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(57) ABSTRACT

An ultrasound observation apparatus includes: a sheet
including a first transducer, a first transducer region, a
columnar portion, and a film portion configured to connect
a plurality of first upper electrodes in the first transducer
region and a second surface of the columnar portion in an
arrangement direction C; and a bonding portion provided
between the first transducer positioned on a second end
portion in the first transducer region and the columnar
portion and configured to maintain a state in which the sheet
is rounded such that the film portion becomes an external
surface, and the first transducer positioned on the second end
portion and a first surface of the columnar portion are
attached to each other.
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ULTRASOUND OBSERVATION APPARATUS
AND MANUFACTURING METHOD OF
ULTRASOUND OBSERVATION APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2015/062255 filed on Apr. 22, 2015 and claims
benefit of Japanese Application No. 2014-162807 filed in
Japan on Aug. 8, 2014, the entire contents of which are
incorporated herein by this reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasound
observation apparatus and a manufacturing method of the
ultrasound observation apparatus in which a plurality of
ultrasound transducers including electrodes above and
below a film portion are fixed on a sheet, and end portions
of the sheet are bonded after the sheet is rounded.

[0004] 2. Description of the Related Art

[0005] A well-known ultrasound observation apparatus
exists in which ultrasound can be repeatedly emitted in a
360° direction from ultrasound transducers to an examined
site, and the ultrasound transducers can receive an echo
signal of the ultrasound reflected from the examined site. An
ultrasound image that is a two-dimensional visible image of
the examined site can be displayed on a screen of a display
apparatus.

[0006] Japanese Patent Application Laid-Open Publica-
tion No. 2010-17229 discloses a configuration of an ultra-
sound endoscope provided with an ultrasound observation
apparatus including electronic radial ultrasound transducers,
the ultrasound observation apparatus provided on a distal
end of an insertion portion inserted into a subject.

[0007] The electronic radial ultrasound transducers as
disclosed in Japanese Patent Application Laid-Open Publi-
cation No. 2010-17229 are configured from a plurality of
transducers. A plurality of electronic radial ultrasound trans-
ducers are arranged 360° in a circumferential direction of the
insertion portion, at predetermined intervals.

[0008] More specifically, electrodes are usually provided
on upper and lower surfaces of single-plate piezoelectric
elements in the respective ultrasound transducers. Upper
electrodes of the piezoelectric elements serving as acoustic
emission surfaces are fixed to a film portion rounded 360°,
at predetermined intervals in an arrangement direction of the
plurality of ultrasound transducers.

[0009] Note that when an acoustic matching layer is
provided on each upper electrode, each acoustic matching
layer is fixed to the film portion rounded 360°, at predetet-
mined intervals in the arrangement direction.

[0010] Therefore, the ultrasound observation apparatus
includes a sheet in which the plurality of ultrasound trans-
ducers are fixed to the film portion rounded 360°, at prede-
termined intervals in the arrangement direction.

[0011] In the manufacture of the ultrasound observation
apparatus described above, a joint of respective end portions
of the sheet needs to be bonded and fixed such that the sheet
on which at least a plurality of ultrasound transducers are
fixed to the film portion has a circular shape after the sheet
is rounded 360°.
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[0012] In this case, in a transducer region of the sheet in
which at least the plurality of ultrasound transducers are
fixed to the film portion, the joint needs to be bonded and
fixed to prevent electrical short-circuit caused by contact of
a lower electrode of the ultrasound transducer fixed on a first
end portion in the arrangement direction among the plurality
of ultrasound transducers and a lower electrode of the
ultrasound transducer adjacent to the ultrasound transducer
fixed to the first end portion at the joint and fixed to a second
end portion in the arrangement direction.

SUMMARY OF THE INVENTION

[0013] An aspect of the present invention provides an
ultrasound observation apparatus including: a sheet includ-
ing: a first transducer including a first upper electrode that is
a GND electrode, a first piezoelectric element disposed on
the first upper electrode, and a first lower electrode that is
arranged in a predetermined arrangement direction on the
first piezoelectric element and that is a positive electrode; a
first transducer region in which the first transducer in
plurality are arranged at predetermined intervals; a columnar
portion in which at least a first surface is non-conductive, the
columnar portion disposed adjacent to the first transducer
positioned on a first end portion in the arrangement direction
in the first transducer region; and a film portion that is
flexible and that connects at least the first upper electrode in
plurality in the first transducer region and a second surface
facing the first surface of the columnar portion in the
arrangement direction; and a bonding portion provided
between the first transducer positioned on a second end
portion in the arrangement direction among the first trans-
ducer in plurality in the first transducer region and the
columnar portion and configured to maintain a state in which
the sheet is rounded such that the film portion of the sheet
becomes an external surface, and the first transducer posi-
tioned on the second end portion and the first surface of the
columnar portion are attached to each other.

