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Description
Technical Field

[0001] 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, and an ul-
trasound observation apparatus.

Background Art

[0002] Conventionally, an ultrasound endoscope pro-
vided with an ultrasound transmitting/receiving portion at
a distal end portion of an elongated endoscope insertion
portion and configured to acquire an ultrasonogram of
aninside 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 por-
tion covering a first ultrasound transducer and a second
lens portion covering a second ultrasound transducer is
provided. A technique of an ultrasound endoscope is dis-
closed in which the second lens portion is provided ad-
joining a treatment instrument guiding-out portion and is
formed thicker than the first lens portion so as to be in
contact with a side portion of atreatmentinstrument when
the treatment instrument is guided out from the treatment
instrument guiding-out portion, in order that a puncture
treatment instrument is certainly detected.

[0003] Inacase of realizing the ultrasound endoscope
as disclosed in Japanese Patent Application Laid-Open
Publication No. 2007-307289 as described above, strict
assembly accuracy is required so that functions of the
ultrasound endoscope can be exerted sufficiently and
accurately. Similarly, there is a problem that a higher
techniqueis required forassembly work in order to realize
downsizing and higher resolution accurately for an ultra-
sound endoscope.

[0004] The present invention has been made in view
of the above situation, and an object is to provide an
ultrasound endoscope capable of easily and accurately
realizing downsizing, higher resolution and higher func-
tionality without necessity of careful positioning, forma-
tion of a fitting portion and the like, and an ultrasound
observation apparatus.

Disclosure of Invention

Means for Solving the Problem

[0005] An ultrasound endoscope according to an as-
pect of the present invention includes: a housing in which

an opening portion is formed; an ultrasound transmit-
ting/receiving portion including a first ultrasound trans-
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ducer 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 hous-
ing; and wiring connecting to each of ultrasound trans-
ducers constituting the first ultrasound transducer group
and ultrasound transducers constituting the second ul-
trasound transducer group.

[0006] Further, an ultrasound observation apparatus
according to an aspect of the present invention includes:
the ultrasound endoscope described above; a connec-
tion 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 portion of the ultrasound endo-
scope and drive only the first ultrasound transducer

group.
Brief Description of the Drawings
[0007]

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

Fig. 2 is a cross-sectional view of an ultrasound
transmitting/receiving portion and a housing of an
ultrasound endoscope according to the first embod-
iment of the present invention;

Fig. 3 is a cross-sectional view showing a state that
an acoustic lens portion is removed from the ultra-
sound transmitting/receiving portion of the ultra-
sound endoscope according to the first embodiment
of the present invention;

Fig. 4 is an enlarged view of an A portion in Fig. 2;

Fig. 5 is a cross-sectional view of an ultrasound
transmitting/receiving portion and a housing of an
ultrasound endoscope according to a second em-
bodiment of the present invention;

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;

Fig. 7 is an enlarged view of the A portion in Fig. 2;
and

Fig. 8 is a functional block diagram of an ultrasound
observation control apparatus according to a third
embodiment of the present invention.

Best Mode for Carrying Out the Invention

[0008] A first embodiment of the present invention will
be described below based on drawings.
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(First Embodiment)

[0009] Figs. 1 to 4 show the first embodiment of the
presentinvention. In Fig. 1, reference numeral 1 denotes
an ultrasound observation apparatus. Schematically, the
ultrasound observation apparatus 1 is an apparatus for
obtaining an ultrasonogram (B-mode image) of a prede-
termined site in a subject by electronically scanning an
inside of the subject with ultrasound beam.

[0010] 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.

[0011] The ultrasound observation apparatus 1 is con-
figured mainly with an ultrasound endoscope 2, an ultra-
sound observation control apparatus 3 and a monitor 4.
[0012] The ultrasound endoscope 2 is configured hav-
ing 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.

[0013] 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. Tothe ultrasound endoscope 2, the ultrasound
observation control apparatus 3 is connected via the con-
nector 33a, and, furthermore, the monitor 4 is connected
via the ultrasound observation control apparatus 3.
[0014] The insertion portion 10 of the ultrasound en-
doscope 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.

