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(57) ABSTRACT

Each of all ultrasound transducers constituting an ultrasound
transducer group of an ultrasound transmitting/receiving
portion is connected to a circuit board via electrical wiring
so that all the ultrasound transducers can transmit/receive
ultrasound. Therefore, even if a second ultrasound trans-
ducer group which causes ultrasound to be reflected in a
housing occurs due to a shape (inclination and an amount of
projection), influence and the like of an outer circumferential
portion of an opening portion of the housing, a first ultra-
sound transducer group capable of emitting ultrasound from
the opening portion is appropriately secured.
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ULTRASOUND ENDOSCOPE, ULTRASOUND
OBSERVATION APPARATUS AND
ULTRASOUND ENDOSCOPE SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2015/056777 filed on Mar. 9, 2015 and claims ben-
efit of Japanese Application No. 2014-166002 filed in Japan
on Aug. 18, 2014, the entire contents of which are incorpo-
rated herein by this reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasound
endoscope which contains an ultrasound transducer in a
housing provided at a distal end portion of an insertion
portion to perform observation by ultrasound, an ultrasound
observation apparatus and ultrasound endoscope system.

[0004] 2. Description of the Related Art

[0005] Conventionally, an ultrasound endoscope provided
with an ultrasound transmitting/receiving portion at a distal
end portion of an elongated endoscope insertion portion and
configured to acquire an ultrasonogram of an inside of a
subject by transmitting/receiving ultrasound with the subject
as a target has been widely used in a medical field and the
like. Recently, downsizing, higher resolution and higher
functionality have been required for such an ultrasound
endoscope also. For example, in Japanese Patent Application
Laid-Open Publication No. 2007-307289, an acoustic lens
including a first lens portion covering a first ultrasound
transducer and a second lens portion covering a second
ultrasound transducer is provided. A technique of an ultra-
sound endoscope is disclosed in which the second lens
portion is provided adjoining a treatment instrument guid-
ing-out portion and is formed thicker than the first lens
portion so as to be in contact with a side portion of a
treatment instrument when the treatment instrument is
guided out from the treatment instrument guiding-out por-
tion, in order that a puncture treatment instrument is cet-
tainly detected.

SUMMARY OF THE INVENTION

[0006] An ultrasound endoscope according to an aspect of
the present invention includes: a housing in which an
opening portion is formed; an ultrasound transmitting/re-
ceiving portion including a first ultrasound transducer group
including at least one ultrasound transducer and causing a
transmission wave to be emitted from the opening portion
and a second ultrasound transducer group including at least
one ultrasound transducer and causing a transmission wave
to be reflected in the housing; and wiring connecting to each
of ultrasound transducers constituting the first ultrasound
transducer group and ultrasound transducers constituting the
second ultrasound transducer group.

[0007] Further, an ultrasound observation apparatus
according to an aspect of the present invention includes: the
ultrasound endoscope described above; a connection portion
electrically connecting to the wiring of the ultrasound endo-
scope; and a control portion connecting to the connection
portion and configured to select the first ultrasound trans-
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ducer group from the ultrasound transmitting/receiving por-
tion of the ultrasound endoscope and drive only the first
ultrasound transducer group.

[0008] Further, an ultrasound endoscope system according
to an aspect of the present invention includes: a housing on
which an opening portion is formed; an ultrasound trans-
mitting/receiving portion comprising a first ultrasound trans-
ducer group comprising at least one ultrasound transducer
and causing a transmission wave to be emitted from the
opening portion and a second ultrasound transducer group
comprising at least one ultrasound transducer and causing a
transmission wave to be reflected in the housing; wiring
connecting to each of ultrasound transducers constituting the
first ultrasound transducer group and ultrasound transducers
constituting the second ultrasound transducer group; and a
transmission/reception control portion connected to the
ultrasound transmitting/receiving portion via the wiring and
configured to detect reflection in the housing, determine the
second ultrasound transducer group based on a detection
result and perform control so as to drive the first ultrasound
transducer group that is not included in the second ultra-
sound transducer group.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a diagram illustrating a configuration of
an ultrasound observation apparatus according to a first
embodiment of the present invention;

[0010] FIG. 2 is a cross-sectional view of an ultrasound
transmitting/receiving portion and a housing of an ultra-
sound endoscope according to the first embodiment of the
present invention;

[0011] FIG. 3 is a cross-sectional view showing a state that
an acoustic lens portion is removed from the ultrasound
transmitting/receiving portion of the ultrasound endoscope
according to the first embodiment of the present invention;

[0012] FIG. 4 is an enlarged view of an A portion in FIG.
2
[0013] FIG. 5 is a cross-sectional view of an ultrasound

transmitting/receiving portion and a housing of an ultra-
sound endoscope according to a second embodiment of the
present invention;

[0014] FIG. 6 is a cross-sectional view showing a state that
an acoustic lens portion and protecting portions are removed
from the ultrasound transmitting/receiving portion of the
ultrasound endoscope according to the second embodiment
of the present invention;

[0015] FIG. 7 is an enlarged view of the A portion in FIG.
2: and
[0016] FIG. 8 is a functional block diagram of an ultra-

sound observation control apparatus according to a third
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)

[0017] A first embodiment of the present invention will be
described below based on drawings.

First Embodiment

[0018] FIGS. 1 to 4 show the first embodiment of the
present invention. In FIG. 1, reference numeral 1 denotes an
ultrasound observation apparatus. Schematically, the ultra-
sound observation apparatus 1 is an apparatus for obtaining
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an ultrasonogram (B-mode image) of a predetermined site in
a subject by electronically scanning an inside of the subject
with ultrasound beam.

