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(57) ABSTRACT

An ultrasound probe includes: a casing; a plurality of
piezoelectric devices that are arranged inside the casing; an
acoustic matching layer that is attached to ultrasound radia-
tion surfaces of the piezoelectric devices; a shared ground
that is arranged on a surface of the acoustic matching layer
to allow at least a part of the shared ground to come in
contact with the piezoelectric devices; a deformation pre-
venting member that is arranged in contact with the surface
of the acoustic matching layer to surround an outer periph-
ery of the piezoelectric devices and to be separated from the
piezoelectric devices; a coaxial line configured to transmit a
signal to each of the piezoelectric devices; and a circuit
board that is arranged on an opposite side to the ultrasound

(30) Foreign Application Priority Data radiation surfaces of the piezoelectric devices, the circuit
board being configured to electrically connect the piezoelec-
Jul. 19, 2016 (JP) ceveee e 2016-141615 tric devices and the coaxial line.
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ULTRASOUND PROBE AND ULTRASOUND
ENDOSCOPE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of PCT Interna-
tional Application No. PCT/TP2017/011836 filed on Mar. 23,
2017 which claims the benefit of priority from Japanese
Patent Application No. 2016-141615, filed on Jul. 19, 2016,
the entire contents of which are incorporated herein by
reference.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an ultrasound
probe and an ultrasound endoscope.

2. Related Art

[0003] In the related art, ultrasound probes that transmit
ultrasonic waves to an object to be observed, that receives an
ultrasound echo reflected by the object to be observed and
converts it into an electrical signal, and that subjects the
signal to a predetermined signal process, to acquire infor-
mation relating to characteristics of the object to be observed
have been known.

[0004] The ultrasound probe includes plural piezoelectric
devices that convert an electrical pulse signal into an ultra-
sonic pulse (acoustic pulse) to irradiate it to an object to be
observed, and that converts an ultrasound echo reflected by
the object to be observed into an electrical echo signal to
output. For example, the piezoelectric devices are aligned
along a predetermined direction, and devices involved in
transmission and reception are switched thereamong,
thereby acquiring ultrasound echo from the object to be
observed.

[0005] Moreover, the ultrasound probe includes an acous-
tic matching layer that is attached to an ultrasound radiation
surface of the piezoelectric devices, an acoustic lens that
forms an external surface of the ultrasound probe, a backing
material that is arranged on a surface of the piezoelectric
devices on an opposite side to the acoustic matching layer,
and the like.

[0006] When the ultrasound probe is actuated, the piezo-
electric devices can generate heat. Moreover, part of ultra-
sonic waves transmitted from the piezoelectric device can
converted into heat at the acoustic matching layer, the
backing material, the acoustic lens, and the like, and the
inside of the ultrasound probe can be heated.

[0007] Japanese Laid-open Patent Publication No. 2011-
229976 discloses an ultrasound probe that includes a heat
radiation member radiating heat inside the ultrasound probe
to bring the temperature of a portion contacting a tissue of
the ultrasound probe to equal to or lower than a threshold.

SUMMARY

[0008] In some embodiments, an ultrasound probe
includes: a casing; a plurality of piezoelectric devices that
are arranged inside the casing; an acoustic matching layer
that is attached to ultrasound radiation surfaces of the
piezoelectric devices; a shared ground that is arranged on a
surface of the acoustic matching layer, on a side on which
the acoustic matching layer is in contact with the piezoelec-
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tric devices, to allow at least a part of the shared ground to
come in contact with the piezoelectric devices; a deforma-
tion preventing member that is arranged in contact with the
surface of the acoustic matching layer to surround an outer
periphery of the piezoelectric devices and to be separated
from the piezoelectric devices; a coaxial line configured to
transmit a signal to each of the piezoelectric devices; and a
circuit board that is arranged on an opposite side to the
ultrasound radiation surfaces of the piezoelectric devices,
the circuit board being configured to electrically connect the
piezoelectric devices and the coaxial line.