[0014] An aspect of the present invention provides a
manufacturing method of an ultrasound observation appa-
ratus, the manufacturing method including: a step of creat-
ing a sheet, the sheet including: a first transducer including
a first upper electrode that is a GND electrode, a first
piezoelectric element disposed on the first upper electrode,
and a first lower electrode that is arranged on the first
piezoelectric element and that is a positive electrode; a first
transducer region in which the first transducer in plurality
are arranged at predetermined intervals; a columnar portion
in which at least a first surface is non-conductive, the
columnar portion disposed adjacent to the first transducer
positioned on a first end portion in an arrangement direction
of the first transducer in plurality among the first transducer
in plurality in the first transducer region; and a film portion
that is flexible and that connects at least the first upper
electrode in plurality in the first transducer region and a
second surface facing the first surface of the columnar
portion in the arrangement direction; a step of rounding the
sheet such that the film portion of the sheet becomes an
external surface, and the first transducer positioned on a
second end portion in the arrangement direction among the
first transducer in plurality in the first transducer region and
the first surface of the columnar portion are attached to each
other; and a step of maintaining, by a bonding portion, the
state in which the sheet is rounded in the state in which the
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columnar portion and the first transducer positioned on the
second end portion are attached to each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1isa perspective view schematically showing
an ultrasound observation apparatus of a first embodiment;
[0016] FIG. 2 is a partial cross-sectional view of the
ultrasound observation apparatus along a line II-1I in FIG. 1;
[0017] FIG. 3 is a cross-sectional view illustrated by
removing a bonding portion from the ultrasound observation
apparatus of FIG. 1 and developing a sheet;

[0018] FIG. 4 is a partial cross-sectional view showing a
modification in which a first upper electrode of a first
ultrasound transducer of FIG. 1 is directly fixed to a film
portion;

[0019] FIG. 5 is a partial cross-sectional view near a joint
in a sheet of an ultrasound observation apparatus of a second
embodiment;

[0020] FIG. 6 is a cross-sectional view illustrated by
removing the bonding portion from the ultrasound observa-
tion apparatus of FIG. 5 and developing the entire sheet; and
[0021] FIG. 7 is a diagram showing an ultrasound endo-
scope apparatus including the ultrasound observation appa-
ratus of the first and second embodiments.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)

[0022] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. Note that
the drawings are schematic drawings, and a relationship
between a thickness and a width of each member, a ratio of
the thickness of respective members, and the like are dif-
ferent from the reality. It is obvious that the relationship and
the ratio of dimensions between the drawings are different in
some parts of the drawings.

First Embodiment

[0023] FIG. 1isa perspective view schematically showing
an ultrasound observation apparatus of the present embodi-
ment. FIG. 2 is a partial cross-sectional view of the ultra-
sound observation apparatus along a line II-II in FIG. 1.
[0024] FIG. 3 is a cross-sectional view illustrated by
removing a bonding portion from the ultrasound observation
apparatus of FIG. 1 and developing a sheet. FIG. 4 is a
partial cross-sectional view showing a modification in which
a first upper electrode of a first ultrasound transducer of FIG.
1 is directly fixed to a film portion.

[0025] As shown in FIG. 1, an ultrasound observation
apparatus 30 includes a sheet 39 and a bonding portion 50.
[0026] The sheet 39 is rounded 360° in an arrangement
direction C described later and is elongated in an extension
direction H.

[0027] More specifically, as shown in FIG. 3, main parts
of the sheet 39 include a plurality of first transducers 34, a
first transducer region 38, a columnar portion 37, an acoustic
matching layer 36, and a film portion 35.

[0028] The plurality of first transducers 34 are electronic
radial ultrasound transducers extending from one end 39i to
the other end 397 in the extension direction H, each of the
first transducers 34 including a first lower electrode 33, a
first piezoelectric element 31 disposed on the first lower
electrode 33, and a first upper electrode 32 disposed on the
first piezoelectric element 31.
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[0029] Each of the plurality of first transducers 34 has a
width of C1 in the arrangement direction C and is arranged
at a predetermined interval C2 in the arrangement direction
C.

