231B or the second sub-distal end surface
231C, and is directed toward the first sub-transmission and
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reception portion 22B or the second sub-transmission and
reception portion 22C. However, some ultrasonic wave
components advance straight along the ultrasonic wave
transmission and reception direction D1 without being
refracted at the first sub-distal end surface 231B or the
second sub-distal end surface 231C. In contrast, in the
present embodiment, even in a case where such some
ultrasonic wave components are present, some ultrasonic
wave components can be reflected in an inclined direction of
the first sub-facing side surface 233B1 or the second sub-
facing side surface 233C1. Consequently, it is possible to
increase the sound pressure of an ultrasonic wave received
at the first sub-transmission and reception portion 22B or the
second sub-transmission and reception portion 22C.

[0144] In the present embodiment, the sub-devices 2B and
2C are attachable to and detachable from the main device
2A. Thus, in a case where ultrasonic measurement is desired
to be performed on a region in a narrow range such as a gap
between ribs, the sub-devices 2B and 2C can be detached,
and ultrasonic measurement can be performed by using only
the main device 2A. In a case where ultrasonic measurement
is performed on a region in a wide range such as the
abdomen, the sub-devices 2B and 2C can be attached to the
main device 2A, and ultrasonic measurement using the three
devices can be performed.

[0145] In the present embodiment, the ultrasonic substrate
40 on which the main transmission and reception portion
22A 1s provided and the ultrasonic substrates 40 on which
the sub-transmission and reception portions 22B and 22C
are provided are disposed on different planes.

[0146] Also in this case, in the present embodiment, the
ultrasonic wave transmission and reception ranges Al to A3
for the respective ultrasonic wave transmission and recep-
tion portions can be made close to each other. A plane on
which the ultrasonic substrate 40 is disposed may be set as
appropriate according to an arrangement relationship among
other members of the devices 2A, 2B and 2C. In other
words, it is possible to improve a degree of freedom of
design of each of the devices 2A, 2B and 2C compared with
the respective ultrasonic substrates 40 are disposed on the
same plane.

[0147] In the present embodiment, the control device 3
includes the controller 34 controlling the ultrasonic probe 2,
and thus can form an internal tomographic image of a living
body and display the internal tomographic image on the
display 31 on the basis of an ultrasonic measurement result
in the ultrasonic probe 2.

[0148] The transmission controller 341 of the controller 34
delays a timing at which a drive voltage is applied to each
ultrasonic transducer 45 (transmission and reception train
Ch) so that ultrasonic waves output from the respective
ultrasonic transducers 45 of the main transmission and
reception portion 22A, the first sub-transmission and recep-
tion portion 22B, and the second sub-transmission and
reception portion 22C pass through the reference plane P
which is orthogonal to the ultrasonic wave transmission and
reception direction D1 at the same time.

[0149] Consequently, ultrasonic waves passing through
the reference plane P can be aligned with each other, and
thus the ultrasonic waves are transmitted from the acoustic
lenses 24A, 24B and 24C at the same time. In other words,
wavefronts of transmitted ultrasonic waves can be aligned
with each other, and thus ultrasonic waves having high
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sound pressure can be sent in the ultrasonic wave transmis-
sion and reception direction D1.

[0150] The reception controller 342 performs a reception
process by delaying a reception timing of a received ultra-
sonic wave received by each ultrasonic transducer 45 (trans-
mission and reception train Ch) by the delay time t corre-
sponding to a position of the ultrasonic transducer 45.
Consequently, it is possible to increase measurement accu-
racy in ultrasonic measurement, and thus for the image
forming portion 343 to form an accurate internal tomo-
graphic image of a living body.

Second Embodiment

[0151] Next, a second embodiment will be described.
[0152] In the first embodiment, a description has been
made of an example in which the transmission controller
341 of the controller 34 performs delay control so that
ultrasonic waves transmitted from the ultrasonic transducers
45 pass through the reference plane P at the same time. In
contrast, the second embodiment is different from the first
embodiment in that delay control is performed in the circuit
substrates 60A, 60B and 60C of the ultrasonic probe 2.
[0153] An ultrasonic measurement apparatus 1 of the
present embodiment has the substantially same configura-
tion as in the first embodiment, and thus will be described
with reference to the drawings used in the first embodiment.
[0154] In the present embodiment, the circuit substrate
60A provided on the main device 2A has the same configu-
ration as in the first embodiment.

[0155] On the other hand, in the circuit substrate 60B
provided in the first sub-device 2B, if a transmission com-
mand for transmitting an ultrasonic wave is input from the
control device 3, the transmission circuit 62 applies a
delayed drive voltage to each ultrasonic transducer 45
(transmission and reception train Ch) of the first sub-
transmission and reception portion 22B. In other words, in
the present embodiment, the transmission circuit 62 func-
tions as a timing controller.

[0156] Since an acoustic distance of an ultrasonic wave is
not variable in each of the sound guide portions 23A, 23B
and 23C, a distance over which an ultrasonic wave output
from each ultrasonic transducer 45 reaches the reference
plane P is not variable either. Therefore, in the present
embodiment, a delay time t until a drive voltage is applied
to each ultrasonic transducer 45 (transmission and reception
train Ch) of the sub-transmission and reception portions 22B
and 22C after an ultrasonic wave transmission command is
input to the main transmission and reception portion 22A is
calculated in advance, and thus the transmission circuit 62
delays a timing of applying a drive voltage on the basis of
the delay time t.

[0157] This is also the same for the reception circuit 63,
and the reception circuit 63 of the present embodiment
outputs a received signal to the control device 3 at a timing
obtained by adding the delay time t calculated in advance to
a signal output timing of the received signal output from
each ultrasonic transducer 45.

[0158] In other words, in the present embodiment, the
transmission circuit 62 and the reception circuit 63 of each
of the circuit substrates 60B and 60C provided in the
ultrasonic probe 2 function as a timing controller.

