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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an ultrasonic
endoscope, and particularly relates to an ultrasonic en-
doscope including an ultrasonic observation unit provid-
ed to a distal end part body of an insertion unit, and a
method of manufacturing the same.

Description of the Related Art

[0002] Japanese Patent Application Laid-Open No.
2013-27695 discloses an ultrasonic observation device
(ultrasonic endoscope) including an ultrasonic commu-
nication unit (ultrasonic observation unit) provided to a
distal end part of an insertion unit inserted into the inside
of a body.

[0003] The ultrasonic communication unit of Japanese
Patent Application Laid-Open No. 2013-27695 is provid-
ed with a plurality of piezoelectric elements arrayed in a
convex circular arc shape. The surface of the piezoelec-
tric element functions as an observation surface through
which ultrasonic waves are communicated. An acoustic
lens for converging an ultrasonic beam is provided on
the top surface of the observation surface through an
acoustic matching layer. A backing material is provided
on the bottom surface of the observation surface of the
piezoelectric element.

[0004] Each piezoelectric element is provided with an
electrode, and the electrode is connected with a wiring
connection unit through a flexible printed board. Typical-
ly, the wiring connection unit is provided on the bottom
surface of the backing material. The wiring connection
unit is connected with a plurality of wires for supplying a
drive voltage to the respective piezoelectric elements.
These wires are housedin a wire housing space provided
to an ultrasonic-oscillator housing part housing an ultra-
sonic oscillator. The wire housing space is provided on
a side on which the bottom surface of the ultrasonic os-
cillator is housed. In the present specification, the ultra-
sonic oscillator also refers to the piezoelectric elements
and the backing material, and the bottom surface of the
ultrasonic oscillator refers to the bottom surface of the
backing material.

[0005] Japanese Patent Application Laid-Open No.
2013-27695 discloses that the acoustic lens is bonded
to the ultrasonic communication unit (ultrasonic oscilla-
tor), and the ultrasonic communication unit to which the
acoustic lens is bonded is assembled to a holding unit
(ultrasonic-oscillator housing part) provided to the distal
end part of the insertion unit.

[0006] Recently, an ultrasonic endoscope has been
used in clinical practice that allows observation of the
state of the inside of a subject body by irradiating the
inside of the body with ultrasonic waves and receiving
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the reflected waves for imaging.

[0007] Such an ultrasonic endoscope includes an ul-
trasonic probe (ultrasonic observation unit) provided to
a distal end rigid part at the distal end of the insertion unit
inserted into the inside of the body as disclosed in, for
example, Japanese Patent Application Laid-Open No.
2002-113005. Typically, the ultrasonic probe includes,
for example, an acoustic lens, a piezoelectric element,
and a backing material, and is fixed to an ultrasonic-os-
cillator housing part provided to the distal end rigid part.
The ultrasonic probe transmits and receives ultrasonic
waves toward and from an observation region inside the
body so as to acquire a signal for generating an ultrasonic
image.

[0008] The distal end rigid part is provided with a sur-
gical-tool guide opening on a proximal end side thereof.
The surgical-tool guide opening is communicated with a
surgical tool channel arranged inside the insertion unit,
and a surgical tool inserted into the surgical tool channel
is guided out of the surgical-tool guide opening. This con-
figuration allows the ultrasonic observation unitto acquire
the position of the surgical tool during an ultrasonic ob-
servation.

SUMMARY OF THE INVENTION

[0009] The plurality of wires housed in the wire housing
space of the ultrasonic-oscillator housing part are fixed
to the wire housing space by filling agent that fills the wire
housing space so as to avoid breaking.

[0010] Inthe technology disclosed in Japanese Patent
Application Laid-Open No. 2013-27695, when the ultra-
sonic communication unit is assembled to the holding
unit (ultrasonic-oscillator housing part), a gap formed be-
tween the ultrasonic communication unit and the holding
unit is filled with sealing agent so as to prevent liquid from
flowing into the inside of the holding unit (achieve liquid-
tightness).

[0011] However, in the technology disclosed in Japa-
nese Patent Application Laid-Open No. 2013-27695,
when the sealing agent that fills the gap formed between
the ultrasonic communication unit and the holding unit
flows into the wire housing space, the filling agent to fix
the wires insufficiently fills the wire housing space, which
makes it difficult to sufficiently fix the wires.

[0012] The presentinvention is intended to solve such
a problem, and it is an object of the present invention to
provide an ultrasonic endoscope in which wiring can be
reliably fixed in a wire housing space of an ultrasonic-
oscillator housing part, and a method of manufacturing
the ultrasonic endoscope.

[0013] The surgical tool guided out of the surgical-tool
guide opening needs to be accurately guided into an ul-
trasonic observation region to achieve a favorable ultra-
sonic observation using the ultrasonic endoscope, which
requires a high accuracy of positioning the ultrasonic
probe with respect to the surgical-tool guide opening.
[0014] However, Japanese Patent Application Laid-
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Open No. 2002-113005 provides no consideration on the
above-described problem, and no means for solving the
problem.

[0015] The following describes in detail the structure
of an ultrasonic endoscope disclosed in Japanese Patent
Application Laid-Open No. 2002-113005. An ultrasonic
probe of the ultrasonic endoscope of Japanese Patent
Application Laid-Open No. 2002-113005 is provided in
an opening (ultrasonic-oscillator housing part) of an ex-
terior case (distal end part body) provided to a distal end
of a distal end rigid part thereof. The ultrasonic probe
includes an acoustic lens, a second acoustic matching
layer, a first acoustic matching layer, a piezoelectric el-
ement, and a backing material stacked on an outer sur-
face in this order. The piezoelectric element is surround-
ed by a backing frame, and this backing frame is filled
with the backing material, serving as a backing unit. The
backing frame is engaged with an exterior member, and
then this exterior member is fitted into the opening (ul-
trasonic-oscillator housing part) and bonded thereto.
With this configuration, the ultrasonic probe is fixed to
the opening (ultrasonic-oscillator housing part).

[0016] Since the ultrasonic endoscope of Japanese
Patent Application Laid-Open No. 2002-113005 has the
structure that the exterior member engaged with the
backing frame is bonded to the opening (ultrasonic-os-
cillator housing part) in a simple manner, Japanese Pat-
ent Application Laid-Open No. 2002-113005 provides no
consideration on adjustment of the position of the ultra-
sonic probe with respect to the surgical-tool guide open-
ing, and provides no device to accurately and easily ad-
just the position. Thus, in the ultrasonic endoscope of
Japanese Patent Application Laid-Open No.
2002-113005, the position of the exterior member is likely
to shift with respect to the opening (ultrasonic-oscillator
housing part). This positional shift degrades the accuracy
of positioning the ultrasonic probe with respect to the
surgical-tool guide opening, which indicates that the
structure is unsuitable for performing a favorable ultra-
sonic observation.

[0017] The presentinvention is intended to solve such
problems, and it is an object of the present invention to
provide an ultrasonic endoscope in which the position of
an ultrasonic oscillator can easily adjusted with respect
to a surgical-tool guide opening provided to a distal end
part body of an insertion unit, and a method of manufac-
turing the ultrasonic endoscope.

[0018] To achieve the object of the present invention,
an ultrasonic endoscope according to the present inven-
tion includes: an insertion unit inserted into an inside of
the body; a distal end part body provided to a distal end
of the insertion unit; an ultrasonic observation unit pro-
vided to the distal end part body; an ultrasonic oscillator
provided to the ultrasonic observation unit and including
an observation surface through which ultrasonic waves
are communicated, side surfaces adjacent to the obser-
vation surface, a bottom surface opposite to the obser-
vation surface, a piezoelectric element provided closer
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to the observation surface, and a backing material pro-
vided to the bottom surface of the piezoelectric element;
a wiring connection unit provided to the ultrasonic oscil-
lator and connected with wiring for supplying a drive volt-
age to the ultrasonic oscillator; an ultrasonic-oscillator
housing part covering the side surfaces and the bottom
surface of the ultrasonic oscillator, housing the ultrasonic
oscillator, and including a wire housing space in which
the wiring is housed, on a side on which the bottom sur-
face of the ultrasonic oscillator is housed; an acoustic
lens made of resin covering the observation surface of
the ultrasonic oscillator and adhered to the ultrasonic-
oscillator housing part; and a sealing member that seals
a gap formed between the ultrasonic oscillator and the
ultrasonic-oscillator housing part.

[0019] According to the present invention, the wire
housing space is encapsulated from the outside by seal-
ing the gap formed between the ultrasonic oscillator and
the ultrasonic-oscillator housing part by the sealing mem-
ber. With this configuration, the wire housing space can
be sufficiently filled with filling agent for fixing the wiring
to the wire housing space. This achieves an ultrasonic
endoscope in which the wiring can be reliably fixed to the
wire housing space of the ultrasonic-oscillator housing
part.