[0019] The ultrasound observation apparatus 1 has a form
of a so-called ultrasound endoscope configured to perform
ultrasound beam scanning in a subject. Note that the form of
the ultrasound observation apparatus 1 is not limited to the
ultrasound endoscope but may be a form of an ultrasound
probe configured to be introduced into a subject via a
conduit of an endoscope or a form of performing ultrasound
beam scanning toward an inside of a subject from outside of
the subject.

[0020] The ultrasound observation apparatus 1 is config-
ured mainly with an ultrasound endoscope 2, an ultrasound
observation control apparatus 3 and a monitor 4.

[0021] The ultrasound endoscope 2 is configured having
an elongated insertion portion 10 configured to be inserted
into a body, an operation portion 20 connectedly arranged at
a proximal end of the insertion portion 10, and a universal
cord 30 extending from a side portion of the operation
portion 20.

[0022] A proximal end portion of the universal cord 30 is
provided with a connector 31 to which a light source
apparatus (not shown) is connected. From the connector 31,
a cable 32 connected to a camera control unit (not shown)
via a connector 32a and an ultrasound cable 33 attachably
and detachably connected to the ultrasound observation
control apparatus 3 via a connector 33a are extended. To the
ultrasound endoscope 2, the ultrasound observation control
apparatus 3 is connected via the connector 33a, and, fur-
thermore, the monitor 4 is connected via the ultrasound
observation control apparatus 3.

[0023] The insertion portion 10 of the ultrasound endo-
scope 2 is configured mainly with a distal end rigid portion
11, a bending portion 12 positioned at a rear end of the distal
end rigid portion 11, and a long flexible tube portion 13 with
a small diameter and flexibility positioned at a rear end of
the bending portion 12 and leading to the operation portion
20, which are connectedly arranged from a distal end side in
that order.

[0024] Further, in addition to an ultrasound transmitting/
receiving portion 14 for transmitting/receiving ultrasound,
which is described in detail later, the distal end rigid portion
11 of the insertion portion 10 is provided with an image
pickup apparatus and an illumination apparatus for picking
up an optical image, which are not shown, a treatment
instrument insertion port 17 (see FIG. 2) for causing a
treatment instrument to project, and the like.

[0025] The operation portion 20 of the ultrasound endo-
scope 2 is provided with an angle operation knob 15 for
operating bending of the bending portion 12. Further, the
operation portion 20 is provided with switches such as an
air/water feeding button 16 for controlling an operation of
sending out fluid from a fluid sending-out portion provided
on the distal end rigid portion 11 and a suction button 18 for
controlling an operation of suction from the treatment instru-
ment insertion port 17.

[0026] The universal cord 30 of the ultrasound endoscope
2 is such that light emitted from the light source apparatus
is transmitted through an optical fiber cable inserted in the
universal cord 30, the operation portion 20 and the insertion
portion 10 and emitted from the illumination apparatus of
the distal end rigid portion 11. Note that the ultrasound
endoscope 2 may be in a configuration in which the illumi-
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nation apparatus arranged on the distal end rigid portion 11
is provided with the light source apparatus such as an LED.
The camera control unit is configured with an apparatus
configured to output an image picked up by the image
pickup apparatus provided on the distal end rigid portion 11
to the monitor 4.

[0027] Further, the ultrasound observation control appa-
ratus 3 is an apparatus configured to control an ultrasound
transmitting/receiving operation by the ultrasound transmit-
ting/receiving portion 14, generate an ultrasonogram and
output the ultrasonogram to the monitor 4. Note that the
ultrasound observation apparatus 1 may be configured with-
out the ultrasound observation control apparatus 3 and the
monitor 4.

[0028] Next, a configuration of a part where the ultrasound
transmitting/receiving portion 14 of the ultrasound observa-
tion apparatus 1 is arranged will be described. The ultra-
sound transmitting/receiving portion 14 is contained and
held in a housing 41 and fixed to the distal end rigid portion
11 of the insertion portion 10 via the housing 41.

[0029] An opening portion 42 is formed on the housing 41,
and the ultrasound transmitting/receiving portion 14 is con-
figured so as to transmit/receive ultrasound in an ultrasound
transmitting/receiving area 43a which is a predetermined
area in an ultrasound transmitting/receiving face 43 of the
opening portion 42.

[0030] A proximal end side area on an outer side of the
ultrasound transmitting/receiving area 43a is an ultrasound
non-transmitting/receiving area 435. That is, an outer cir-
cumferential portion 42a on a proximal end side of the
opening portion 42 of the housing 41 is extended in an
inclined shape interfering with an angle of a direction in
which ultrasound transducers of an ultrasound transducer
group 48 constituting an electroacoustic conversion portion
45 1o be described later vibrate. Therefore, ultrasound trans-
mission/reception is not performed on a part of the ultra-
sound transmitting/receiving face 43 overlapping with the
outer circumferential portion 42a of the opening portion 42
(the ultrasound non-transmitting/receiving area 43b4), and
the part is an area where transmitted ultrasound beam is
reflected in the housing 41.