[0030] The first piezoelectric element 31 emits ultrasound
toward the first upper electrode 32 along with vibration and
receives a sound wave reflected from an examined site.
[0031] The first upper electrode 32 and the first lower
electrode 33 are configured to apply a pulse voltage to the
first piezoelectric element 31 to vibrate the first piezoelectric
element 31. In addition, the first upper electrode 32 config-
ures a GND electrode, and the first lower electrode 33
configures a positive electrode.

[0032] The first transducer region 38 is configured by
arranging the plurality of first transducers 34 at the prede-
termined intervals C2 in the arrangement direction C.
[0033] Note that the smaller the predetermined intervals
C2 are, the larger C1 can be. As a result, the sensitivity of
each of the first transducers 34 improves.

[0034] At least a first surface 37x of the columnar portion
37 is non-conductive. The columnar portion 37 is disposed,
at the predetermined interval C2, adjacent to a first trans-
ducer 34a positioned on a first end portion 38a in the
arrangement direction C among the plurality of first trans-
ducers 34 in the first transducer region 38.

[0035] The columnar portion 37 has a width of C1 in the
arrangement direction C and extends from the one end 39i
to the other end 397 in the extension direction H. Note that
the columnar portion 37 may be individually provided only
near the one end 39/ and the other end 39¢ in the extension
direction H.

[0036] The film portion 35 is flexible and connects, in the
arrangement direction C, the plurality of first upper elec-
trodes 32 in the first transducer region 38 and a second
surface 37y facing the first surface 37x of the columnar
portion 37. Note that the film portion 35 may function as an
acoustic matching layer or an acoustic lens.

[0037] As shown in FIGS. 1 to 3, the present embodiment
illustrates an example of a configuration in which the
acoustic matching layer 36 is disposed between each of the
first upper electrodes 32 and the film portion 35, that is, the
present embodiment illustrates an example of a configura-
tion in which each of the first upper electrodes 32 is
connected by the second surface 37y and the film portion 35
through each acoustic matching layer 36.

[0038] The arrangement is not limited to this, and as
shown in FIG. 4, each of the first upper electrodes 32 may
be directly fixed to the film portion 35 to connect each of the
first upper electrodes 32 by the second surface 37y and the
film portion 35.

[0039] The bonding portion 50 bonds a joint T between
respective end portions 39a and 395 in the arrangement
direction C that is a space extending from the one end 39i to
the other end 397 in the extension direction H in the sheet 39.
The bonding portion 50 bonds the joint T from the one end
39i to the other end 397 of the sheet 39 in the extension
direction H.

[0040] More specifically, in a state in which the sheet 39
is rounded such that the film portion 35 becomes an external
surface as shown in FIG. 1, and a first transducer 346
positioned on a second end portion 385 and part of the
non-conductive first surface 37x of the columnar portion 37
are attached to each other as shown in FIG. 2, the bonding
portion 50 is configured to bond, in the extension direction
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H, the columnar portion 37 and the first transducer 345 at the
joint T between the respective end portions 39a and 395 in
the arrangement direction C of the sheet 39.

[0041] Note that the bonding portion 50 is configured
from, for example, an adhesive. The bonding portion 50 may
be configured from the same material as the film portion 35.
[0042] Next, a manufacturing method of the ultrasound
observation apparatus 30 configured in this way will be
simply described.

[0043] First, a step of creating the sheet 39 shown in FIG.
3 is executed. To create the sheet 39, the film portion 35 is
formed first. Next, when the acoustic matching layer 36 is
used on the film portion 35, the acoustic matching layer 36
is formed by excluding a part where the columnar portion 37
is to be formed.

[0044] Next, the first piezoelectric element 31 provided
with the electrodes 32 and 33 on upper and lower surfaces
is bonded on the acoustic matching layer 36 at the same
width as the acoustic matching layer 36 in the arrangement
direction C, and the columnar portion 37 with the width C1
in the arrangement direction C is bonded on the film portion
35.

[0045] Subsequently, a plurality of grooves with the width
C2 in the arrangement direction C are formed on the
electrodes 32 and 33, the first piezoelectric element 31, and
the acoustic matching layer 36 by using a dicing blade with
the blade width C2, for each width C1 in the arrangement
direction C.