[0020] In an aspect of the present invention, it is pref-
erable that the sealing member is provided between the
side surfaces of the ultrasonic oscillator and the ultrason-
ic-oscillator housing part.

[0021] Accordingtotheaspectofthe presentinvention,
the wire housing space can be encapsulated from the
outside by the sealing member provided between the
side surfaces of the ultrasonic oscillator and the ultrason-
ic-oscillator housing part.

[0022] In another aspect of the present invention, it is
preferable that the sealing members are provided be-
tween the ultrasonic-oscillator housing part and two side
surfaces parallel to a longitudinal axis of the insertion unit
and facing to each other among the side surfaces of the
ultrasonic oscillator and are provided between the ultra-
sonic-oscillator housing part and two side surfaces inter-
secting with the longitudinal axis of the insertion unit and
facing to each other among the side surfaces of the ul-
trasonic oscillator.

[0023] In another aspect of the present invention, it is
preferable that the sealing member has a uniform thick-
ness in a normal direction of a surface of the sealing
member, which is in contact with a corresponding one of
the side surfaces of the ultrasonic oscillator when the
ultrasonic oscillator is housed in the ultrasonic-oscillator
housing part.

[0024] In another aspect of the present invention, it is
preferable that the sealing member is elastic in a thick-
ness direction corresponding to the normal direction.
[0025] In another aspect of the present invention, it is
preferable that the sealing member is provided between
the bottom surface of the ultrasonic oscillator and the
ultrasonic-oscillator housing part.
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[0026] Accordingtothe aspectofthe presentinvention,
the wire housing space can be encapsulated from the
outside by the sealing member provided between the bot-
tom surface of the ultrasonic oscillator and the ultrasonic-
oscillator housing part.

[0027] In another aspect of the present invention, it is
preferable that the wiring connection unit is provided to
the bottom surface of the ultrasonic oscillator.

[0028] In another aspect of the present invention, it is
preferable that the wiring connection unit is provided in
a central part of the bottom surface, and the sealing mem-
ber is provided in a peripheral part of the bottom surface.
[0029] Accordingtothe aspectofthe presentinvention,
the acoustic lens is assembled to the ultrasonic oscillator
by bonding a previously manufactured acoustic lens to
the ultrasonic oscillator, or by loading the ultrasonic os-
cillator into amold while the ultrasonic oscillator is housed
in the ultrasonic-oscillator housing part, and injecting
melted resin to be formed as an acoustic lens into the
mold.

[0030] Inthelattermethod, itis preferable thatthe resin
is thermoplastic resin. The fluid melted thermoplastic res-
in injected into the mold is prevented from flowing into
the wire housing space by the sealing member, and thus
the wire housing space can be sufficiently filled with filling
agent for fixing wiring in the wire housing space.

[0031] To achieve the object of the present invention,
a method of manufacturing an ultrasonic endoscope ac-
cording to the present invention is a method of manufac-
turing an ultrasonic endoscope including: an insertion
unit inserted into an inside of the body; a distal end part
body provided to a distal end of the insertion unit; an
ultrasonic observation unit provided to the distal end part
body; an ultrasonic oscillator provided to the ultrasonic
observation unit and including an observation surface
through which ultrasonic waves are communicated, side
surfaces adjacent to the observation surface, a bottom
surface opposite to the observation surface, a piezoelec-
tric element provided closer to the observation surface,
and a backing material provided to the bottom surface of
the piezoelectric element; a wiring connection unit pro-
vided to the ultrasonic oscillator and connected with wir-
ing for supplying a drive voltage to the ultrasonic oscilla-
tor; and an ultrasonic-oscillator housing part covering the
side surfaces and the bottom surface of the ultrasonic
oscillator, housing the ultrasonic oscillator, and including
a wire housing space in which the wiring is housed, on
a side on which the bottom surface of the ultrasonic os-
cillator is housed. The method includes: housing the ul-
trasonic oscillator in the ultrasonic-oscillator housing part
and sealing a gap formed between the ultrasonic oscil-
lator and the ultrasonic-oscillator housing part with the
sealing member; and shaping an acoustic lens on the
observation surface of the ultrasonic oscillator with fluid
resin and filling the gap between the ultrasonic oscillator
and the ultrasonic-oscillator housing part with the resin
while the gap is sealed by the sealing member.

[0032] The present invention provides an ultrasonic
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endoscope in which wiring can be reliably fixed to a wire
housing space of an ultrasonic-oscillator housing part,
and a method of manufacture the ultrasonic endoscope.
[0033] To achieve the object of the present invention,
an ultrasonic endoscope according to the present inven-
tion includes an insertion unit inserted into an inside of
the body, a distal end part body provided to a distal end
of the insertion unit and provided with a surgical-tool
guide opening, an ultrasonic observation unit provided
to the distal end part body, an ultrasonic oscillator pro-
vided to the ultrasonic observation unit and including an
observation surface through which ultrasonic waves are
communicated, side surfaces adjacent to the observation
surface, a bottom surface opposite to the observation
surface, a piezoelectric element provided closer to the
observation surface, and a backing material provided to
the bottom surface of the piezoelectric element, an ultra-
sonic-oscillator housing part provided to the distal end
part body, covering the side surfaces and the bottom sur-
face of the ultrasonic oscillator, and housing the ultra-
sonic oscillator, a spacer provided between the ultrasonic
oscillator and the ultrasonic-oscillator housing part, and
an acoustic lens covering the observation surface of the
ultrasonic oscillator and the spacer and adhered to the
ultrasonic-oscillator housing part.

[0034] To achieve the object of the present invention,
an ultrasonic endoscope according to the present inven-
tion includes an insertion unit inserted into an inside of
the body, a distal end part body provided to a distal end
of the insertion unit and provided with a surgical-tool
guide opening, an ultrasonic observation unit provided
to the distal end part body, an ultrasonic oscillator pro-
vided to the ultrasonic observation unit and including an
observation surface through which ultrasonic waves are
communicated, side surfaces adjacent to the observation
surface, a bottom surface opposite to the observation
surface, a piezoelectric element provided closer to the
observation surface, and a backing material provided to
the bottom surface of the piezoelectric element, an ultra-
sonic-oscillator housing part provided to the distal end
part body, covering the side surfaces and the bottom sur-
face of the ultrasonic oscillator, and housing the ultra-
sonic oscillator, a protrusion provided to at least one of
the ultrasonic oscillator and the ultrasonic-oscillator
housing part, and an acoustic lens covering the obser-
vation surface of the ultrasonic oscillator and the protru-
sion and adhered to the ultrasonic-oscillator housing part.
[0035] According to the present invention, the position
of the ultrasonic oscillator can be adjusted with respect
to the ultrasonic-oscillator housing part through the spac-
er or the protrusion, and thus the position of the ultrasonic
oscillator can be easily adjusted with respect to the sur-
gical-tool guide opening provided to the distal end part
body of the insertion unit. With this configuration, the ul-
trasonic endoscope according to the present invention
allows a surgical tool to be accurately guided into an ul-
trasonic observation region, thereby achieving a favora-
ble ultrasonic observation.
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[0036] The acoustic lens according to the present in-
vention covers the observation surface of the ultrasonic
oscillator, and the spacer or the protrusion, and is ad-
hered to the ultrasonic-oscillator housing part. In other
words, a gap between the ultrasonic oscillator and the
ultrasonic-oscillator housing part is sealed by part of the
acoustic lens without using sealing agent.

[0037] Inone aspect of the present invention, it is pref-
erable that the spacer has a uniform thickness in a direc-
tion normal to a surface of the spacer, which is in contact
with a corresponding one of the side surfaces of the ul-
trasonic oscillatorwhen the ultrasonic oscillator is housed
in the ultrasonic-oscillator housing part.

[0038] In another aspect of the present invention, it is
preferable that the protrusion has a uniform thickness in
a direction normal to a surface of the protrusion, which
is in contact with a corresponding one of the side surfaces
of the ultrasonic oscillator when the ultrasonic oscillator
is housed in the ultrasonic-oscillator housing part.
[0039] According to one aspect of the present inven-
tion, the spacer orthe protrusion has a uniform thickness,
and thus the ultrasonic oscillator can be accurately pro-
vided to the ultrasonic-oscillator housing part. A prefer-
able uniform thickness of the spacer or the protrusion is
a uniform thickness that provides parallelism enough to
keep, inside the ultrasonic observation region, a surgical
tool guided through the surgical-tool guide opening and
entering into the ultrasonic observation region of the ul-
trasonic oscillator from a proximal side end face of the
observation region. The ultrasonic observation region
when viewed from the surgical-tool guide opening in-
cludes a region narrowed in a direction intersecting with
the longitudinal axis of the insertion unit. The uniform
thickness that provides parallelism enough to keep the
surgical tool inside the ultrasonic observation region
through the spacer or the protrusion is such a uniform
thickness that the parallelism of side surfaces parallel to
the longitudinal axis of the insertion unit among the side
surfaces of the ultrasonic oscillator with respect to the
guide direction of the surgical tool can be provided
through the spacer or the protrusion so as to keep the
surgical tool inside the narrowed region.

