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ACOUSTIC MATCHING MATERIAL SUPPLY
DEVICE, ULTRASONIC PROBE UNIT,
ULTRASONIC MEASUREMENT APPARATUS,
AND ULTRASONIC IMAGE DISPLAY

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to an acoustic match-
ing material supply device, an ultrasonic probe unit, an
ultrasonic measurement apparatus, and an ultrasonic image
display.

2. Related Art

[0002] In the related art, in a case where ultrasonic mea-
surement is performed on a target object such as a living
body, it is necessary to bring an ultrasonic probe into contact
with the target object. If an air layer is interposed between
the ultrasonic probe and the target object, propagate effi-
ciency of an ultrasonic wave can be reduced and, therefore,
it is necessary to apply an acoustic matching material having
acoustic impedance similar to that of the target object
between the ultrasonic probe and the target object. However,
if the acoustic matching material becomes insufficient due to
drying of the acoustic matching material, the ultrasonic
process may be stopped in order to supply the acoustic
matching material again, and this is complicated work.
[0003] In order to eliminate such work, in the related art,
there is a device which can automatically supply an acoustic
matching material between an ultrasonic probe and a target
object (e.g., refer to JP-A-2006-6827).

[0004] JP-A-2006-6827 discloses an ultrasonic probe
attachment which supplies an acoustic matching material to
a tip of an ultrasonic probe main body. Specifically, the
ultrasonic probe main body is provided with a shaft and a
transmission/reception portion, and the transmission/recep-
tion portion is provided on a part of a circumferential surface
of the shaft along an axial direction. An attachment which is
attachable to and detachable from the shaft is provided, and
the attachment includes a pipe which has a rectangular shape
along the axial direction of the shaft. A tip of the pipe is
located near the transmission/reception portion on the tip
side of the shaft, and an acoustic matching material supplied
from a basal end side of the pipe is supplied to the vicinity
of the transmission/reception portion from the tip of the
pipe.

[0005] However, in the ultrasonic probe attachment dis-
closed in JP-A-2006-6827, the transmission/reception por-
tion of the ultrasonic probe main body is wider than a supply
port of the tip of the pipe and, thus, it is hard to supply a
sufficient amount of an acoustic matching material to the
entire gap between the transmission/reception portion and a
living body.

SUMMARY

[0006] Advantage of some aspects of the present disclo-
sure is to provide an acoustic matching material supply
device which can supply a sufficient amount of an acoustic
matching material to a gap with a target object, an ultrasonic
probe unit, an ultrasonic measurement apparatus, and an
ultrasonic image display.

[0007] According to an aspect of the present disclosure, an
acoustic matching material supply device q' includes a frame
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portion that is attachable to an ultrasonic probe including an
ultrasonic sensor surface for performing at least one of
transmission and reception of ultrasonic waves. The frame
portion ejects an acoustic matching material, and includes an
inner peripheral surface included in a plane intersecting the
ultrasonic sensor surface; an ejection port that is provided on
the inner peripheral surface or in a region including the inner
peripheral surface, and ejects the acoustic matching mate-
rial; an introduction port that introduces the acoustic match-
ing material from the outside; and a flow passage through
which the ejection port and the introduction port commu-
nicate with each other.

[0008] In another aspect of the present disclosure, a plu-
rality of ejection ports are provided on the inner peripheral
surface of the frame portion attached to the ultrasonic probe
or a region including the inner peripheral surface. The frame
portion is provided with the introduction port that introduces
the acoustic matching material from the outside, and the
flow passage through which the ejection ports and the
introduction port communicate with each other.

[0009] Thus, if an acoustic matching material is intro-
duced from the introduction port, the acoustic matching
material is ejected from each ejection port through the flow
passage. Consequently, the acoustic matching material from
a plurality of locations is supplied from an outer peripheral
side toward the center in a region surrounded by the frame
portion with respect to the ultrasonic sensor surface, and
thus a sufficient amount of the acoustic matching material
can be widely spread on the ultrasonic sensor surface, for
example, compared with a case where the acoustic matching
material is supplied from a single location. Therefore, it is
possible to effectively prevent a reduction in ultrasonic wave
propagation efficiency due to intervention of an air layer
when an ultrasonic probe is used, and thus to perform
ultrasonic measurement using the ultrasonic probe with high
accuracy.

[0010] According to another aspect of the acoustic match-
ing material supply device, a plurality of the frame portions
are provided to be connected to each other along the
ultrasonic sensor surface.

[0011] With this configuration, a plurality of frame por-
tions are connected to each other along the sensor surface,
and flow passages of the respective frame portions are
connected to each other. In this configuration, since an
acoustic matching material is ejected from respective inner
peripheral surfaces of the plurality of frame portions, the
acoustic matching material can be widely and uniformly
spread with respect to the sensor surface.

[0012] According to another aspect of the acoustic match-
ing material supply, the plurality of frame portions are
connected to each other in a line along a first direction.
[0013] With this configuration, since a plurality of frame
portions are connected to each other in the first direction, an
acoustic matching material can be uniformly supplied along
the first direction.

[0014] According to another aspect of the acoustic match-
ing material supply device, the ultrasonic sensor surface has
an ultrasonic measurement region, and the frame portion
includes an attaching/detaching mechanism that allows the
frame portion to be attached to or detached from the ultra-
sonic probe so that the inner peripheral surface avoids the
ultrasonic measurement region.

[0015] Meanwhile, as an ultrasonic probe performing
transmission and reception of ultrasonic waves, there is a
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probe in which a plurality of ultrasonic measurement regions
are disposed to be arranged in the first direction, and
transmission and reception of ultrasonic waves are per-
formed in each ultrasonic measurement region. With the
configuration described above, the attaching/detaching
mechanisms for attaching and detaching the frame portions
are provided so that each ultrasonic measurement region
does not overlap the inner peripheral surface when the
acoustic matching material supply device is attached to the
ultrasonic probe. Thus, the frame portion does not hinder
ultrasonic measurement (transmission and reception of
ultrasonic waves) in each ultrasonic measurement region,
and a sufficient amount of an acoustic matching material can
be supplied to each ultrasonic measurement region.

[0016] According to another aspect of the acoustic match-
ing material supply device, among the plurality of frame
portions, a frame portion located at the center in a first
direction has a smaller width dimension along the first
direction than a width dimension of a frame portion disposed
at an end in the first direction.

[0017] As an ultrasonic probe, there is a so-called convex
type ultrasonic probe in which a measurer (e.g., a healthcare
professional) tightly presses an ultrasonic sensor surface
against a target object, and performs ultrasonic measurement
while changing an attitude of the ultrasonic probe or chang-
ing a position of tightly pressing the ultrasonic sensor
surface in order to search for a measurement location. In
such an ultrasonic probe, as ultrasonic measurement is
performed closer to a central position, a measurer force is
applied, and thus an acoustic matching material is likely to
be reduced. With the configuration described above, a width
dimension of a frame portion (first frame portion) disposed
at the center in the first direction is smaller than a width
dimension of a frame portion (second frame portion) dis-
posed at an end in the first direction. In other words, the first
frame portion has a small interval between inner peripheral
surfaces opposing each other. Consequently, even in a case
where the same amount of an acoustic matching material is
supplied to a region surrounded by the first frame portion
and a region surrounded by the second frame portion, a
larger amount of the acoustic matching material per unit area
(per unit volume) is supplied to the region surrounded by the
first frame portion. In other words, a larger amount of an
acoustic matching material is supplied to the center in which
an amount of the acoustic matching material is easily
reduced due to movement of an ultrasonic probe or an
attitude change thereof. Consequently, it is possible to
prevent deterioration in ultrasonic measurement accuracy or
ultrasonic measurement efficiency due to a reduction in an
acoustic matching material.

[0018] According to another aspect of the acoustic match-
ing material supply device, the plurality of frame portions
are provided in an array form along a first direction and a
second direction intersecting the first direction.

[0019] As an ultrasonic probe, there is not only the ultra-
sonic probe having a configuration in which a plurality of
ultrasonic measurement regions are disposed in the first
direction as described above, but also a probe having a
configuration in which a plurality of ultrasonic measurement
regions are disposed in a two-dimensional array form. With
the configuration described above, since a plurality of frame
portions are connected to each other in an array form along
the first direction and the second direction with respect to
such an ultrasonic probe, it is possible to appropriately
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supply an acoustic matching material to each of ultrasonic
measurement regions arranged in a two-dimensional array
form.

[0020] According to another aspect of the acoustic match-
ing material supply device, the plurality of frame portions
include attaching/detaching mechanisms that allow the
frame portion to be attached to or detached from the ultra-
sonic probe so that the inner peripheral surfaces avoid a
plurality of ultrasonic measurement regions with respect to
the ultrasonic sensor surface in which the ultrasonic mea-
surement regions are disposed in an array form along the
first direction and the second direction.

[0021] With this configuration, with respect to ultrasonic
measurement regions configured in the above-described
two-dimensional array structure, the frame portions do not
hinder ultrasonic measurement in each ultrasonic measure-
ment region, and a sufficient amount of an acoustic matching
material can be supplied to each ultrasonic measurement
region.

[0022] According to another aspect of the acoustic match-
ing material supply device, among the plurality of frame
portions, a frame portion located at the center has a smaller
width dimension along at least one of the first direction and
the second direction than a width dimension of a frame
portion disposed at an outer periphery.

[0023] With this configuration, in a case where the above-
described non-fixation type (convex type) ultrasonic probe is
used as an ultrasonic probe, it is possible to supply a
sufficient amount of an acoustic matching material to the
center of the ultrasonic probe in which the acoustic matching
material is easily reduced compared with the outer periph-
ery, and thus to prevent deterioration in ultrasonic measure-
ment accuracy or ultrasonic measurement efficiency due to
a reduction in an acoustic matching material.

[0024] According to another aspect of the acoustic match-
ing material supply device, the frame portion includes a
protrusion that protrudes from the inner peripheral surface
toward the center and has a branching passage communi-
cating with the flow passage, and the protrusion is provided
with a second ejection port that communicates with the
branching passage and ejects the acoustic matching material
to the outside on a side surface which intersects the ultra-
sonic sensor surface and faces the ultrasonic sensor surface.

[0025] With this configuration, an acoustic matching
material can be supplied from the second ejection port
provided at the protrusion toward the center of the ultrasonic
sensor surface. Thus, for example, compared with a case
where an acoustic matching material is supplied from the
outside of the ultrasonic sensor surface, an acoustic match-
ing material can be efficiently and widely spread to the entire
ultrasonic sensor surface, and thus the acoustic matching
material can be uniformly supplied to the ultrasonic sensor
surface.

[0026] The acoustic matching material supply device may
further include a deaeration passage that discharges a gas
contained in an ejected acoustic matching material which is
ejected from the frame portion, to the outside.

[0027] If an acoustic matching material is supplied to a
region surrounded by the frame portion, a gas contained in
the acoustic matching material may remain. In contrast, in
the application example with the configuration described
above, since the gas is discharged from the deaeration
passage, it is possible to prevent a problem that a gas
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remains in an acoustic matching material, and thus to
prevent deterioration in ultrasonic measurement accuracy.
[0028] According to another aspect of the acoustic match-
ing material supply device, the frame portion is provided
with a notch portion formed by notching a part of the frame
portion, and the deaeration passage is provided at the notch
portion.

[0029] With this configuration, the notch portion is pro-
vided at a part of the frame portion, and the deaeration
passage is provided in the notch portion. Thus, it is possible
to discharge a gas contained in an acoustic matching mate-
rial with a simple configuration.

[0030] The acoustic matching material supply device may
further include an opening/closing portion that opens and
closes a flow passage between the ejection port and the
introduction port.

[0031] With this configuration, a flow passage between the
ejection port and the introduction port can be opened and
closed by using the opening/closing portion. Thus, the
supply of an acoustic matching material can be stopped by
closing the flow passage with the opening/closing portion,
and the acoustic matching material can be supplied to the
ultrasonic sensor surface by opening the opening/closing
portion. In other words, it is possible to control the supply
of an acoustic matching material with a simple configura-
tion.

[0032] The acoustic matching material supply device may
further include a control unit that controls the opening/
closing portion. The control unit includes a region detection
portion that detects an insufficiency region in which the
acoustic matching material is insufficient, and a sufficiency
region in which the acoustic matching material is sufficient.
The control unit further includes an opening/closing control
portion that opens the opening/closing portion correspond-
ing to an ejection port provided in the insufficiency region,
and closes the opening/closing portion corresponding to an
ejection port provided in the sufficiency region.