[0159] In the present embodiment, the transmission con-
troller 341 of the control device 3 is not required to output
a transmission command including the delay time t to the
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ultrasonic probe 2, and the reception controller 342 is not
required to add the delay time t to a received signal which
is input from the ultrasonic probe 2. Therefore, it is possible
to simplify a process in the controller 34.

Third Embodiment

[0160] Next, a third embodiment will be described.
[0161] In the first embodiment, the first sub-transmission
and reception portion 22B or the second sub-transmission
and reception portion 22C is inclined with respect to the
main transmission and reception portion 22A. In contrast,
the third embodiment is different from the first embodiment
in that the first sub-transmission and reception portion 22B
or the second sub-transmission and reception portion 22C is
parallel to the main transmission and reception portion 22A.
[0162] FIG. 11 is a schematic sectional view obtained by
cutting an ultrasonic probe 201 in an X7 plane according to
the third embodiment.

[0163] As illustrated in FIG. 11, in the present embodi-
ment, the main transmission and reception portion 22A, the
first sub-transmission and reception portion 22B, and the
second sub-transmission and reception portion 22C are
disposed in parallel to each other.

[0164] In the ultrasonic probe 201, as illustrated in FIG.
11, the transmission controller 341 of the control device 3
delays a drive timing of each ultrasonic transducer 45 so that
an advancing direction of a wavefront (a two-dot chain line
Q in FIG. 11) formed by combining ultrasonic waves
transmitted from the first sub-transmission and reception
portion 22B is directed toward the main sound guide portion
23A side (toward the first sub-distal end surface 231B). In
other words, the ultrasonic transducers 45 are driven in a
delay manner so that a drive timing of the ultrasonic
transducer 45 disposed on the +X side is later than a drive
timing of the ultrasonic transducer 45 disposed on the -X
side.

[0165] In this case, more preferably, the transmission
controller 341 delays a drive timing of each ultrasonic
transducer 45 so that a wavefront formed by combining
ultrasonic waves transmitted from the first sub-transmission
and reception portion 22B with each other is perpendicular
to the first sub-facing side surface 233B1 (an advancing
direction of a combined wavefront is parallel to the first
sub-facing side surface 233B1).

[0166] An inclined angle of the first sub-distal end surface
231B of the first sub-sound guide portion 23B is formed at
an angle at which an advancing direction of a combined
wavefront of ultrasonic waves transmitted from the first
sub-transmission and reception portion 22B is refracted in
the ultrasonic wave transmission and reception direction D1.
In the same manner as in the first embodiment, the angle is
set according to a difference or the like between sonic speeds
in the first sub-acoustic lens 24B and the first sub-sound
guide portion 23B.

[0167] The transmission controller 341 performs delay
control on a drive timing of the first sub-transmission and
reception portion 22B relative to a drive timing of the main
transmission and reception portion 22A so that a wavefront
of ultrasonic waves transmitted from the main transmission
and reception portion 22A and a wavefront of ultrasonic
waves transmitted from the first sub-transmission and recep-
tion portion 22B pass through the reference plane P at the
same time.
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[0168] Consequently, in the same manner as in the first
embodiment, the ultrasonic wave transmission and reception
range A2 in the first sub-transmission and reception portion
22B can be made close to the ultrasonic wave transmission
and reception range Al in the main transmission and recep-
tion portion 22A, and thus it is possible to perform uniform
ultrasonic wave transmission and reception processes.
[0169] This is also the same for a drive method for the
second sub-transmission and reception portion 22C, and for
the second sub-distal end surface 231C.

[0170] An inclined angle of the second sub-distal end
surface 231C of the second sub-sound guide portion 23C is
formed at an angle at which an advancing direction of a
combined wavefront of ultrasonic waves transmitted from
the second sub-transmission and reception portion 22C is
refracted in the ultrasonic wave transmission and reception
direction D1.

[0171] The transmission controller 341 of the control
device 3 delays a drive timing of each ultrasonic transducer
45 so that an advancing direction of a wavefront formed by
combining ultrasonic waves transmitted from the second
sub-transmission and reception portion 22C with each other
is directed toward the main sound guide portion 23A side,
and is more preferably parallel to the second sub-facing side
surface 233C1. In addition thereto, the transmission con-
troller 341 performs delay control on a drive timing of the
second sub-transmission and reception portion 22C relative
to a drive timing of the main transmission and reception
portion 22A so that a wavefront of ultrasonic waves trans-
mitted from the main transmission and reception portion
22A and a wavefront of ultrasonic waves transmitted from
the second sub-transmission and reception portion 22C pass
through the reference plane P at the same time.

[0172] Consequently, the ultrasonic wave transmission
and reception range A3 in the second sub-transmission and
reception portion 22C can be made close to the ultrasonic
wave transmission and reception range Al in the main
transmission and reception portion 22A, and thus it is
possible to perform uniform ultrasonic wave transmission
and reception processes.

[0173] In the present embodiment, a description has been
made of an example in which each ultrasonic transducer 45
is subject to delay driving under the control of the trans-
mission controller 341 of the control device 3, but this is
only an example, and, in the same manner as in the second
embodiment, the above-described delay driving may be
performed by the circuit substrates 60B and 60C provided in
the ultrasonic probe 201.

[0174] 1In the present embodiment, the main transmission
and reception portion 22A, the first sub-transmission and
reception portion 22B, and the second sub-transmission and
reception portion 22C are disposed in parallel to each other.
[0175] Even in a configuration in which the main trans-
mission and reception portion 22A, the first sub-transmis-
sion and reception portion 22B, and the second sub-trans-
mission and reception portion 22C are disposed in parallel to
each other as in the present embodiment, as described above,
it is possible to transmit and receive uniform ultrasonic
waves with respect to a living body which is a subject. In
other words, a plane on which the ultrasonic substrate 40 is
disposed may be set as appropriate according to an arrange-
ment relationship among other members of the devices 2A,
2B and 2C. Therefore, as in the first embodiment, the first
sub-transmission and reception portion 22B and the second
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sub-transmission and reception portion 22C may be dis-
posed to be inclined with respect to the main transmission
and reception portion 22A, and, as in the present embodi-
ment, the main transmission and reception portion 22A, the
first sub-transmission and reception portion 22B, and the
second sub-transmission and reception portion 22C may be
disposed in parallel to each other. Thus, it is possible to
improve a degree of freedom of design of each of the devices
2A, 2B and 2C.