[0009] In some embodiments, an ultrasound endoscope
includes: an imaging optical system to image a subject; a
casing; a plurality of piezoelectric devices that are arranged
inside the casing; an acoustic matching layer that is attached
to ultrasound radiation surfaces of the piezoelectric devices;
a shared ground that is arranged on a surface of the acoustic
matching layer, on a side on which the acoustic matching
layer is in contact with the piezoelectric devices, to allow at
least a part of the shared ground to come contact with the
piezoelectric devices; a deformation preventing member that
is arranged in contact with the surface of the acoustic
matching layer to surround an outer periphery of the piezo-
electric devices and to be separated from the piezoelectric
devices; a coaxial line configured to transmit a signal to each
of the piezoelectric devices; and a circuit board that is
arranged on an opposite side to the ultrasound radiation
surfaces of the piezoelectric devices, the circuit board being
configured to electrically connect the piezoelectric devices
and the coaxial line.

[0010] The above and other features, advantages and tech-
nical and industrial significance of this disclosure will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the disclosure,
when considered in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a cross-section of an ultrasound probe
according to a first embodiment of the disclosure;

[0012] FIG. 2 is a perspective view showing part of the
ultrasound probe shown in FIG. 1;

[0013] FIG. 3 is a perspective view showing part of an
ultrasound probe according to a first modification of the first
embodiment;

[0014] FIG. 4 is a perspective view showing part of an
ultrasound probe according to a second modification of the
first embodiment;

[0015] FIG. 5 is a perspective view showing part of an
ultrasound probe according to a third modification of the
first embodiment;

[0016] FIG. 6 is a perspective view showing part of an
ultrasound probe according to a fourth modification of the
first embodiment;

[0017] FIG. 7 is a perspective view showing part of an
ultrasound probe according to a second embodiment; and
[0018] FIG. 8 is a perspective view showing part of an
ultrasound probe according to a third embodiment.

DETAILED DESCRIPTION

[0019] Embodiments of an ultrasound probe according to
the disclosure are explained below with reference to the
drawings. These embodiments are not intended to limit the
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disclosure. In the following embodiments, a convex ultra-
sound probe is explained by way of example, but the
disclosure is applicable to common ultrasound probes
including linear and radial ultrasound probes.

[0020] Moreover, like reference symbols are appropriately
assigned to like components or corresponding components
throughout the drawings. Furthermore, it should be noted
that the drawings illustrate schematic forms, and relation-
ship in dimensions among the components, the ratio among
the components, and the like can differ from an actual
situation. Among the drawings also, inconsistency in the
relationship in dimensions or in the ratio can be included.

First Embodiment

[0021] FIG. 1 is a cross-section of an ultrasound probe
according to a first embodiment of the disclosure. As shown
in FIG. 1, an ultrasound probe 1 according to the first
embodiment includes plural piezoelectric devices 2, an
acoustic matching layer 3 that is attached to ultrasound
radiation surfaces (surface of the piezoelectric device 2
positioned at a lower portion on a sheet of FIG. 1) of the
piezoelectric devices 2, a shared ground 4 that is arranged on
a surface of the acoustic matching layer 3 on a side on which
the acoustic matching layer 3 is in contact with the piezo-
electric devices 2 (surface of the acoustic matching layer 3
positioned at an upper portion on the sheet of FIG. 1) so as
to be in contact with the piezoelectric devices 2, a heat
radiation plate 5 serving as a deformation preventing mem-
ber that is arranged in contact with the surface of the
acoustic matching layer 3 on the side on which the acoustic
matching layer 3 is in contact with the piezoelectric devices
2, plural coaxial lines 6 that transmit a signal to the respec-
tive piezoelectric devices 2, a circuit board 7 that is arranged
on an opposite side to the ultrasound radiation surfaces of
the piezoelectric devices 2, and that electrically connects the
piezoelectric devices 2 and the coaxial lines 6, a wire 8 that
electrically connects the piezoelectric devices 2 and the
circuit board 7, a heat conduction path 9 that transfers heat
of the heat radiation plate 5 to the coaxial lines 6, an acoustic
lens 10 that is arranged on an opposite side to the surface of
the acoustic matching layer 3 on the side on which the
acoustic matching layer 3 is in contact with the piezoelectric
devices 2, a casing 11 that is arranged uprightly on the
surface of the acoustic matching layer 3 on a side on which
the acoustic matching layer 3 is in contact with the piezo-
electric devices 2, and a backing material that is arranged on
an opposite side to the ultrasound radiation surfaces of the
piezoelectric devices 2.