[0015] Further, in addition to an ultrasound transmit-
ting/receiving portion 14 for transmitting/receiving ultra-
sound, which is described in detail later, the distal end
rigid portion 11 of the insertion portion 10 is provided with
animage pickup apparatus and anillumination 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.
[0016] The operation portion 20 of the ultrasound en-
doscope 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
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as an air/water feeding button 16 for controlling an oper-
ation 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 instrument insertion port 17.

[0017] The universal cord 30 of the ultrasound endo-
scope 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 illu-
mination apparatus of the distal end rigid portion 11. Note
that the ultrasound endoscope 2 may be in a configura-
tion in which the illumination 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 im-
age picked up by the image pickup apparatus provided
on the distal end rigid portion 11 to the monitor 4.
[0018] Further, the ultrasound observation control ap-
paratus 3 is an apparatus configured to control an ultra-
sound transmitting/receiving operation by the ultrasound
transmitting/receiving portion 14, generate an ultrason-
ogram and output the ultrasonogram to the monitor 4.
Note that the ultrasound observation apparatus 1 may
be configured without the ultrasound observation control
apparatus 3 and the monitor 4.

[0019] Next, a configuration of a part where the ultra-
sound transmitting/receiving portion 14 of the ultrasound
observation apparatus 1 is arranged will be described.
The ultrasound transmitting/receiving portion 14 is con-
tained and held in a housing 41 and fixed to the distal
end rigid portion 11 of the insertion portion 10 via the
housing 41.

[0020] An opening portion 42 is formed on the housing
41, and the ultrasound transmitting/receiving portion 14
is configured so as to transmit/receive ultrasound in an
ultrasound transmitting/receiving area 43 a which is a
predetermined area in an ultrasound transmitting/receiv-
ing face 43 of the opening portion 42.

[0021] A proximal end side area on an outer side of
the ultrasound transmitting/receiving area 43a is an ul-
trasound non-transmitting/receiving area 43b. Thatis, an
outer circumferential portion 42a on a proximal end side
of the opening portion 42 of the housing 41 is extended
inaninclined shape interfering with an angle of a direction
in which ultrasound transducers of an ultrasound trans-
ducer group 48 constituting an electroacoustic conver-
sion portion 45 to be described later vibrate. Therefore,
ultrasound transmission/reception is not performed on a
partofthe ultrasound transmitting/receiving face 43 over-
lapping with the outer circumferential portion 42a of the
opening portion 42 (the ultrasound non-transmitting/re-
ceiving area 43b), and the part is an area where trans-
mitted ultrasound beam is reflected in the housing 41.
[0022] The ultrasound transmitting/receiving face 43
is a part of a surface of the ultrasound transmitting/re-
ceiving portion 14. Though a shape of the ultrasound
transmitting/receiving face 43 is not especially limited,
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the ultrasound transmitting/receiving portion 14 is, in the
present embodiment, configured having the ultrasound
transmitting/receiving face 43 constituted by a curved
face forming an outward convex shape as shown in Fig.
2 as an example.

[0023] Fig. 3 shows astate thatanacoustic lens portion
44 to be described in detail later, which is to be arranged
on the ultrasound transmitting/receiving face 43, is re-
moved in order to cause the ultrasound transmitting/re-
ceiving area 43a and the ultrasound non-transmitting/re-
ceiving area 43b of the ultrasound transmitting/receiving
face 43 to be easily recognized.

[0024] Note that, as for directions along a normal line
of the ultrasound transmitting/receiving face 43, a direc-
tion the ultrasound transmitting/receiving face 43 faces
will be referred to as an outer side, and a direction op-
posite to the direction the ultrasound transmitting/receiv-
ing face 43 faces will be referred to as an inner side in
the description below.

[0025] More specifically, the ultrasound transmit-
ting/receiving face 43 has a shape of a substantially cy-
lindrical face. The ultrasound transmitting/receiving face
43 is an area within a predetermined angle range in a
circumferential direction in the ultrasound transmit-
ting/receiving face 43 in the substantially cylindrical face
shape, and the ultrasound non-transmitting/receiving ar-
ea 43b is an area which continues from an outer circum-
ferential end face of the opening portion 42 to the ultra-
sound transmitting/receiving area 43a.