[0033] With this configuration, the region detection por-
tion detects an insufficiency region in which an acoustic
matching material is insufficient, and the opening/closing
control portion controls opening and closing of the opening/
closing portion so that the acoustic matching material is
supplied to the insufficiency region, and the supply of the
acoustic matching material to the sufficiency region is
stopped. Consequently, it is possible to uniformly supply an
acoustic matching material to the ultrasonic sensor surface.
[0034] According to another aspect of the acoustic match-
ing material supply device, the region detection portion
detects the insufficiency region and the sufficiency region on
the basis of a received signal acquired by transmitting the
ultrasonic waves to a target object from the ultrasonic probe
and receiving the ultrasonic waves which are reflected from
the target object.

[0035] With this configuration, the region detection por-
tion detects an insufficiency region and a sufficiency region
on the basis of ultrasonic wave transmission and reception
results using the ultrasonic probe. In other words, since a gas
is mixed into an acoustic matching material in the insuffi-
ciency region, if transmission and reception of ultrasonic
waves are performed, the ultrasonic waves are reflected at an
interface between the gas and the acoustic matching mate-
rial, and the intensity of a received signal increases. On the
other hand, since ultrasonic waves propagate into a living
body through the acoustic matching material in the suffi-
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ciency region, a reception intensity is low, and a timing of
detecting a received signal is delayed. Therefore, it is
possible to easily determine an insufficiency region and a
sufficiency region by performing transmission and reception
of ultrasonic waves.

[0036] According to an aspect of the present disclosure, an
acoustic matching material supply device includes a frame
portion that is attached to an ultrasonic probe including an
ultrasonic sensor surface for performing at least one of
transmission and reception of ultrasonic waves. The frame
portion ejects an acoustic matching material, and includes a
flow passage forming portion that defines a flow passage
through which an acoustic matching material may flow, and
an introduction port that introduces the acoustic matching
material into the flow passage of the flow passage forming
portion, and in which the flow passage forming portion has
a central extending portion which extends toward the center
of the ultrasonic sensor surface, and the central extending
portion is provided with a central ejection port which ejects
the acoustic matching material toward the center of the
ultrasonic sensor surface.

[0037] In this application example, the frame portion is
provided with the flow passage forming portion to which an
acoustic matching material is supplied from the introduction
port, and the flow passage forming portion has the central
extending portion which extends toward the center of the
ultrasonic sensor surface. The central extending portion is
provided with the central ejection port which ejects the
acoustic matching material toward the ultrasonic sensor
surface. In this configuration, since an acoustic matching
material is ejected to the center of the ultrasonic sensor
surface from the central ejection port provided at the central
extending portion, the acoustic matching material is sup-
plied from the center of the ultrasonic sensor surface toward
an outer periphery. In this configuration, for example, com-
pared with a case where an acoustic matching material is
supplied from an outer periphery of the ultrasonic sensor
surface, it is possible to efficiently and uniformly supply the
acoustic matching material to a wide region of the ultrasonic
sensor surface.

[0038] According to an aspect of the present disclosure, an
ultrasonic probe unit includes the acoustic matching material
supply device; and the ultrasonic probe.

[0039] In this application example, it is possible to effi-
ciently and uniformly supply an acoustic matching material
to the ultrasonic sensor surface of the ultrasonic probe.
Consequently, when ultrasonic measurement using an ultra-
sonic probe is performed, it is possible to save time and
effort to repeatedly supply and apply an acoustic matching
material for a plurality of number of times, and thus to
perform highly accurate ultrasonic measurement.

[0040] According to an aspect of the present disclosure, an
ultrasonic measurement apparatus includes the ultrasonic
probe unit; and a control device that controls the ultrasonic
probe.

[0041] In this application example, it is possible to per-
form ultrasonic measurement using the ultrasonic probe by
controlling the ultrasonic probe with the control device. In
this case, as described above, since it is possible to effi-
ciently and uniformly supply the acoustic matching material
to a wide region of the ultrasonic sensor surface with the
acoustic matching material supply device, in a case where
ultrasonic measurement is performed by using the ultrasonic
measurement apparatus, for example, it is possible to save
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time and effort to repeatedly apply an acoustic matching
material for a plurality of number of times, and thus to
perform highly accurate ultrasonic measurement. Since an
acoustic matching material can be uniformly supplied to the
ultrasonic sensor surface, it is possible to prevent deterio-
ration in measurement accuracy due to a gas between the
ultrasonic probe and a target object, and thus to improve
ultrasonic measurement accuracy.

[0042] According to an aspect of the present disclosure, an
ultrasonic image display according to an application
example includes the ultrasonic measurement apparatus; and
a display device that displays an image, in which the control
device generates an internal tomographic image of a target
object on the basis of ultrasonic measurement using the
ultrasonic probe, and displays the internal tomographic
image on the display device.

[0043] In this application example, since the accuracy of
ultrasonic measurement performed by the control device is
improved, it is possible to acquire a highly accurate ultra-
sonic image (an internal tomographic image of a target
object) based on results of the ultrasonic measurement, and
thus to display the ultrasonic image on the display device.
The ultrasonic image is displayed on the display device, and
thus it is possible to easily visually recognize whether or not
an acoustic matching material is appropriately supplied by
the acoustic matching material supply device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] The present disclosure will be described with ref-
erence to the accompanying drawings, wherein like numbers
reference like elements.

[0045] FIG. 1 is a diagram illustrating a schematic con-
figuration of an ultrasonic image display according to a first
embodiment.

[0046] FIG. 2 is a perspective view of an ultrasonic probe
unit according to the first embodiment.

[0047] FIG. 3 is a sectional view of the ultrasonic probe
according to the first embodiment.

[0048] FIG. 4 is a plan view of the ultrasonic device
according to the first embodiment.

[0049] FIG. 5 is a sectional view of the ultrasonic device
taken along line A-A in FIG. 4.

[0050] FIG. 6 is a plan view of a coupler according to the
first embodiment.

[0051] FIG. 7 is a sectional view of a part of the coupler
according to the first embodiment.

[0052] FIG. 8 is a partial sectional view of an ejection port
according to the first embodiment.

[0053] FIG. 9 is a sectional view taken along line B-B in
FIG. 8.
[0054] FIG. 10 is a sectional view taken along line C-C in
FIG. 8.
[0055] FIG. 11 is a schematic diagram of a connector

portion according to the first embodiment.

[0056] FIG. 12 is a flowchart of a checking process for
checking a supplying amount of an acoustic matching mate-
rial according to the first embodiment.

[0057] FIG. 13 is an example diagram of an ultrasonic
image in a case where an amount of the supplied acoustic
matching material is sufficient.

[0058] FIG. 14 is an example diagram of an ultrasonic
image in a case where an amount of the supplied acoustic
matching material is insufficient.
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[0059] FIG. 15 is a diagram illustrating a case in which the
ultrasonic probe is fixed to a living body without being
attached with the coupler according to the first embodiment.
[0060] FIG. 16 is a diagram illustrating a case in which the
ultrasonic probe is fixed to a living body in a state of being
attached with the coupler according to the first embodiment.
[0061] FIG. 17 is a diagram illustrating comparison
between thickness dimensions of an acoustic matching
material according to the presence or absence of the coupler.
[0062] FIG. 18 is a graph illustrating a relationship
between a thickness dimension of the acoustic matching
material and the intensity of a received signal based on a
reflected ultrasonic wave at an interface position.

[0063] FIG. 19 is a graph illustrating a reduction amount
of an acoustic matching material over time.

[0064] FIG. 20 is a flowchart of a method for supplying an
acoustic matching material according to the first embodi-
ment.

[0065] FIG. 21 is a diagram of a supply flow passage of the
coupler according to a second embodiment.

[0066] FIG. 22 is a perspective view of a discharge port
according to the second embodiment.

[0067] FIG. 23 is a block diagram of a control device
according to the second embodiment.

[0068] FIG. 24 is an example diagram of an ultrasonic
image in a case where an acoustic matching material is
insufficient in a partial region on an acoustic lens.

[0069] FIG. 25 is a diagram of a supply flow passage of a
coupler according to a third embodiment.

[0070] FIG. 26 is a diagram of a supply flow passage of a
coupler according to a fourth embodiment.

[0071] FIG. 27 is a schematic of a convex type ultrasonic
probe and a coupler which is attachably and detachably
attached to the ultrasonic probe according to a fifth embodi-
ment.

[0072] FIG. 28 is a diagram of the coupler according to the
fifth embodiment.

[0073] FIG. 29 is a graph illustrating a thickness dimen-
sion of an acoustic matching material in a case where the
convex type ultrasonic probe is used.

[0074] FIG. 30 is a plan view of a coupler according to a
sixth embodiment.

[0075] FIG. 31 is a diagram of a supply flow passage in a
modification example of the first embodiment.

[0076] FIG. 32 is a diagram of a supply flow passage in a
modification example of the second embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

[0077] Hereinafter, a description will be made of a first
embodiment according to the present disclosure.

[0078] FIG. 1 is a diagram of an ultrasonic image display
1 according to the first embodiment.

[0079] As illustrated in FIG. 1, the ultrasonic image dis-
play 1 of the present embodiment includes an ultrasonic
probe unit 2 (FIG. 2), a control device 3 (control unit) which
controls the ultrasonic probe unit 2, a display device 4, and
a cartridge tank 5 which stores an acoustic matching mate-
rial. Here, the ultrasonic probe unit 2 and the control device
3 form an ultrasonic measurement apparatus.

[0080] The ultrasonic image display 1 sends ultrasonic
waves into a living body from the ultrasonic probe unit 2 in
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a state in which the ultrasonic probe unit 2 is brought into
contact with a surface of the living body (target object).
Ultrasonic waves reflected from an organ in the living body
are received by the ultrasonic probe unit 2. An internal
tomographic image of the living body is acquired on the
basis of a received signal, and the acquired internal tomo-
graphic image is displayed on the display device 4.

[0081] The ultrasonic probe unit 2 of the present embodi-
ment is configured to include, as illustrated in FIG. 1, an
ultrasonic probe 20 and a coupler 60 which is attachably and
detachably attached to ultrasonic probe 20. The coupler 60
is an acoustic matching material supply device which con-
nects the ultrasonic probe 20 to a living body, and supplies
an acoustic matching material from the cartridge tank 5 to a
gap between the ultrasonic probe 20 and the living body so
that the gap is filled with the acoustic matching material.

Ultrasonic Probe Unit

Ultrasonic Probe

[0082] FIG. 2 is a perspective view of the ultrasonic probe
unit 2. FIG. 3 is a sectional view of the ultrasonic probe 20.

[0083] As illustrated in FIG. 3, the ultrasonic probe 20
forming the ultrasonic probe unit 2 includes a casing 21, an
ultrasonic device 22 provided in the casing 21, a sealing
plate 23, an acoustic lens 24, and a circuit board 25 on which
a driver circuit and the like for controlling the ultrasonic
device 22 are provided.

[0084] As illustrated in FIG. 2, the casing 21 is formed, for
example, in a rectangular box shape, and one surface side
thereof is a measurement surface 21A facing a living body.
The measurement surface 21A is provided with a sensor
window 21B, and the acoustic lens 24 connected to the
ultrasonic device 22 is exposed from the sensor window
21B. The acoustic lens 24 exposed from the sensor window
21B has a cylindrical shape in which a surface shape of a
section with respect to an X direction (second direction) is
a circular arc. The surface of the acoustic lens 24 is an
ultrasonic sensor surface through which ultrasonic waves
transmitted and received by the ultrasonic probe 20 pass.

[0085] A cable is inserted into a part of the casing 21, and
the circuit board 25 of the ultrasonic probe 20 is commu-
nicably connected to the control device 3 by the cable.

Configuration of Ultrasonic Device

[0086] Next, a configuration of the ultrasonic device 22
will be described in detail.

[0087]

[0088] As illustrated in FIG. 4, a plurality of ultrasonic
transducers 22A are disposed in a two-dimensional array
form in the ultrasonic device 22 along an X direction (a
second direction: a slice direction) and a Y direction (a first
direction: a scan direction) which intersect (in the present
embodiment, exemplarily, orthogonal to) each other. Here, a
transmission/reception column 22B (ultrasonic wave mea-
surement region) of one channel is formed of a plurality of
ultrasonic transducers 22A disposed in the X direction, and
the transmission/reception column of one channel (CH) is
arranged in plurality along the Y direction, so that the
ultrasonic device 22 with a one-dimensional array structure
is formed. For convenience of description, FIG. 4 illustrates

FIG. 4 is a plan view of the ultrasonic device 22.
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a smaller number of arranged ultrasonic transducers 22A,
and, actually, a larger number of ultrasonic transducers 22A
may be disposed.