[0040] In another aspect of the present invention, it is
preferable that the spacer is provided between the ultra-
sonic-oscillator housing part and a side surface parallel
to the longitudinal axis of the insertion unit among the
side surfaces of the ultrasonic oscillator.

[0041] In another aspect of the present invention, it is
preferable that the protrusion is provided between the
ultrasonic-oscillator housing part and a side surface par-
allel to the longitudinal axis of the insertion unit among
the side surfaces of the ultrasonic oscillator.

[0042] According to one aspect of the present inven-
tion, a constant gap can be held through the spacer or
the protrusion between the ultrasonic-oscillator housing
part and the side surface parallel to the longitudinal axis
of the insertion unit among the side surfaces of the ultra-
sonic oscillator.
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[0043] In another aspect of the present invention, it is
preferable that the spacers are provided between the ul-
trasonic-oscillator housing part and two side surfaces
parallel to the longitudinal axis of the insertion unit and
facing to each other among the side surfaces of the ul-
trasonic oscillator, and that when the ultrasonic oscillator
is housed in the ultrasonic-oscillator housing part, the
spacers provided between the ultrasonic-oscillator hous-
ing partand the two side surfaces have thicknesses equal
to each other, each thickness being measured in a direc-
tion normal to a surface of the spacer, which is in contact
with a corresponding one of the side surfaces of the ul-
trasonic oscillator.

[0044] In another aspect of the present invention, it is
preferable that the protrusion is provided to at least one
of the ultrasonic-oscillator housing part and a first side
surface as one of two side surfaces parallel to the longi-
tudinal axis of the insertion unit and facing to each other
among the side surfaces of the ultrasonic oscillator, and
is provided to at least one of the ultrasonic-oscillator
housing part and a second side surface as the other side
surface, and that when the ultrasonic oscillator is housed
in the ultrasonic-oscillator housing part, the protrusion
provided to at least one of the ultrasonic-oscillator hous-
ing part and the first side surface and the protrusion pro-
vided to at least one of the ultrasonic-oscillator housing
part and the second side surface have thicknesses equal
to each other, each thickness being measured in a direc-
tion normal to a surface of the protrusion, which is in
contact with a corresponding one of the first and second
side surfaces of the ultrasonic oscillator.

[0045] According to one aspect of the present inven-
tion, the two side surfaces parallel to the longitudinal axis
of the insertion unit and facing to each other among the
side surfaces of the ultrasonic oscillator can be arranged
in parallel to the longitudinal axis of the insertion unit
through the spacers or the protrusions. In the aspect of
the present invention, the thickness of a spacer or a pro-
trusion in a normal direction is such a thickness that
achieves electrical insulation through the spacer or the
protrusion and a small outer shape of the distal end part
body. Thicknesses in the normal direction are said to be
equal to each other with any variation in manufacturing
the spacer or the protrusion.

[0046] In another aspect of the present invention, it is
preferable that the spacer is provided between the ultra-
sonic-oscillator housing partand a side surface intersect-
ing with the longitudinal axis of the insertion unit among
the side surfaces of the ultrasonic oscillator.

[0047] In another aspect of the present invention, it is
preferable that the protrusion is provided to at least one
of the ultrasonic-oscillator housing part and a side sur-
face intersecting with the longitudinal axis of the insertion
unit among the side surfaces of the ultrasonic oscillator.
[0048] According to one aspect of the present inven-
tion, a constant gap can be held through the spacer or
the protrusion between the ultrasonic-oscillator housing
partand the side surface intersecting with the longitudinal
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axis of the insertion unit among the side surfaces of the
ultrasonic oscillator.

[0049] In another aspect of the present invention, it is
preferable that the spacers are provided between the ul-
trasonic-oscillator housing part and two side surfaces in-
tersecting with the longitudinal axis of the insertion unit
and facing to each other among the side surfaces of the
ultrasonic oscillator, and that when the ultrasonic oscil-
lator is housed in the ultrasonic-oscillator housing part,
the spacers provided between the ultrasonic-oscillator
housing part and the two side surfaces have thicknesses
equal to each other, each thickness being measured in
a direction normal to a surface of the spacer, which is in
contact with a corresponding one of the side surfaces of
the ultrasonic oscillator.

[0050] In another aspect of the present invention, it is
preferable that the protrusion is provided to at least one
of the ultrasonic-oscillator housing part and a third side
surface as one of two side surfaces intersecting with the
longitudinal axis of the insertion unit and facing to each
other among the side surfaces of the ultrasonic oscillator,
and is provided to at least one of the ultrasonic-oscillator
housing part and a fourth side surface as the other side
surface, and that when the ultrasonic oscillator is housed
in the ultrasonic-oscillator housing part, the protrusion
provided to at least one of the ultrasonic-oscillator hous-
ing part and the third side surface and the protrusion pro-
vided to at least one of the ultrasonic-oscillator housing
part and the fourth side surface have thicknesses equal
to each other, each thickness being measured in a direc-
tion normal to a surface of the protrusion, which is in
contact with a corresponding one of the second and third
side surfaces of the ultrasonic oscillator.

[0051] According to one aspect of the present inven-
tion, the two side surfaces intersecting with the longitu-
dinal axis of the insertion unit and facing to each other
among the side surfaces of the ultrasonic oscillator can
be arranged in a direction intersecting with the longitudi-
nal axis of the insertion unit through the spacers or the
protrusions.

[0052] In another aspect of the present invention, it is
preferable that the spacer is elastic in a thickness direc-
tion corresponding to in the normal direction.

[0053] In another aspect of the present invention, it is
preferable that the protrusion is elastic in a thickness di-
rection corresponding to the normal direction.

[0054] According to one aspect of the present inven-
tion, the spacer or the protrusion is elastic, and thus can
cancel any error in the dimensions of the ultrasonic os-
cillator and the ultrasonic-oscillator housing part through
elastic deformation thereof.

[0055] In another aspect of the present invention, it is
preferable that the spacer is provided between the ultra-
sonic-oscillator housing part and the bottom surface of
the ultrasonic oscillator.

[0056] In another aspect of the present invention, it is
preferable that the protrusion is provided to at least one
of the ultrasonic-oscillator housing part and the bottom
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surface of the ultrasonic oscillator.

[0057] According to one aspect of the present inven-
tion, the bottom surface of the ultrasonic oscillator can
be supported with respect to the ultrasonic-oscillator
housing part through the spacer or the protrusion.
[0058] In another aspect of the present invention, it is
preferable that the ultrasonic endoscope further includes
a wiring connection unit provided to the ultrasonic oscil-
lator and connected with wiring for supplying a drive volt-
age to the ultrasonic oscillator, the wiring connection unit
is provided in a central part of the bottom surface, and
the spacer is provided in a peripheral part of the bottom
surface.

[0059] In another aspect of the present invention, it is
preferable that the ultrasonic endoscope further includes
a wiring connection unit provided to the ultrasonic oscil-
lator and connected with wiring for supplying a drive volt-
age to the ultrasonic oscillator, the wiring connection unit
is provided in a central part of the bottom surface, and
the protrusion is provided in a peripheral part of the bot-
tom surface.

[0060] According to one aspect of the present inven-
tion, the spacer or the protrusion serves as a weir, thereby
preventing melted resin of the acoustic lens from flowing
into the wiring connection unit when the acoustic lens is
shaped.

[0061] To achieve the object of the present invention,
a method of manufacturing an ultrasonic endoscope ac-
cording to the present invention is a method of manufac-
turing an ultrasonic endoscope including an insertion unit
inserted into an inside of the body, a distal end part body
provided to a distal end of the insertion unit and provided
with a surgical-tool guide opening, an ultrasonic obser-
vation unit provided to the distal end part body, an ultra-
sonic oscillator provided to the ultrasonic observation unit
and including an observation surface through which ul-
trasonic waves are communicated, side surfaces adja-
cent to the observation surface, a bottom surface oppo-
site to the observation surface, a piezoelectric element
provided closerto the observation surface, and a backing
material provided to the bottom surface of the piezoelec-
tric element, and an ultrasonic-oscillator housing part
provided to the distal end part body and housing the ul-
trasonic oscillator, the method including housing the ul-
trasonic oscillator in the ultrasonic-oscillator housing
part, temporarily fixing the ultrasonic oscillator to the ul-
trasonic-oscillator housing part while an extended line of
a center line of the surgical-tool guide opening is posi-
tioned in an observation region of the ultrasonic oscillator,
and shaping an acoustic lens on the observation surface
of the ultrasonic oscillator with fluid resin and filling a gap
between the ultrasonic oscillator and the ultrasonic-os-
cillator housing part with the resin while temporarily fixing
the ultrasonic oscillator.