[0026] The ultrasound transmitting/receiving portion
14 is capable of transmitting/receiving ultrasound beam
in the direction along the normal line of the ultrasound
transmitting/receiving face 43 (a diameter direction) with-
in the ultrasound transmitting/receiving area 43a and
configured so that ultrasound beam scanning can be per-
formed in the circumferential direction of the ultrasound
transmitting/receiving face 43. Further, in the ultrasound
non-transmitting/receiving area 43b, transmitted ultra-
sound beam is reflected in the housing 41. That is, the
ultrasound transmitting/receiving portion 14 of the
present embodiment has a configuration in which ultra-
sound beam scanning is performed in a substantially arc
shape. Such an ultrasound beam scanning form is gen-
erally referred to as electronic convex scanning. Note
that the shape of the ultrasound transmitting/receiving
face 43 may be such that is constituted by a plurality of
curved faces having different curvatures or may be con-
stituted by one or more planes. Further, the form of ul-
trasound beam scanning by the ultrasound transmit-
ting/receiving portion 14 is not limited to the present em-
bodiment.

[0027] The ultrasound transmitting/receiving portion
14 is configured having the electroacoustic conversion
portion 45, backing material 46 and an acoustic matching
layer 47.

[0028] The electroacoustic conversion portion 45 has
a configuration for mutually converting an electrical signal
and ultrasound. Though the configuration of the electroa-
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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
electrostrictive element made of piezoelectric ceramics
or the like, or a micromachined ultrasonic transducer
(MUT) can be applied.

[0029] Inthe present embodiment, the electroacoustic
conversion portion 45 is configured with the ultrasound
transducer group 48 constituted by a plurality of piezoe-
lectric elements (ultrasound transducers) arrayed in a
substantially arc shape along the ultrasound transmit-
ting/receiving face 43 on a more inner side of the ultra-
sound transmitting/receiving face 43, as an example.
[0030] 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 ultra-
sound transducer group 48 is arranged within a substan-
tially same range as the ultrasound transmitting/receiving
face 43 on a more inner side of the ultrasound transmit-
ting/receiving face 43.

[0031] Each of all the ultrasound transducers consti-
tuting 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 trans-
ducers constituting the ultrasound transducer group 48
can transmit/receive ultrasound beam.

[0032] 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 43a of the ultrasound trans-
mitting/receiving face 43 and configured so that an ultra-
sound beam transmission wave is emitted from the open-
ing portion 42 ofthe housing 41, and a second ultrasound
transducer group 48b positioned on a back side of the
ultrasound non-transmitting/receiving area 43b of the ul-
trasound transmitting/receiving face 43 and configured
so that an ultrasound beam transmission wave is reflect-
ed in the housing 41.

[0033] As described above, the backing material 46 is
arranged on an inner side of the electroacoustic conver-
sion portion 45 configured with the ultrasound transducer
group 48. The backing material 46 is a member config-
ured to absorb ultrasound radiated from the electroa-
coustic conversion portion 45 toward the inner side and
ultrasound from the inner side toward the electroacoustic
conversion portion 45. Therefore, in the present embod-
iment, transmission/reception of ultrasound by the elec-
troacoustic conversion portion 45 is performed only to-
ward an outer side of the normal line direction of the ul-
trasound transmitting/receiving face 43.

[0034] 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 config-
ured to transmit ultrasound transmitted/received by the
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electroacoustic 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 de-
scribed later. Note that the acoustic matching layer 47
may be in a configuration in which a plurality of layers
having different densities are laminated.

[0035] The acoustic matching layer 47 is arranged so
as to cover at least the whole outer side of the electroa-
coustic conversion portion 45. The acoustic matching lay-
er 47 is a member arranged on a most outer side of the
ultrasound transmitting/receiving portion 14 of the
present embodiment. That is, the ultrasound transmit-
ting/receiving face 43 of the ultrasound transmitting/re-
ceiving portion 14 is a main face of the outer side of the
acoustic matching layer47. Further, the ultrasound trans-
mitting/receiving area 43a is an area where ultrasound
transmitted/received by the electroacoustic conversion
portion 45 passes through within the face on the outer
side of the acoustic matching layer 47.