[0046] As a result, the plurality of first transducers 34 with
the width C1 are arranged on the film portion 35 at the
predetermined intervals C2 in the arrangement direction C
through the acoustic matching layer 36, and the sheet 39
with the predetermined interval C2 between the first trans-
ducer 344 and the columnar portion 37 in the arrangement
direction C is created.

[0047] Next, a step of rounding the sheet 39 360° is
executed as shown in FIGS. 1 and 2 such that the film
portion 35 becomes the external surface, and the first trans-
ducer 345 positioned on the second end portion 385 and part
of the first surface 37x of the columnar portion 37 are
attached to each other.

[0048] Lastly, in the state in which the sheet 39 is rounded,
a step of bonding by the bonding portion 50 is executed by
injecting the bonding portion 50 between the columnar
portion 37 and the first transducer 345 in the arrangement
direction C. As a result, the ultrasound observation apparatus
30 is manufactured.

[0049] In this way. the present embodiment has illustrated
that the columnar portion 37 in which at least the first
surface 37x is non-conductive is disposed adjacent to the
first transducer 34a positioned on the first end portion 38a at
the predetermined interval C2 in the arrangement direction
C among the plurality of first transducers 34 in the first
transducer region 38 in the sheet 39 of the ultrasound
observation apparatus 30.

[0050] The present embodiment has also illustrated that
the bonding portion 50 bonds, in the extension direction H,
the columnar portion 37 and the first transducer 345 in the
arrangement direction C at the joint T of the sheet 39 in the
state in which the sheet 39 is rounded such that the film
portion 35 becomes the external surface, and the first trans-
ducer 345 positioned on the second end portion 385 and part
of the non-conductive first surface 37x of the columnar
portion 37 are attached to each other.
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[0051] According to this, part of the non-conductive first
surface 37x of the columnar portion 37 is in contact with the
lower electrode 33 of the first transducer 345 at the joint T
of the sheet 39, and unlike in the conventional techniques,
the lower electrode 33 of the first transducer 34a does not
come into contact.

[0052] Therefore, the columnar portion 37 can surely
prevent electrical short-circuit at the joint T of the first
transducer 345 and the first transducer 34e without sepa-
rately using the spacer or the like, and the manufacturing
vield of the ultrasound observation apparatus 30 improves.
[0053] Note that this is particularly effective when the
predetermined intervals C2 are reduced to improve the
sensitivity of each of the first transducers 34.

[0054] In addition, part of the first surface 37x of the
columnar portion 37 is attached to the first transducer 345,
and the bonding portion 50 injected to the joint T does not
flow out toward the inner circumference of the sheet 39.
Therefore, there is a possibility that operation of compen-
sating the outflow of the adhesive does not have to be
additionally performed.

[0055] Furthermore, an operator can perform the bonding
operation of the joint T just by abutting part of the first
surface 37x of the columnar portion 37 to the first transducer
34b and injecting the bonding portion 50 to the joint T.
Therefore, the operator can easily adjust the position of the
joint T, and the bonding operability improves.

[0056] As a result, the simple configuration and method
can provide an ultrasound observation apparatus and a
manufacturing method of the ultrasound observation appa-
ratus that can prevent lower electrodes of adjacent ultra-
sound transducers from coming into contact with each other
at a joint of respective end portions of a rounded sheet.

Second Embodiment

[0057] FIG. 5 is a partial cross-sectional view near the
joint in a sheet of an ultrasound observation apparatus of the
present embodiment. FIG. 6 is a cross-sectional view illus-
trated by removing the bonding portion from the ultrasound
observation apparatus of FIG. 5 and developing the entire
sheet.

[0058] Compared to the ultrasound observation apparatus
of the first embodiment illustrated in FIGS. 1 to 4, the
configuration of the ultrasound observation apparatus of the
second embodiment is different in that a columnar portion is
configured from at least a second transducer. Therefore, only
the difference will be described. The same reference signs
are provided to the same components as in the first embodi-
ment, and the description will not be repeated.

[0059] As shown in FIG. 6, main parts of a sheet 139
include the plurality of first transducers 34, the first trans-
ducer region 38, a columnar portion 137, acoustic matching
layers 36 and 136, and the film portion 35 in the present
embodiment.

[0060] At least a first surface 137x described later of the
columnar portion 137 is non-conductive. The columnar
portion 137 is disposed, at the predetermined interval C2,
adjacent to the first transducer 34a positioned on the first end
portion 38a in the arrangement direction C among the
plurality of first transducers 34.