[0062] According to the presentinvention, the position
of the ultrasonic oscillator can be adjusted with respect
to the surgical-tool guide opening provided to the distal
end part body of the insertion unit.
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[0063] The present invention provides an ultrasonic
endoscope in which the position of an ultrasonic oscillator
can be adjusted with respect to a surgical-tool guide
opening provided to a distal end part body of an insertion
unit, and a method of manufacturing the ultrasonic en-
doscope.

BRIEF DESCRIPTION OF THE DRAWINGS

[0064]

Fig. 1 is an entire configuration diagram of an ultra-
sonic examination systemincluding an ultrasonic en-
doscope according to an embodiment;

Fig. 2 is a block diagram illustrating the entire con-
figuration of the ultrasonic examination system in
Fig. 1;

Fig. 3is an enlarged sectional view illustratinga main
part of a distal end structure of an insertion unit of
the ultrasonic endoscope illustrated in Fig. 1;

Fig. 4 is a perspective view of a distal end rigid part
of the ultrasonic endoscope;

Fig. 5 is a plan view of the distal end rigid part of the
ultrasonic endoscope;

Fig. 6 is a side view of the distal end rigid part of the
ultrasonic endoscope;

Fig. 7 is a front view of the distal end rigid part of the
ultrasonic endoscope;

Fig. 8 is a diagram illustrating assembly of an ultra-
sonic oscillator to the distal end part body;

Fig. 9 is a sectional view of the distal end part body
and the ultrasonic oscillator taken along line IX- IX
in Fig. 4;

Fig. 10 is a plan view of the ultrasonic oscillator;
Fig. 11 is a flowchart of a method of manufacturing
an ultrasonic endoscope according to the present
embodiment;

Fig. 12 is a diagram illustrating assembly of an ultra-
sonic oscillator to the distal end part body;

Fig. 13 is a sectional view of the distal end part body
and the ultrasonic oscillator taken along line IX- IX
in Fig. 4;

Fig. 14 is a plan view of the ultrasonic oscillator;
Fig. 15 is a flowchart of a method of manufacturing
an ultrasonic endoscope according to the present
embodiment;

Fig. 16 is a perspective view of the ultrasonic oscil-
lator, illustrating positioning of the ultrasonic oscilla-
tor with respect to the ultrasonic-oscillator housing
part through protrusions;

Fig. 17 is an exploded view of the ultrasonic oscillator
in Fig. 16; and

Fig. 18 is a sectional view of the distal end part body
including the ultrasonic oscillator in Fig. 16.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0065] Preferable embodiments of an ultrasonic endo-
scope according to the present invention and a method
of manufacturing the ultrasonic endoscope will be de-
scribed below in detail with reference to the accompany-
ing drawings.

[0066] Fig. 1 is an entire configuration diagram of an
ultrasonic examination system 1 including an ultrasonic
endoscope 10 according to the presentembodiment. Fig.
2 is a block diagram of the entire configuration of the
ultrasonic examination system 1 illustrated in Fig. 1.

[Ultrasonic examination system 1]

[0067] The ultrasonic examination system 1 includes
the ultrasonic endoscope 10 that captures an endoscopic
image and an ultrasonic image of the inside of the body,
an ultrasonic processor unit 12 that generates an ultra-
sonic image, an endoscopic processor unit 14 that gen-
erates an endoscopic image, a light source device 16
that supplies the ultrasonic endoscope 10 with illumina-
tion light that illuminates the inside of the body, and a
monitor 18 that displays an endoscopic image and an
ultrasonic image thereon.

[Ultrasonic endoscope 10]

[0068] The ultrasonic endoscope 10 is a convex ultra-
sonic endoscope including an insertion unit 22 inserted
into the inside of the body, an operating unit 24 provided
continuously with a proximal end of the insertion unit 22,
and a universal cord 26 a proximal end of which is con-
nected with the operating unit 24. A distal end of the uni-
versal cord 26 is provided with a connector 28 connected
with the ultrasonic processor unit 12, a connector 30 con-
nected with the endoscopic processor unit 14, and a con-
nector 32 connected with the light source device 16. The
ultrasonic endoscope 10 is detachably connected with
the ultrasonic processor unit 12, the endoscopic proces-
sor unit 14, and the light source device 16 through the
respective connectors 28, 30, and 32.

[0069] The ultrasonic processor unit 12, the endoscop-
ic processor unit 14, and the light source device 16 are
loaded on a cart 20 with casters as illustrated in Fig. 1
and integrally moved. The monitor 18 is supported by a
support 34 of the cart 20. The direction and height of a
screen of the monitor 18 are adjusted through a rotation
mechanism and a height adjusting mechanism (not illus-
trated) provided to the support 34.

<Insertion unit 22>

[0070] As illustrated in Fig. 2, the insertion unit 22 in-
cludes a distal end rigid part 40 including a distal end
part body 70 (refer to Fig. 3) made of a rigid material, a
curved part 42 provided continuously with a proximal end
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side of the distal end rigid part 40, and a flexible part 44
having flexibility and a small diameter and a long length
and coupling a proximal end side of the curved part 42
and a distal end of the operating unit 24, in this order
from its distal end. In other words, the distal end of the
insertion unit 22 is provided with the distal end part body
70. A surgical-tool guide opening 54 to be described later
is formed in the distal end part body 70 (refer to Fig. 3).
[0071] Fig. 3 is a main-part enlarged sectional view
illustrating a non-angled state of the insertion unit 22 of
the ultrasonic endoscope 10 illustrated in Fig. 1.

[0072] A surgical-tool insertion tube 88 is arranged in-
side of the insertion unit 22 so as to guide a surgical tool
including a puncture needle 100 and a sheath 102 to the
surgical-tool guide opening 54. A proximal end of the
surgical-tool insertion tube 88 is connected with a surgi-
cal-tool insertion opening 24f provided to the operating
unit 24 illustrated in Fig. 2, whereas a distal end thereof
is connected with a proximal end of a connecting pipe 86
(refer to Fig. 3) arranged at a coupling position of the
distal end rigid part 40 and the curved part 42. The con-
necting pipe 86 is made of metal such as stainless steel,
mounted on the distal end part body 70 such that a distal
end thereof is communicated with the surgical-tool guide
opening 54. The surgical-tool insertion tube 88 is made
of, for example, polytetrafluoroethylene (PTFE).

[0073] As illustrated in Fig. 2, the distal end part body
70 (referto Fig. 3) of the distal end rigid part40 is provided
with an ultrasonic observation unit 50, an endoscope ob-
servation unit 52, and the surgical-tool guide opening 54.
[0074] The ultrasonic observation unit 50 includes an
ultrasonic oscillator including an observation surface
through which ultrasonic waves are communicated as
described later. The ultrasonic observation unit 50 ac-
quires an ultrasonic signal for generating as an ultrasonic
image, a topographic image of cellular tissue existing
deeper than a wall of the body cavity.

[0075] The endoscope observation unit 52 includes,
for example, components of an observation optical sys-
tem and anillumination optical system and animage pick-
up element and a peripheral circuit thereof as described
later. The endoscope observation unit 52 optically cap-
tures the surface of a wall of the body cavity so as to
acquire an image signal for displaying an endoscopic im-
age for observation.

[0076] As illustrated in Fig. 3, the surgical-tool guide
opening 54 guides, into the inside of the body, a distal
end (a distal end 100a of the puncture needle 100 in Fig.
2) of the surgical tool including the puncture needle 100
and the sheath 102 inserted into the surgical-tool inser-
tion tube 88. The surgical-tool guide opening 54 is com-
municated with a distal end of the connecting pipe 86,
and an elevator 74 that changes a direction in which the
puncture needle 100 is guided is provided closer to the
distal end of the connecting pipe 86.

[0077] Although embodiment exemplarily describes
the surgical tool including the puncture needle 100 and
the sheath 102, the presentinventionis notlimited thereto

10

15

20

25

30

35

40

45

50

55

but is applicable to other surgical tools such as forceps.
<Operating unit 24>

[0078] As illustrated in Fig. 2, the operating unit 24 in-
cludes, for example, an angle knob 24a for curving the
curved part 42 of the insertion unit 22 vertically and hor-
izontally, an elevation lever 24b for standing up the ele-
vator 74 (refer to Fig. 3), a suction button 24c for per-
forming suction, an insufflation button 24d for performing
air and water supply, and a plurality of operation mem-
bers 24e for performing display switching of the monitor
and instructions to freeze and release a display image.
The surgical-tool insertion opening 24f for inserting var-
ious surgical tools into the surgical-tool insertion tube 88
(refer to Fig. 3) is provided as an extension closer to the
distal end of the operating unit 24.