[0036] On the ultrasound transmitting/receiving face
43 of the ultrasound transmitting/receiving portion 14
having the configuration as described above, the acous-
tic lens portion 44 is arranged. The acoustic lens portion
44 is for causing ultrasound beam transmitted by the ul-
trasound transmitting/receiving portion 14 to converge.
[0037] Material constituting the acoustic lens portion
44 is not especially limited and is determined in consid-
eration 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.
[0038] 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 wave-
length of ultrasound the ultrasound transmitting/receiving
portion 14 transmits, a width of the ultrasound transmit-
ting/receiving face 43, a distance for convergence, and
the like and is not especially limited.

[0039] 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 transmit-
ting/receiving area 43 a. 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/receiving face 43 extends
over a circumference of the acoustic lens portion 44, as
an example. Note that, in the present embodiment, 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, substan-
tially corresponding to the ultrasound transmitting/receiv-
ing area 43a. The acoustic lens portion 44 is fixed on the
ultrasound transmitting/receiving face 43, which is an
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outer surface of the acoustic matching layer 47, for ex-
ample, with silicone-based adhesive.

[0040] The ultrasound transmitting/receiving portion
14, the acoustic lens portion 44 and the like having the
configurations 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.

[0041] 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 ultra-
sound transducers can transmit/receive ultrasound.
Therefore, even if the second ultrasound transducer
group 48b which causes ultrasound 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 po-
sitioning, formation of a fitting portion or the like in con-
sideration 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 hous-
ing 41 are not required. Therefore, it is possible to easily
and accurately form the ultrasound transmitting/receiving
portion 14, and it becomes possible to easily realize
downsizing, high resolution and high functionality of an
ultrasound endoscope.

[0042] Note that, though description has been made
on the example in which the second ultrasound trans-
ducer group 48b 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 48b may be positioned on a distal end side of the
opening portion 42 of the housing 41 or may be positioned
on both of the distal end side and the proximal end side.

(Second Embodiment)

[0043] Next, Figs. 5to 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 cir-
cumferential portion of the housing of the ultrasound
transmitting/receiving portion of the ultrasound endo-
scope of the firstembodiment, and the second ultrasound
transducer group is set by the protecting portion. Since
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other components are the same as the components in
the first embodiment, the same components will be given
the same reference numerals, and description of the
components will be omitted.

[0044] A configuration of a part where an ultrasound
transmitting/receiving portion 60 according to the second
embodiment is arranged will be described. The ultra-
sound transmitting/receiving portion 60 is contained and
held in a housing 61 and fixed to the distal end rigid por-
tion 11 via the housing 61.

[0045] An opening portion 62 is formed on the housing
61, and the ultrasound transmitting/receiving portion 60
is configured so as to transmit/receive ultrasound in an
ultrasound transmitting/receiving area 63a whichis a pre-
determined area in an ultrasound transmitting/receiving
face 63 of the opening portion 62.

[0046] A distal end side area and a proximal end side
area on an outer side of the ultrasound transmitting/re-
ceiving area 63 a are ultrasound non-transmitting/receiv-
ing areas 63b 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 63 a
are covered with protecting portions 64, respectively, as
described in detail later. Therefore, ultrasound transmis-
sion/reception is not performed on parts of the ultrasound
transmitting/receiving face 63 overlapping with the pro-
tecting portions 64 (the ultrasound non-transmitting/re-
ceiving areas 63b), and the parts are areas where trans-
mitted ultrasound beam is reflected in the housing 61.
[0047] The ultrasound transmitting/receiving face 63
is a part of a surface of the ultrasound transmitting/re-
ceiving 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 embodiment, configured having the ultrasound
transmitting/receiving 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.
[0048] Fig.6shows astate thatanacousticlens portion
65 and the protecting portions 64 to be described in detail
later, which are arranged on the ultrasound transmit-
ting/receiving face 63, are removed in order to cause the
ultrasound transmitting/receiving area 63a and the ultra-
sound non-transmitting/receiving areas 63b of the ultra-
sound transmitting/receiving face 63 to be easily recog-
nized.