[0061] The columnar portion 137 has a width of C3 larger
than the width C1 by C2 in the arrangement direction C and
extends from the one end 39/ to the other end 397 in the
extension direction H.
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[0062] More specifically, the columnar portion 137
includes at least the second transducers, each of the second
transducers including a second lower electrode 133, a sec-
ond piezoelectric element 131 disposed on the second lower
electrode 133, and a second upper electrode 132 disposed on
the second piezoelectric element 131. The second transduc-
ers are electronic radial ultrasound transducers with the
width of C3 in the arrangement direction C.

[0063] Like the first piezoelectric element 31, the second
piezoelectric element 131 emits ultrasound toward the sec-
ond upper electrode 132 along with the vibration and
receives a sound wave reflected from the examined site.
[0064] The second upper electrode 132 and the second
lower electrode 133 are configured to apply a pulse voltage
to the second piezoelectric element 131 to vibrate the second
piezoelectric element 131. In addition, the second upper
electrode 132 configures a GND electrode, and the second
lower electrode 133 configures a positive electrode.

[0065] As shown in FIG. 5, an end portion 133a in the
arrangement direction C of the second lower electrode 133
in the columnar portion 137 is at a position separated by the
predetermined distance C2 from the second end portion 385
of the first transducer region 38. As a result, part of the
second piezoelectric element 131 is exposed, and the first
surface 137x is configured under the exposed second piezo-
electric element 131.

[0066] Note that the predetermined distance C2 coincides
with the predetermined intervals C2 in the arrangement
direction C of the plurality of first transducers 34 in the first
transducer region 38.

[0067] A dicing blade with the blade width C2 is used to
dice the sheet 139 in the second lower electrode 133 closer
to an end portion 139¢ in the arrangement direction C along
with part of the second piezoelectric element 131, and a
cutout K is formed to configure the first surface 137x under
the second piezoelectric element 131 exposed by the cutout
K, the first surface 137x having the predetermined distance
C2 in the arrangement direction C. For the first surface 137X
described above, the second lower electrode 133 may be
etched to provide an exposed section K.

[0068] Note that the columnar portion 137 may be indi-
vidually provided only near the one end and the other end in
the extension direction H of the sheet 139 in the extension
direction H.

[0069] The film portion 35 is flexible and connects, in the
arrangement direction C, the plurality of first upper elec-
trodes 32 in the first transducer region 38 and a second
surface 137y facing the first surface 137x of the columnar
portion 137.

[0070] As shown in FIGS. 5 and 6, the present embodi-
ment illustrates an example of a configuration in which the
columnar portion 137 includes the acoustic matching layer
136 between the second upper electrode 132 and the film
portion 35. However, the arrangement is not limited to this,
and the second upper electrode 132 may be directly fixed to
the film portion 35.

[0071] In a state in which the sheet 139 is rounded such
that the film portion 35 becomes the external surface, and the
first transducer 345 positioned on the second end portion
385 and part of the non-conductive first surface 137x of the
columnar portion 137 are attached to each other as shown in
FIG. 5, the bonding portion 50 is configured to bond, in the
extension direction H, the columnar portion 137 and the first
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transducer 345 at the joint T between respective end portions
1394 and 1395 in the arrangement direction C of the sheet
139.

[0072] Note that the bonding portion 50 is also configured
from, for example, an adhesive in the present embodiment.
The bonding portion 50 may be configured from the same
material as the film portion 35.

[0073] In the present embodiment, as shown in FIG. 5, the
predetermined distance C2 also exists which coincides with
the predetermined intervals C2 in the arrangement direction
C of the plurality of first transducers 34 in the first transducer
region 38 as described above at the joint T where the first
transducer 345 and part of the non-conductive first surface
137x of the columnar portion 137 are attached to each other.
[0074] Next, a manufacturing method of the ultrasound
observation apparatus 30 configured in this way will be
simply described.

[0075] First, a step of creating the sheet 139 shown in FIG.
6 is executed. To create the sheet 139, the film portion 35 is
formed first. Next, when the acoustic matching layers 36 and
136 are used on the film portion 35, the acoustic matching
layers 36 and 136 are formed at the same time.

[0076] Next, the first piezoelectric element 31 and the
second piezoelectric element 132 provided with the elec-
trodes 32 and 33 and the electrodes 132 and 133 on upper
and lower surfaces are bonded on the acoustic matching
layer 36 and the acoustic matching layer 136 at the same
width as the acoustic matching layer 36 and the acoustic
matching layer 136 in the arrangement direction C.