[0031] The ultrasound transmitting/receiving face 43 is a
part of a surface of the ultrasound transmitting/receiving
portion 14. Though a shape of the ultrasound transmitting/
receiving face 43 is not especially limited, the ultrasound
transmitting/receiving portion 14 is, in the present embodi-
ment, configured having the ultrasound transmitting/receiv-
ing face 43 constituted by a curved face forming an outward
convex shape as shown in FIG. 2 as an example.

[0032] FIG. 3 shows a state that an acoustic lens portion
44 to be described in detail later, which is to be arranged on
the ultrasound transmitting/receiving face 43, is removed in
order to cause the ultrasound transmitting/receiving area 43a
and the ultrasound non-transmitting/receiving area 4346 of
the ultrasound transmitting/receiving face 43 to be easily
recognized.

[0033] Note that, as for directions along a normal line of
the ultrasound transmitting/receiving face 43, a direction the
ultrasound transmitting/receiving face 43 faces will be
referred to as an outer side, and a direction opposite to the
direction the ultrasound transmitting/receiving face 43 faces
will be referred to as an inner side in the description below.
[0034] More specifically, the ultrasound transmitting/re-
ceiving face 43 has a shape of a substantially cylindrical
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face. The ultrasound transmitting/receiving face 43 is an
area within a predetermined angle range in a circumferential
direction in the ultrasound transmitting/receiving face 43 in
the substantially cylindrical face shape, and the ultrasound
non-transmitting/receiving area 435 is an area which con-
tinues from an outer circumferential end face of the opening
portion 42 to the ultrasound transmitting/receiving area 43a.

[0035] The ultrasound transmitting/receiving portion 14 is
capable of transmitting/receiving ultrasound beam in the
direction along the normal line of the ultrasound transmit-
ting/receiving face 43 (a diameter direction) within the
ultrasound transmitting/receiving area 43a and configured
so that ultrasound beam scanning can be performed in the
circumferential direction of the ultrasound transmitting/
receiving face 43. Further, in the ultrasound non-transmit-
ting/receiving area 43b, transmitted ultrasound beam is
reflected in the housing 41. That is, the ultrasound transmit-
ting/receiving portion 14 of the present embodiment has a
configuration in which ultrasound beam scanning is pet-
formed in a substantially arc shape. Such an ultrasound
beam scanning form is generally referred to as electronic
convex scanning. Note that the shape of the ultrasound
transmitting/receiving face 43 may be such that is consti-
tuted by a plurality of curved faces having different curva-
tures or may be constituted by one or more planes. Further,
the form of ultrasound beam scanning by the ultrasound
transmitting/receiving portion 14 is not limited to the present
embodiment.

[0036] The ultrasound transmitting/receiving portion 14 is
configured having the electroacoustic conversion portion 45,
backing material 46 and an acoustic matching layer 47.

[0037] The electroacoustic conversion portion 45 has a
configuration for mutually converting an electrical signal
and ultrasound. Though the configuration of the electroa-
coustic conversion portion 45 is not especially limited if it
is possible to mutually convert an electrical signal and
ultrasound, for example, a piezoelectric element or an elec-
trostrictive element made of piezoelectric ceramics or the
like, or a micromachined ultrasonic transducer (MUT) can
be applied.

[0038] In the present embodiment, the electroacoustic
conversion portion 45 is configured with the ultrasound
transducer group 48 constituted by a plurality of piezoelec-
tric elements (ultrasound transducers) arrayed in a substan-
tially arc shape along the ultrasound transmitting/receiving
face 43 on a more inner side of the ultrasound transmitting/
receiving face 43, as an example.

[0039] Each of the ultrasound transducers constituting the
ultrasound transducer group 48 is arranged so as to vibrate
in the normal line direction (the diameter direction) of the
ultrasound transmitting/receiving face 43. Further, each of
the ultrasound transducers constituting the ultrasound trans-
ducer group 48 is arranged within a substantially same range
as the ultrasound transmitting/receiving face 43 on a more
inner side of the ultrasound transmitting/receiving face 43.

[0040] Each of all the ultrasound transducers constituting
the ultrasound transducer group 48 is connected to a circuit
board 49 via electrical wiring 50. Driving wiring is collected
to a cable unit 51 via the circuit board 49, inserted through
the ultrasound cable 33 and connected to the connector 33a.
Therefore, all the ultrasound transducers constituting the
ultrasound transducer group 48 can transmit/receive ultra-
sound beam.
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[0041] As shown in FIG. 4, the ultrasound transducer
group 48 is configured with a first ultrasound transducer
group 48a positioned on a back side of the ultrasound
transmitting/receiving area 43¢ of the ultrasound transmit-
ting/receiving face 43 and configured so that an ultrasound
beam transmission wave is emitted from the opening portion
42 of the housing 41, and a second ultrasound transducer
group 485 positioned on a back side of the ultrasound
non-transmitting/receiving area 434 of the ultrasound trans-
mitting/receiving face 43 and configured so that an ultra-
sound beam transmission wave is reflected in the housing
41.

[0042] As described above, the backing material 46 is
arranged on an inner side of the electroacoustic conversion
portion 45 configured with the ultrasound transducer group
48. The backing material 46 is a member configured to
absorb ultrasound radiated from the electroacoustic conver-
sion portion 45 toward the inner side and ultrasound from
the inner side toward the electroacoustic conversion portion
45. Therefore, in the present embodiment, transmission/
reception of ultrasound by the electroacoustic conversion
portion 45 is performed only toward an outer side of the
normal line direction of the ultrasound transmitting/receiv-
ing face 43.