<Processor unit and the like>

[0079] The ultrasonic processor unit 12 transmits ul-
trasonic waves at a predetermined frequency from the
observation surface toward an observation object by driv-
ing a piezoelectric element (to be described later) includ-
ed in the ultrasonic observation unit 50. Then, the ultra-
sonic processor unit 12 receives, through the observation
surface, ultrasonic waves reflected from the observation
object and acquires, from the ultrasonic observation unit
50, an electric signal (ultrasonic signal) obtained from
the received ultrasonic waves, and generates an image
signal for an ultrasonic image by performing various kinds
of signal processing on the electric signal.

[0080] The endoscopic processor unit 14 acquires the
image signal transmitted from the image pickup element
of the endoscope observation unit 52 of the ultrasonic
endoscope 10 by performing drive control of the image
pickup element, and generates an image signal for an
endoscopic image by performing various kinds of signal
processing on the image signal.

[0081] The light source device 16 supplies the illumi-
nation optical system with illumination light to be emitted
from the illumination optical system of the distal end rigid
part 40 for illuminating an observation view range of the
endoscope observation unit 52.

[0082] The monitor 18 receives the image signals gen-
erated by the ultrasonic processor unit 12 and the endo-
scopic processor unit 14, and displays an ultrasonic im-
age and an endoscopic image. In the display of these
ultrasonic and endoscopic images, each of the images
may be displayed on the monitor 18 in a switchingmanner
as appropriate or both of the images may be simultane-
ously displayed on the monitor 18.

<Distal end rigid part 40>
[0083] Figs. 4, 5, 6, and 7 are a perspective view, a

plan view, a side view, and a front view of the distal end
rigid part 40, respectively.
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[0084] As illustrated in these diagrams, the distal end
part body 70 of the distal end rigid part 40 is provided
with the ultrasonic observation unit 50, the endoscope
observation unit 52, and the surgical-tool guide opening
54 as described above.

<Ultrasonic observation unit 50>

[0085] As illustrated in Fig. 3, the ultrasonic observa-
tion unit 50 is provided to the distal end part body 70.
The ultrasonic observation unit 50 is provided with an
ultrasonic oscillator 80.

[0086] Fig. 8 is a diagram illustrating assembly of the
ultrasonic oscillator 80 to the distal end part body 70, Fig.
9 is a sectional view of the distal end part body 70 and
the ultrasonic oscillator 80 taken along line IX-IX in Fig.
4,andFig. 10is a plan view of the ultrasonic oscillator 80.
[0087] As illustrated in these diagrams, the ultrasonic
oscillator 80 includes an observation surface 80A through
which ultrasonic waves are communicated, four side sur-
faces 80B, 80C, 80D, and 80E adjacent to the observa-
tion surface 80A, a bottom surface 80F opposite to the
observation surface 80A, a plurality of plate piezoelectric
elements 82 provided closer to the observation surface
80A, and a backing material 84 provided to the bottom
surfaces of the plurality of piezoelectric elements 82. The
four side surfaces are side surfaces of the backing ma-
terial 84 formed in a semi-cylinder. Among the side sur-
faces, the side surfaces 80B and 80C are two side sur-
faces parallel to a longitudinal axis Z of the insertion unit
22 and facing to each other, and the side surfaces 80D
and 80E are two side surfaces intersecting with the lon-
gitudinal axis Z of the insertion unit 22 and facing to each
other.

[0088] The plurality of piezoelectric elements 82 are
arrayed in the direction of the longitudinal axis Z of the
insertion unit 22. In other words, the plurality of piezoe-
lectric elements 82 are arrayed from a position close to
a distal end of the distal end rigid part 40 toward the
proximal end side of the distal end rigid part 40, and their
surfaces serve as the observation surface 80A through
which ultrasonic waves are communicated. The obser-
vation surface 80A is shaped as an arc surface in the
direction of the longitudinal axis Z, but is not limited to
this shape, and may be shaped as a curved surface hav-
ing a plurality of different curvatures. The observation
surface 80A is provided, through an acoustic matching
layer 91 (refer to Fig. 9), with an acoustic lens 90 for
converging ultrasonic waves.

[0089] The plurality of piezoelectric elements 82 are
each provided with an electrode (notiillustrated), and the
electrode is connected with a wiring connection unit 92
in Fig. 9 through a flexible printed board (not illustrated).
The wiring connection unit 92 is provided in a central part
of the bottom surface 80F of the ultrasonic oscillator 80,
which is formed in a rectangle. The wiring connection
unit 92 is connected with a plurality of narrow wires 94
for supplying a drive voltage to the plurality of piezoelec-

10

15

20

25

30

35

45

50

55

tric elements 82, and these wires 94 are inserted into a
wiring insertion hole 71 (refer to Fig. 3) of the distal end
part body 70 and connected with the connector 28 in Fig.
2.

[0090] The ultrasonic observation unit 50 can perform
ultrasonic electron scanning by supplying a drive voltage
from the ultrasonic processor unit 12 to the plurality of
piezoelectric elements 82 to sequentially drive the plu-
rality of piezoelectric elements 82.

[0091] In Figs. 3 to 10, an X axis is defined to be a
horizontal axis in a transverse direction orthogonal to the
longitudinal axis Z, and a Y axis is defined to be a vertical
axis in the vertical direction.

[0092] The distal end part body 70 is provided with an
ultrasonic-oscillator housing part 96 with an opening up-
per part as illustrated in Fig. 8. The ultrasonic-oscillator
housing part 96 includes side surfaces 96B (refer to Fig.
9),96C, 96D, and 96E and a bottom surface 96F covering
the side surfaces 80B, 80C, 80D, and 80E and the bottom
surface 80F of the ultrasonic oscillator 80, thereby hous-
ing the ultrasonic oscillator 80.

[0093] A sealing member 98 is provided between the
side surfaces 80B, 80C, 80D, and 80E of the ultrasonic
oscillator 80 and the side surfaces 96B, 96C, 96D, and
96E of the ultrasonic-oscillator housing part 96.

[Sealing member 98]

[0094] The sealing member 98 is a frame member
formed as an integration of the four sealing members
98B, 98C, 98D, and 98E. The sealing member 98B is
provided between the side surface 80B of the ultrasonic
oscillator 80 and the side surface 96B of the ultrasonic-
oscillator housing part 96, the sealing member 98C is
provided between the side surface 80C of the ultrasonic
oscillator 80 and the side surface 96C of the ultrasonic-
oscillator housing part 96, the sealing member 98D is
provided between the side surface 80D of the ultrasonic
oscillator 80 and the side surface 96D of the ultrasonic-
oscillator housing part 96, and the sealing member 98E
is provided between the side surface 80E of the ultrasonic
oscillator 80 and the side surface 96E of the ultrasonic-
oscillator housing part 96.

[0095] In other words, a gap between the side surface
80B of the ultrasonic oscillator 80 and the side surface
96B of the ultrasonic-oscillator housing part 96 is sealed
by the sealing member 98B, a gap between the side sur-
face 80C of the ultrasonic oscillator 80 and the side sur-
face 96C of the ultrasonic-oscillator housing part 96 is
sealed by the sealing member 98C, a gap between the
side surface 80D of the ultrasonic oscillator 80 and the
side surface 96D of the ultrasonic-oscillator housing part
96 is sealed by the sealing member 98D, and a gap be-
tween the side surface 80E of the ultrasonic oscillator 80
and the side surface 96E of the ultrasonic-oscillator hous-
ing part 96 is sealed by the sealing member 98E.
[0096] Although the present embodiment describes
the example in which the sealing member 98 is provided
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to the ultrasonic oscillator 80, the sealing member 98
may be provided to the ultrasonic-oscillator housing part
96.

[0097] Itis preferable thatwhen the ultrasonic oscillator
80 is housed in the ultrasonic-oscillator housing part 96,
the sealing member 98 having the above-described con-
figuration has uniform thicknesses tb, tc, td, and te meas-
ured in directions (indicated by arrows B, C, D, and E)
normal to surfaces of the sealing member 98, which are
in contact with the side surfaces 80B, 80C, 80D, and 80E
of the ultrasonic oscillator 80 as illustrated in Fig. 10.
[0098] It is preferable that the sealing member 98 is
made of resin or rubber elastic in a thickness direction
corresponding to each normal direction described above,
and it is more preferable that the sealing member 98 is
made of a thermoplastic resin material such as silicone,
which is the same as that of the acoustic lens 90.

[Sealing member 110]

[0099] Asillustratedin Figs. 8 and 9, a sealing member
110 is provided between the bottom surface 80F of the
ultrasonic oscillator 80 and the bottom surface 96F of the
ultrasonic-oscillator housing part 96.