Fourth Embodiment

[0176] Next, a fourth embodiment will be described.
[0177] In the third embodiment, a description has been
made of an example of performing delay driving on each
ultrasonic transducer 45 of the sub-transmission and recep-
tion portions 22B and 22C so that an advancing direction of
an ultrasonic wave is inclined toward the main sound guide
portion 23A side. However, in the configuration, when
ultrasonic waves are received, the ultrasonic waves are
obliquely incident to the sub-transmission and reception
portions 22B and 22C, and thus reception sensitivity is
reduced. The fourth embodiment is different from the third
embodiment in that a first sub-sound guide portion and a
second sub-sound guide portion are formed of a plurality of
layers, and thus a reduction in the reception sensitivity is
suppressed even in a case where the main transmission and
reception portion 22A, the first sub-transmission and recep-
tion portion 22B, and the second sub-transmission and
reception portion 22C are disposed in parallel to each other.
[0178] FIG. 12 is a schematic sectional view obtained by
cutting an ultrasonic probe 202 in an X7 plane according to
the fourth embodiment.

[0179] In the present embodiment, a first sub-sound guide
portion 23D and a second sub-sound guide portion 23E are
formed of a plurality of sound guide layers.

[0180] Specifically, as illustrated in FIG. 12, the first
sub-sound guide portion 23D includes a first element side
sound guide layer 23D1 disposed on the first sub-transmis-
sion and reception portion 22B side and a first lens side
sound guide layer 23D2 disposed on the first sub-acoustic
lens 24B side.

[0181] In the first element side sound guide layer 23D1, a
surface (first element side distal end surface 231D1) on an
opposite side to the first sub-transmission and reception
portion 22B is an inclined surface whose distance from the
first sub-transmission and reception portion 22B is increased
in the +X direction.

[0182] On the other hand, a surface (first element side
basal end surface 232D1; corresponding to a coupling
surface) of the first element side sound guide layer 23D1 on
the first sub-transmission and reception portion 22B side is
fixed to the first sub-transmission and reception portion 22B
via the acoustic layer 22B1.

[0183] In the first lens side sound guide layer 23D2, a
surface (first lens side distal end surface 231D2; correspond-
ing to a second distal end surface) on an opposite side to the
first element side sound guide layer 23D1 is an inclined
surface whose distance from the first sub-transmission and
reception portion 22B is reduced in the +X direction.
[0184] On the other hand, a surface (first lens side basal
end surface 232D2) of the first lens side sound guide layer
23D2 on the first element side sound guide layer 23D1 side
is in close contact with and fixed to the first element side
distal end surface 231D1.
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[0185] The first sub-acoustic lens 24B, the first element
side sound guide layer 23D1, and the first lens side sound
guide layer 23D2 have different acoustic impedances. Spe-
cifically, the acoustic impedances are lowered in an order of
the first element side sound guide layer 23D1, the first lens
side sound guide layer 23D2, and the first sub-acoustic lens
24B. An inclined angle of the first element side distal end
surface 231D1 and an inclined angle of the first lens side
distal end surface 231D2 are respectively set so that an
ultrasonic wave output from the ultrasonic transducer 45
located at a +X side end of the first sub-transmission and
reception portion 22B is transmitted in the ultrasonic wave
transmission and reception direction D1 from the +X side of
the first lens side distal end surface 231D2 as illustrated in
FIG. 12. The inclined angles are set as appropriate in the
same manner as in the first embodiment according to a
difference or the like between sonic speeds in the first
sub-acoustic lens 24B, the first element side sound guide
layer 23D1, and the first lens side sound guide layer 23D2.
[0186] The second sub-sound guide portion 23E also
includes a second element side sound guide layer 23E1
disposed on the second sub-transmission and reception
portion 22C side and a second lens side sound guide layer
23E2 disposed on the second sub-acoustic lens 24C side.
[0187] A second element side distal end surface 231E1 of
the second element side sound guide layer 23E1 on an
opposite side to the second sub-transmission and reception
portion 22C is an inclined surface whose distance from the
second sub-transmission and reception portion 22C is
increased along the -X direction. A second element side
basal end surface 232E1 of the second element side sound
guide layer 23E1 on the second sub-transmission and recep-
tion portion 22C side is fixed to the second sub-transmission
and reception portion 22C via the acoustic layer 22C1.
[0188] In the second lens side sound guide layer 23E2, a
second lens side distal end surface 231E2 on an opposite
side to the second element side sound guide layer 23E1 is an
inclined surface whose distance from the second sub-trans-
mission and reception portion 22C is reduced along the -X
direction. A second lens side basal end surface 232E2 of the
second lens side sound guide layer 23E2 on the second
element side sound guide layer 23F1 side is in close contact
with and fixed to the second element side distal end surface
231E1.

[0189] The second sub-acoustic lens 24C, the second
element side sound guide layer 23E1, and the second lens
side sound guide layer 23E2 have different acoustic imped-
ances, and the acoustic impedances are lowered in an order
of the second sub-acoustic lens 24C, the second element side
sound guide layer 23E1, and the second lens side sound
guide layer 23B2. An inclined angle of the second element
side distal end surface 231E1 and an inclined angle of the
second lens side distal end surface 231E2 are respectively
set so that an ultrasonic wave output from the ultrasonic
transducer 45 located at a -X side end of the second
sub-transmission and reception portion 22C is transmitted in
the ultrasonic wave transmission and reception direction D1
from the -X side of the second lens side distal end surface
231E2 as illustrated in FIG. 12.