[0077] Subsequently. a plurality of grooves with the width
C2 in the arrangement direction C are formed on the
electrodes 32 and 33, the first piezoelectric element 31, and
the acoustic matching layer 36 by using the dicing blade
with the blade width C2, for each width C1 in the arrange-
ment direction C.

[0078] Furthermore, the dicing blade with the blade width
C2 is used for part of the electrode 133 closer to the end
portion 139a of the sheet 139 and part of the second
piezoelectric element 131 to form a groove with the width
C2 in the arrangement direction C to thereby form the cutout
K. Alternatively, the exposed section K is formed by etching
at the etching width C2.

[0079] As a result, the sheet 139 is created, in which the
plurality of first transducers 34 with the width C1 are
arranged on the film portion 35 at the predetermined inter-
vals C2 in the arrangement direction C through the acoustic
matching layer 36. The sheet 139 has the predetermined
interval C2 between the first transducer 34a and the colum-
nar portion 137 in the arrangement direction C and is
provided with the cutout K with the predetermined distance
C2 between the end portion 133a and the end portion 139a
closer to the end portion 139a of the sheet 139 of the
columnar portion 137.

[0080] Next, a step of rounding the sheet 139 360° is
executed as shown in FIG. 5 such that the film portion 35
becomes the external surface, and the first transducer 346
positioned on the second end portion 386 and part of the first
surface 137x of the columnar portion 137 are attached to
each other.

[0081] Lastly, in the state in which the sheet 139 is
rounded, a step of bonding by the bonding portion 50 is
executed by injecting the bonding portion 50 between the
columnar portion 137 and the first transducer 345 in the
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arrangement direction C. As a result, the ultrasound obser-
vation apparatus 30 is manufactured.

[0082] In this way. the present embodiment has illustrated
that the columnar portion 137 in which at least the first
surface 137x is non-conductive is disposed adjacent to the
first transducer 34a positioned on the first end portion 384 at
the predetermined interval C2 in the arrangement direction
C among the plurality of first transducers 34 in the first
transducer region 38 in the sheet 139 of the ultrasound
observation apparatus 30.

[0083] The present embodiment has also illustrated that
the columnar portion 137 includes the second transducers,
each of the second transducers including at least the second
lower electrode 133, the second piezoelectric element 131
disposed on the second lower electrode 133, and the second
upper electrode 132 disposed on the second piezoelectric
element 131.

[0084] Furthermore, the present embodiment has illus-
trated that the dicing blade with the blade width C2 is used
to dice the sheet 139 in the second lower electrode 133
closer to the end portion 1394 along with part of the second
piezoelectric element 131 to form the cutout K, or the
etching is performed at the etching width C2, and the first
surface 137x is configured under the second piezoelectric
element 131 exposed by the cutout K or the exposed section
K, with the predetermined distance C2 in the arrangement
direction C.

[0085] Note that the present embodiment has illustrated
that the predetermined distance C2 coincides with the pre-
determined interval C2 in the arrangement direction C of the
plurality of first transducers 34 in the first transducer region
38.

[0086] The present embodiment has also illustrated that
the bonding portion 50 bonds, in the extension direction H,
the columnar portion 137 and the first transducer 345 in the
arrangement direction C at the joint T of the sheet 139 in the
state in which the sheet 139 is rounded such that the film
portion 35 becomes the external surface, and the first trans-
ducer 345 positioned on the second end portion 385 and part
of the non-conductive first surface 137x of the columnar
portion 137 are attached to each other.

[0087] According to this, part of the non-conductive first
surface 137x of a second transducer 134 is in contact with
the lower electrode 33 of the first transducer 345 at the joint
T of the sheet 139, and the lower electrode 33 of the first
transducer 34a does not come into contact with the lower
electrode 133 of the second transducer 134.

[0088] Therefore, the columnar portion 137 can also
surely prevent electrical short-circuit at the joint T of the first
transducer 345 and the second transducer 134 without
separately using the spacer or the like in the present embodi-
ment.

[0089] In addition, part of the first surface 137x of the
columnar portion 137 is attached to the first transducer 345,
and the bonding portion 50 injected to the joint T does not
flow out toward the inner circumference of the sheet 139.