[0043] The acoustic matching layer 47 is a member in a
substantially plate shape arranged on an outer side of the
electroacoustic conversion portion 45 and is configured to
transmit ultrasound transmitted/received by the electroa-
coustic conversion portion 45. The acoustic matching layer
47 is for reducing a difference between acoustic impedances
of the electroacoustic conversion portion 45 and the acoustic
lens portion 44 to be described later. Note that the acoustic
matching layer 47 may be in a configuration in which a
plurality of layers having different densities are laminated.

[0044] The acoustic matching layer 47 is arranged so as to
cover at least the whole outer side of the electroacoustic
conversion portion 45. The acoustic matching layer 47 is a
member arranged on a most outer side of the ultrasound
transmitting/receiving portion 14 of the present embodi-
ment. That is, the ultrasound transmitting/receiving face 43
of the ultrasound transmitting/receiving portion 14 is a main
face of the outer side of the acoustic matching layer 47.
Further, the ultrasound transmitting/receiving area 43a is an
area where ultrasound transmitted/received by the electroa-
coustic conversion portion 45 passes through within the face
on the outer side of the acoustic matching layer 47.

[0045] On the ultrasound transmitting/receiving face 43 of
the ultrasound transmitting/receiving portion 14 having the
configuration as described above, the acoustic lens portion
44 is arranged. The acoustic lens portion 44 is for causing
ultrasound beam transmitted by the ultrasound transmitting/
receiving portion 14 to converge.

[0046] Material constituting the acoustic lens portion 44 is
not especially limited and is determined in consideration of
a density appropriate for acoustic impedance matching with
a subject, chemical resistance and the like. In the present
embodiment, since a subject is a living body such as a
human body, the acoustic lens portion 44 is configured with
silicone resin as an example.

[0047] Note that a shape of a section of the acoustic lens
portion 44 is determined according to a density of material
constituting the acoustic lens portion 44, a wavelength of
ultrasound the ultrasound transmitting/receiving portion 14
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transmits, a width of the ultrasound transmitting/receiving
face 43, a distance for convergence, and the like and is not
especially limited.

[0048] When seen from the outer side of the normal line
direction of the ultrasound transmitting/receiving face 43,
the acoustic lens portion 44 has such an external form that
covers at least the entire ultrasound transmitting/receiving
area 43a. In the present embodiment, when seen from the
outer side of the normal line direction of the ultrasound
transmitting/receiving face 43, the acoustic lens portion 44
extends over a circumference of the ultrasound transmitting/
receiving area 43a, and the ultrasound transmitting/receiv-
ing face 43 extends over a circumference of the acoustic lens
portion 44, as an example. Note that, in the present embodi-
ment, when seen from the outer side of the normal line
direction of the ultrasound transmitting/receiving face 43, a
distal end side of the acoustic lens portion 44 is formed,
substantially corresponding to the ultrasound transmitting/
receiving area 43a. The acoustic lens portion 44 is fixed on
the ultrasound transmitting/receiving face 43, which is an
outer surface of the acoustic matching layer 47, for example,
with silicone-based adhesive.

[0049] The ultrasound transmitting/receiving portion 14,
the acoustic lens portion 44 and the like having the con-
figurations described above are contained and held in a
recess portion 52 of the housing 41, and the housing 41 is
fixed to the distal end rigid portion 11. The driving wiring
from the circuit board 49 contained in the recess portion 52
of the housing 41 is collected to the cable unit 51, passes
through the housing 41, passes through a hole 53 opened in
the recess portion 52 and the distal end rigid portion 11, is
inserted inside a hole 54 causing the bending portion 12 and
the hole 53 to communicate with each other, is inserted in
the ultrasound cable 33 and is connected to the connector
33a.

[0050] Thus, according to the first embodiment of the
present invention, a configuration is adopted in which each
of all the ultrasound transducers constituting the ultrasound
transducer group 48 is connected to the circuit board 49 via
the electrical wiring 50 so that all the ultrasound transducers
can transmit/receive ultrasound. Therefore, even if the sec-
ond ultrasound transducer group 486 which causes ultra-
sound to be reflected in the housing 41 occurs due to a shape
(inclination and an amount of projection), influence and the
like of the outer circumferential portion 42a of the opening
portion 42 of the housing 41, the first ultrasound transducer
group 48a capable of emitting ultrasound from the opening
portion 42 can be appropriately secured. Therefore, careful
positioning, formation of a fitting portion or the like in
consideration of the shape (inclination and the amount of
projection), the influence and the like of the outer circum-
ferential portion 42a of the opening portion 42 of the
housing 41 are not required. Therefore, it is possible to
easily and accurately form the ultrasound transmitting/re-
ceiving portion 14, and it becomes possible to easily realize
downsizing, high resolution and high functionality of an
ultrasound endoscope.

[0051] Note that, though description has been made on the
example in which the second ultrasound transducer group
485 which causes ultrasound to be reflected in the housing
41 is positioned on the proximal end side of the opening
portion 42 of the housing 41 in the present first embodiment,
the second ultrasound transducer group 485 may be posi-
tioned on a distal end side of the opening portion 42 of the
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housing 41 or may be positioned on both of the distal end
side and the proximal end side.

Second Embodiment

[0052] Next, FIGS. 5 to 7 show a second embodiment.
Note that the second embodiment is different from the first
embodiment in that a configuration is adopted in which
protecting portions are provided on an outer circumferential
portion of the housing of the ultrasound transmitting/receiv-
ing portion of the ultrasound endoscope of the first embodi-
ment, and the second ultrasound transducer group is set by
the protecting portion. Since other components are the same
as the components in the first embodiment, the same com-
ponents will be given the same reference numerals, and
description of the components will be omitted.