[0190] Also in the present embodiment, in the same man-
ner as in the first embodiment and the second embodiment,
the controller 34 or the transmission circuit 62 performs
delay control so that ultrasonic waves pass through the
reference plane P at the same time when the ultrasonic waves
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are transmitted from the respective ultrasonic transducers 45
(transmission and reception train Ch).

[0191] The present embodiment achieves the same advan-
tageous effects as in the third embodiment. In addition
thereto, in the present embodiment, when an ultrasonic wave
is received, the ultrasonic wave is incident to the first
sub-transmission and reception portion 22B or the second
sub-transmission and reception portion 22C from the normal
direction. Thus, displacement of the vibration portion 421 of
each ultrasonic transducer 45 can be increased, and thus a
level of a received signal can be increased. Consequently, it
is possible to improve reception sensitivity.

Modification Examples

[0192] 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.

Modification Example 1

[0193] In the first embodiment, a description has been
made of an exemplary configuration in which the first
sub-device 2B, the main device 2A, and the second sub-
device 2C are disposed along the X direction (scanning
direction) in the ultrasonic probe 2, but any other configu-
ration may be used.

[0194] For example, there may be a configuration in which
a plurality of devices may be provided along the Y direction
(slice direction).

[0195] FIG. 13 is a plan view in which an ultrasonic probe
203 in Modification Example 1 is viewed from an ultrasonic
wave transmission and reception direction. FIG. 14 is a
sectional view illustrating a schematic configuration
obtained by cutting the ultrasonic probe 203 in an YZ plane.

[0196] The ultrasonic probe 203 illustrated in FIG. 13
includes a main device 2F; a first sub-device 2G which is
attachable to and detachable from a -Y side of the main
device 2F; and a second sub-device 2H which is attachable
to and detachable from a +Y side of the main device 2F.

[0197] In the same manner as in the first embodiment, the
devices 2F, 2G and 2H respectively include casings 21F,
21G and 21H, and the casings 21F, 21G and 21H are
respectively configured to include bottom portions 211F,
211G and 211H, sidewall portions 212F, 212G and 212H,
pedestal portions 213F, 213G and 213H, and connectors
214F, 214G and 214H. The main casing 21F and the first
sub-casing 21G are attachably and detachably fixed to each
other via fixation mechanisms 215C, and the main casing
21F and the second sub-casing 21H are attachably and
detachably fixed to each other via fixation mechanisms
215D.

[0198] A main transmission and reception portion 22F
including an ultrasonic substrate 40 and a circuit substrate
60F are fixed to the pedestal portion 213F of the main device
2F; a first sub-transmission and reception portion 22G
including an ultrasonic substrate 40 and a circuit substrate
60G 1s fixed to the pedestal portion 213G of the first
sub-device 2G; and a second sub-transmission and reception
portion 22H including an ultrasonic substrate 40 and a
circuit substrate 60H is fixed to the pedestal portion 213H of
the second sub-device 2H.
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[0199] In the present example, in the same manner as in
the first embodiment, the pedestal portion 213G and the
pedestal portion 213H are inclined toward the main device
2F side. In the present example, for simplification of
description, a description will be made of an example in
which the ultrasonic transducer 45 of the first sub-transmis-
sion and reception portion 22G on the +Y side end and the
ultrasonic transducer 45 of the second sub-transmission and
reception portion 22H on the =Y side end are located at the
same height as that of the ultrasonic transducer 45 of the
main transmission and reception portion 22F in the ultra-
sonic wave transmission and reception direction D1 (Z
direction).

[0200] A main sound guide portion 23F and a main
acoustic lens 24F are provided on the main transmission and
reception portion 22F via an acoustic layer 22F1. A first
sub-sound guide portion 23G and a first sub-acoustic lens
24G are provided on the first sub-transmission and reception
portion 22G via an acoustic layer 22G1, and a second
sub-sound guide portion 23H and a second sub-acoustic lens
24H are provided on the second sub-transmission and recep-
tion portion 22H via an acoustic layer 22H1.

[0201] The main sound guide portion 23F, the first sub-
sound guide portion 23G, and the second sub-sound guide
portion 23H have the same configurations as those of the
sound guide portions 23A, 23B and 23C in the first embodi-
ment. In other words, the main sound guide portion 23F
causes an ultrasonic wave transmitted and received in the
main transmission and reception portion 22F to propagate
between a main distal end surface 231F and a main basal end
surface 232F. The first sub-sound guide portion 23G causes
an ultrasonic wave transmitted and received in the first
sub-transmission and reception portion 22G to propagate
between a first sub-distal end surface 231G and a first
sub-basal end surface 232G. The second sub-sound guide
portion 23H causes an ultrasonic wave transmitted and
received in the second sub-transmission and reception por-
tion 22H to propagate between a second sub-distal end
surface 231H and a second sub-basal end surface 232H.
[0202] The first sub-sound guide portion 23G and the
second sub-sound guide portion 23H are inclined toward the
main sound guide portion 23F side, a +Y side end of the first
sub-distal end surface 231G is in contact with the main
sound guide portion 23F, and a =Y side end of the second
sub-distal end surface 231H is in contact with the main
sound guide portion 23F. An air layer is interposed between
a main side surface 233F (first main side surface 233F1) of
the main sound guide portion 23F and a first sub-side surface
233G (first sub-facing side surface 233G1), and an air layer
is interposed between the main side surface 233F (second
main side surface 233F2) of the main sound guide portion
23F and a second sub-side surface 233H (second sub-facing
side surface 233H1).

[0203] In Modification Example 1, the main acoustic lens
24F is formed in a cylindrical shape, and a surface on a
living body side has a circular arc shape, in the same manner
as in the first embodiment.