[0089] FIG. 5 is a sectional view of the ultrasonic device
22 taken along the line A-A in FIG. 4.

[0090] As illustrated in FIG. 5, the ultrasonic device 22 is
configured to include an element board 221, a support film
222 laminated on the element board 221, and a piezoelectric
element 223 laminated on the support film 222.

[0091] The element board 221 is formed of, for example,
a semiconductor substrate such as Si. The element board 221
is provided with openings 221A corresponding to respective
ultrasonic transducers 22A. In the present embodiment, each
opening 221A is a through hole which penetrates through the
element board 221 in a board thickness direction, and the
support film 222 is provided on one end side (sealing plate
23 side) of the through hole.

[0092] An acoustic matching layer 224 fills the opening
221A on a side where the support film 222 is not provided,
and the acoustic lens 24 is provided via the acoustic match-
ing layer 224.

[0093] The support film 222 is made of, for example, SiO,
or a laminate of SiO, and ZrO,, and is provided to entirely
cover the element board 221 on the sealing plate 23 side. In
other words, the support film 222 is supported by partition
walls 221B forming the opening 221A, and closes the
opening 221A on the sealing plate 23 side. A thickness
dimension of the support film 222 is sufficiently smaller than
a thickness dimension of the element board 221.

[0094] The piezoelectric element 223 is provided on the
support film 222 closing each of the openings 221A. The
piezoelectric element 223 is formed of, for example, a
laminate of a lower electrode 223A, a piezoelectric film
223B, and an upper electrode 223C from the support film
222 side.

[0095] Here, a portion of the support film 222 closing the
opening 221A forms a vibration portion 222A, and a single
ultrasonic transducer 22A is formed of the vibration portion
222A and the piezoelectric element 223.

[0096] In the ultrasonic transducer 22A, a rectangular
wave voltage with a predetermined frequency is applied
between the lower electrode 223 A and the upper electrode
223C so that the piezoelectric film 223B is bent so as to
cause the vibration portion 222A to vibrate and, thus, an
ultrasonic wave is sent. If the vibration portion 222A
vibrates due to an ultrasonic wave reflected from the living
body, a potential difference occurs between an upper part
and a lower part of the piezoelectric film 223B. Therefore,
the received ultrasonic wave can be detected by detecting
the potential difference occurring between the lower elec-
trode 223A and the upper electrode 223C.

[0097] In the present embodiment, the lower electrode
223 A is formed in a linear shape (i.e., extends linearly) along
the X direction, and connects a plurality of ultrasonic
transducers to each other 22A to form the transmission/
reception column 22B of one channel. Signal terminal
portions 223A1 which are electrically connected to the
circuit board 25 are provided at both ends (ends on +X sides)
of the lower electrode 223A.

[0098] The upper electrode 223C is formed in a linear
shape (i.e., extends linearly) along the X direction, and
connects the ultrasonic transducers 22A arranged in the X
direction to each other. Ends of the upper electrode 223C on
+X side are connected to common electrode lines 223D.
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Each of the common electrode lines 223D connects a
plurality of upper electrodes 223C disposed along the Y
direction to each other, and common terminal portions
223D1 which are electrically connected to the circuit board
25 are provided at ends thereof.

Configuration of Sealing Plate

[0099] A planar shape of the sealing plate 23 viewed from
the thickness direction is formed to be the same as, for
example, that of the element board 221, and reinforces the
element board 221. A material or a thickness of the sealing
plate 23 influences frequency characteristics of the ultra-
sonic transducer 22A, and is thus preferably set on the basis
of a center frequency of an ultrasonic wave which is
transmitted and received in the ultrasonic transducer 22A.

[0100] The sealing plate 23 is provided with openings (not
illustrated) at positions opposing the signal terminal portions
223A1 and the common terminal portions 223D1 of the
element board 221 and, thus, the signal terminal portions
223A1 and the common terminal portions 223D1 are elec-
trically connected to the circuit board 25 via, for example, an
FPC through the openings.

Configuration of Acoustic Lens

[0101] The acoustic lens 24 is provided on the ultrasonic
device 22 on an opposite side to the sealing plate 23 via the
acoustic matching layer 224. The acoustic lens 24 is exposed
to the outside from the sensor window 21B of the casing 21
as illustrated in FIG. 2. As described above, the acoustic lens
24 has a circular shape as a sectional surface shape with
respect to the X direction and, thus, has a cylindrical shape
with the Y direction as an axis. Consequently, ultrasonic
waves transmitted from the transmission/reception column
22B disposed along the X direction have a uniform beam
shape so as to converge at a focal point position at a
predetermined depth in a living body due to the acoustic lens
24.

Configuration of Circuit Board

[0102] The circuit board 25 is provided with a driver
circuit and the like for controlling the ultrasonic device 22.
The circuit board 25 is provided with, for example, a
transmission circuit which performs a process of transmit-
ting an ultrasonic wave from the ultrasonic device 22, a
reception circuit which performs a process of receiving the
ultrasonic wave based on a received signal output from the
ultrasonic device 22, and a switching circuit which switches
between connections of each ultrasonic device 22 to the
transmission circuit and the reception circuit.

[0103] In transmission of an ultrasonic wave, the trans-
mission circuit outputs a transmission signal to the ultra-
sonic device 22 under the control of the control device 3.
[0104] In reception of an ultrasonic wave, the reception
circuit outputs a received signal which is input from the
ultrasonic device 22, to the control device 3. The reception
circuit is configured to include, for example, a low noise
amplification circuit, a voltage controlled attenuator, a pro-
grammable gain amplifier, a low-pass filter, and an A/D
converter. The reception circuit performs signal processes
such as conversion of the received signal to a digital signal,
removal of a noise component, and amplification to a desired
signal level. The reception circuit outputs the received signal
having undergone the processes to the control device 3.
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Coupler

[0105] Next, a description will be made of the coupler 60
which is attachably and detachably attached to the ultrasonic
probe 20 and forms the ultrasonic probe unit 2 along with the
ultrasonic probe 20.

[0106] FIG. 6 is a plan view of the coupler 60 of the
present embodiment.

[0107] The coupler 60 is made of a plastic resin such as
vinyl chloride or an acrylic resin. As illustrated in FIGS. 2
and 6, the coupler 60 includes a frame body 61, an attaching/
detaching mechanism 62 which attaches and detaches the
coupler 60 to and from the casing 21 of the ultrasonic probe
20, a deaeration portion 63 which is provided over a
peripheral direction along an outer peripheral surface of the
frame body 61, and a connector portion 64 which is provided
on an outer peripheral surface of the frame body 61 and is
connected to the cartridge tank 5.

[0108] The frame body 61 is formed in a planar rectan-
gular shape which is substantially the same as that of the
measurement surface 21A of the casing 21 of the ultrasonic
probe 20. The frame body 61 includes a first support portion
61A and a second support portion 61B which are disposed
along the X direction, and a third support portion 61C and
a fourth support portion 61D disposed along the Y direction.
Portions 61C and 61D connect the ends of the first support
portion 61A and the second support section 61B. A plurality
of crossbeams 61F are crosslinked between the third support
portion 61C and the fourth support portion 61D and are
provided along the X direction.

[0109] In the coupler 60 of the present embodiment, as
illustrated in FIG. 6, a single frame portion 6A (frame
portion 6A1) is formed of the first support portion 61A, the
crossbeam 61EF adjacent to the first support portion 61A on
the +Y side, the third support portion 61C, and the fourth
support portion 61D. A single frame portion 6A (frame
portion 6A2) is formed of the second support portion 61B,
the crossbeam 61E adjacent to the second support portion
61B on the -Y side, the third support portion 61C, and the
fourth support portion 61D. A single frame portion 6A
(frame portion 6A3) is formed of the crossbeams 61E that
are adjacent to each other, the third support portion 61C, and
the fourth support portion 61D.

[0110] A plurality of frame portions 6A are arranged in a
line along the Y direction, and the frame portions 6A are
configured to be connected to each other. In the present
embodiment, each of the frame portions 6A is disposed to
correspond to the transmission/reception column 22B of one
channel. When the coupler 60 is attached to the casing 21
and is viewed from a normal direction to the measurement
surface 21A, as illustrated in FIG. 6, each crossbeam 61E is
disposed at a position not overlapping the ultrasonic trans-
ducer 22 A between the transmission/reception columns 22B.
The transmission/reception column 22B is disposed in the
frame and is surrounded by an inner peripheral surface of
each frame portion 6A. As will be described later in detail,
the frame portion 6A is provided with a plurality of ejection
ports 66 on an inner peripheral surface intersecting the
measurement surface 21A, and an acoustic matching mate-
rial is ejected onto the acoustic lens 24 which is an ultrasonic
sensor surface from the ejection ports 66 when the coupler
60 is attached to the casing 21.

[0111] Each of corners of the inner peripheral surface of
the frame portion 6A is a curved surface R having a
predetermined diameter dimension. Specifically, the follow-
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ing corners are formed so that the inner peripheral sides
facing the transmission/reception columns 22B are curved
surfaces R: a corner of an inner peripheral surface at which
the first support portion 61A is connected to the third support
portion 61C, a corner of an inner peripheral surface at which
the first support portion 61A is connected to the fourth
support portion 61D, a corner of an inner peripheral surface
at which the second support portion 61B is connected to the
third support portion 61C, a corner of an inner peripheral
surface at which the second support portion 61B is con-
nected to the fourth support portion 61D, corners between
the third support portion 61C and the respective crossbeams
61E, and corners between the fourth support portion 61D
and the respective crossbeams 61E. Consequently, as
described above, when an acoustic matching material is
ejected onto the acoustic lens 24, the acoustic matching
material easily fills each corner, and gas can be prevented
from staying.

[0112] Here, a length of the inner peripheral surface
between the first support portion 61A and the second support
portion 61B is the same as (or slightly larger than) a length
of the acoustic lens 24 taken along the Y direction, and the
acoustic lens 24 is interposed between an inner peripheral
surface 61A1 (a surface on the +Y side) of the first support
portion 61A and an inner peripheral surface 61B1 (a surface
on the -Y side) of the second support portion 61B so that the
coupler 60 in the Y direction can be positioned at the casing
21.

[0113] The frame body 61 is provided with, for example,
the attaching/detaching mechanisms 62 on outer surfaces on
the +X sides. FEach of the attaching/detaching mechanisms
62 has a claw 621 protruding toward the casing 21 side. The
claws 621 are engaged with a top surface 21C on an opposite
side to the measurement surface 21A of the casing 21 and,
thus, a position of the coupler 60 in the X direction can be
determined, and the coupler 60 can also be attached to the
casing 21.

[0114] A side surface of the first support portion 61A on
the +Y side, a side surface of the second support portion 61B
on the -Y side, and side surfaces of the respective cross-
beams 61E on the =Y sides are flat surfaces along the X
direction. The flat surfaces and the above-described curved
surfaces R are located outside (+X sides) of at least the
acoustic lens 24.

[0115] The crossbeams 61E have lens-facing surfaces
61E1 that are on the -Z side (refer to FIG. 2) facing the
measurement surface 21A. The lens-facing surfaces 61E1
have circular-arch curved surfaces corresponding to the
surface shape (cylindrical shape) of the acoustic lens 24.
[0116] Therefore, when the coupler 60 is attached to the
casing 21, of the acoustic lens 24 does not interfere with
(i.e., touch) the curved surfaces R continuing to the first
support portion 61A and the second support portion 61B or
interfere with the crossbeams 61E. Thus, the coupler 60 can
be brought into close contact with and attached to the casing
21. There may be a configuration in which a water-resistant
adhesive layer or the like is provided on the coupler 60
facing the casing 21 and, thus, a gap between the coupler 60
and the casing can be more reliably filled.