[0022] FIG. 2 is a perspective view showing part of the
ultrasound probe shown in FIG. 1. The cross-section taken
along a line A-A in FIG. 2 corresponds to FIG. 1. As shown
in FIG. 2, the piezoelectric devices 2 are aligned to be apart
from one another. To each piezoelectric device 2, the wire 8
(not shown in FIG. 2) shown in FIG. 1 is connected. Each
of the piezoelectric devices 2 converts an electrical pulse
signal to an acoustic pulse to irradiate to a subject, and
converts an ultrasonic echo reflected by the subject into an
electrical echo signal that is expressed by voltage change to
output.

[0023] The acoustic matching layer 3 includes first acous-
tic-matching layers 31, each of which is arranged in contact
with the piezoelectric device 2, and a plate-shaped second
acoustic-matching layer 32 that is in contact with the respec-
tive first acoustic matching layers 31. The first acoustic-
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matching layers 31 and the second acoustic-matching layer
32 match an acoustic impedance of the piezoelectric devices
2 and an acoustic impedance of an object to be observed, for
efficient transmission of sound (ultrasound) between the
piezoelectric devices 2 and the object to be observed. The
first acoustic-matching layers 31 and the second acoustic-
matching layer 32 are made from various kinds of synthetic
resins, such as epoxy resin, and are made from different
materials from each other. In the first embodiment, expla-
nation is given assuming that two kinds of acoustic matching
layers (the first acoustic-matching layers 31 and the second
acoustic-matching layer 32) are provided, but the acoustic
matching layer can be of one layer, or three or more layers
depending on characteristics of the piezoelectric device 2
and an object to be observed.

[0024] The shared ground 4 is made from an electric
conductive resin, is in a continuous form along a direction
of alignment of the piezoelectric devices 2, and is in contact
with the piezoelectric devices 2, the first acoustic-matching
layers 31, and the heat radiation plate 5. The continuous-
formed shared ground 4 can be obtained by filling resin,
after layers corresponding to the first acoustic-matching
layer 31, a shared ground 4, and the piezoelectric devices 2
in a laminated body including the second acoustic-matching
layer 32, the first acoustic-matching layer 31, the shared
ground 4, and the piezoelectric devices 2 are cut to be
separated in the direction of alignment of the piezoelectric
devices 2, and are bent into a predetermined shape, such that
only the shared ground 4 becomes a non-separated form. It
is also applicable that layers corresponding to the first
acoustic-matching layer 31 and the piezoelectric devices 2 in
a laminated body including the second acoustic-matching
layer 32, the first acoustic-matching layer 31, and the
piezoelectric devices 2 are cut, resin is filled to form a
continuous-formed shared ground 4, and it is thereafter bent
into a predetermined shape. Furthermore, the shared ground
4 is grounded to the outside through the heat radiation plate
5, the heat conduction path 9, and the coaxial lines 6.

[0025] The heat radiation plate 5 is arranged to surround
an outer periphery of the piezoelectric device 2, being
separated from the piezoelectric device 2. Moreover, the
heat radiation plate 5 is made from an electric conductive
material. Specifically, the heat radiation plate 5 is made from
metal having superior electric conductivity, heat conductiv-
ity, and rigidity, and is arranged in contact with the shared
ground 4 and the first acoustic-matching layer 31. Further-
more, the acoustic matching layer 3 and the heat radiation
plate 5 are curved at the same curvature. Moreover, to the
heat radiation plate 5, the heat conduction path 9 is con-
nected as shown in FIG. 1.