[0204] In the first sub-acoustic lens 24G, an end of the
surface on the living body side on the main acoustic lens 24F
is connected to the —Y side end of the main acoustic lens
24F. A surface of the first sub-acoustic lens 24G on the living
body side has a circular arc shape which comes closer to the
first sub-sound guide portion 23G toward the end on the -Y
side from the end on the main acoustic lens 24F side.
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[0205] Also in the second sub-acoustic lens 24H, an end of
the surface on the living body side on the main acoustic lens
24F is connected to the +Y side end of the main acoustic lens
24F. A surface of the second sub-acoustic lens 24H on the
living body side has a circular arc shape which comes closer
to the second sub-sound guide portion 23H toward the end
on the +Y side from the end on the main acoustic lens 24F
side.

[0206] In the ultrasonic probe 203, the ultrasonic trans-
ducers 45 arranged in the Y direction are simultaneously
driven in each ultrasonic substrate 40. Thus, timings at
which ultrasonic waves are emitted from the acoustic lenses
24G and 24H are different from timings depending on
positions.

[0207] Forexample, in the first sub-device 2G, a timing at
which an ultrasonic wave transmitted from the -Y side ofthe
first sub-transmission and reception portion 22G is trans-
mitted from the first sub-acoustic lens 24G is earlier than a
timing at which an ultrasonic wave transmitted from the +Y
side of the first sub-transmission and reception portion 22G
is transmitted from the first sub-acoustic lens 24G. There-
fore, in a case where a wavefront is obtained by combining
the ultrasonic waves with each other, the ultrasonic wave
advances toward a +Y+7 side (toward a scan surface S
including the central axis in the Y direction, and the Z
direction). In addition thereto, an advancing direction of the
ultrasonic wave is further modified when the ultrasonic
wave passes through the circular arc surface of the first
sub-acoustic lens 24G, and the ultrasonic wave is transmit-
ted so as to converge at a predetermined position on the scan
surface S. This is also the same for the second sub-device
2H, and a wavefront obtained by combining ultrasonic
waves from the acoustic lens 24H with each other advarnces
so as to converge at a predetermined position on the scan
surface S.

[0208] On the other hand, in the main device 2F, a distal
end of the main acoustic lens 24F has a circular arc shape in
the same manner as in the first embodiment. Therefore, an
ultrasonic wave emitted from the main transmission and
reception portion 22F is transmitted so as to converge at a
predetermined position on the scan surface S.

[0209] Consequently, also in the ultrasonic probe 203 of
Modification Example 1, in the same manner as in the first
embodiment, it is possible to output an ultrasonic wave
which converges at a predetermined position on the scan
surface with respect to the slice direction.

[0210] As illustrated in FIG. 14, each of curvatures of the
circular arcs of the surface of the first sub-acoustic lens 24G
on a living body side and the surface of the second sub-
acoustic lens 24H on the living body side may be smaller
than a curvature of the surface of the main acoustic lens 24F
on the living body side. A dashed line in FIG. 14 indicates
the surfaces of the first sub-acoustic lens 24B and the second
sub-acoustic lens 24C on the living body side of the first
embodiment. In the present modification example, since
ultrasonic waves are simultaneously transmitted from the
respective ultrasonic transducers 45 in the slice direction (X
direction), an ultrasonic wave sent from the +X side (main
sound guide portion 23F side) of the first sub-sound guide
portion 23G is delayed rather than an ultrasonic wave sent
from the -X side thereof. As illustrated in FIG. 14, a
curvature of the circular arc of the surface of the first
sub-acoustic lens 24G on the living body side is made
smaller than a curvature of that of the main acoustic lens



US 2018/0132827 Al

24F, and thus it is possible to reduce the influence of the
delay. This is also the same for the second sub-acoustic lens
24H.

Modification Example 2

[0211] In the above Modification Example 1, each ultra-
sonic substrate 40 has a one-dimensional array structure in
which the ultrasonic transducers 45 arranged in the Y
direction are simultaneously driver, but the ultrasonic trans-
ducers 45 of each ultrasonic substrate 40 may be configured
in a two-dimensional array structure. In this case, delay
driving is performed on each ultrasonic transducer 45, and
thus ultrasonic waves output from the respective ultrasonic
transducers 45 can be output so as to converge at a prede-
termined position on the scan surface S.

Modification Example 3

[0212] In Modification Example 1, a description has been
made of an example in which the first sub-transmission and
reception portion 22G or the second sub-transmission and
reception portion 22H is inclined with respect to the main
transmission and reception portion 22F. In contrast, in the
same manner as in the third embodiment, the first sub-
transmission and reception portion 22G or the second sub-
transmission and reception portion 22H may be provided in
parallel to the main transmission and reception portion 22F.
[0213] FIG. 15 is a schematic sectional view obtained by
cutting an ultrasonic probe 204 in a YZ plane according to
Modification Example 3.

[0214] In the ultrasonic probe 204, the main transmission
and reception portion 22F, the first sub-transmission and
reception portion 22G, and the second sub-transmission and
reception portion 22H are provided on the same plane.
[0215] The first sub-sound guide portion 23G includes a
first element side sound guide part 23G1, a first intermediate
sound guide part 23G2, and a first lens side sound guide part
23G3.

[0216] The first element side sound guide part 23G1 and
the first lens side sound guide part 23G3 have the same
acoustic impedance, and the first intermediate sound guide
part 23G2 has an acoustic impedance higher than that of the
first element side sound guide part 23G1.

[0217] A distal end surface (first element side distal end
surface 231G1) of the first element side sound guide part
23G1 and a basal end surface (first lens side basal end
surface 232G3) of the first lens side sound guide part 23G3
are parallel to each other, and are inclined with respect to the
ultrasonic wave transmission and reception direction D1. A
basal end surface (second intermediate basal end surface
232G2) of the first intermediate sound guide part 23G2 is in
contact with the first element side distal end surface 231G1,
and a distal end surface (second intermediate distal end
surface 231G2) of the first intermediate sound guide part
23(G2 is in contact with the first lens side basal end surface
232G3. In other words, a thickness dimension of the first
intermediate sound guide part 23G2 is uniform.