[0117] FIG. 7 is a schematic of a part of the coupler 60.
[0118] The frame body 61 (the first support portion 61A,
the second support portion 61B, the third support portion
61C, the fourth support portion 61D, and the crossheams
61E) of the coupler 60 has cavities therein as illustrated in
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FIG. 7, and the cavities form flow passages (supply tflow
passages 65) through which an acoustic matching material
flows. The supply flow passages 65 communicate from the
frame body 61 to the crossbeams 61E, and also communi-
cate with the connector portion 64. The supply flow passages
65 communicate with each other between the first support
portion 61A and the third support portion 61C, between the
first support portion 61A and the fourth support portion 61D,
between the second support portion 61B and the third
support portion 61C, between the second support portion
61B and the fourth support portion 61D, between the third
support portion 61C and the crossbeam 61E, and between
the fourth support portion 61D and the crossbeam 61E.
[0119] The frame portion 6A of the frame body 61 is
provided with ejection ports 66 at a predetermined interval
over the inner peripheral surface. In other words, a plurality
of ejection ports 66 are provided along the surface of the first
support portion 61A on the +Y side, along the surface of the
second support portion 61B along the -Y side, along the
surface of the third support portion 61C along the -X side,
along the surface of the fourth support portion 61D on the
+X side, and the surfaces of the respective crossbeams 61E
along the +Y sides. The ejection ports 66 are also provided
on the curved surfaces R to prevent air bubbles from forming
at the corners.

[0120] The ejection port 66 communicates with the supply
flow passage 65, and if an acoustic matching material (gel or
the like) is supplied to the supply flow passage 65, the
acoustic matching material is ejected to the outside from the
ejection port 66. That is, the material is ejected onto the
acoustic lens 24 in the frame inside of each frame portion
6A. If the acoustic matching material is ejected from the
ejection port 66 in a state in which the coupler 60 is attached
to the ultrasonic probe 20, and the ultrasonic probe unit 2 is
fixed to a living body, a space interposed among the living
body, the coupler 60, and the acoustic lens 24 is filled with
the acoustic matching material. As illustrated in FIG. 7, the
acoustic matching material is supplied from the inner
peripheral surface of each frame portion 6A toward the
frame center and, thus, the acoustic matching material can
be spread uniformly and quickly to the inside of the frame
portion 6A compared with, for example, a case where the
acoustic matching material is supplied from a single location
at an end of the acoustic lens 24.

[0121] In the present embodiment, a description has been
made of an example in which the ejection ports 66 are
provided on the inner peripheral surface of each frame
portion 6A, but are not necessarily required to be provided
on the inner peripheral surface. For example, if a direction
which is orthogonal to the X direction and the Y direction is
set to a Z direction (a side directed toward a living body is
a +Z side, and the casing 21 side is a —Z side), in a case
where a surface of the frame body 61 on the +Z side
protrudes further toward the +Z side than a surface of the
crossbeam 61F on the +Z side, the surface (a surface facing
a living body) of the crossbeam 61E on the +Z side may also
be provided with the ejection ports 66.

[0122] Meanwhile, in the present embodiment, an acoustic
matching material is supplied from the inner peripheral
surface of each frame portion 6A toward the frame inside.
Thus, air bubbles present in the frame inside may be released
from the frame inside.

[0123] In relation to this, in the present embodiment, as
illustrated in FIG. 7, discharge ports 67 are provided at each
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frame portion 6A. Specifically, the discharge ports 67 may
discharge an acoustic matching material which may have air
bubbles mixed in. The discharge ports 67 are provided at an
intermediate position between the first support portion 61A
and the crossbeam 61E located on the first support portion
61A side among the crossbeams 61E, an intermediate posi-
tion between the second support portion 61B and the cross-
beam 61E located on the second support portion 61B side
among the crossbeams 61E, and intermediate positions
between the crossbeams 61E adjacent to each other in the
third support portion 61C and the fourth support portion
61D.

[0124] FIG. 8 is a schematic configuration of the discharge
port 67 in the present embodiment. FIG. 9 is a sectional view
taken along line B-B in FIG. 8, and FIG. 10 is a sectional
view taken along line C-C in FIG. 8. FIGS. 8 to 10
exemplify a configuration of the discharge port 67 provided
at the third support portion 61C, but this is also the same for
the fourth support portion 61D.

[0125] As illustrated in FIGS. 8 to 10, in the third support
portion 61C, the supply flow passage 65 along the X
direction and a deaeration passage 68, which communicates
with the discharge port 67, along the Y direction overlap
each other at the position of the discharge port 67. For
example, the deaeration passage 68 communicating with the
discharge port 67 is provided at the intermediate position of
the third support portion 61C in the Z direction. The supply
flow passages 65 along the X direction are provided via
partition walls 671 of the deaeration passage 68 on the =7
sides (FIGS. 9 and 10). In this configuration, with the
deaeration passage 68, an acoustic matching material can be
widely spread to the supply flow passages 65 over the frame
body 61 and the crossbeams 61E. In the present embodi-
ment, a description has been made of an example in which
the deaeration portion 63 is made of, for example, a plastic
resin and is provided in the outer peripheral surface of the
frame body 61, but may be formed of, for example, a tube.
[0126] In the present embodiment, the deaeration portion
63 is provided around the outer peripheral surface of the
frame body 61. The deaeration passage 68 is defined within
the deaeration portion 63 and communicates with the dis-
charge port 67. The deaeration portion 63 is connected to the
connector portion 64 and, thus, an acoustic matching mate-
rial containing air bubbles (i.e., gas) flows through the
deaeration passage 68 to the connector portion 64 and is
discharged to the outside. Consequently, an acoustic match-
ing material containing gas (there are air bubbles) is dis-
charged to the deaeration passage 68 from the discharge port
67 and, thus, an acoustic matching material with less air
bubbles can fill an upper part of the acoustic lens 24.
[0127] FIG. 11 is a diagram illustrating a schematic con-
figuration of the connector portion 64 of the present embodi-
ment.

[0128] As illustrated in FIG. 2 or 6, the connector portion
64 is provided on a part of the outer peripheral surface of the
frame body 61, such as the outer peripheral surface of the
third support portion 61C, and controls the amount of
acoustic matching material supplied and discharged.
[0129] Specifically, with reference to FIG. 11, an opening
641 communicating with the supply flow passage 65 is
provided in the frame body 61 (e.g., third support portion
61C) at the position where the connector portion 64 is
provided, and the connector portion 64 has an introduction
pipe 642 connected to the opening 641. The connector
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portion 64 has an introduction port 643 that is connected to
a first connection pipe 644 which is connected to the
cartridge tank 5. A first electromagnetic valve 645 is pro-
vided between the introduction port 643 and the introduction
pipe 642. The first electromagnetic valve 645 is controlled
by, for example, a controller 70 (or the control device 3)
connected to the connector portion 64 to control an opening
or closing amount thereof. Consequently, due to pressure in
the cartridge tank 5, the acoustic matching material which is
supplied from the connector portion 64 into the supply flow
passage 65, and a supply amount thereof is controlled.
[0130] The connector portion 64 is connected to the
deaeration portion 63. The connector portion 64 is provided
with a deaeration pipe 646 connected to the deaeration
passage 68 of the deaeration portion 63. The deaeration pipe
646 is connected to a second connection pipe 648 which is
connected to cartridge tank 5, via a second electromagnetic
valve 647. The second electromagnetic valve 647 is opened
and closed under the control of the controller 70 (or the
control device 3) so as to discharge an acoustic matching
material. The discharged acoustic matching material may be
collected in an exhaust portion of the cartridge tank, so as to
be subject to exhaust, and may be reused after being subject
to, for example, a sterilization process. In a case where the
same target object is measured, the acoustic matching mate-
rial may be supplied to the first connection pipe 644 so as to
be circulated.

[0131] In the present embodiment, a description has been
made of an example in which the second electromagnetic
valve 647 is provided, but any other configuration may be
used and, for example, a check valve may be provided.
[0132] The controller 70 (refer to FIG. 1) is connected to
the connector portion 64 of the coupler 60, and includes a
plurality of input operation units (not illustrated) controlling
an opening or closing amount of the first electromagnetic
valve 645 or the second electromagnetic valve 647 of the
connector portion 64.

[0133] The controller 70 is communicably connected to
the control device 3. If a control signal based on an ultra-
sonic measurement result is input from the control device 3,
the controller 70 controls an opening or closing amount of
the first electromagnetic valve 645 or the second electro-
magnetic valve 647 on the basis of the control signal.

Control Device

[0134] Next, a description will be made of the control
device 3 of the ultrasonic image display 1.

[0135] The control device 3 includes, for example, a
calculation unit having a central processing unit (CPU) and
the like, and a storage unit (e.g., memory and the like).
[0136] The storage unit stores various programs or various
data for performing ultrasonic measurement using the ultra-
sonic probe 20 and for generating and displaying an internal
tomographic image of a living body based on an ultrasonic
measurement result.

[0137] The calculation unit (i.e., the control device 3)
reads the various programs stored in the storage unit and
executes the programs, so as to function as a transmission
control portion 31, a reception control portion 32, an image
forming portion 33, a display control portion 34, and a
coupler control portion 35, as illustrated in FIG. 1. The
control device 3 may be provided with an input operation
unit formed of a keyboard and the like.
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[0138] The transmission control portion 31 controls the
ultrasonic probe 20 to transmit an ultrasonic wave from each
transmission/reception column 22B of the ultrasonic device
22.

[0139] The reception control portion 32 controls the ultra-
sonic probe 20 to acquire a received signal from each
transmission/reception column 22B of the ultrasonic device
22.

[0140] The image forming portion 33 generates an internal
tomographic image at each position of a living body X on
the basis of the received signal (image signal) transmitted
from the ultrasonic probe 20.

[0141] The display control portion 34 displays each gen-
erated internal tomographic image on the display device 4.
[0142] The coupler control portion 35 is an opening/
closing control portion which controls opening or closing of
the first electromagnetic valve 645 or the second electro-
magnetic valve 647. The coupler control portion 35 deter-
mines whether or not a sufficient acoustic matching material
is supplied from the coupler 60 on the basis of a received
signal, and outputs a control signal corresponding to a
supply amount of the acoustic matching material to the
controller 70.

Method of Supplying Acoustic Matching Material

[0143] Next, a description will be made of a method of
supplying an acoustic matching material from the coupler 60
of' the ultrasonic probe unit 2 in the ultrasonic image display
1.

[0144] In the ultrasonic probe unit 2, in a case where the
coupler 60 is attached to the ultrasonic probe 20, the coupler
60 comes into contact with the ultrasonic probe 20 so that
the acoustic lens 24 is interposed between the +Y side
surface of the first support portion 61A and the -Y side
surface of the second support portion 61B in the Y direction.
Consequently, the Y direction of the coupler 60 can be
positioned with respect to the casing 21.

[0145] Next, the claws 621 of the attaching/detaching
mechanisms 62 are engaged with the top surface 21C of the
casing 21. Consequently, the X direction of the coupler 60
can be positioned. Since the crossbeams 61E have the lens
facing surfaces 61E1 corresponding to the shape of the
acoustic lens 24, the coupler 60 can be attached to the casing
21 without the crossbeams 61F interfering with the acoustic
lens 24.

[0146] Thereafter, the ultrasonic probe unit 2 attached
with the coupler 60 is fixed to a surface of the living body
X.

[0147] If a measurer operates the controller 70 so as to
open the first electromagnetic valve 645 and the second
electromagnetic valve 647, an acoustic matching material is
ejected onto the acoustic lens 24 in the frame from the
ejection ports 66 of each frame portion 6A, and thus the
acoustic matching material fills a gap between the living
body and the ultrasonic probe 20 (acoustic lens 24). At this
time, for example, there may be a configuration in which a
preset amount of the acoustic matching material may be
ejected by operating an operation button provided in the
controller 70, and there may be a configuration in which the
acoustic matching material is ejected for a preset time.
[0148] In this case, a measurer (e.g., healthcare profes-
sional) can easily determine whether or not the acoustic
matching material is sufficient by performing an ultrasonic
measurement process using the ultrasonic probe 20.
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[0149] FIG. 12 is a flowchart illustrating a checking pro-
cess of checking a supply amount of an acoustic matching
material.

[0150] In other words, the measurer controls the control
device 3 so that the transmission control portion 31 of the
control device 3 controls the ultrasonic probe 20 and, thus,
an ultrasonic wave transmission process of transmitting an
ultrasonic wave from each ultrasonic transducer 22A is
performed (step S1).

[0151] Next, the reception control portion 32 performs an
ultrasonic wave reception process of receiving a reflected
wave of the ultrasonic wave transmitted in step S1 (step S2).
[0152] Next, the image forming portion 33 forms an
ultrasonic image on the basis of the received signal acquired
in step S2. In other words, an image forming process of
forming an internal tomographic image (ultrasonic image) of
the normal living body X is performed (step S3).