[0053] A configuration of a part where an ultrasound
transmitting/receiving portion 60 according to the second
embodiment is arranged will be described. The ultrasound
transmitting/receiving portion 60 is contained and held in a
housing 61 and fixed to the distal end rigid portion 11 via the
housing 61.

[0054] An opening portion 62 is formed on the housing 61,
and the ultrasound transmitting/receiving portion 60 is con-
figured so as to transmit/receive ultrasound in an ultrasound
transmitting/receiving area 63a which is a predetermined
area in an ultrasound transmitting/receiving face 63 of the
opening portion 62.

[0055] A distal end side area and a proximal end side area
on an outer side of the ultrasound transmitting/receiving area
63a are ultrasound non-transmitting/receiving areas 635 as
described later. That is, the distal end side area and the
proximal end side area on the outer side of the ultrasound
transmitting/receiving area 63a are covered with protecting
portions 64, respectively, as described in detail later. There-
fore, ultrasound transmission/reception is not performed on
parts of the ultrasound transmitting/receiving face 63 over-
lapping with the protecting portions 64 (the ultrasound
non-transmitting/receiving areas 63b), and the parts are
areas where transmitted ultrasound beam is reflected in the
housing 61.

[0056] The ultrasound transmitting/receiving face 63 is a
part of a surface of the ultrasound transmitting/receiving
portion 60. Though a shape of the ultrasound transmitting/
receiving face 63 is not especially limited, the ultrasound
transmitting/receiving portion 60 is, in the present embodi-
ment, configured having the ultrasound transmitting/receiv-
ing face 63 constituted by a curved face forming an outward
convex shape as shown in FIG. 5 as an example, similarly
to the first embodiment.

[0057] FIG. 6 shows a state that an acoustic lens portion
65 and the protecting portions 64 to be described in detail
later, which are arranged on the ultrasound transmitting/
receiving face 63, are removed in order to cause the ultra-
sound transmitting/receiving area 63a and the ultrasound
non-transmitting/receiving areas 635 of the ultrasound trans-
mitting/receiving face 63 to be easily recognized.

[0058] Note that, as for a direction along a normal line of
the ultrasound transmitting/receiving face 63, a direction the
ultrasound transmitting/receiving face 63 faces will be
referred to as an outer side, and a direction opposite to the
direction the ultrasound transmitting/receiving face 63 faces
will be referred to as an inner side in the description below.
[0059] More specifically, the ultrasound transmitting/re-
ceiving face 63 has a shape of a substantially cylindrical
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face. The ultrasound transmitting/receiving area 63a is an
area within a predetermined angle range in a circumferential
direction in the ultrasound transmitting/receiving face 63 in
the substantially cylindrical face shape. The ultrasound
transmitting/receiving area 63a is smaller than the ultra-
sound transmitting/receiving face 63 and formed at a center
of the ultrasound transmitting/receiving face 63. On both
end sides of the ultrasound transmitting/receiving area 63a,
the ultrasound non-transmitting/receiving areas 635 are
formed.

[0060] The ultrasound transmitting/receiving portion 60 is
capable of transmitting ultrasound beam in the direction
along the normal line of the ultrasound transmitting/receiv-
ing face 63 (a diameter direction) within the ultrasound
transmitting/receiving area 63a and configured so that ultra-
sound beam scanning can be performed in the circumferen-
tial direction of the ultrasound transmitting/receiving face
63, and the ultrasound transmitting/receiving portion 60 is
such that electronic convex scanning similar to that of the
first embodiment is performed. Note that the shape of the
ultrasound transmitting/receiving face 63 may be such that
is constituted by a plurality of curved faces having different
curvatures or may be constituted by one or more planes.
Further, the form of ultrasound beam scanning by the
ultrasound transmitting/receiving portion 60 is not limited to
that of the present embodiment.

[0061] The ultrasound transmitting/receiving portion 60 is
configured having an electroacoustic conversion portion 66,
backing material 67 and an acoustic matching layer 68.

[0062] The electroacoustic conversion portion 66 is simi-
lar to the electroacoustic conversion portion of the first
embodiment and is configured with an ultrasound transducer
group 69 constituted by a plurality of piezoelectric elements
(ultrasound transducers) arrayed in a substantially arc shape
along the ultrasound transmitting/receiving face 63 on a
more inner side of the ultrasound transmitting/receiving face
63.

[0063] Each of the ultrasound transducers constituting the
ultrasound transducer group 69 is arranged so as to vibrate
in the normal line direction (the diameter direction) of the
ultrasound transmitting/receiving face 63. Further, each of
the ultrasound transducers constituting the ultrasound trans-
ducer group 69 is arranged within a substantially same range
as the ultrasound transmitting/receiving face 63 on a more
inner side of the ultrasound transmitting/receiving face 63.

[0064] Each of all the ultrasound transducers constituting
the ultrasound transducer group 69 is connected to the
circuit board 49 via the electrical wiring 50. Driving wiring
is collected to the cable unit 51 via the circuit board 49,
inserted through the ultrasound cable 33 and connected to
the connector 33a. Therefore, all the ultrasound transducers
constituting the ultrasound transducer group 69 can transmit/
receive ultrasound beam.