[0100] The sealing member 110 includes four sealing
members 110B, 110C, 110D, and 110E. The sealing
member 110B supports part of the bottom surface 96F
of the ultrasonic-oscillator housing part 96, which corre-
sponds to the side surface 80B of the ultrasonic oscillator
80, the sealing member 110C supports part of the bottom
surface 96F of the ultrasonic-oscillator housing part 96,
which corresponds to the side surface 80C of the ultra-
sonic oscillator 80, the sealing member 110D supports
part of the bottom surface 96F of the ultrasonic-oscillator
housing part 96, which corresponds to the side surface
80D of the ultrasonic oscillator 80, and the sealing mem-
ber 110E supports part of the bottom surface 96F of the
ultrasonic-oscillator housing part 96, which corresponds
to the side surface 80E of the ultrasonic oscillator 80. In
other words, the sealing member 110 is provided in a
peripheral part of the bottom surface 80F.

[0101] The ultrasonic oscillator 80 is housed in the ul-
trasonic-oscillator housing part 96 with its distal end be-
ing tilted downward, and thus the sealing members 110B
and 110C are each formed in a triangle, the sealing mem-
ber 110D is formed in a rectangle, and the sealing mem-
ber 110E is formed in a rectangle having a height larger
than that of the sealing member 110D.

[0102] The sealing member 110 provides a wire hous-
ing space 112 in which the wires 94 are housed, between
the bottom surface 80F of the ultrasonic oscillator 80 and
the bottom surface 96F of the ultrasonic-oscillator hous-
ing part 96. In other words, the ultrasonic-oscillator hous-
ing part 96 includes the wire housing space 112 in which
the wires 94 is housed, on a side on which the bottom
surface 80F of the ultrasonic oscillator 80 is housed.
[0103] The sealing members 98 and 110 prevent melt-
ed thermoplastic resin of the acoustic lens 90 from flowing
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into the wire housing space 112 atformation of the acous-
tic lens 90 to be described later.

[0104] Similarly to the sealing member 98, it is prefer-
able that the sealing member 110 is made of elastic resin
or rubber, and it is more preferable that the sealing mem-
ber 110 is made of a material such as silicone, which is
the same as that of the acoustic lens 90.

[Acoustic lens 90]

[0105] The acoustic lens 90 covers the observation
surface 80A of the ultrasonic oscillator 80 and the sealing
member 98 and is adhered to the ultrasonic-oscillator
housing part 96. A method of assembling the ultrasonic
oscillator 80 to the ultrasonic-oscillator housing part 96
will be described later.

«Endoscope observation unit 52»

[0106] The endoscope observation unit 52 includes,
for example, an observation optical system 62, illumina-
tion optical systems 64 and 66, and an image pickup
element (not illustrated), and is provided to the distal end
part body 70 on a proximal end side of the ultrasonic
observation unit 50, avoiding the surgical-tool guide
opening 54.

[0107] In the distal end part body 70, tilted surfaces
70a and 70b tilted at a predetermined angle with respect
to a plane orthogonal to the longitudinal axis Z are pro-
vided at positions closer to the distal end than the surgi-
cal-tool guide opening 54 on both sides of the surgical-
tool guide opening 54 in the traverse direction. An obser-
vation window 62a of the observation optical system 62
and an illumination window 64a of the illumination optical
system 64 are arranged on the tilted surface 70a on the
left side in the direction from the proximal end side toward
the distal end side. An illumination window 66a of the
illumination optical system 66 is arranged on the tilted
surface 70b on the right side in the direction from the
proximal end side toward the distal end side.

[0108] The observation optical system 62 includes an
optical system member (notillustrated) that takes in light
from an object in the observation view range through the
observation window 62a and images an object image
inside of the distal end rigid part 40. An image pickup
element (not illustrated) that captures the object image
imaged by the observation optical system 62 and gener-
ates an image signal is arranged inside of the distal end
rigid part 40.

[0109] The illumination optical systems 64 and 66 each
include an optical system member that emits illumination
light transmitted from the light source device 16 (refer to
Fig.2) through alightguide, to the observation view range
through the illumination windows 64a and 66a in a diffu-
sive manner.

[0110] A cleaning nozzle 68 that sprays liquid and gas
toward the observation window 62a is provided near the
observation window 62a on the tilted surface 70a.
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«Surgical-tool guide opening 54»

[0111] The surgical-tool guide opening 54 includes a
concave elevator housing part 72 provided on the prox-
imal end side of the ultrasonic observation unit 50 and
communicated with an opening 86a of the connecting
pipe 86 in Fig. 3. The elevator 74, which changes the
direction of guiding the puncture needle 100 guided
through the opening 86a of the connecting pipe 86 from
the surgical-tool guide opening 54, is rotatably provided
to the elevator housing part 72.

[0112] Theelevator 74 is coupled with a shaft provided
to a lever (not illustrated). The lever is rotatably provided
to the distal end part body 70 through the shaft and is
coupled with a distal end of an operation wire (not illus-
trated), and a proximal end of the operation wire is cou-
pled with the elevation lever 24b (refer to Fig. 2) of the
operating unit 24. With this configuration, when the op-
eration wire is pushed or pulled by operating the elevation
lever 24b, the elevator 74 is rotated along with the lever
through the shaft so as to change an angle at which the
elevator 74 stands up.

[0113] Accordingly, the puncture needle 100 guided
through the opening 86a of the connecting pipe 86 is
guided in a predetermined guide direction along the el-
evator 74 to the outside through the surgical-tool guide
opening 54.

[Method of assembling the ultrasonic oscillator 80 to the
ultrasonic-oscillator housing part 96]

[0114] In the present embodiment, after the ultrasonic
oscillator 80 to which the acoustic lens 90 is not provided
is housed in the ultrasonic-oscillator housing part 96 of
the distal end part body 70, the distal end part body 70
is loaded into a mold 114 (refer to Fig. 9), and then fluid
melted resin (silicone resin) to be formed into the acoustic
lens 90 through solidificationis injected into the mold 114.
[0115] Fig. 11 is a flowchart of a method of manufac-
turing the ultrasonic endoscope 10 according to the
present embodiment. The method of manufacturing the
ultrasonic endoscope 10 according to the present em-
bodiment performs step S10 of housing the ultrasonic
oscillator 80 in the ultrasonic-oscillator housing part 96
and sealing a gap formed between the ultrasonic oscil-
lator 80 and the ultrasonic-oscillator housing part 96 with
the sealing members 98 and 110. Next, the method per-
forms step S20 of shaping the acoustic lens 90 on the
observation surface 80A of the ultrasonic oscillator with
fluid resin and filling the gap between the ultrasonic os-
cillator 80 and the ultrasonic-oscillator housing part 96
with the resin while the gap is sealed by the sealing mem-
bers 98 and 110.

[0116] Specifically, first, the ultrasonic oscillator 80 in-
cluding the sealing members 98 and 110 is housed in
the ultrasonic-oscillator housing part 96 of the distal end
part body 70, and the wire housing space 112 is encap-
sulated from the outside in a liquid-tight manner by the
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sealing members 98 and 110 (S10). Next, the distal end
part body 70 is fixed inside of the mold 114. Next, melted
thermoplastic resin (notillustrated) is injected through an
injection opening 116 of the mold 114. Next, the mold
114 is placed into a vacuum chamber (not illustrated) to
perform defoaming of the melted thermoplastic resin. Af-
ter the defoaming, the melted thermoplastic resin is in-
jected into the mold 114 again to fill the inside of the mold
114 with the melted thermoplastic resin. Next, a plurality
of molds are bonded to the mold so as to form a mold
assembly. Next, the mold assembly is placed into a fur-
nace so as to solidify the melted thermoplastic resin
(S20). Thereafter, the mold assembly is taken out of the
furnace and separated to obtain the distal end part body
70 out of the mold 114. Lastly, any unnecessary burr part
around the acoustic lens 90 is removed.

[0117] The acoustic lens 90 covering the observation
surface 80A of the ultrasonic oscillator 80 and the sealing
member 98 and adhered to the ultrasonic-oscillator hous-
ing part 96 is shaped in this manner. In other words, in
the process of providing the acoustic lens 90 on the ob-
servation surface 80A of the ultrasonic oscillator 80, the
gap between the ultrasonic oscillator 80 and the ultra-
sonic-oscillator housing part 96 can be sealed by the
acoustic lens 90.

[0118] The acoustic lens 90 according to the present
embodiment covers the observation surface 80A of the
ultrasonic oscillator 80 and the sealing member 98 and
is adhered to the ultrasonic-oscillator housing part 96. In
other words, in the endoscope observation unit 52 ac-
cording to the present embodiment, the gap between the
ultrasonic oscillator 80 and the ultrasonic-oscillator hous-
ing part 96 is sealed by part of the acoustic lens 90 without
using sealing agent. Thus, in the endoscope observation
unit 52 according to the present embodiment, the part of
the acoustic lens 90 provides enhanced liquid-tightness
of the ultrasonic observation unit 50 against the distal
end part body 70.