[0153] Thereafter, the display control portion 34 displays
the ultrasonic image formed in step S3 on the display device
4 (step S4).

[0154] FIG. 13 illustrates an example of an ultrasonic
image displayed in step S4 and illustrates an image in a case
where the amount of the acoustic matching material is
sufficient.

[0155] FIG. 14 illustrates an example of an ultrasonic
image displayed in step S4 and illustrates an image in a case
where the amount of the acoustic matching material is
insufficient.

[0156] In a case where a sufficient amount of acoustic
matching material fills the gap between the ultrasonic probe
20 (acoustic lens 24) and the living body X, the ultrasonic
probe 20 comes into close contact with the living body X
and, thus, an ultrasonic wave reflected inside the living body
X is received. In this case, the ultrasonic image as illustrated
in FIG. 13 is displayed.

[0157] On the other hand, in a case where the amount of
the acoustic matching material is insufficient, the ultrasonic
probe 20 does not come into close contact with the living
body X, and the ultrasonic wave is reflected at an interface
caused by an air bubble before reaching the living body X.
In this case, a received signal becomes a strong received
signal exceeding a defined value and, thus, insufficiency of
the acoustic matching material can be immediately detected.
If an ultrasonic image is displayed in step S4, an internal
tomographic image of the living body X cannot be obtained
as illustrated in FIG. 14.

[0158] The measurer visually recognizes whether or not
the image as illustrated in FIG. 13 is obtained or whether or
not the image as illustrated in FIG. 14 is obtained, and can
thus easily determine whether or not an acoustic matching
material is sufficient.

[0159] FIG. 15 is a sectional view illustrating a case where
the ultrasonic probe 20 is fixed to the living body X without
being attached with the coupler 60.

[0160] FIG. 16 is a sectional view illustrating a case where
the ultrasonic probe 20 is fixed to the living body X in a state
of being attached with the coupler 60.

[0161] FIG. 17 is a diagram for comparing a thickness
dimension of an acoustic matching material in a case where
the ultrasonic probe 20 is directly fixed to the living body X
as in FIG. 15 with a thickness dimension of an acoustic
matching material in a case where the ultrasonic probe 20
(ultrasonic probe unit 2) attached with the coupler 60 is fixed
to the living body X as in FIG. 16.
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[0162] The living body X has a part at which a body
surface is not flat due to, for example, a bone. If only the
ultrasonic probe 20 is fixed to the uneven part, it is hard to
bring the ultrasonic probe 20 in close contact with the living
body X. Therefore, as illustrated in FIG. 15 or 17, a
thickness dimension of an acoustic matching material differs
depending on a position at which the ultrasonic probe 20 is
fixed.

[0163] FIG. 18 is a diagram illustrating a relationship
between a thickness dimension of the acoustic matching
material and the intensity of a received signal based on a
reflected ultrasonic wave at an interface position.

[0164] As mentioned above, if a thickness dimension of an
acoustic matching material is reduced since close contact
between the ultrasonic probe 20 and the living body X is
reduced, as illustrated in FIG. 18, when ultrasonic wave
transmission and reception processes are performed, an
ultrasonic wave is reflected at an interface caused by an air
bubble before reaching the living body X and, thus, an
accurate ultrasonic measurement process cannot be per-
formed. In other words, in order to maintain close contact
between the ultrasonic probe 20 and the living body X, the
thickness dimension of the acoustic matching material
should be greater than or equal to a predetermined value t.
[0165] Inrelation to this, in the present embodiment, if the
coupler 60 is attached to the ultrasonic probe 20, even in a
case where the living body X is uneven, as illustrated in
FIGS. 16 and 17, a thickness dimension of an acoustic
matching material corresponding to a thickness dimension
of'the coupler 60 is secured between the ultrasonic probe 20
and the living body X. Consequently, the thickness dimen-
sion of the acoustic matching material of the predetermined
value t or greater is secured in FIG. 18. Therefore, the living
body X and the ultrasonic probe 20 can be brought into close
contact with each other and, thus, it is possible to prevent the
problem that ultrasonic measurement accuracy is reduced
due to a reflected ultrasonic wave before reaching the living
body X.

[0166] FIG. 19 is a diagram illustrating a reduction
amount of an acoustic matching material over time.

[0167] As illustrated in FIG. 19, if the ultrasonic probe
unit 2 is used for a long period of time, the amount of the
acoustic matching material between the ultrasonic probe 20
and the living body X is reduced due to drying or the like.
[0168] Also in this case, as can be seen from FIG. 18, since
a thickness dimension of an acoustic matching material is
reduced, close contact between the ultrasonic probe 20 and
the living body X is reduced and, thus, appropriate ultra-
sonic measurement cannot be performed.

[0169] In the present embodiment, also in this case, an
acoustic matching material can be supplied without the
measurer performing work of pasting the ultrasonic probe
unit 2 again according to the above-described method.
[0170] On the other hand, the above description relates to
an example in which the measurer operates the controller 70
and thus an acoustic matching material is manually supplied,
but an acoustic matching material may be supplied under the
control of the control device 3 in the present embodiment.
FIG. 20 is a flowchart illustrating a method of supplying an
acoustic matching material.

[0171] In this method, after the ultrasonic probe unit 2 is
fixed to the living body X, as illustrated in FIG. 20,
ultrasonic wave transmission and reception processes are
performed as in steps S1 and S2 in FIG. 12. Next, the
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coupler control portion 35 acquires the intensity of the
received signal, and determines whether or not the signal
intensity exceeds a first threshold value (step S11). The first
threshold value corresponds to the intensity of a received
signal measured in a case where an ultrasonic wave is
reflected at an air bubble or the like before being incident to
the living body X, and is a defined value which is sufficiently
more than the intensity of a received signal during normal
ultrasonic measurement.

[0172] In a case where the received signal intensity is
greater than the first threshold (i.e., Yes at S11), the coupler
control portion 35 transmits a control signal to the controller
70 so as to open the first electromagnetic valve 645 and the
second electromagnetic valve 647 and, thus, a predeter-
mined amount of the acoustic matching material is supplied
(step S12). Next, the flow returns to step S1.

[0173] In a case where the received signal intensity is less
than the first threshold (i.e., No at S11), since the acoustic
matching material is sufficient, the coupler control portion
35 transmits a control signal to the controller 70 so as to
close the first electromagnetic valve 645 and the second
electromagnetic valve 647 so that the supply of the acoustic
matching material is stopped (step S13), and thus outflow of
the acoustic matching material is prevented.

[0174] The process of supplying the acoustic matching
material under the control of the control device 3 is also
effective in a case where the ultrasonic probe unit 2 is fixed
to the living body X and during ultrasonic measurement. In
other words, during ultrasonic measurement, received sig-
nals are sequentially acquired through an ultrasonic mea-
surement process and, thus, the coupler control portion 35
can automatically supply an acoustic matching material by
performing the determination in step S11 whenever the
received signal is acquired.

Operations and Effects of First Embodiment

[0175] In the present embodiment, the coupler 60 which is
attachably and detachably attached to the ultrasonic probe
20 has the frame portion 6A. The frame portion 6A is
provided with the supply flow passage 65 therein, and an
acoustic matching material introduced from the introduction
port 643 is introduced into the supply flow passage 65 and
is then supplied onto the acoustic lens 24 from the plurality
of ejection ports 66 provided along the inner peripheral
surface of the frame portion 6A.

[0176] Thus, the acoustic matching material is supplied
from an outer peripheral side toward the center with respect
to a predetermined region (a region corresponding to a
single transmission/reception column 22B) of the acoustic
lens 24. Consequently, for example, compared with a case
where the acoustic matching material is supplied from one
point provided on a lateral side of the acoustic lens 24, the
acoustic matching material can be spread uniformly in the
predetermined region, and a supply speed increases and,
thus, time required to transition to an ultrasonic measure-
ment process can be reduced.

[0177] Consequently, since a sufficient amount of the
acoustic matching material can be supplied between the
ultrasonic probe 20 and the living body when ultrasonic
measurement using the ultrasonic probe 20, it is possible to
improve close contact between the ultrasonic probe 20 and
the living body X and, thus, to output an ultrasonic mea-
surement result. Therefore, in the ultrasonic measurement
apparatus, it is possible to perform a highly accurate ultra-
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sonic measurement process or to form a highly accurate
ultrasonic image. In the ultrasonic image display 1, since the
ultrasonic image formed in the above-described way is
displayed, it is possible to display an accurate ultrasonic
image to a measurer and, thus, to improve efficiency, for
example, in diagnosis for a living body or therapy through
puncturing.

[0178] In the present embodiment, a plurality of frame
portions 6A are configured to be connected to each other
along the X direction, and the supply flow passages 65 also
communicate with each other.

[0179] Inthis configuration, an acoustic matching material
can be supplied onto the acoustic lens 24 from the inner
peripheral surface of each of the plurality of frame portions
6A. Therefore, for example, compared with a case where an
acoustic matching material is supplied from only the ejec-
tion ports 66 provided at the frame body 61, an acoustic
matching material can be uniformly supplied to the entire
acoustic lens 24, and the acoustic matching material can be
made to rapidly fill a gap between the ultrasonic probe 20
and the living body X.

[0180] In the present embodiment, a plurality of cross-
beams 61F are crosslinked between the third support portion
61C and the fourth support portion 61D and, thus, the
rectangular frame portions 6A along the X direction (the
column direction of the transmission/reception column 22B)
are disposed along the Y direction. In this configuration, an
acoustic matching material can be uniformly supplied to a
position overlapping each transmission/reception column
22B from each crossbeam 61E.

[0181] In the present embodiment, there is provided the
attaching/detaching mechanism 62 which positions the cou-
pler 60 with respect to the ultrasonic probe 20 so that each
of the plurality of crossbeams 61E is located between the
transmission/reception columns 22B adjacent to each other.
In other words, the Y direction is positioned by bringing the
inner peripheral surfaces of the first support portion 61 A and
the second support portion 61B into contact with end
surfaces of the acoustic lens 24 on the +Y sides, and the X
direction is positioned by engaging the claws 621 of the
coupler 60 provided on the +X sides of the frame body 61
with the casing 21, so that the coupler 60 is fixed to the
casing 21. Thus, as described above, the coupler 60 can be
attached and detached so that the crossbeams 61E avoid the
transmission/reception columns 22B. Consequently, ultra-
sonic wave transmission and reception processes in each
transmission/reception column 22B are not hindered by the
crossbeams 61E and, thus, it is possible to perform appro-
priate ultrasonic measurement.

[0182] In the present embodiment, the discharge port 67
discharging gas (i.e., air bubble) contained in the acoustic
matching material and the deaeration passage 68 communi-
cating with the discharge port 67 are provided at the third
support portion 61C and the fourth support portion 61D of
the coupler 60.

[0183] Thus, even in a case where the acoustic matching
material is supplied to a closed space among the living body
X, the coupler 60, and the ultrasonic probe 20 (acoustic lens
24), an internal gas can be released to the deaeration passage
68, and thus it is possible to prevent air bubbles from
entering a gap between the ultrasonic probe 20 and the living
body X. Therefore, it is possible to improve ultrasonic
measurement accuracy.
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[0184] In the present embodiment, the first electromag-
netic valve 645 is provided at the connector portion 64 so as
to be opened and closed and, thus, an amount of an acoustic
matching material introduced into the supply flow passage
65 is controlled. Consequently, it is possible to control the
supply of an acoustic matching material with a simple
configuration.

[0185] In the present embodiment, the coupler control
portion 35 of the control device 3 controls the supply of the
acoustic matching material on the basis of the intensity of a
received signal in ultrasonic measurement using the ultra-
sonic probe unit 2. Consequently, even when an ultrasonic
measurement process is performed, it is possible to perform
a process of supplying the acoustic matching material on the
basis of the intensity of a measured received signal and, thus,
to prevent a problem in which measurement accuracy dete-
riorates due to a reduction in the acoustic matching material
during ultrasonic measurement.

Second Embodiment

[0186] Next, a second embodiment will be described.
[0187] In the first embodiment, a description has been
made of an example in which all of the supply flow passages
65 of the frame body 61 and the plurality of crossbeams 61E
are connected to each other, that is, the supply flow passages
65 of the respective frame portions 6A arranged in the Y
direction communicate with each other. In contrast, the
second embodiment is different from the first embodiment in
that supply flow passages are separate from each other in the
plurality of frame portions 6A arranged in the Y direction. In
the following description, a constituent element which has
already been described is given the same reference numeral,
and a description thereof will be omitted or made briefly.
[0188] FIG. 21 is a diagram illustrating a configuration of
supply flow passages of a coupler 60A according to the
second embodiment.