[0049] Note that, as for a direction along a normal line
of the ultrasound transmitting/receiving face 63, a direc-
tion the ultrasound transmitting/receiving face 63 faces
will be referred to as an outer side, and a direction op-
posite to the direction the ultrasound transmitting/receiv-
ing face 63 faces will be referred to as an inner side in
the description below.

[0050] More specifically, the ultrasound transmit-
ting/receiving face 63 has a shape of a substantially cy-
lindrical face. The ultrasound transmitting/receiving area
63a is an area within a predetermined angle range in a
circumferential direction in the ultrasound transmit-
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ting/receiving face 63 in the substantially cylindrical face
shape. The ultrasound transmitting/receiving area 63a is
smaller than the ultrasound transmitting/receiving face
63 and formed at a center of the ultrasound transmit-
ting/receiving face 63. On both end sides of the ultra-
sound transmitting/receiving area 63a, the ultrasound
non-transmitting/receiving areas 63b are formed.
[0051] The ultrasound transmitting/receiving portion
60 is capable of transmitting ultrasound beam in the di-
rection along the normal line of the ultrasound transmit-
ting/receiving face 63 (a diameter direction) within the
ultrasound transmitting/receiving area 63a and config-
ured so that ultrasound beam scanning can be performed
in the circumferential direction of the ultrasound trans-
mitting/receiving face 63, and the ultrasound transmit-
ting/receiving portion 60 is such that electronic convex
scanning similar to that of the first embodiment is per-
formed. Note that the shape of the ultrasound transmit-
ting/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.

[0052] The ultrasound transmitting/receiving portion
60 is configured having an electroacoustic conversion
portion 66, backing material 67 and an acoustic matching
layer 68.

[0053] The electroacoustic conversion portion 66 is
similar to the electroacoustic conversion portion of the
first embodiment and is configured with an ultrasound
transducer group 69 constituted by a plurality of piezoe-
lectric elements (ultrasound transducers) arrayed in a
substantially arc shape along the ultrasound transmit-
ting/receiving face 63 on a more inner side of the ultra-
sound transmitting/receiving face 63.

[0054] 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 ultra-
sound transducer group 69 is arranged within a substan-
tially same range as the ultrasound transmitting/receiving
face 63 on a more inner side of the ultrasound transmit-
ting/receiving face 63.

[0055] Each of all the ultrasound transducers consti-
tuting 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 con-
nected to the connector 33a. Therefore, all the ultrasound
transducers constituting the ultrasound transducer group
69 can transmit/receive ultrasound beam.

[0056] The ultrasound transducer group 69 is config-
ured with a first ultrasound transducer group 69a posi-
tioned on a back side of the ultrasound transmitting/re-
ceiving area 63a of the ultrasound transmitting/receiving
face 63 and configured so that an ultrasound beam trans-
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mission wave is emitted from the opening portion 62 of
the housing 61, and a second ultrasound transducer
group 69b positioned on the back side of the ultrasound
non-transmitting/receiving areas 63b of the ultrasound
transmitting/receiving face 63, which are covered with
the protecting portions 64, and configured so that an ul-
trasound beam transmission wave is reflected in the
housing 61.

[0057] As described above, the backing material 67 is
arranged on an inner side of the electroacoustic conver-
sion 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 embodiment, description will be omitted.
[0058] On the ultrasound transmitting/receiving face
63 of the ultrasound transmitting/receiving portion 60
having the configuration as described above, the acous-
tic lens portion 65 configured to cause ultrasound beam
to converge, which is similar to the acoustic lens portion
of the first embodiment, is arranged, and both end por-
tions of the acoustic matching layer 68 are extended in
an outer circumferential direction more than both end por-
tions of acoustic lens portion 65.

[0059] The acoustic lens portion 65 is fixed on the ul-
trasound transmitting/receiving face 63, which is an outer
surface of the acoustic matching layer 68 with first adhe-
sive. Though a kind of the first adhesive is not especially
limited, for example, silicone-based adhesive is used.
[0060] A pair of protecting portions 64 is arranged on
outer side faces of both end portions of the acoustic
matching 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 portions 64 are arranged so as to cover
an outer circumferential portion, which is an area not cov-
ered with the acoustic lens portion 65 of the ultrasound
transmitting/receiving face 63, and extend in an outer
circumferential direction more than the ultrasound trans-
mitting/receiving face 63.