[0065] The ultrasound transducer group 69 is configured
with a first ultrasound transducer group 69a positioned on a
back side of the ultrasound transmitting/receiving area 63a
of the ultrasound transmitting/receiving face 63 and config-
ured so that an ultrasound beam transmission wave is
emitted from the opening portion 62 of the housing 61, and
a second ultrasound transducer group 694 positioned on the
back side of the ultrasound non-transmitting/receiving areas
634 of the ultrasound transmitting/receiving face 63, which
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are covered with the protecting portions 64, and configured
so that an ultrasound beam transmission wave is reflected in
the housing 61.

[0066] As described above, the backing material 67 is
arranged on an inner side of the electroacoustic conversion
portion 66 configured with the ultrasound transducer group
69. Since the backing material 67 is similar to the backing
material of the first embodiment, description will be omitted.
Further, since the acoustic matching layer 68 provided so as
to cover the electroacoustic conversion portion 66 is also
similar to the acoustic matching layer of the first embodi-
ment, description will be omitted.

[0067] On the ultrasound transmitting/receiving face 63 of
the ultrasound transmitting/receiving portion 60 having the
configuration as described above, the acoustic lens portion
65 configured to cause ultrasound beam to converge, which
is similar to the acoustic lens portion of the first embodi-
ment, is arranged, and both end portions of the acoustic
matching layer 68 are extended in an outer circumferential
direction more than both end portions of acoustic lens
portion 65.

[0068] The acoustic lens portion 65 is fixed on the ultra-
sound transmitting/receiving face 63, which is an outer
surface of the acoustic matching layer 68 with first adhesive.
Though a kind of the first adhesive is not especially limited,
for example, silicone-based adhesive is used.

[0069] A pair of protecting portions 64 is arranged on
outer side faces of both end portions of the acoustic match-
ing layer 68. Further, the pair of protecting portions 64 is in
contact with both end portions of the acoustic lens portion
65, and extends toward a more outer side than the end
portion of the acoustic matching layer 68 when seen from
the outer side of the normal line direction of the ultrasound
transmitting/receiving face 63. That is, the protecting por-
tions 64 are arranged so as to cover an outer circumferential
portion, which is an area not covered with the acoustic lens
portion 65 of the ultrasound transmitting/receiving face 63,
and extend in an outer circumferential direction more than
the ultrasound transmitting/receiving face 63.

[0070] The protecting portions 64 are bonded to both of an
outer circumferential portion of the acoustic matching layer
68 and the end portions of the acoustic lens portion 65 with
second adhesive. Here, kinds of material constituting the
protecting portions 64 and the second adhesive are selected
so that adhesion strength per unit area between the acoustic
matching layer 68 and the protecting portions 64 by the
second adhesive is higher than adhesion strength per unit
area between the acoustic matching layer 68 and the acoustic
lens portion 65 by the first adhesive.

[0071] In the present embodiment, the acoustic lens por-
tion 65 is made of silicone resin, and silicone-based adhesive
is used as the first adhesive for bonding the acoustic match-
ing layer 68 and the acoustic lens portion 65 to each other
as an example. Therefore, if the protecting portions 64 are
configured with so-called engineering plastic, for example,
polyimide, polyamide or polysulphone, and epoxy-based
adhesive is used as the second adhesive, the adhesion
strength per unit area between the acoustic matching layer
68 and the protecting portions 64 by the second adhesive is
higher than the adhesion strength per unit area between the
acoustic lens portion 65 and the acoustic matching layer 68
by the first adhesive.

[0072] Further, affinity of surfaces of the end portions of
the acoustic lens portion 65 to be bonded to the protecting
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portions 64 for the second adhesive has been increased by
chemical treatment. Here, though a method for the chemical
treatment for increasing the adhesion affinity between the
acoustic lens portion 65 and the second adhesive is not
especially limited, well-known techniques, for example,
plasma treatment, ion beam treatment or treatment by acid
can be applied.

[0073] The silicone resin constituting the acoustic lens
portion 65 is generally a member with a low affinity for
adhesive and a relatively low adhesion strength. However,
by performing treatment for increasing the adhesion affinity
between the acoustic lens portion 65 and the second adhe-
sive, adhesion strength between the acoustic lens portion 65
and the protecting portions 64 can be increased, and detach-
ment between the acoustic lens portion 65 and the protecting
portions 64 can be prevented.

[0074] The ultrasound transmitting/receiving portion 60,
the acoustic lens portion 65, the protecting portions 64 and
the like having the configurations described above are
contained and held in a recess portion 71 of the housing 61,
and the housing 61 is fixed to the distal end rigid portion 11.
The driving wiring from the circuit board 49 contained in the
recess portion 71 of the housing 61 is collected to the cable
unit 51, passes through the housing 61, passes through a hole
72 opened in the recess portion 71 and the distal end rigid
portion 11, is inserted inside a hole 73 causing the bending
portion 12 and the hole 72 to communicate with each other,
is inserted in the ultrasound cable 33 and connected to the
connector 33a.