[0189] In the present embodiment, as illustrated in FIG.
21, a plurality of frame portions 6B are arranged separately
from each other along the Y direction and are connected to
each other. On the other hand, each frame portion 6B has a
cavity therein, and the cavity forms the same supply flow
passage 65 as in the first embodiment, but the supply flow
passages 65 of the frame portions 6B adjacent to each other
do not communicate with each other, and are separate from
each other. Each frame portion 6B is provided with a
plurality of ejection ports 66 on an inner peripheral surface
intersecting the measurement surface 21A in the same
manner as in the first embodiment, and an acoustic matching
material from the supply flow passage 65 is ejected onto the
acoustic lens 24 in a frame inside region of the frame portion
6B from the ejection ports 66.

[0190] FIG. 22 is a perspective view illustrating a con-
figuration of the discharge port 67 of the present embodi-
ment.

[0191] In the present embodiment, as illustrated in FIG.
21, a single discharge port 67 is provided on an opposite side
to a connector portion 64A. Configurations of the discharge
port 67 and the deaeration passage 68 (refer to FIG. 22) may
be the same as the configurations in the first embodiment,
but the discharge port 67 may be formed by notching a part
of the frame portion 6B. In this case, the acoustic matching
material can be prevented from outflowing to the discharge
port 67 by providing a wall 65A in the supply flow passage
65.
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[0192] The discharge port 67 is formed by opening a
surface on the side coming into contact with the living body
X, but the surface of the discharge port 67 on the +Z side is
closed by the living body X when coming into contact with
the living body X and, thus, the acoustic matching material
containing air bubbles flows into the deaeration passage 68.
[0193] Inthis configuration, it is not necessary to cause the
supply flow passages 65 with the discharge port 67 inter-
posed therebetween to communicate with each other and,
thus, an opening area of the discharge port 67 can be
increased compared with the first embodiment so that air
bubbles can be effectively released to the deaeration passage
68.

[0194] FIG. 23 is a diagram illustrating a functional con-
figuration of a control device 3A according to the present
embodiment.

[0195] The control device 3A of the present embodiment
functions as the transmission control portion 31, the recep-
tion control portion 32, the image forming portion 33, the
display control portion 34, and the coupler control portion
35A. The coupler control portion 35A functions as a region
detection portion 351 and an opening/closing control portion
352.

[0196] Specifically, the region detection portion 351 deter-
mines whether or not the intensity of a received signal output
from each transmission/reception column 22B is greater
than or equal to a first threshold value, and thus detects an
insufficiency region in which an acoustic matching material
is insufficient and a sufficiency region in which the acoustic
matching material is sufficient.

[0197] The opening/closing control portion 352 opens the
first electromagnetic valve 645 provided at the connector
portion 64A of the frame portion 6B corresponding to the
insufficiency region and closes the first electromagnetic
valve 645 provided at the connector portion 64A of the
frame portion 6B corresponding to the sufficiency region.
[0198] Next, a description will be made of a process of
supplying the acoustic matching material of the present
embodiment.

[0199] In the present embodiment, since the amount of the
acoustic matching material for each frame portion 6B can be
controlled separately, the acoustic matching material can be
supplied to only an insufficiency region in which the acous-
tic matching material is insufficient between the acoustic
lens 24 and the living body X.

[0200] For example, in a case where the measurer manu-
ally supplies the acoustic matching material, an ultrasonic
image as illustrated in FIG. 24 is displayed in step S4 in FIG.
12.

[0201] FIG. 24 is a diagram illustrating an example of an
ultrasonic image in a case where the acoustic matching
material is insufficient in a partial region on the acoustic lens
24. In a case where the acoustic matching material is
insufficient in a partial region of the acoustic lens 24, a signal
whose intensity is greater than or equal to a defined value is
received in the transmission/reception column 22B corre-
sponding to the region.

[0202] Thus, a portion corresponding to the region is not
displayed as illustrated in FIG. 24.

[0203] In this case, the measurer operates the controller 70
s0 as to open the first electromagnetic valve 645 provided at
the connector portion 64A of the frame portion 6B corre-
sponding to the region whose image is not displayed.
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Consequently, the acoustic matching material is supplied to
only the region in which the acoustic matching material is
insufficient.

[0204] On the other hand, this is also the same for a case
where an acoustic matching material is automatically sup-
plied by the control device 3A as illustrated in FIG. 20.
[0205] In other words, in step S11 in FIG. 20, the region
detection portion 351 of the coupler control portion 35A
detects a received signal from each transmission/reception
column 22B and determines whether or not the intensity of
the received signal exceeds the first threshold value. As
described above, an insufficiency region is determined with
respect to the transmission/reception column 22B which
outputs a received signal whose intensity exceeds the first
threshold value and a sufficiency region is determined with
respect to the transmission/reception column 22B which
outputs a received signal whose intensity is equal to or less
than the first threshold value.

[0206] In step S12, the opening/closing control portion
352 opens the first electromagnetic valve 645 provided at the
connector portion 64A of the frame portion 6B correspond-
ing to the insufficiency region and closes the first electro-
magnetic valve 645 provided at the connector portion 64A
of the frame portion 6B corresponding to the sufficiency
region. Consequently, in step S12, it is possible to separately
perform a process of supplying an acoustic matching mate-
rial to each frame portion 6B.

Operations and Effects of Second Embodiment

[0207] In the second embodiment, the supply flow pas-
sages 65 of the respective frame portions 6B do not com-
municate with each other, and the connector portion 64A is
provided in each frame portion 6B. The region detection
portion 351 determines an insufficiency region and a suffi-
ciency region on the basis of a received signal from each
transmission/reception column 22B, and the opening/clos-
ing control portion supplies an acoustic matching material to
the insufficiency region and stops the supply of the acoustic
matching material to the sufficiency region.

[0208] In this case, it is possible to supply an acoustic
matching material to only the insufficiency region without
excessively supplying the acoustic matching material to the
sufficiency region on the acoustic lens 24. Consequently, it
is possible to uniformly supply the acoustic matching mate-
rial on the acoustic lens 24. The excessive supply of the
acoustic matching material is prevented and, thus, it is
possible to reduce cost.

[0209] In the present embodiment, a notch portion formed
by notching a part of the frame portion 6B is provided, and
the notch portion forms the discharge port 67 and further
forms the deaeration passage 68.

[0210] Thus, it is possible to discharge gas contained in
the acoustic matching material with a simple configuration,
and also to efficiently discharge air bubbles since an opening
area of the discharge port 67 can be increased.

Third Embodiment

[0211] Next, a third embodiment will be described.

[0212] In the first embodiment, a description has been
made of an example in which the crossbeam 61E crosslinked
between the third support portion 61C and the fourth support
portion 61D of the frame body 61 is provided. In contrast,
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in the third embodiment, there is a difference in that a
protrusion is provided instead of the crossbeam 61E.
[0213] FIG. 25 is a diagram illustrating a configuration of
a supply flow passage of a coupler 60B according to the third
embodiment.

[0214] In the present embodiment, as illustrated in FIG.
25, the coupler 60B includes substantially the same frame
body 61 as in the first embodiment, and also includes
protrusions 61F protruding toward the center of the frame
inside from the third support portion 61C and the fourth
support portion 61D of the frame body 61.

[0215] The protrusion 61F is provided to be located
between the transmission/reception columns 22B adjacent to
each other when the coupler 60B is attached to the ultrasonic
probe 20 in the same manner as the crossbeam 61E.
[0216] A surface (a surface facing a living body) of the
protrusion 61F on the +Z side is formed in a curved surface
corresponding to a surface shape of the acoustic lens 24 in
the same manner as in the crossbeam 61E.

[0217] The protrusion 61F has the cavity therein, and the
cavity communicates with the supply flow passage 65 of the
third support portion 61C or the fourth support portion 61D
so0 as to form a part (branching passage) of the supply flow
passage 65.

[0218] A plurality of ejection ports 66 (second ejection
ports) are provided on the side surface of the protrusion 61F
intersecting the measurement surface 21A, and an acoustic
matching material flowing through the supply flow passage
65 is ejected onto the acoustic lens 24.

Operations and Effects of Third Embodiment

[0219] In the present embodiment, the protrusions 61F
provided with the supply flow passages 65 protrude toward
the frame inside from the third support portion 61C and the
fourth support portion 61D of the frame body 61 and a
plurality of ejection ports 66 are provided on the side
surfaces of the protrusions 61F. Thus, in the same manner as
in the first embodiment, compared with a case where the
acoustic matching material is supplied from a single location
in an outer peripheral portion of the acoustic lens 24, the
acoustic matching material can be widely and efficiently
spread on the acoustic lens 24 and, thus, the acoustic
matching material can be uniformly supplied.

Fourth Embodiment

[0220] Next, a fourth embodiment will be described with
reference to the drawings.

[0221] In the first embodiment, the acoustic matching
material is supplied from an outer peripheral side toward the
center with respect to a predetermined region (a region of the
frame inside of the frame portion 6A) on the acoustic lens
24. In contrast, in the present embodiment, there is a
difference in that an acoustic matching material is supplied
from the center toward the outer peripheral side in the region
of the frame inside of the frame portion 6A.

[0222] FIG. 26 is a diagram illustrating a configuration of
a supply flow passage of a coupler 60C according to the
fourth embodiment.

[0223] In the present embodiment, as illustrated in FIG.
26, in the substantially same manner as in the first embodi-
ment, the coupler 60C is provided with a frame body 61
including a first support portion 61A, a second support
portion 61B, a third support portion 61C, and a fourth
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support portion 61D, and the frame body 61 forms a single
frame portion. The coupler 60C includes a central extending
portion 61G which extends toward the center of the frame
body 61 from the third support portion 61C in a central
portion of the frame body 61 in the X direction and is
connected to the fourth support portion 61D. In the present
embodiment, the first support portion 61A, the second
support portion 61B, the third support portion 61C, and the
fourth support portion 61D are not provided with the ejec-
tion ports 66.

[0224] The frame body 61 is a flow passage forming
portion and is connected to the connector portion 64 at the
third support portion 61C and the fourth support portion
61D, and the supply flow passage 65 is formed inside the
third support portion 61C and the fourth support portion
61D.

[0225] The inside of the central extending portion 61G is
also a cavity and is connected to the supply flow passage 65
of'the third support portion 61C or the fourth support portion
61D. In other words, the supply flow passage 65 is also
formed in the central extending portion 61G.

[0226] In the central extending portion 61G, a plurality of
ejection ports 66 (central ejection ports) are provided on side
surfaces intersecting the measurement surface 21A of the
casing 21 and directed toward +Y sides and, as indicated by
arrows in FIG. 26, an acoustic matching material is ejected
from the center of the frame body 61 outward (+Y sides).

[0227] In this case, the discharge port 67 is preferably
provided at, for example, the first support portion 61A
and/or the second support portion 61B located on a down-
stream side in a direction in which an acoustic matching
material is supplied.

Operations and Effects of Fourth Embodiment

[0228] In the present embodiment, an acoustic matching
material is ejected toward the center in a region surrounded
by the frame body 61 from the ejection ports 66 provided at
the central extending portion 61G, and is thus supplied from
the center outward. Also in this configuration, for example,
compared with a case where an acoustic matching material
is supplied from a single point in an outer peripheral portion
of the acoustic lens 24, the acoustic matching material can
be efficiently supplied in a wide range centering on the
region center.

Fifth Embodiment

[0229] Next, a fifth embodiment will be described with
reference to the drawings.

[0230] In the above-described respective embodiments,
the fixation type ultrasonic probe 20 fixed to the living body
X has been exemplified. In contrast, the fifth embodiment
shows an example in which the acoustic matching material
supply device is applied to an ultrasonic probe 20A which is
used in the related art and in which a measurer holds the
ultrasonic probe with the hands thereof so as to operate an
attitude of the ultrasonic probe or transmission and reception
directions of ultrasonic waves.