[0218] The first sub-transmission and reception portion
22G is fixed to a basal end surface (first element side basal
end surface 232G1) of the first element side sound guide part
23G1 via the acoustic layer 22G1. A distal end surface (first
lens side distal end surface 231G3) of the first lens side
sound guide part 23G3 is parallel to the first element side
basal end surface 232G1.
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[0219] Similarly, the second sub-sound guide portion 23H
includes a second element side sound guide part 23H1, a
second intermediate sound guide part 23H2, and a second
lens side sound guide part 23H3.

[0220] The second element side sound guide part 23H1
and the second lens side sound guide part 23H3 have the
same acoustic impedance, and the second intermediate
sound guide part 23H2 has an acoustic impedance higher
than that of the second element side sound guide part 23H1.
[0221] A distal end surface (second element side distal end
surface 231H1) of the second element side sound guide part
23H1 and a basal end surface (second lens side basal end
surface 232H3) of the second lens side sound guide part
23H3 are parallel to each other, and are inclined with respect
to the ultrasonic wave transmission and reception direction
D1. A basal end surface (second intermediate basal end
surface 232H2) of the second intermediate sound guide part
23H2 is in contact with the second element side distal end
surface 231H1, and a distal end surface (second intermediate
distal end surface 231H2) of the second intermediate sound
guide part 23H2 is in contact with the second lens side basal
end surface 232H3.

[0222] The second sub-transmission and reception portion
22H is fixed to a basal end surface (second element side
basal end surface 232H1) of the second element side sound
guide part 23H1 via the acoustic layer 22H1. A distal end
surface (second lens side distal end surface 231H3) of the
second lens side sound guide part 23H3 is parallel to the
second element side basal end surface 232H1.

[0223] The main sound guide portion 23F includes a main
element side sound guide part 23F1 and a main lens side
sound guide part 23F2.

[0224] The main element side sound guide part 23F1 is
made of the same material as that of the first intermediate
sound guide part 23G2 or the second intermediate sound
guide part 23H2, and thus has the same acoustic impedance.
The main transmission and reception portion 22F is fixed to
a basal end surface (main element side basal end surface
232F1) of the main element side sound guide part 23F1 via
the acoustic layer 22F1. A dimension from a distal end
surface (main element side distal end surface 231F1) of the
main element side sound guide part 23F1 to the main
element side basal end surface 232F1, that is, a thickness
dimension of the main element side sound guide part 23F1
is the same as a thickness dimension of the first intermediate
sound guide part 23G2 or the second intermediate sound
guide part 23H2.

[0225] The main lens side sound guide part 23F2 is made
of the same material as that of the first element side sound
guide part 23G1, the first lens side sound guide part 23G3,
the second element side sound guide part 23H1, and the
second lens side sound guide part 23H3, and has the same
acoustic impedance. A basal end surface (main lens side
basal end surface 232F2) of the main lens side sound guide
part 23F2 is in contact with the main element side distal end
surface 231F1.

[0226] A side surface of the main lens side sound guide
part 23F2 on the -Y side is in contact with a side surface of
the first lens side sound guide part 23G3, and a side surface
of the main lens side sound guide part 23F2 on the +Y side
is in contact with a side surface of the second lens side sound
guide part 23H3.

[0227] A dimension from a distal end surface (main lens
side distal end surface 231F2) of the main lens side sound
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guide part 23F2 to the main lens side basal end surface
232F2, that is, a thickness dimension of the main lens side
sound guide part 23F2 is the same as a dimension of a side
surface (a side surface of the second lens side sound guide
part 23H3 on the =Y side) of the first lens side sound guide
part 23G3 on the +Y side in the 7 direction (ultrasonic wave
transmission and reception direction D1).

[0228] As illustrated in FIG. 15, in the ultrasonic probe
204, acoustic distances over which ultrasonic waves output
from each ultrasonic transducers 45 of the respective ultra-
sonic wave transmission and reception portions 22F, 22G
and 22H reach the reference plane P are the same as each
other. Therefore, an ultrasonic wave emission surface
formed by the main acoustic lens 24F, the first sub-acoustic
lens 24G, and the second sub-acoustic lens 24H may be
formed in a circular arc shape in the same manner as in the
first embodiment.

[0229] In the present modification example, delay control
is not required to be performed on an ultrasonic wave, and
thus it is possible to simplify ultrasonic wave transmission
and reception processes.

[0230] In the present modification example, a description
has been made of an example in which the respective
devices 2F, 2G and 2H are arranged in the Y direction
(scanning direction), but this is only an example. Instead of
the sub-sound guide portions 23D and 23E of the fourth
embodiment, as described above, a configuration including
the intermediate sound guide parts having the uniform
thickness dimension may be used.

Modification Example 4

[0231] Inthe first to fourth embodiments, a description has
been made of an exemplary configuration in which a plu-
rality of ultrasonic wave transmission and reception por-
tions, sound guide portions, and acoustic lenses are disposed
in the X direction (scanning direction), and, in Modification
Examples 1 to 3, a description has been made of an
exemplary configuration in which a plurality of ultrasonic
wave transmission and reception portions, sound guide
portions, and acoustic lenses are disposed in the Y direction
(slice direction), but any other configuration may be used.
[0232] FIG. 16 is a plan view in which an ultrasonic probe
205 in Modification Example 4 is viewed from an ultrasonic
wave transmission and reception direction.

[0233] As illustrated in FIG. 16, respective devices 21, 2],
2K and 2L may be disposed in the X direction and the Y
direction.

Modification Example 5

[0234] In the respective embodiments and modification
examples, a description has been made of the ultrasonic
wave transmission and reception direction D1 which is
parallel to the 7 direction as an example, and this is only an
example. As a direction in which an ultrasonic wave is
transmitted from an ultrasonic probe, for example, a direc-
tion inclined at a predetermined angle with respect to the Z
direction may be an ultrasonic wave transmission and recep-
tion direction. In this case, when viewed from the ultrasonic
wave transmission and reception direction, a first distal end
surface (main distal end surface 231A or 231F) of a first
sound guide portion (main sound guide portion 23A or 23F)
is made close (preferably adjacent) to a second distal end
surface (the first sub-distal end surface 231B or 231G, the
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first lens side distal end surface 231D2 or 231G3, the second
sub-distal end surface 231C or 231H, or the second lens side
distal end surface 231E2 or 231H3) of a second sound guide
portion (the first sub-sound guide portion 23B, 23D or 23G,
or the second sub-sound guide portion 23C, 23E or 23H),
and thus it is possible to transmit and receive uniform
ultrasonic waves.