[0075] As described above, the ultrasound endoscope 2
according to the present second embodiment includes the
ultrasound transmitting/receiving portion 60 configured to
transmit/receive ultrasound on the ultrasound transmitting/
receiving face 63, the housing 61 configured to hold the
ultrasound transmitting/receiving portion 60 so that the
ultrasound transmitting/receiving face 63 is exposed, and the
acoustic lens portion 65 bonded on the ultrasound transmit-
ting/receiving face 63 so as to cover the ultrasound trans-
mitting/receiving area 63a. The ultrasound endoscope 2 is
configured, further having the protecting portions 64 con-
figured to cover the outer circumferential portion of the
ultrasound transmitting/receiving face 63 which is not cov-
ered with the acoustic lens portion 65, arranged so as to
extend in the outer circumferential direction more than the
ultrasound transmitting/receiving face 63, and bonded on the
acoustic lens portion 65, the outer circumferential portion of
the ultrasound transmitting/receiving face 63 and the hous-
ing 61. The protecting portions 64 are bonded from the outer
circumferential portion of the ultrasound transmitting/re-
ceiving face 63 to the recess portion 71 of the housing 61
with adhesive.

[0076] In the ultrasound endoscope 2 of the present
embodiment having such a configuration, since the protect-
ing members 64 bonded to both of the acoustic matching
layer 68 and the housing 61 are arranged on an outer side of
a boundary portion between the acoustic matching layer 68
and the housing 61, a route for liquid to enter the housing 61
is lengthened, and, thereby, waterproofness of the transduc-
ers is improved more.

[0077] Further, for example, even if unexpected excessive
external force is applied to the acoustic lens portion 65, and
lens holding force by adhesive between the acoustic match-
ing layer 68 and the protecting portions 64 decreases,
watertightness inside the housing 61 is kept by adhesion

Jun. 8, 2017

between the protecting portions 64 and the acoustic match-
ing layer 68/the housing 61, and, therefore, it is possible to
prevent liquid from entering the housing 61.

[0078] Further, adhesion strength per unit area between
the protecting portions 64 and the acoustic matching layer
68/the housing 61 by the second adhesive is higher than the
adhesion strength per unit area between the acoustic lens
portion 65 and the acoustic matching layer 68 by the first
adhesive. Therefore, even if such unexpected excessive
external force that the acoustic lens portion 65 is detached
from the acoustic matching layer 68 is applied, detachment
of the protecting portions 64 from the acoustic matching
layer 68 and the housing 61 can be suppressed.

[0079] Further, in the ultrasound endoscope 2 according to
the second embodiment, the ultrasound transmitting/receiv-
ing area 63 of the ultrasound transmitting/receiving face 63
is set between (a proximal end face of) a distal end side
protecting portion 64 and (a distal end face of) a proximal
end side protecting portion 64. Therefore, in order to form
the ultrasound transmitting/receiving area 63a on the elec-
troacoustic conversion portion 66 from beginning and per-
form assembly so that the ultrasound transmitting/receiving
area 63a overlaps with an ultrasound transmitting/receiving
area 63a set by the pair of protecting portions 64 described
above, careful positioning in consideration of the shape
(inclination, the amount of projection),influence and the like
of the pair of protecting portions 64, formation of a fitting
portion and the like are required. According to the second
embodiment of the present invention, however, since a
configuration is adopted in which each of all the ultrasound
transducers constituting the ultrasound transducer group 69
is connected to the circuit board 49 via the electrical wiring
50 so that all the ultrasound transducers can transmit/receive
ultrasound, it is possible to appropriately secure the first
ultrasound transducer group 69a capable of emitting ultra-
sound from the opening portion 62 even if the second
ultrasound transducer group 696 which causes ultrasound to
be reflected in the housing 41 occur due to the shape
(inclination and the amount of projection), influence and the
like of the pair of protecting portions 64. Therefore, it is not
necessary to perform careful positioning, formation of a
fitting portion and the like in consideration of the shape
(inclination and the amount of projection), influence and the
like of the pair of protecting portions 64; it is possible to
easily and accurately form the ultrasound transmitting/re-
ceiving portion 60; and it becomes possible to easily realize
downsizing, high resolution and high functionality of an
ultrasound endoscope.

Third Embodiment

[0080] Next, FIG. 8 is a functional block diagram of an
ultrasound observation control apparatus according to a third
embodiment of the present invention. Note that the present
third embodiment is such that the first ultrasound observa-
tion control apparatus receives a signal from the ultrasound
transmitting/receiving portion of the ultrasound endoscope
according to the first embodiment, selects a first ultrasound
transducer group and drives only the first ultrasound trans-
ducer group. Since other components and operations are
similar to those of the first embodiment, the same compo-
nents will be given the same reference numerals, and
description of the components will be omitted.

[0081] That is, as shown in FIG. 8, an ultrasound obser-
vation control portion 3 is configured mainly being provided
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with a transmission/reception control portion 101, a B-mode
image calculating portion 102, a storage portion 103, a
correlation calculating portion 104 and an ultrasound obser-
vation switch 105. Note that implementation of the trans-
mission/reception control portion 101, the B-mode image
calculating portion 102 and the correlation calculating por-
tion 104 to the ultrasound observation control portion 3 may
be by hardware or by software.

[0082] The transmission/reception control portion 101
controls transmission/reception of ultrasound beam by the
ultrasound transmitting/receiving portion 14 of the ultra-
sound endoscope 2. That is, control of a position on a scan
plane and control of ultrasound beam scanning for obtaining
a B-mode image on the scan plane are performed by the
transmission/reception control portion 101.