[0026] The coaxial line 6 includes a signal line 61 that
transmits a signal to each of the piezoelectric devices 2, and
an external conductor 62 that is arranged on an outer
periphery of the signal line 61. In other words, the coaxial
lines 6 in the same quantity as the piezoelectric devices 2 are
connected to the piezoelectric devices 2, respectively. The
signal line 61 and the external conductor 62 are electrically
insulated.

[0027] The circuit board 7 is a printed board including
electrical wirings on both sides in a left and right directions
on the sheet of FIG. 1, and each of the signal lines 61 is
soldered to one end (upper end in FIG. 1) of the circuit board
7, and the wire 8 is soldered to the other end (lower end in
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FIG. 1) of the circuit board 7. As a result, the respective
piezoelectric devices 2 and the respective signal lines 61 are
electrically connected.

[0028] The heat conduction path 9 is connected to the heat
radiation plate 5 and the external conductor 62, and trans-
mits heat of the heat radiation plate 5 to the external
conductor 62. The number of the heat conduction path 9 is
not particularly limited but, for example, two each of the
heat conduction paths 9 are connected to each of the external
conductor 62.

[0029] The acoustic lens 10 covers the first acoustic-
matching layer 31, the second acoustic-matching layer 32,
and the casing 11. The acoustic lens 10 forms an external
surface of the ultrasound probe 1. The acoustic lens 10 is
formed by using silicone, polyethylpentene, epoxy resin,
polyetherimide, or the like, has a convex or concave shape
on one side to have a function of reducing ultrasonic waves,
and emits ultrasonic waves that have passed through the
second acoustic-matching layer 32 to the outside or takes in
an ultrasound echo from the outside. The acoustic lens 10
can be arranged arbitrarily, and a structure without the
acoustic lens 10 is also applicable.

[0030] The backing material 12 is formed by using hard
resin, and is filled in space surrounded by the casing 11.
[0031] The ultrasound probe 1 having the above structure
irradiates ultrasonic waves to an object to be observed
through the first acoustic-matching layer 31, the second
acoustic-matching layer 32, and the acoustic lens 10 by an
vibration of the piezoelectric devices 2 due to an input of a
pulse signal. At this time, in the piezoelectric device 2, on
the opposite side to a side on which the first acoustic-
matching layer 31, the second acoustic-matching layer 32,
and the acoustic lens 10 are arranged, the backing material
12 attenuates unnecessary ultrasonic vibrations from the
piezoelectric devices 2. Moreover, an ultrasound echo
reflected from the object to be observed is transferred to the
piezoelectric devices 2 through the acoustic lens 10, the
second acoustic-matching layer 32, and the first acoustic-
matching layer 31. The piezoelectric devices 2 are caused to
vibrate by the transferred ultrasound echo, and the piezo-
electric devices 2 convert the vibrations into an electrical
echo signal to output to an ultrasound observation device not
shown through the signal line 61 as an echo signal.

[0032] In the ultrasound probe 1, heat inside the ultra-
sound probe 1 is transferred sequentially to the piezoelectric
devices 2, the shared ground 4, the heat radiation plate 5, the
heat conduction path 9, and then the external conductor 62
by the heat radiation plate 5 made from metal, to be radiated
to the outside. Furthermore, in the ultrasound probe 1, the
heat radiation plate 5 is arranged in contact with the first
acoustic-matching layer 31, thereby preventing deformation
of the first acoustic-matching layer 31. Furthermore, the heat
radiation plate 5 also prevents deformation of the second
acoustic-matching layer 32 through the first acoustic-match-
ing layer 31. Therefore, the ultrasound probe 1 according to
the first embodiment is an ultrasound probe enabling to
prevent deterioration of performance of the ultrasound probe
due to heat.