[0231] FIG. 27 is a diagram illustrating schematic con-
figurations of an ultrasonic probe 20A (convex type probe)
used in the related art and a coupler 60D which is attachably
and detachably attached to the ultrasonic probe 20A.
[0232] In the convex type ultrasonic probe 20A, generally,
a bulk type piezoelectric body (not illustrated) is used as an



US 2017/0287459 Al

ultrasonic vibrator stored therein, and the ultrasonic probe
has a one-dimensional array structure in which piezoelectric
bodies which are rectangular in the Y direction are disposed
along a circular arc in the X direction. The ultrasonic probe
20A is provided with an acoustic lens 24 A in order to cause
a transmitted ultrasonic wave to converge at a focal point
position at a predetermined depth. The acoustic lens 24A has
a cylindrical shape as illustrated in FIG. 27, and a section
thereof along a slice direction (X direction) has a substan-
tially circular arc shape.

[0233] FIG. 28 is a plan view of the coupler 60D of the
present embodiment. In FIGS. 27 and 28, an attaching/
detaching mechanism is not illustrated but, actually, an
attaching/detaching mechanism attaching the coupler 60D to
the ultrasonic probe 20A is provided. The attaching/detach-
ing mechanism may exemplify a claw as in the first embodi-
ment.

[0234] As illustrated in FIG. 28, the coupler 60D of the
present embodiment is provided with a pair of a fifth support
portion 61H and a sixth support portion 611 along the X
direction, and a plurality of crosslinking portions 61J, 61K
and 61L crosslinked between the fifth support portion 61H
and the sixth support portion 611.

[0235] Here, as illustrated in FIG. 28, a pair of crosslink-
ing portions 61J are disposed at the center of the coupler
60D in the X direction with a gap dimension L1. A pair of
crosslinking portions 61K are respectively disposed with a
distance 1.2 near the crosslinking portions 61J. A pair of
crosslinking portions 61L are disposed with a distance [.3
near the crosslinking portions 61K. The distances [.1, .2 and
L3 satisty a relationship of L.1<[.2<L.3.

[0236] In the present embodiment, a central frame portion
6C (first frame portion) is formed of the pair of crosslinking
portions 61J, the fifth support portion 61H, and the sixth
support portion 611. An intermediate frame portion 6D is
formed of the crosslinking portion 61J, the crosslinking
portion 61K adjacent to the crosslinking portion 61J, the
fifth support portion 61H, and the sixth support portion 611.
An end frame portion 6E (second frame portion) is formed
of the crosslinking portion 61K, the crosslinking portion
611 adjacent to the crosslinking portion 61K, the fifth
support portion 61H, and the sixth support portion 611.

[0237] The insides of the fifth support portion 61H, the
sixth support portion 611, and the crosslinking portions 61J,
61K and 61L are cavities, and the cavities are connected to
each other so as to form the supply flow passage 65 of the
acoustic matching material. In the same manner as in the
first embodiment, a plurality of ejection ports 66 are pro-
vided on each side surface (frame inner peripheral surface)
intersecting the surface of the acoustic lens 24A when the
coupler 60D is attached to the ultrasonic probe 20A in the
fifth support portion 61H, the sixth support portion 611, and
crosslinking portions 61J, 61K and 61L. The connector
portion 64B is provided at the fifth support portion 61H, and
an acoustic matching material is introduced into the supply
flow passage from an introduction port (not illustrated).

[0238] Therefore, also in the present embodiment, in the
same manner as in the first embodiment, an acoustic match-
ing material can be supplied to the center from an outer
peripheral side on the acoustic lens 24A on a frame inner
peripheral side of each frame portion (the central frame
portion 6C, the intermediate frame portions 6D, and the end
frame portions 6F).
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[0239] FIG. 29 is a diagram illustrating a thickness dimen-
sion of an acoustic matching material in a case where the
ultrasonic probe 20A is used.

[0240] Meanwhile, in a case where the ultrasonic probe
20A is used, since the acoustic lens 24A has a circular arc
shape in which the center considerably projects, if the
measurer tightly presses the ultrasonic probe 20A against a
living body so as to perform ultrasonic measurement, as
illustrated in FIG. 29, particularly, an acoustic matching
material is dried or is pushed to other positions in the
vicinity of the central projection (the midpoint in the X
direction) of the acoustic lens 24A, so that a thickness
dimension of the acoustic matching material is reduced.
[0241] Therefore, close contact with the living body X is
reduced in the central projection of the ultrasonic probe 20A
for which an ultrasonic measurement result is most neces-
sary and, thus, the ultrasonic measurement accuracy dete-
riorates due to mixing of air bubbles or the like.

[0242] In contrast, in the present embodiment, as
described above, the relationship of [L1<[.2<L3 is satisfied.
In other words, a volume of the frame inside of the central
frame portion 6C located at the center in the X direction is
small, and a volume of the frame inside of the intermediate
frame portion 6D located on the end side in the X direction
increases. A volume of the frame inside of the end frame
portion 6E is larger than the volume of the frame inside of
the intermediate frame portion 6D.

[0243] Therefore, if an acoustic matching material is sup-
plied to the supply flow passage from the connector portion
64B, the acoustic matching material fills the frame inside of
the central frame portion 6C having the small volume faster
than the intermediate frame portion 6D or the end frame
portion 6E. It is possible to rapidly compensate for a
shortage of the acoustic matching material.

Operations and Effects of Fifth Embodiment

[0244] The coupler 60D of the present embodiment which
is attachable to the convex type ultrasonic probe 20A
includes the central frame portion 6C, the intermediate
frame portion 6D, and the end frame portion 6FE connected
to each other along the X direction. The insides of the fifth
support portion 61H, the sixth support portion 611, and the
crosslinking portions 61J, 61K and 611 forming the central
frame portion 6C, the intermediate frame portion 6D, and
the end frame portion 6E are cavities, and the cavities are
connected to each other so as to form the supply flow
passage. The connector portion 64B which supplies the
acoustic matching material from the introduction port to the
supply flow passage is connected to the fifth support portion
61H. The fifth support portion 61H, the sixth support portion
611, and the crosslinking portions 61J, 61K and 611 have the
ejection ports which eject an acoustic matching material
toward the frame insides of the central frame portion 6C, the
intermediate frame portion 6D, and the end frame portion
6E. Thus, in the same manner as in the first embodiment, an
acoustic matching material can be supplied from an outer
periphery of each frame inside region toward the center on
the acoustic lens 24A, and thus the acoustic matching
material can be uniformly and rapidly disposed on the
acoustic lens 24A.

[0245] In the present embodiment, a width dimension (the
distance L1 between the pair of crosslinking portions 61J) of
the central frame portion 6C along the X direction is smaller
than a width dimension of the intermediate frame portion 6D
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or the end frame portion 6E provided at the end in the X
direction, along the X direction. Therefore, an acoustic
matching material can be rapidly supplied by using the
frame inside of the central frame portion 6C in which a
reduction ratio of the acoustic matching material is high.
Consequently, even in a case where the convex type ultra-
sonic probe 20A is tightly pressed against a living body, and
ultrasonic measurement is performed, it is possible to rap-
idly perform highly accurate measurement.

Sixth Embodiment

[0246] In the above-described fifth embodiment, a
description has been made of an example in which the
convex type ultrasonic probe 20A is provided with the frame
portions 6C, 6D and 6E whose width dimensions increase
from the center toward the end along the X direction. In
contrast, in the sixth embodiment, width dimensions along
the Y direction also increase from the center toward the end
along the Y direction.

[0247] FIG. 30 is a plan view illustrating a schematic
configuration of a coupler 60E according to the sixth
embodiment.

[0248] The coupler 60F includes an outer peripheral frame
61M, crosslinking portions 61N along the X direction and
the Y direction, forming a central frame portion 6F (third
frame portion) disposed at the center with respect to the
acoustic lens 24A, crosslinking portions 610 forming an
intermediate frame portion 6G disposed on an outer periph-
eral side of the central frame portion 6F, and crosslinking
portions 61P forming an end frame portion 6H (fourth frame
portion) disposed on an outer peripheral side of the inter-
mediate frame portion 6G.

[0249] In the same manner as in the fifth embodiment, the
insides of the outer peripheral frame 61M, and the respective
crosslinking portions 61N, 610 and 61P are cavities, and the
cavities are connected to each other so as to form a supply
flow passage.

[0250] The outer peripheral frame 61M, and the crosslink-
ing portions 61N, 610 and 61P are provided with ejection
ports from which an acoustic matching material is ejected on
frame inner peripheral surfaces of the respective frame
portions 6F, 6G and 6H, and the ejection ports communicate
with the supply flow passage. The outer peripheral frame
61M is provided with the connector portion 64B, and an
acoustic matching material is introduced into the supply
flow passage.

[0251] In the present embodiment, the frame portions 6F,
6G and 6H are arranged in an array form. A width dimension
M1 of the central frame portion 6F along the X direction, a
width dimension N1 thereof along the Y direction, a width
dimension M2 of the intermediate frame portion 6G along
the X direction, a width dimension N2 thereof along the Y
direction, and a width dimension M3 of the end frame
portion 6H along the X direction, and a width dimension N3
thereof along the Y direction satisfy a relationship of
M1<M2<M3, and a relationship of N1<N2<N3.

[0252] In other words, an area (volume) of the frame
inside surrounded by the central frame portion 6F is smaller
than that of the intermediate frame portion 6G or the end
frame portion 6H.

[0253] In the present embodiment, the ultrasonic probe
20A is provided with ultrasonic measurement regions dis-
posed in an array form. Specifically, bulky piezoelectric
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bodies are arranged in a two-dimensional array form, and the
piezoelectric bodies can be driven separately.

[0254] In contrast, in the same manner as in the first
embodiment, in the coupler 60E, each of the crosslinking
portions 61N, 610 and 61P is disposed between the piezo-
electric bodies adjacent to each other of the ultrasonic probe
20A. In other words, the crosslinking portions 61N, 610 and
61P or side surfaces thereof (frame inner peripheral surfaces
of the frame portions 6F, 6G and 6H) provided with the
ejection ports 66 are provided at positions not overlapping
the piezoelectric bodies. Thus, in the same manner as in the
first embodiment, ultrasonic wave transmission and recep-
tion processes in the crosslinking portions 61N, 610 and
61P are not hindered, and a highly accurate ultrasonic
measurement process can be performed.

Operations and Effects of Sixth Embodiment

[0255] In the sixth embodiment, in the same manner as in
the fifth embodiment, for example, the central frame portion
6F having a small area (volume) is disposed at the center of
the acoustic lens 24A having a curved surface, such as a
convex probe, and thus it is possible to rapidly supply an
acoustic matching material corresponding to a reduction
amount even in a case where an amount of the acoustic
matching material is reduced.

[0256] As in the present embodiment, a configuration in
which the frame portions 6F, 6G and 6H are disposed in an
array form is optimal for an ultrasonic device having a
two-dimensional array structure. In other words, if the
coupler 60E having a two-dimensional array structure is
attached to an ultrasonic probe having a one-dimensional
array structure as in the first embodiment, a crosslinking
portion is disposed on the transmission/reception column
22B, and thus ultrasonic wave transmission and reception
processes are hindered. In contrast, in a case where a
plurality of ultrasonic transducers are separate from each
other so as to be configured in a two-dimensional array
structure, or transmission/reception portions are formed of a
plurality of ultrasonic transducers, and the transmission/
reception portions are disposed in a two-dimensional array
structure, the coupler 60F is configured so that the ultrasonic
transducers or the transmission/reception portions are dis-
posed in the frame insides of the frame portions 6F, 6G and
6H having a two-dimensional array structure, and thus
ultrasonic wave transmission and reception processes are not
hindered.

Modification Examples

[0257] Each of the above-described respective embodi-
ments is only an example, and configurations obtained
through modifications, alterations, and combinations of the
embodiments within the scope of being capable of achieving
the object of the present disclosure are included in the
present disclosure.

[0258] For example, in the first embodiment, a description
has been made of an example in which the coupler 60 is
attachable to and detachable from the ultrasonic probe 20 so
that a single frame portion 6A is disposed to correspond to
each transmission/reception column 22B. In other words, a
gap between the respective transmission/reception columns
22B in the coupler 60 is a gap between the transmission/
reception columns 22B. In contrast, there may be a configu-
ration in which a plurality of transmission/reception col-
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umns 22B are disposed in the frame inside of a single frame
portion 6A. For example, there may be a configuration in
which, when the coupler 60 is attached to the ultrasonic
probe 20, two or more transmission/reception columns 22B
are disposed between the crossbeams 61F adjacent to each
other.