[Effect of the sealing members 98 and 110]

[0119] In the present embodiment, the wire housing
space 112 is encapsulated from the outside by sealing
the gap formed between the ultrasonic oscillator 80 and
the ultrasonic-oscillator housing part 96 in a liquid-tight
manner with the sealing members 98 and 110. With this
configuration, the wire housing space 112 can be suffi-
ciently filled with filling agent for fixing the wires 94 in the
wire housing space 112. This achieves the ultrasonic en-
doscope 10 in which the wires 94 can be reliably fixed to
the wire housing space 112 of the ultrasonic-oscillator
housing part 96.

[0120] Itis preferable that the sealing member 98 ac-
cording to the present embodiment is provided between
the side surfaces 80B to 80E of the ultrasonic oscillator
80 and the ultrasonic-oscillator housing part 96.

[0121] With this configuration, the wire housing space
112 can be encapsulated from the outside by the sealing
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member 98 provided between the side surfaces 80B to
80E of the ultrasonic oscillator 80 and the ultrasonic-os-
cillator housing part 96.

[0122] Itis preferable that the sealing member 110 ac-
cording to the present embodiment is provided between
the bottom surface 80F of the ultrasonic oscillator 80 and
the ultrasonic-oscillator housing part 96.

[0123] With this configuration, the wire housing space
112 can be encapsulated from the outside by the sealing
member 110 provided between the bottom surface 80F
of the ultrasonic oscillator 80 and the ultrasonic-oscillator
housing part 96.

[0124] It is preferable that the acoustic lens 90 made
of resin according to the present embodiment is made of
thermoplastic resin.

[0125] With this configuration, the acoustic lens 90 can
be shaped by loading the ultrasonic-oscillator housing
part 96 into the mold and injecting melted thermoplastic
resin to be formed as the acoustic lens 90 into the mold
while the ultrasonic oscillator 80 is housed in the ultra-
sonic-oscillator housing part 96. The fluid melted ther-
moplastic resin thus injected is prevented from flowing
into the wire housing space 112 by the sealing members
98 and 110, and thus the wire housing space 112 can be
sufficiently filled with filling agent for fixing the wires 94
in the wire housing space 112.

[0126] In the above-described embodiment, the two
sealing members 98 and 110 are provided, but at least
one sealing member of the two sealing members 98 and
110 may be provided.

[0127] In the above-described embodiment, the
acoustic lens 90 is formed integrally with the ultrasonic
oscillator 80 by the molding technology, but the ultrasonic
oscillator may be bonded with a previously manufactured
acoustic lens and then assembled to the ultrasonic-os-
cillator housing part.

[0128] AsdisclosedinFig.12,aspacer 198is provided
between the side surfaces 80B, 80C, 80D, and 80E of
the ultrasonic oscillator 80 and the side surfaces 96B,
96C, 96D, and 96E of the ultrasonic-oscillator housing
part 96. The position of the ultrasonic oscillator 80 is ad-
justed with respect to the ultrasonic-oscillator housing
part 96 through the spacer 198, and the position of the
ultrasonic oscillator 80 is adjusted with respect to the
surgical-tool guide opening 54 (refer to Fig. 3) accord-

ingly.
[Spacer 198]

[0129] The spacer 198 is a frame member formed as
an integration of four spacers 198B, 198C, 198D, and
198E. The spacer 198B is provided between the side
surface 80B of the ultrasonic oscillator 80 and the side
surface 96B of the ultrasonic-oscillator housing part 96,
the spacer 198C is provided between the side surface
80C of the ultrasonic oscillator 80 and the side surface
96C of the ultrasonic-oscillator housing part 96, the spac-
er 198D is provided between the side surface 80D of the
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ultrasonic oscillator 80 and the side surface 96D of the
ultrasonic-oscillator housing part 96, and the spacer
198E is provided between the side surface 80E of the
ultrasonic oscillator 80 and the side surface 96E of the
ultrasonic-oscillator housing part 96.

[0130] Inotherwords, aninterval between the side sur-
face 80B of the ultrasonic oscillator 80 and the side sur-
face 96B of the ultrasonic-oscillator housing part 96 is
accurately held by the spacer 198B, an interval between
the side surface 80C of the ultrasonic oscillator 80 and
the side surface 96C of the ultrasonic-oscillator housing
part 96 is accurately held by the spacer 198C, an interval
between the side surface 80D of the ultrasonic oscillator
80 and the side surface 96D of the ultrasonic-oscillator
housing part 96 is accurately held by the spacer 198D,
and an interval between the side surface 80E of the ul-
trasonic oscillator 80 and the side surface 96E of the
ultrasonic-oscillator housing part 96 is accurately held by
the spacer 198E. This configuration allows the position
of the ultrasonic oscillator 80 to be accurately and easily
adjusted with respect to the ultrasonic-oscillator housing
part 96, and allows the position of the ultrasonic oscillator
80 to be accurately and easily adjusted with respect to
the surgical-tool guide opening 54 (refer to Fig. 3).
[0131] Although the present embodiment describes
the example in which the spacer 198 is provided to the
ultrasonic oscillator 80, the spacer 198 may be provided
to the ultrasonic-oscillator housing part 96. Although the
present embodiment exemplarily describes the four
spacers 198B, 198C, 198D, and 198E, at least one spac-
eris needed. The spacer is provided independently from
the ultrasonic oscillator 80 and the ultrasonic-oscillator
housing part 96, and attached to the ultrasonic oscillator
80 or the ultrasonic-oscillator housing part 96. The spacer
is conceptually different from a protrusion to be described
later in this point. Specifically, the protrusion is formed
integrally with at least one of the ultrasonic oscillator 80
or the ultrasonic-oscillator housing part 96.

[0132] Itis preferable thatwhenthe ultrasonic oscillator
80 is housed in the ultrasonic-oscillator housing part 96,
the spacer 198 having the above-described configuration
have uniform thicknesses tb, tc, td, and te measured in
directions (indicated by arrows B, C, D, and E) normal to
surfaces of the spacer 198, which are in contact with the
side surfaces 80B, 80C, 80D, and 80E of the ultrasonic
oscillator 80 as illustrated in Fig. 14.

[0133] Itis preferable that the spacer 198 is made of
resin or rubber elastic in a thickness direction corre-
sponding to each normal direction described above, and
it is more preferable that the spacer 198 is made of a
material such as silicone, which is that same as that of
the acoustic lens 90.

[Spacer 1110]
[0134] Asillustrated in Figs. 12 and 13, a spacer 1110

is provided between the bottom surface 80F of the ultra-
sonic oscillator 80 and the bottom surface 96F of the
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ultrasonic-oscillator housing part 96.

[0135] The spacer 1110 includes four spacers 1110B,
1110C, 1110D, and 1110E. The spacer 1110B supports
part of the bottom surface 96F of the ultrasonic-oscillator
housing part 96, which corresponds to the side surface
80B of the ultrasonic oscillator 80, the spacer 1110C sup-
ports part of the bottom surface 96F of the ultrasonic-
oscillator housing part 96, which corresponds to the side
surface 80C of the ultrasonic oscillator 80, the spacer
1110D supports part of the bottom surface 96F of the
ultrasonic-oscillator housing part 96, which corresponds
to the side surface 80D of the ultrasonic oscillator 80,
and the spacer 1110E supports part of the bottom surface
96F of the ultrasonic-oscillator housing part 96, which
corresponds to the side surface 80E of the ultrasonic
oscillator 80. In other words, the spacer 1110 is provided
in a peripheral part of the bottom surface 80F.

[0136] The ultrasonic oscillator 80 is housed in the ul-
trasonic-oscillator housing part 96 with its distal end be-
ing tilted downward, and thus the spacers 11110B and
1110C are each formed in a triangle, the spacer 1110D
is formed in a rectangle, and the spacer 1110E is formed
in arectangle having a height larger than that of the spac-
er 1110D.

[0137] Thespacer 1110 provides a space 112 in which
the wires 94 are to be arranged, between the bottom
surface 80F of the ultrasonic oscillator 80 and the bottom
surface 96F of the ultrasonic-oscillator housing part 96.
The spacers 198 and 1110 can prevent melted resin of
the acoustic lens 90 from flowing into the space 112 at
formation of the acoustic lens 90 to be described later.
[0138] Similarly to the spacer 198, it is preferable that
the spacer 1110 is made of elastic resin or rubber, and
it is more preferable that the spacer 1110 is made of a
material such as silicone, which is the same as that of
the acoustic lens 90.

[Acoustic lens 90]

[0139] The acoustic lens 90 covers the observation
surface 80A of the ultrasonic oscillator 80 and the spacer
198, and is adhered to the ultrasonic-oscillator housing
part 96. A method of assembling the ultrasonic oscillator
80 to the ultrasonic-oscillator housing part 96 will be de-
scribed later.

«Endoscope observation unit 52»

[0140] The endoscope observation unit 52 includes,
for example, an observation optical system 62, illumina-
tion optical systems 64 and 66, and an image pickup
element (notiillustrated), and is provided to the distal end
part body 70 on a proximal end side of the ultrasonic
observation unit 50, avoiding the surgical-tool guide
opening 54.