First Modification

[0033] FIG. 3 is a perspective view showing part of an
ultrasound probe according to a first modification of the first
embodiment. As shown in FIG. 3, the ultrasound probe 1
according to the first modification of the first embodiment
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includes two heat radiation plates 5A that extend along the
direction of alignment of the piezoelectric devices 2. To the
heat radiation plates 5A, the heat conduction paths 9 not
shown are respectively connected. As described, a form of
the heat radiation plate is not limited.

Second Modification

[0034] FIG. 4 is a perspective view showing part of an
ultrasound probe according to a second modification of the
first embodiment. As shown in FIG. 4, the ultrasound probe
1 according to the second modification of the first embodi-
ment includes plural heat radiation plates 5B that are
arranged to be in contact with the respective first acoustic-
matching layers 31 in one to one correspondence, separated
one another. To the heat radiation plates 5B, the heat
conduction paths 9 not shown are respectively connected. In
the second modification, heat inside the ultrasound probe 1
is sufficiently radiated by the heat radiation plates 5B. As a
result, in the second modification, increase of temperature
inside the ultrasound probe 1 is suppressed by the heat
radiation plates 5B, thereby preventing deformation of the
first acoustic-matching layer 31.

Third Modification

[0035] FIG. 5 is a perspective view showing part of an
ultrasound probe according to a third modification of the
first embodiment. As shown in FIG. 5, the ultrasound probe
1 according to the third modification of the first embodiment
includes plural heat radiation plates 5Ca that are arranged to
be in contact with the respective first acoustic-matching
layers 31 in one to one correspondence, separated one
another, and a rigid member 5Cb that has a continuous form
along the direction of alignment of the piezoelectric devices
2. In FIG. 5, the rigid member 5Cb is illustrated by a broken
line so that the heat radiation plates 5Ca are more recog-
nizable. To the heat radiation plates 5Ca, the heat conduction
paths 9 not shown are respectively connected. In the third
modification, heat inside the ultrasound probe 1 is radiated
by the heat radiation plates 5Ca. Furthermore, in the third
modification, the rigid member 5Cb prevents deformation of
the first acoustic-matching layer 31 and the second acoustic-
matching layer 32 through the heat radiation plates 5Ca.

Fourth Modification

[0036] FIG. 6 is a perspective view showing part of an
ultrasound probe according to a fourth modification of the
first embodiment. As shown in FIG. 6, the ultrasound probe
1 according to the fourth modification of the first embodi-
ment includes two heat radiation plates 5D in a continuous
form that are arranged in a central portion. To the respective
heat radiation plates 5D, the heat conduction paths 9 not
shown are respectively connected. In the fourth modifica-
tion, heat inside the ultrasound probe 1 is radiated by the
heat radiation plates 5D, and deformation of the first acous-
tic-matching layer 31 and the second acoustic-matching
layer 32 are prevented. As a result, according to the fourth
modification, it is possible to prevent deformation of a
central portion of the first acoustic-matching layer 31, which
is important during observation, and to reduce manufactur-
ing costs because it has a simpler structure than that in the
first embodiment. The structure in which the heat radiation
plates are arranged in a central portion selectively is also
applicable to a linear ultrasound probe.
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Second Embodiment

[0037] FIG. 7 is a perspective view showing part of an
ultrasound probe according to a second embodiment. As
shown in FIG. 7, the ultrasound probe 1 according to the
second embodiment includes a heat radiation plate 105
serving as a deformation preventing member that is arranged
on a surface of the acoustic matching layer 3 (the first
acoustic-matching layer 31) on a side on which the acoustic
matching layer 3 is in contact with the piezoelectric devices
2, in contact with the acoustic matching layer 3 (the first
acoustic-matching layer 31), similarly to the first embodi-
ment. Because other components can be the same as the first
embodiment, explanation is omitted appropriately.