[0061] The protecting portions 64 are bonded to both
of an outer circumferential portion of the acoustic match-
ing 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 acous-
tic matching layer 68 and the acoustic lens portion 65 by
the first adhesive.

[0062] In the present embodiment, the acoustic lens
portion 65 is made of silicone resin, and silicone-based
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adhesive is used as the first adhesive for bonding the
acoustic matching layer 68 and the acoustic lens portion
65 to each other as an example. Therefore, if the pro-
tecting portions 64 are configured with so-called engi-
neering 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 protect-
ing 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.

[0063] Further, affinity of surfaces of the end portions
of the acoustic lens portion 65 to be bonded to the pro-
tecting 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 sec-
ond adhesive is not especially limited, well-known tech-
niques, for example, plasma treatment, ion beam treat-
ment or treatment by acid can be applied.

[0064] 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. Howev-
er, by performing treatment for increasing the adhesion
affinity between the acoustic lens portion 65 and the sec-
ond adhesive, adhesion strength between the acoustic
lens portion 65 and the protecting portions 64 can be
increased, and detachment between the acoustic lens
portion 65 and the protecting portions 64 can be prevent-
ed.

[0065] 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 hous-
ing 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 tothe cable unit51, passes through the housing
61, passesthrough ahole 72 openedintherecess 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.
[0066] As described above, the ultrasound endoscope
2 according to the present second embodiment includes
the ultrasound transmitting/receiving portion 60 config-
ured 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 transmitting/receiving face 63 so as to cover
the ultrasound transmitting/receiving area 63a. The ul-
trasound endoscope 2 is configured, further having the
protecting portions 64 configured to cover the outer cir-
cumferential portion of the ultrasound transmitting/re-
ceiving face 63 which is not covered with the acoustic



13 EP 3 195 808 A1 14

lens portion 65, arranged so as to extend in the outer
circumferential direction more than the ultrasound trans-
mitting/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 transmit-
ting/receiving face 63 to the recess portion 71 of the hous-
ing 61 with adhesive.

[0067] In the ultrasound endoscope 2 of the present
embodiment having such a configuration, since the pro-
tecting 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, wa-
terproofness of the transducers is improved more.
[0068] Further, forexample, evenif unexpected exces-
sive external force is applied to the acoustic lens portion
65, and lens holding force by adhesive between the
acoustic matching layer 68 and the protecting portions
64 decreases, watertightness inside the housing 61 is
kept by adhesion between the protecting portions 64 and
the acoustic matching layer 68/the housing 61, and,
therefore, it is possible to prevent liquid from entering the
housing 61.

[0069] Further, adhesion strength per unit area be-
tween the protecting portions 64 and the acoustic match-
ing 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.

[0070] Further, in the ultrasound endoscope 2 accord-
ing to the second embodiment, the ultrasound transmit-
ting/receiving area 63 a of the ultrasound transmitting/re-
ceiving 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. There-
fore, inorderto formthe ultrasound transmitting/receiving
area 63a on the electroacoustic conversion portion 66
from beginning and perform assembly so that the ultra-
sound transmitting/receiving area 63a overlaps with an
ultrasound transmitting/receiving area 63 a set by the
pair of protecting portions 64 described above, careful
positioning in consideration of the shape (inclination, the
amount of proj ection),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 embodi-
ment of the present invention, however, since a config-
uration 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 trans-
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mit/receive ultrasound, it is possible to appropriately se-
cure the first ultrasound transducer group 69a capable
of emitting ultrasound from the opening portion 62 even
if the second ultrasound transducer group 69b which
causes ultrasound to be reflected in the housing 41 occur
due to the shape (inclination and the amount of projec-
tion), influence and the like of the pair of protecting por-
tions 64. Therefore, itis 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 protect-
ing portions 64; itis possible to easily and accurately form
the ultrasound transmitting/receiving portion 60; and it
becomes possible to easily realize downsizing, high res-
olution and high functionality of an ultrasound endo-
scope.