[0235] A description has been made of an example in
which the first distal end surface and the second distal end
surface are adjacent to each other when viewed from the
ultrasonic wave transmission and reception direction D1, but
the first distal end surface and the second distal end surface
may be separated from each other by a predetermined
distance. Also in this case, if a distance between the first
distal end surface of the first sound guide portion and the
second distal end surface of the second sound guide portion
is shorter than a distance between the first ultrasonic wave
transmission and reception portion and the second ultrasonic
wave transmission and reception portion, it is possible to
transmit and receive uniform ultrasonic waves compared
with a configuration in which the first sound guide portion
or the second sound guide portion is not provided.

Modification Example 6

[0236] In the respective embodiments and modification
examples, a description has been made of an exemplary
configuration in which the ultrasonic probe is formed of a
plurality of devices, and the devices can be attached to and
detached from each other, but any other configuration may
be used. For example, there may be a configuration in which
respective devices are fixed and are integrally formed.

[0237] In this case, there may be a configuration in which
the main transmission and reception portion 22A (22F), the
first sub-transmission and reception portion 22B (22G), and
the second sub-transmission and reception portion 22C
(22H) are provided on the same substrate. For example, an
ultrasonic array forming the main transmission and recep-
tion portion 22A, an ultrasonic array forming the first
sub-transmission and reception portion 22B, and an ultra-
sonic array forming the second sub-transmission and recep-
tion portion 22C may be provided on a single ultrasonic
substrate, and the circuit substrates 60A, 60B and 60C
controlling the ultrasonic substrate may be integrated into a
single substrate.

[0238] Also in this case, the respective sound guide por-
tions 23A, 23B and 23C may be integrally formed, and the
acoustic lenses 24A, 24B and 24C may be integrally formed.

[0239] In each of the devices 2A, 2B and 2C, the sound
guide portion and the acoustic lens (for example, the main
sound guide portion 23A and the main acoustic lens 24A)
may be integrally formed. Here, in a case where the first
sub-sound guide portion 23B and the first sub-acoustic lens
24B are integrally formed, delay control may be performed
on drive timings of the respective ultrasonic transducers 45
(transmission and reception train Ch) so that ultrasonic
waves sent from the respective ultrasonic transducers 45
(transmission and reception train Ch) in the first sub-trans-
mission and reception portion 22B pass through the refer-
ence plane P at the same time. This is also the same for the
second sub-sound guide portion 23C and the second sub-
acoustic lens 24C. There may be a configuration in which the
sound guide portions 23A, 23B and 23C and the acoustic
lenses 24A, 24B and 24C may also be integrally formed.
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Modification Example 7

[0240] In the first embodiment, a description has been
made of an example in which one end of the first sub-distal
end surface 231B or the second sub-distal end surface 231C
is in contact with the side surface of the main sound guide
portion 23A, but may be in contact with the end of the main
distal end surface 231A. In other words, there may be a
configuration in which the main distal end surface 231A, the
first sub-distal end surface 231B, and the second sub-distal
end surface 231C are continuous surfaces.

[0241] There may be a configuration in which a dimension
of the main sound guide portion 23A in the Z direction is
small, and the tip of the first sub-distal end surface 231B or
the second sub-distal end surface 231C is in contact with the
side surface of the main acoustic lens 24A.

[0242] As in the respective embodiments, in a case where
an ultrasonic wave transmission and reception direction of
the main transmission and reception portion 22A is a normal
direction to the main transmission and reception portion
22A, the main sound guide portion 23A may be integrally
formed with the main acoustic lens 24A. In other words, the
main sound guide portion 23A and the main acoustic lens
24 A may be made of the same material (the same acoustic
impedance).

Modification Example 8

[0243] In the respective embodiments and modification
examples, a description has been made of an example in
which the air layer is provided between the main sound
guide portion and the sub-sound guide portion, but this is
only an example.

[0244] For example, an intermediate portion having an
acoustic impedance which is different from that of the sound
guide portions may be provided between the main sound
guide portion and the sub-sound guide portion.

[0245] Such an intermediate portion may be, for example,
a part of a casing forming each device, and may be a fixation
mechanism which attachably and detachably fixes devices to
each other.

[0246] The intermediate portion may not be provided. In
a case where the intermediate portion is not provided, there
may be a configuration in which a single sound guide body
into which the first sound guide portion and the second
sound guide portion are integrated is provided. For example,
there may be a configuration in which the main sound guide
portion 23 A is connected to the first sub-sound guide portion
23B via the same material as that of the sound guide
portions.

Modification Example 9

[0247] A description has been made of an example in
which the sealing plate 50 is provided on the support film 42
side of the element base plate 41 as the ultrasonic transducer
45, an ultrasonic wave is transmitted from the opening
portion 41A of the element base plate 41, and an ultrasonic
wave incident from the opening portion 41A is received, but
this is only an example. For example, there may be a
configuration in which the sealing plate 50 is provided on an
opposite side to the support film 42 of the element base plate
41, an ultrasonic wave is transmitted toward an opposite side
to the opening portion 41A, and an ultrasonic wave incident
from the opposite side to the opening portion 41A is
received.
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[0248] A description has been made of an example in
which the lower electrode 431 is used as a drive signal line,
but the upper electrode 433 may be used as a drive signal
line.