[0259] In the first embodiment, the discharge port 67 is
configured to be located at an intermediate position between
the crossbeams 61E adjacent to each other, that is, on an
extension line of the transmission/reception column 22B,
but, in a case where two or more transmission/reception
columns 22B are provided between the crossbeams 61E as
described above, the discharge port 67 is preferably config-
ured to be provided between the transmission/reception
columns 22B adjacent to each other. The discharge port 67
is a portion from which an acoustic matching material
containing air bubbles are discharged, and is likely to collect
air bubbles. Therefore, the discharge port 67 is provided at
a position avoiding the transmission/reception column 22B
and, thus, it is possible to reduce a probability that an air
bubble is present in an ultrasonic wave transmission direc-
tion or reception direction of the transmission/reception
column 22B and also to improve measurement accuracy.
[0260] There is a more preferable configuration in which,
when the coupler 60 is attached to the ultrasonic probe 20,
an even number of transmission/reception columns 22B are
disposed between the crossbeams 61E adjacent to each
other, and the discharge port 67 is provided at an interme-
diate position (midpoint) between the crossbeams 61E adja-
cent to each other. In this case, since an acoustic matching
material flows uniformly from the =Y sides toward the
discharge port 67, the acoustic matching material can be
uniformly supplied onto the acoustic lens 24.

[0261] This is also the same for the second embodiment,
and a plurality of transmission/reception columns 22B may
be provided in the frame inside of each frame portion 6A.
[0262] In the first embodiment, the discharge port 67 may
be formed of a notch portion obtained by notching a part of
the frame body 61 (frame portion 6A) as in the second
embodiment.

[0263] FIG. 31 is a diagram illustrating a supply flow
passage according to a modification example of the first
embodiment.

[0264] In this case, as in a coupler 60F illustrated in FIG.
31, a position where the discharge port 67 is provided is
alternately disposed at the third support portion 61C and the
fourth support portion 61D in the frame portion 6A along the
X direction and, thus, it is possible to prevent flow velocity
of an acoustic matching material in the supply flow passage
65 from being reduced.

[0265] In the second embodiment, a plurality of frame
portions 6B are configured to be connected to each other
along the Y direction but, in this case, supply flow passages
65 of two frame portions 6B are required to be formed
between the transmission/reception columns 22B adjacent to
each other. In this case, a diameter of the supply flow
passage 65 is small, and thus a sufficient amount of an
acoustic matching material may not be supplied.

[0266] FIG. 32 is a diagram illustrating a schematic con-
figuration of a supply flow passage according to a modifi-
cation example of the second embodiment.

[0267] Compared with the second embodiment, in a cou-
pler 60G of the modification example illustrated in FIG. 32,
a supply flow passage in each frame portion 6B is formed
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over three sides such as a seventh support portion 61Q
provided with the connector portion 64A, an eighth support
portion 61R opposing the seventh support portion 61Q, and
a ninth support portion 618 crosslinked between an one end
of the seventh support portion 61Q and the eighth support
portion 61R. In this case, the ninth support portion 61S of
another frame portion 6B adjacent thereto (connected
thereto) in the Y direction is in contact with and is connected
to one end of the seventh support portion 61Q and the other
end of the eighth support portion 61R. The supply flow
passages do not communicate with each other.

[0268] Inthis configuration, an acoustic matching material
is supplied from three directions, but a single supply flow
passage may be formed between the transmission/reception
columns 22B and, thus, a diameter of the supply flow
passage 65 is not reduced.

[0269] In the first embodiment, the frame body 61 in
which a plurality of frame portions 6 A are connected to each
other in the Y direction has been exemplified, but is not
limited thereto. For example, there may be a configuration in
which the crossbeam 61F is not provided, and a single frame
portion surrounded by four sides such as the first support
portion 61A, the second support portion 61B, the third
support portion 61C, and the fourth support portion 61D
surrounds the entire acoustic lens 24.

[0270] In the fifth embodiment or the sixth embodiment,
the coupler 60D or 60F attached to the convex type ultra-
sonic probe 20A has been exemplified but, as in the first
embodiment, in the same manner for the coupler 60 attached
to a fixation type probe in which the ultrasonic probe 20 is
fixed to the living body X, as a frame portion is located
further toward the center, an area (volume) of a frame inside
region of the frame portion may be reduced. In other words,
in a frame portion corresponding to a position where a
protrusion dimension of the acoustic lens 24 is large, a
thickness dimension of an acoustic matching material is
reduced, and the influence of a reduction in the acoustic
matching material due to drying increases. In contrast, with
this configuration, it is possible to rapidly supply an acoustic
matching material to a region in which the influence of a
reduction in the acoustic matching material is great.
[0271] In the sixth embodiment, in the ultrasonic trans-
ducer 22A, each frame portion can be positioned with
respect to an ultrasonic device in which the ultrasonic
transducers 22A are disposed in a two-dimensional array
structure. In the ultrasonic probe 20 fixed to the living body
X, in order to perform ultrasonic measurement in a wide
range, there are many cases of employing a two-dimensional
array structure in which the ultrasonic transducers 22A can
be separately driven. Therefore, it is possible to appropri-
ately apply the configuration of the coupler 60FE to a fixation
type ultrasonic probe. In this case, as in the sixth embodi-
ment, a frame inside area (volume) of the central frame
portion 6F may be smaller than that of the intermediate
frame portion 6G or the end frame portion 6H, and frame
inside areas of the respective frame portions may be the
same as each other (width dimensions in the X direction are
the same as each other, and width dimensions in the Y
direction are the same as each other).

[0272] In the second embodiment, the first electromag-
netic valve 645 is controlled and, thus, a supply amount of
an acoustic matching material is changed in an insufficiency
region and a sufficiency region. In contrast, there may be a
configuration in which an opening/closing member such as
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a micro-shutter is provided at each ejection port 66, and the
ejection portion is opened and closed by the micro-shutter.
In this configuration, as in the second embodiment, it is not
necessary to provide the frame portion 6B in which supply
flow passages are separate from each other, and an amount
of the acoustic matching material supplied to each region
can also be adjusted in the coupler 60 of the first embodi-
ment. Also in the same frame portion, a direction in which
the acoustic matching material flows can be controlled by
controlling the extent of opening of the ejection port. For
example, the extent of opening of the ejection port 66
located near the discharge port 67 is decreased, the extent of
opening of the ejection port 66 located far from the dis-
charge port 67 is increased and, thus, an unnecessary sub-
stance such as an air bubble can be made to appropriately
flow toward the discharge port 67 side.
[0273] A specific structure at the time of implementing the
present disclosure 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 present disclosure, and may be
altered to other structures as appropriate.
[0274] The entire disclosure of Japanese Patent Applica-
tion No. 2016-065203 filed Mar. 29, 2016 is expressly
incorporated by reference herein.
What is claimed is:
1. An acoustic matching material supply device compris-
ing:
a frame portion that is attachable to an ultrasonic probe
and operable to eject an acoustic matching material,
wherein the ultrasonic probe includes an ultrasonic
sensor surface for performing at least one of transmis-
sion and reception of ultrasonic waves,
wherein the frame portion includes
an inner peripheral surface, and with the frame portion
attached to the ultrasonic probe, the inner peripheral
surface is positioned in a plane intersecting the
ultrasonic sensor surface,

an introduction port that receives the acoustic matching
material from a device external to the frame portion,

an ejection port that is provided on the inner peripheral
surface or in a region including the inner peripheral
surface, and ejects the acoustic matching material,
and

a flow passage extending between the introduction port
and the ejection, and through which the ejection port
and the introduction port communicate with each
other.

2. The acoustic matching material supply device accord-
ing to claim 1, wherein a plurality of the frame portions are
provided and are connected to each other along the ultra-
sonic sensor surface.

3. The acoustic matching material supply device accord-
ing to claim 2, wherein the plurality of the frame portions are
connected to each other in a line along a first direction.

4. The acoustic matching material supply device accord-
ing to claim 1,

wherein the ultrasonic sensor surface has an ultrasonic
measurement region, and

wherein the frame portion includes an attaching-detach-
ing mechanism that is operable to attach the frame
portion to or detach the frame portion from the ultra-
sonic probe so that the inner peripheral surface does not
contact the ultrasonic measurement region.
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5. The acoustic matching material supply device accord-
ing to claim 3, wherein, among the plurality of the frame
portions, a first frame portion located at the center in the first
direction has a smaller width dimension along the first
direction than a width dimension of a second frame portion
disposed at an end in the first direction.

6. The acoustic matching material supply device accord-
ing to claim 2, wherein the plurality of the frame portions are
provided in an array form along a first direction and a second
direction intersecting the first direction.

7. The acoustic matching material supply device accord-
ing to claim 6, wherein the plurality of the frame portions
include attaching-detaching mechanisms that are operable to
attach the frame portions to or detach the frame portions
from the ultrasonic probe so that the inner peripheral sur-
faces are not in contact with a plurality of ultrasonic mea-
surement regions with respect to the ultrasonic sensor sur-
face in which the ultrasonic measurement regions are
disposed in an array form along the first direction and the
second direction.

8. The acoustic matching material supply device accord-
ing to claim 6, wherein, among the plurality of the frame
portions, a first frame portion located at the center has a
smaller width dimension along at least one of the first
direction and the second direction than a width dimension of
a second frame portion disposed at an outer periphery.

9. The acoustic matching material supply device accord-
ing to claim 1,

wherein the frame portion includes a protrusion that
protrudes from the inner peripheral surface toward the
center and has a branching passage communicating
with the flow passage, and

wherein the protrusion is provided with a second ejection
port that communicates with the branching passage and
gjects the acoustic matching material from on a side
surface which intersects the ultrasonic sensor surface
and faces the ultrasonic sensor surface.

10. The acoustic matching material supply device accord-

ing to claim 1, further comprising:

a deaeration passage that discharges gas contained in the
acoustic matching material ejected from the frame
portion.

11. The acoustic matching material supply device accord-

ing to claim 10,

wherein the frame portion is provided with a notch
portion formed by notching a part of the frame portion,
and

wherein the deaeration passage is provided at the notch
portion.

12. The acoustic matching material supply device accord-

ing to claim 1, further comprising:

an opening-closing portion that opens and closes the flow
passage between the ejection port and the introduction
port.

13. The acoustic matching material supply device accord-

ing to claim 12, further comprising:

a control unit that controls the opening-closing portion,

wherein the control unit includes

a region detection portion that determines whether a
region of the frame portion is an insufficiency region in
which the acoustic matching material is insufficient or
a sufficiency region in which the acoustic matching
material is sufficient, and
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an opening-closing control portion that opens the open-
ing-closing portion in response to the region being the
insufficiency region, and closes the opening-closing
portion in response to the region being the sufficiency
region.

14. The acoustic matching material supply device accord-
ing to claim 13, wherein the region detection portion deter-
mines the insufficiency region and the sufficiency region on
the basis of a received signal acquired by transmitting the
ultrasonic waves to a target object from the ultrasonic probe
and receiving the ultrasonic waves which are reflected from
the target object.

15. An acoustic matching material supply device com-
prising:

a frame portion that is attachable to an ultrasonic probe
and ejects an acoustic matching material, wherein the
ultrasonic probe includes an ultrasonic sensor surface
for performing at least one of transmission and recep-
tion of ultrasonic waves,

wherein the frame portion includes

a flow passage forming portion that defines a flow passage
through which an acoustic matching material may flow,
and

an introduction port that outputs the acoustic matching
material to the flow passage of the flow passage form-
ing portion,

wherein the flow passage forming portion has a central
extending portion that includes a central ejection port
that ejects the acoustic matching material, and with the
frame portion attached to the ultrasonic probe, the
central extending portion extends toward the center of
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the ultrasonic sensor surface and the central ejection
port ejects the acoustic matching material toward the
center of the ultrasonic sensor surface.

16. An ultrasonic probe unit comprising:

the acoustic matching material supply device according to
claim 1; and

the ultrasonic probe.

17. An ultrasonic probe unit comprising:

the acoustic matching material supply device according to
claim 2; and

the ultrasonic probe.

18. An ultrasonic probe unit comprising:

the acoustic matching material supply device according to
claim 3; and

the ultrasonic probe.

19. An ultrasonic measurement apparatus comprising:

the acoustic matching material supply device according to
claim 1;

the ultrasonic probe; and

a control device that controls the ultrasonic probe.

20. An ultrasonic image display comprising:

the acoustic matching material supply device according to
claim 1;

the ultrasonic probe;

a control device that controls the ultrasonic probe; and

a display device that displays an image, wherein the
control device generates an internal tomographic image
of a target object on the basis of ultrasonic measure-
ment using the ultrasonic probe, and displays the inter-
nal tomographic image on the display device.
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