(Third Embodiment)

[0071] 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 embodimentis such that the first ultrasound
observation control apparatus receives a signal from the
ultrasound transmitting/receiving portion of the ultra-
sound endoscope according to the first embodiment, se-
lects a first ultrasound transducer group and drives only
the first ultrasound transducer group. Since other com-
ponents and operations are similar to those of the first
embodiment, the same components will be given the
same reference numerals, and description of the com-
ponents will be omitted.

[0072] That is, as shown in Fig. 8, an ultrasound ob-
servation control portion 3 is configured mainly being pro-
vided with a transmission/reception control portion 101,
a B-mode image calculating portion 102, a storage por-
tion 103, a correlation calculating portion 104 and an ul-
trasound observation switch 105. Note that implementa-
tion of the transmission/reception control portion 101, the
B-mode image calculating portion 102 and the correlation
calculating portion 104 to the ultrasound observation con-
trol portion 3 may be by hardware or by software.
[0073] The transmission/reception control portion 101
controls transmission/reception of ultrasound beam by
the ultrasound transmitting/receiving portion 14 of the ul-
trasound 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 per-
formed by the transmission/reception control portion 101.
[0074] More specifically, in the ultrasound transmit-
ting/receiving area 43 a in the ultrasound transmitting/re-
ceiving 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-
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transmitting/receiving area 43b in the ultrasound trans-
mitting/receiving face 43, ultrasound beam transmitted
from the second ultrasound transducer group 48b of the
ultrasound transducer group 48 is reflected in the housing
41, and a situation that an ultrasound image cannot be
obtained occurs.

[0075] Then, when detecting the situation, the trans-
mission/reception control portion 101 judges a group of
ultrasound transducers arranged on a part where an ap-
propriate ultrasound image can be obtained to be the first
ultrasound transducergroup 48a, and a group of the other
ultrasound transducers to be the second ultrasound
transducer group 48b, and performs control so that only
the first ultrasound transducer group is driven.

[0076] Thereby, a group of minimum ultrasound trans-
ducers to obtain an ultrasound image, that is, only the
first ultrasound transducer group 48a is driven, and con-
trol is performed so thatimage observation with little loss
in driving power, a calorific value and the like can be
performed. Note that the transmission/reception control
portion 101 may drive not all the ultrasound transducers
of the first ultrasound transducer group 48a correspond-
ing to the ultrasound transmitting/receiving area 43a but
a part of the first ultrasound transducer group 48a.
[0077] The B-mode image calculating portion 102 gen-
erates a B-mode image on the scan plane from a result
of ultrasound beam scanning by the ultrasound transmit-
ting/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 in-
strument appears in the B-mode image.

[0078] The storage portion 103 stores predetermined
sample images specified according to shapes of treat-
ment instruments. More specifically, a sample image is
animage 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 correspond to each other.

[0079] For example, if the treatment instrument is a
puncture needle, the sample image is animage indicating
ashape and size of an echo pattern of a distal end portion
ofthe puncture needle when a central axis of the puncture
needle corresponds to the scan plane. The sample im-
ages are created in advance according to kinds and
shapes of treatment instruments.

[0080] The correlation calculating portion 104 calcu-
lates a correlation value R between a B-mode image and
a sample image. More specifically, the correlation calcu-
lating portion 104 performs image processing called pat-
tern 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.
[0081] The ultrasound observation switch 105 is anin-
put device for a user to input instructions to start and end
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observation by a B-mode image. In the present embod-
iment, 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 oper-
ation 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 ultra-
sound endoscope 2 like a foot switch.

[0082] Thus, in the ultrasound observation apparatus
1 of the present third embodiment, it becomes possible
to perform 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 sec-
ond embodiments.

[0083] The present application is filed claiming priority
based on Patent Application No. 2014-166002 filed in
Japan on August 18, 2014, the content of which is incor-
porated in the specification, claims and drawings of the
present application by reference.

Claims
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 ultra-
sound transducer group comprising at least one
ultrasound transducer and causing a transmis-
sion wave to be reflected in the housing; and

wiring connecting to each of ultrasound trans-
ducers constituting the first ultrasound transduc-
er group and ultrasound transducers constitut-
ing 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 cir-
cumferential 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 ultra-
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sound transducer group from the ultrasound
transmitting/receiving portion of the ultrasound
endoscope and drive only the first ultrasound
transducer group.
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