[0090] In addition, the cutout K with the predetermined
distance C2 is formed on the second transducer 134 in the
columnar portion 137. Therefore, the predetermined dis-
tance C2 also exists which coincides with the predetermined
intervals C2 in the arrangement direction C of the plurality
of first transducers 34 in the first transducer region 38 as
described above at the joint T where the first transducer 345
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and part of the non-conductive first surface 137x of the
columnar portion 137 are attached to each other.

[0091] As a result, the sheet 139 is provided with a
plurality of transducers at equal intervals at the intervals C2
throughout the whole circumference. This can prevent dis-
tortion of an ultrasound image of the examined site acquired
by the ultrasound observation apparatus 30.

[0092] Furthermore, the operator can perform the bonding
operation of the joint T just by abutting part of the first
surface 137x of the columnar portion 137 to the first trans-
ducer 345 and injecting the bonding portion 50 to the joint
T, and the operator can simply adjust the position of the
predetermined distance C2 in the joint T. Therefore, the
bonding operability improves.

[0093] In addition, the part of the second transducer 134
configuring the columnar portion 137 excluding the cutout K
or the exposed section K in the arrangement direction C also
has the width C1 as in the first transducer 34, and the second
transducer 134 is separated by the predetermined interval C2
from the first transducer 34a that is the same as the prede-
termined intervals C2 among the plurality of first transduc-
ers 34a. Therefore, the columnar portion 137 can be pro-
vided to prevent distortion of an ultrasound image of the
examined site acquired by the ultrasound observation appa-
ratus 30.

[0094] Note that the other effects are the same as in the
first embodiment.

[0095] Hereinafter, an example of a configuration of an
ultrasound endoscope apparatus including the ultrasound
observation apparatus 30 used in the first and second
embodiments will be described with reference to FIG. 7.
FIG. 7 is a diagram showing the ultrasound endoscope
apparatus including the ultrasound observation apparatus of
the first and second embodiments.

[0096] As shown in FIG. 7, an ultrasound endoscope
apparatus 100 includes an ultrasound endoscope 1, a light
source apparatus 11, a video processor 12, a monitoring
apparatus 14, a suction pump 15, and a water feeding tank
16.

[0097] Main parts of the ultrasound endoscope 1 include
an elongated insertion portion 2, an operation portion 3, a
flexible universal cord 4 extended from the operation portion
3, and an endoscope connector 5 provided on an extension
end of the universal cord 4.

[0098] The endoscope connector 5 is provided with a light
source connector 6, an electrical connector 7, an ultrasound
connector 8, a suction pipe sleeve 9, and an air/water feeding
pipe sleeve 10.

[0099] The light source apparatus 11 configured to supply
illumination light into a subject through a light guide not
shown can be attached to and detached from the light source
connector 6.

[0100] In addition, the video processor 12 configured to
execute various types signal processing and the like through
an image guide or a signal cable not shown can be attached
to and detached from the electrical connector 7.

[0101] Furthermore, a connector 45 provided on a proxi-
mal end side of an ultrasound transducer cable 40 extending
from the transducers 34 and 134 in the ultrasound observa-
tion apparatus 30 is electrically connected to the ultrasound
connector 8, and the monitoring apparatus 14 can be
attached to and detached from the ultrasound connector 8
through an ultrasound cable 13.
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[0102] Inaddition, the suction pipe sleeve 9 is provided on
an opening of the other end of a treatment instrument
insertion channel not shown, and the suction pump 15 can be
attached to and detached from the suction pipe sleeve 9
through a suction tube not shown. Furthermore, the air/water
feeding pipe sleeve 10 is connected to a fluid supply conduit
not shown, and the water feeding tank 16 can be attached to
and detached from the air/water feeding pipe sleeve 10
through an air/water feeding tube not shown.
[0103] The monitoring apparatus 14 is configured to per-
form various operation controls of the ultrasound endoscope
1. For example, the monitoring apparatus 14 controls the
drive of the ultrasound transducers or executes operation of
generating a video signal by executing signal processing of
an electrical signal acquired by controlling the drive of the
ultrasound transducers.
[0104] Note that the video signal generated by the moni-
toring apparatus 14 is outputted to a display apparatus not
shown. As a result, an ultrasound image is displayed on a
screen of the display apparatus that has received the video
signal.
[0105] The insertion portion 2 of the ultrasound endoscope
1 is continuously provided with, in order from a distal end
side: a distal end portion 21; a bending portion 22 bendable
in, for example, up and down directions and left and right
directions; and a long flexible tube portion 23 with flexibil-
ity. Note that the ultrasound observation apparatus 30 is
positioned in the distal end portion 21.
[0106] Bending operation knobs 25 and 26 for performing
bending operation of the bending portion 22 are provided on
the operation portion 3. A treatment instrument insertion
pipe sleeve 27 for introducing a treatment instrument into
the body through the treatment instrument insertion channel
is provided on a position of the operation portion 3 closer to
the insertion portion 2.
[0107] The video processor 12 is configured to apply
signal processing to an electrical signal transmitted from an
image pickup unit not shown provided in the distal end
portion 21 to generate a standard video signal. The video
processor 12 is configured to output the video signal to the
display apparatus not shown to display an endoscopic obser-
vation image on the screen of the display apparatus.
[0108] Note that the configuration of the ultrasound endo-
scope 1 is just an example, and it is obvious that the
configuration is not limited to the configuration of FIG. 7.
[0109] The ultrasound observation apparatus 30 can also
be applied to an apparatus other than the ultrasound endo-
scope apparatus 100, such as an apparatus including an
ultrasound treatment instrument.
[0110] Although the first transducers 34 and the second
transducers 134 are electronic radial ultrasound transducers
in the first and second embodiments, the transducers are not
limited to these, and it is obvious that the first and second
embodiments can also be applied to C-MUT (capacitive
micromachined ultrasonic transducers).