[0249] In the above-described embodiments, a description
has been made of an exemplary configuration in which the
ultrasonic transducer 45 includes the support film 42, and the
piezoelectric element 43 which causes the vibration film to
vibrate as an ultrasonic element. However, this is only an
example, and ultrasonic elements other than the piezoelec-
tric element may be used. For example, there may be the use
of an ultrasonic element in which a vibration film is disposed
on a substrate via an air gap, and an electrostatic actuator is
disposed between the substrate and the vibration film so as
to cause the vibration film to vibrate.

[0250] The ultrasonic transducer 45 may be configured to
cause a vibrator such as a piezoelectric element to vibrate so
that an ultrasonic wave is transmitted, without including a
vibration film.

Modification Example 10

[0251] In the above-described embodiments, a description
has been made of the ultrasonic measurement apparatus 1 in
which a living body is used as a subject, but this is only an
example. For example, the invention is applicable to an
ultrasonic apparatus which employs various structural bod-
ies as subjects, and detects defects of the structural bodies or
examines deterioration thereof. For example, the invention
is applicable to an ultrasonic apparatus which employs
various semiconductor packages, wafers, or the like as
subjects, and detects defects of the subjects.

[0252] 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
appropriate within the scope of being capable of achieving
the object of the invention, and may be altered to other
structures as appropriate.

[0253] The entire disclosure of Japanese Patent Applica-
tion No. 2016-220472 filed Nov. 11, 2016 is expressly
incorporated by reference herein.

What is claimed is:

1. An ultrasonic unit comprising:

a first and a second transmission and reception portions
that transmit ultrasonic waves to a subject and receive
ultrasonic waves reflected from the subject;

a first sound guide portion through which ultrasonic
waves transmitted and received by a first ultrasonic
wave transmission and reception portion pass; and

a second sound guide portion through which ultrasonic
waves transmitted and received by a second ultrasonic
wave transmission and reception portion pass,

wherein a distance between the first sound guide portion
and the second sound guide portion is gradually
reduced toward the subject.

2. The ultrasonic unit according to claim 1, further com-
prising:
an intermediate portion that has an acoustic impedance
which is different from an acoustic impedance of each
of the first sound guide portion and the second sound
guide portion is provided between the first sound guide
portion and the second sound guide portion.
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3. The ultrasonic unit according to claim 2,

wherein the intermediate portion includes an air layer.

4. The ultrasonic unit according to claim 1,

wherein facing side surfaces of the first sound guide
portion and the second sound guide portion are inclined
in intersecting directions toward the subject.

5. The ultrasonic unit according to claim 1,

wherein a coupling surface of the first ultrasonic wave
transmission and reception portion and the first sound
guide portion and a coupling surface of the second
ultrasonic wave transmission and reception portion and
the second sound guide portion are located on different
planes.

6. The ultrasonic unit according to claim 1, further com-

prising:

a first device including the first ultrasonic wave transmis-
sion and reception portion and the first sound guide
portion; and

a second device including the second ultrasonic wave
transmission and reception portion and the second
sound guide portion,

wherein the first device and the second device are attach-
able to and detachable from each other.

7. An ultrasonic apparatus comprising:

the ultrasonic unit according to claim 1; and

a controller that controls the ultrasonic unit.

8. An ultrasonic apparatus comprising:

the ultrasonic unit according to claim 2; and

a controller that controls the ultrasonic unit.

9. An ultrasonic apparatus comprising:

the ultrasonic unit according to claim 3; and

a controller that controls the ultrasonic unit.

10. An ultrasonic apparatus comprising:

the ultrasonic unit according to claim 4; and

a controller that controls the ultrasonic unit.

11. An ultrasonic apparatus comprising:

the ultrasonic unit according to claim 5; and

a controller that controls the ultrasonic unit.

12. An ultrasonic apparatus comprising:

the ultrasonic unit according to claim 6; and

a controller that controls the ultrasonic unit.

13. The ultrasonic apparatus according to claim 7,

wherein the controller includes a timing controller that
controls transmission timings of ultrasonic waves so
that ultrasonic waves transmitted from the plurality of
ultrasonic wave transmission and reception portions are
simultaneously incident to a reference plane intersect-
ing a direction directed toward the subject.
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14. A control method for the ultrasonic unit according to

claim 1, the method comprising:

performing delay driving on the plurality of ultrasonic
wave transmission and reception portions so that ultra-
sonic waves transmitted from the first and the second
ultrasonic wave transmission and reception portions are
simultaneously incident to a reference plane intersect-
ing a direction directed toward the subject.

15. A control method for the ultrasonic unit according to

claim 2, the method comprising:

performing delay driving on the plurality of ultrasonic
wave transmission and reception portions so that ultra-
sonic waves transmitted from the first and the second
ultrasonic wave transmission and reception portions are
simultaneously incident to a reference plane intersect-
ing a direction directed toward the subject.

16. A control method for the ultrasonic unit according to

claim 3, the method comprising:

performing delay driving on the plurality of ultrasonic
wave transmission and reception portions so that ultra-
sonic waves transmitted from the first and the second
ultrasonic wave transmission and reception portions are
simultaneously incident to a reference plane intersect-
ing a direction directed toward the subject.

17. A control method for the ultrasonic unit according to

claim 4, the method comprising:

performing delay driving on the plurality of ultrasonic
wave transmission and reception portions so that ultra-
sonic waves transmitted from the first and the second
ultrasonic wave transmission and reception portions are
simultaneously incident to a reference plane intersect-
ing a direction directed toward the subject.

18. A control method for the ultrasonic unit according to

claim 5, the method comprising:

performing delay driving on the plurality of ultrasonic
wave transmission and reception portions so that ultra-
sonic waves transmitted from the first and the second
ultrasonic wave transmission and reception portions are
simultaneously incident to a reference plane intersect-
ing a direction directed toward the subject.

19. A control method for the ultrasonic unit according to

claim 6, the method comprising:

performing delay driving on the plurality of ultrasonic
wave transmission and reception portions so that ultra-
sonic waves transmitted from the first and the second
ultrasonic wave transmission and reception portions are
simultaneously incident to a reference plane intersect-
ing a direction directed toward the subject.
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