[0038] The heat radiation plate 105 is made from an
electric conductive shape-memory alloy, such as Ni-Ti. The
temperature at which a shape-memory alloy returns to the
original shape (transformation point) can be controlled to a
desired temperature by adjusting the amount of Ni. The heat
radiation plate 105 is set to have the transformation point to
40° C. to 50° C., and the transformation point is included in
a temperature range assumed at a use, heat processing,
cleaning, and the like of the endoscope. When the heat
radiation plate 105 reaches a temperature equal to or higher
than the transformation point, the heat radiation plate 105
transforms to a curved shape having the same curvature as
the acoustic matching layer 3 that has not been deformed
(the original shape).

[0039] According to the second embodiment, when the
temperature inside the ultrasound probe 1 becomes high
temperature that is a temperature equal to or higher than a
transformation point, the heat radiation plate 105 in contact
with the first acoustic-matching layer 31 returns to the
original shape and, therefore, deformation of the first acous-
tic-matching layer 31 and the second acoustic-matching
layer 32 are prevented.

Third Embodiment

[0040] FIG. 8 is a perspective view showing part of an
ultrasound probe according to a third embodiment. As
shown in FIG. 8, the ultrasound probe 1 according to the
third embodiment includes a rigid member 205 serving as a
deformation preventing member that is arranged on a sut-
face of the acoustic matching layer 3 (the first acoustic-
matching layer 31) on a side on which the acoustic matching
layer 3 is in contact with the piezoelectric devices 2, in
contact with the acoustic matching layer 3 (the first acoustic-
matching layer 31), similarly to the first embodiment.
Because other components can be the same as the first
embodiment, explanation is omitted appropriately.

[0041] The rigid member 205 is made from a material
having high rigidity, and a high softening point that it is not
softened at a high temperature of about 40° C. to 50° C.
Specifically, the rigid member 205 is made from ceramic, a
super engineering plastic such as Polyether ether ketone
(PEEK), or the like.

[0042] According to the third embodiment, the rigid mem-
ber 205 in contact with the first acoustic-matching layer 31
prevents deformation of the first acoustic-matching layer 31
and the second acoustic-matching layer 32.

[0043] It can be applied, as the ultrasound probe, to an
ultrasound endoscope that includes an ultrasound transducer
at adistal end portion. The ultrasound transducer converts an
electrical pulse signal received from an ultrasound observa-
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tion device into an ultrasonic pulse (acoustic pulse) to
irradiate to a subject, and converts an ultrasound echo
reflected from the subject into an electrical echo signal
expressed by voltage change to output. The ultrasound
endoscope normally includes an imaging optical system and
an imaging device, is inserted into a digestive canal (the
esophagus, the stomach, the duodenum, the large intestine)
or a respiratory organ (the trachea, the bronchus) of the
subject, and is capable of imaging a digestive canal or a
respiratory organ.

[0044] Moreover, as the ultrasound probe, a thin ultra-
sound miniature probe without an optical system can be
applied. The ultrasound miniature probe is usually inserted
into the biliary tract, the biliary duct, the pancreatic duct, the
trachea, the bronchus, the urethra, or the ureter, and used to
observe the peripheral organs (the pancreas, the lungs, the
prostate, the bladder, a lymph node, and the like).

[0045] Moreover, as the ultrasound probe, an external
ultrasound probe that irradiates ultrasonic waves from a
body surface of a subject can be applied. The external
ultrasound probe is usually used to observe abdominal
organs (the liver, the gallbladder, the bladder), the breast
(particularly, mammary glands), and the thyroid.

[0046] According to the disclosure, an ultrasound probe
and an ultrasound endoscope in which deterioration of
performance of the ultrasound probe due to heat are sup-
pressed can be obtained.