What is claimed is:

1. An ultrasound observation apparatus comprising:

a sheet including:

a first transducer including a first upper electrode that
is a GND electrode, a first piezoelectric element
disposed on the first upper electrode, and a first lower
electrode that is arranged in a predetermined
arrangement direction on the first piezoelectric ele-
ment and that is a positive electrode;
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a first transducer region in which the first transducer in
plurality are arranged at predetermined intervals;

a columnar portion in which at least a first surface is
non-conductive, the columnar portion disposed adja-
cent to the first transducer positioned on a first end
portion in the arrangement direction in the first
transducer region; and

a film portion that is flexible and that connects at least
the first upper electrode in plurality in the first
transducer region and a second surface facing the
first surface of the columnar portion in the arrange-
ment direction; and

a bonding portion provided between the first transducer
positioned on a second end portion in the arrangement
direction among the first transducer in plurality in the
first transducer region and the columnar portion and
configured to maintain a state in which the sheet is
rounded such that the film portion of the sheet becomes
an external surface, and the first transducer positioned
on the second end portion and the first surface of the
columnar portion are attached to each other.

2. The ultrasound observation apparatus according to

claim 1, wherein

the columnar portion is configured of a second transducer
including at least a second lower electrode, a second
piezoelectric element disposed on the second lower
electrode, and a second upper electrode disposed on the
second piezoelectric element,

the second lower electrode is positioned at a predeter-
mined distance from the second end portion to expose
part of the second piezoelectric element, and the first
surface is configured under the exposed second piezo-
electric element.

3. The ultrasound observation apparatus according to

claim 2, wherein

the predetermined distance coincides with the predeter-
mined intervals in the arrangement direction of the first
transducer in plurality in the first transducer region.

4. The ultrasound observation apparatus according to

claim 1, wherein

an acoustic matching layer is disposed between the first
upper electrode and the film portion.

5. A manufacturing method of an ultrasound observation

apparatus, the manufacturing method comprising:

a step of creating a sheet, the sheet including;

a first transducer including a first upper electrode that
is a GND electrode, a first piezoelectric element
disposed on the first upper electrode, and a first lower
electrode that is arranged on the first piezoelectric
element and that is a positive electrode;

a first transducer region in which the first transducer in
plurality are arranged at predetermined intervals;

a columnar portion in which at least a first surface is
non-conductive, the columnar portion disposed adja-
cent to the first transducer positioned on a first end
portion in an arrangement direction of the first trans-
ducer in plurality among the first transducer in
plurality in the first transducer region; and

a film portion that is flexible and that connects at least
the first upper electrode in plurality in the first
transducer region and a second surface facing the
first surface of the columnar portion in the arrange-
ment direction;
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a step of rounding the sheet such that the film portion of
the sheet becomes an external surface, and the first
transducer positioned on a second end portion in the
arrangement direction among the first transducer in
plurality in the first transducer region and the first
surface of the columnar portion are attached to each
other; and

a step of maintaining, by a bonding portion, the state in
which the sheet is rounded in the state in which the
columnar portion and the first transducer positioned on
the second end portion are attached to each other.

® 0% % % %
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