[0083] More specifically, in the ultrasound transmitting/
receiving area 43q in the ultrasound transmitting/receiving
face 43 of the ultrasound transmitting/receiving portion 14,
ultrasound beam from the first ultrasound transducer group
48a of the ultrasound transducer group 48 constituting the
electroacoustic conversion portion 45 is emitted from the
opening portion 42 of the housing 41 and received, and an
appropriate ultrasound image can be obtained. On the other
hand, in the ultrasound non-transmitting/receiving area 435
in the ultrasound transmitting/receiving face 43, ultrasound
beam transmitted from the second ultrasound transducer
group 48 of the ultrasound transducer group 48 is reflected
in the housing 41, and a situation that an ultrasound image
cannot be obtained occurs.

[0084] Then, when detecting the situation, the transmis-
sion/reception control portion 101 judges a group of ultra-
sound transducers arranged on a part where an appropriate
ultrasound image can be obtained to be the first ultrasound
transducer group 484, and a group of the other ultrasound
transducers to be the second ultrasound transducer group
485, and performs control so that only the first ultrasound
transducer group is driven.

[0085] Thereby, a group of minimum ultrasound transduc-
ers to obtain an ultrasound image, that is, only the first
ultrasound transducer group 48a is driven, and control is
performed so that image observation with little loss in
driving power, a calorific value and the like can be per-
formed. Note that the transmission/reception control portion
101 may drive not all the ultrasound transducers of the first
ultrasound transducer group 48a corresponding to the ultra-
sound transmitting/receiving area 43a but a part of the first
ultrasound transducer group 48a.

[0086] The B-mode image calculating portion 102 gener-
ates a B-mode image on the scan plane from a result of
ultrasound beam scanning by the ultrasound transmitting/
receiving portion 14 of the ultrasound endoscope 2. For
example, if a treatment instrument (not shown) exists on the
scan plane, an echo pattern of the treatment instrument
appears in the B-mode image.

[0087] The storage portion 103 stores predetermined
sample images specified according to shapes of treatment
instruments. More specifically, a sample image is an image
indicating a shape and size of an idealistic echo pattern of a
treatment instrument in a B-mode image when the scan
plane and a central axis of the treatment instrument corre-
spond to each other.

[0088] For example, if the treatment instrument is a punc-
ture needle, the sample image is an image indicating a shape
and size of an echo pattern of a distal end portion of the
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puncture needle when a central axis of the puncture needle
corresponds to the scan plane. The sample images are
created in advance according to kinds and shapes of treat-
ment instruments.
[0089] The correlation calculating portion 104 calculates a
correlation value R between a B-mode image and a sample
image. More specifically, the correlation calculating portion
104 performs image processing called pattern matching,
with a sample image as a template, and calculates a degree
of similarity between an echo pattern in the B-mode image
and the sample image. The higher the degree of similarity
between the echo pattern in the B-mode image and the
sample image is, the higher the correlation value R is. The
pattern matching is a well-known technique, detailed
description will be omitted.
[0090] The ultrasound observation switch 105 is an input
device for a user to input instructions to start and end
observation by a B-mode image. In the present embodiment,
the ultrasound observation switch 105 is provided on the
ultrasound observation control portion 3 as an example
However, the ultrasound observation switch 105 may be
configured so as to be provided in the operation portion 20
of the ultrasound endoscope 2 or may be in a form of being
provided, being separated from the ultrasound observation
control portion 3 and the ultrasound endoscope 2 like a foot
switch.
[0091] Thus, in the ultrasound observation apparatus 1 of
the present third embodiment, it becomes possible to per-
form image observation with little loss in driving power, a
calorific value and the like by the ultrasound observation
control portion 3, in addition to the effects of the ultrasound
endoscopes according to the first and second embodiments.
What is claimed is:
1. An ultrasound endoscope comprising:
a housing in which an opening portion is formed,
an ultrasound transmitting/receiving portion comprising a
first ultrasound transducer group comprising at least
one ultrasound transducer and causing a transmission
wave to be emitted from the opening portion and a
second ultrasound transducer group comprising at least
one ultrasound transducer and causing a transmission
wave to be reflected in the housing; and
wiring connecting to each of ultrasound transducers con-
stituting the first ultrasound transducer group and ultra-
sound transducers constituting the second ultrasound
transducer group.
2. The ultrasound endoscope according to claim 1,
wherein
the housing comprises a protecting portion covering an
outer circumference of the opening portion; and
the ultrasound endoscope comprises an outer circumfer-
ential portion of the opening portion of the housing, and
the transmission wave from the second ultrasound
transducer group is reflected by an inner face of the
protecting portion.
3. An ultrasound observation apparatus comprising:
the ultrasound endoscope according to claim 1;
a connection portion electrically connecting to the wiring
of the ultrasound endoscope; and
a control portion connecting to the connection portion and
configured to select the first ultrasound transducer
group from the ultrasound transmitting/receiving por-
tion of the ultrasound endoscope and drive only the first
ultrasound transducer group.
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4. An ultrasound endoscope system comprising:

a housing on which an opening portion is formed;

an ultrasound transmitting/receiving portion comprising a
first ultrasound transducer group comprising at least
one ultrasound transducer and causing a transmission
wave to be emitted from the opening portion and a
second ultrasound transducer group comprising at least
one ultrasound transducer and causing a transmission
wave to be reflected in the housing;

wiring connecting to each of ultrasound transducers con-
stituting the first ultrasound transducer group and ultra-
sound transducers constituting the second ultrasound
transducer group; and

a transmission/reception control portion connected to the
ultrasound transmitting/receiving portion via the wiring
and configured to detect reflection in the housing,
determine the second ultrasound transducer group
based on a detection result and perform control so as to
drive the first ultrasound transducer group that is not
included in the second ultrasound transducer group.
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