[0047] Additional advantages and modifications will read-
ily occur to those skilled in the art. Therefore, the disclosure
in its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. An ultrasound probe comprising:

a casing;

a plurality of piezoelectric devices that are arranged inside
the casing;

an acoustic matching layer that is attached to ultrasound
radiation surfaces of the piezoelectric devices;

a shared ground that is arranged on a surface of the
acoustic matching layer, on a side on which the acoustic
matching layer is in contact with the piezoelectric
devices, to allow at least a part of the shared ground to
come in contact with the piezoelectric devices;

a deformation preventing member that is arranged in
contact with the surface of the acoustic matching layer
to surround an outer periphery of the piezoelectric
devices and to be separated from the piezoelectric
devices;

a coaxial line configured to transmit a signal to each of the
piezoelectric devices; and

a circuit board that is arranged on an opposite side to the
ultrasound radiation surfaces of the piezoelectric
devices, the circuit board being configured to electri-
cally connect the piezoelectric devices and the coaxial
line.

2. The ultrasound probe according to claim 1, wherein the
deformation preventing material is made from a material
having electric conductivity, and is arranged in contact with
the shared ground, and
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the axial line includes a signal line configured to transmit
the signal to each of the piezoelectric devices, and an
external conductor that is arranged on an outer periph-
ery of the signal line,

the ultrasound probe further comprising

a heat conduction path configured to transfer heat of the
deformation preventing material to the external con-
ductor by connecting the deformation preventing mate-
rial and the external conductor with each other.

3. The ultrasound probe according to claim 2, wherein

the deformation preventing material is made from a
shape-memory alloy.

4. The ultrasound probe according to claim 1, wherein
the acoustic matching layer and the deformation prevent-
ing material are curved with an identical curvature.

5. An ultrasound endoscope comprising:

an imaging optical system to image a subject;

a casing;

aplurality of piezoelectric devices that are arranged inside
the casing;
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an acoustic matching layer that is attached to ultrasound
radiation surfaces of the piezoelectric devices;

a shared ground that is arranged on a surface of the
acoustic matching layer, on a side on which the acoustic
matching layer is in contact with the piezoelectric
devices, to allow at least a part of the shared ground to
come contact with the piezoelectric devices;

a deformation preventing member that is arranged in
contact with the surface of the acoustic matching layer
to surround an outer periphery of the piezoelectric
devices and to be separated from the piezoelectric
devices;

a coaxial line configured to transmit a signal to each of the
piezoelectric devices; and

a circuit board that is arranged on an opposite side to the
ultrasound radiation surfaces of the piezoelectric
devices, the circuit board being configured to electri-
cally connect the piezoelectric devices and the coaxial
line.



patsnap

TREMOF) BERLAMESARE
[F(RE)E US20190142376A1 K (aH)A 2019-05-16
RiES US16/248956 RiEH 2019-01-16

HRIFRE(ERR)A(GE) BRMBHKN S
B (T M) A(F) OLYMPUS CORPORATION

LETEHIB(ERR)A(E) OLYMPUS CORPORATION

[#R]REAA SATO SUNAO

KREBA SATO, SUNAO

IPCHE& A61B8/00 A61B8/12

CPCH¥%k= A61B8/445 A61B8/546 A61B8/12 A61B8/14
i £ 2016141615 2016-07-19 JP

SAEBEE Espacenet USPTO

BEF)

BERLEE AR SIMEBREE  REEREANFLEER , HNET
ERXENEFRFREAAEL, FEEFCRENREL , AW
HRAZMNED —Bo SEBREZM TR ENG , HABRESELT
ERHNREZEM  UEREERRENABHEERRED B RHML W
EENFESEAISMNERRE URBEER  EHhEEERRENE
FRERENMENN , EEREEEN BEZREBRENRML.

N
N N

S



https://share-analytics.zhihuiya.com/view/14244f8d-def9-4796-ae7d-939269a2948c
https://worldwide.espacenet.com/patent/search/family/060992240/publication/US2019142376A1?q=US2019142376A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190142376%22.PGNR.&OS=DN/20190142376&RS=DN/20190142376