[0141] In the distal end part body 70, tilted surfaces
70a and 70b tilted at a predetermined angle with respect
to a plane orthogonal to the longitudinal axis Z are pro-

10

15

20

25

30

35

40

45

50

55

13

vided at positions closer to the distal end than the surgi-
cal-tool guide opening 54 on both sides of the surgical-
tool guide opening 54 in the traverse direction. An obser-
vation window 62a of the observation optical system 62
and an illumination window 64a of the illumination optical
system 64 are arranged on the tilted surface 70a on the
left side in the direction from the proximal end side toward
the distal end side. An illumination window 66a of the
illumination optical system 66 is arranged on the tilted
surface 70b on the right side in the direction from the
proximal end side toward the distal end side.

[0142] The observation optical system 62 includes an
optical system member (notillustrated) that takes in light
from an object in the observation view range through the
observation window 62a and images an object image
inside of the distal end rigid part 40. An image pickup
element (not illustrated) that captures the object image
imaged by the observation optical system 62 and gener-
ates an image signal is arranged inside of the distal end
rigid part 40.

[0143] Theillumination optical systems 64 and 66 each
include an optical system member that emits illumination
light transmitted from the light source device 16 (refer to
Fig.2) through a lightguide, to the observation view range
through the illumination windows 64a and 66a in a diffu-
sive manner.

[0144] A cleaning nozzle 68 that sprays liquid and gas
toward the observation window 62a is provided near the
observation window 62a on the tilted surface 70a.

«Surgical-tool guide opening 54»

[0145] The surgical-tool guide opening 54 includes a
concave elevation housing part 72 provided on the prox-
imal end side of the ultrasonic observation unit 50 and
communicated with an opening 86a of the connecting
pipe 86 in Fig. 3. The elevator 74, which changes the
direction of guiding the puncture needle 100 guided
through the opening 86a of the connecting pipe 86 from
the surgical-tool guide opening 54, is rotatably provided
to the elevation housing part 72.

[0146] The elevator 74 is coupled with a shaft provided
to alever (notillustrated). The lever is rotatably provided
to the distal end part body 70 through the shaft and is
coupled with a distal end of an operation wire (not illus-
trated), and a proximal end of the operation wire is cou-
pled with the elevation lever 24b (refer to Fig. 2) of the
operating unit 24. With this configuration, when the op-
eration wire is pushed or pulled by operating the elevation
lever 24b, the elevator 74 is rotated along with the lever
through the shaft so as to change an angle at which the
elevator 74 stands up.

[0147] Accordingly, the puncture needle 100 guided
through the opening 86a of the connecting pipe 86 is
guided in a predetermined guide direction along the el-
evator 74 to the outside through the surgical-tool guide
opening 54.
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[Method of assembling the ultrasonic oscillator 80 to the
ultrasonic-oscillator housing part 96]

[0148] In the present embodiment, after the ultrasonic
oscillator 80 to which the acoustic lens 90 is not provided
is housed in the ultrasonic-oscillator housing part 96 of
the distal end part body 70, the distal end part body 70
is loaded into a mold 114 (refer to Fig. 9), and then fluid
melted resin (silicone resin) to be formed into the acoustic
lens 90 through solidificationis injected into the mold 114.
[0149] Fig. 15 is a flowchart of a method of manufac-
turing the ultrasonic endoscope 10 according to the
present embodiment. The method of manufacturing the
ultrasonic endoscope 10 according to the present em-
bodiment performs step S110 of housing the ultrasonic
oscillator 80 in the ultrasonic-oscillator housing part 96.
Next, the method performs step S120 of temporarily fix-
ing the ultrasonic oscillator 80 to the ultrasonic-oscillator
housing part 96 while an extended line 54B of a center
line 54A of the surgical-tool guide opening 54 is posi-
tioned in an observation region 81 of the ultrasonic os-
cillator 80 as illustrated in Fig. 3. Next, the method per-
forms step S130 of shaping the acoustic lens 90 on the
observation surface 80A of the ultrasonic oscillator 80
with fluid resin and filling a gap between the ultrasonic
oscillator 80 and the ultrasonic-oscillator housing part 96
with the resin while the ultrasonic oscillator 80 is tempo-
rarily fixed.

[0150] Specifically, first, the ultrasonic oscillator 80 in-
cluding the spacers 198 and 1110 is housed in the ultra-
sonic-oscillator housing part 96 of the distal end partbody
70 (S110), and then the ultrasonic oscillator 80 is accu-
rately positioned and temporarily fixed to the ultrasonic-
oscillator housing part 96 through the spacers 198 and
1110 (S120). Next, the distal end part body 70 is fixed
inside of the mold 114. Next, melted resin (not illustrated)
is injected through an injection opening 116 of the mold
114. Next, the mold 114 is placed into a vacuum chamber
(not illustrated) to perform defoaming of the melted resin.
After the defoaming, the melted resin is injected into the
mold 114 again to fill the inside of the mold 114 with the
melted resin (S130). Next, a plurality of molds are bonded
to the mold so as to form a mold assembly. Next, the
mold assembly is placed into a furnace so as to solidify
the melted resin. Thereafter, the mold assembly is taken
out of the furnace and separated to obtain the distal end
partbody 70 out of the mold 114. Lastly, any unnecessary
burr around the acoustic lens 90 is removed.

[0151] The acoustic lens 90 covering the observation
surface 80A of the ultrasonic oscillator 80 and the spacer
198 and adhered to the ultrasonic-oscillator housing part
96 is shaped in this manner. In other words, in the process
of providing the acoustic lens 90 to the observation sur-
face 80A of the ultrasonic oscillator 80, the gap between
the ultrasonic oscillator 80 and the ultrasonic-oscillator
housing part 96 is filled with the resin the acoustic lens 90.
[0152] According to the present embodiment, the po-
sition of the ultrasonic oscillator 80 can be accurately and

10

15

20

25

30

35

40

45

50

55

14

easily adjusted through the spacer 198 with respect to
the ultrasonic-oscillator housing part 96. Accordingly, in
the ultrasonic endoscope 10 according to the present
embodiment, the position of the ultrasonic oscillator 80
can be accurately and easily adjusted with respect to the
surgical-tool guide opening 54. Thus, the ultrasonic en-
doscope 10 according to the present embodiment allows
the puncture needle 100 as a surgical tool to be accu-
rately guided into the ultrasonic observation region,
thereby achieving a favorable ultrasonic observation.
[0153] The acoustic lens 90 according to the present
embodiment covers the observation surface 80A of the
ultrasonic oscillator 80 and the spacer 198 and is adhered
to the ultrasonic-oscillator housing part 96. In other
words, the gap between the ultrasonic oscillator 80 and
the ultrasonic-oscillator housing part 96 is sealed by part
of the acoustic lens 90 without using sealing agent. The
part of the acoustic lens 90 provides enhanced water-
tightness of the ultrasonic observation unit 50 against the
distal end part body 70.

[Effect of the spacers 198 and 1110]

[0154] The spacer 198 has the uniform thicknesses tb,
tc, td, and te measured in the directions (indicated by
arrows B, C, D, and E) normal to the surfaces of the
spacer 198, which are in contact with the side surfaces
80B, 80C, 80D, and 80E of the ultrasonic oscillator 80
as illustrated in Fig. 14, when the ultrasonic oscillator 80
is housed in the ultrasonic-oscillator housing part 96.
With this configuration, the ultrasonic oscillator 80 can
be highly accurately housed in the ultrasonic-oscillator
housing part 96.

[0155] Sincethespacer198includes atleastone spac-
er of the spacers 198B and 198C in contact with the side
surfaces 80B and 80C, a constant gap can be held
through at least one spacer between the ultrasonic-os-
cillator housing part 96 and at least one side surface of
the side surfaces 80B to 80E of the ultrasonic oscillator
80, which is parallel to the longitudinal axis Z of the in-
sertion unit 22.

[0156] In addition, since the spacer 198 includes the
two spacers 198B and 198C in contact with the side sur-
faces 80B and 80C, a constant gap can be held through
the spacers 198B and 198C between the ultrasonic-os-
cillator housing part 96 and the side surfaces 80B and
80C parallel to the longitudinal axis Z of the insertion unit
22 among the side surfaces 80B to 80E of the ultrasonic
oscillator 80.

[0157] In addition, in the above-described embodi-
ment, it is preferable that the spacers 198B and 198C
provided between the side surfaces 80B and 80C of the
ultrasonic oscillator 80 and the side surfaces 96B and
96C of the ultrasonic-oscillator housing part 96 have
thicknesses tb and tc equal to each other, each thickness
being measured in a direction (illustrated by arrow B or
C) normal to a surface of the spacer 198B or 198C, which
is in contact with the corresponding side surface 80B or
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80C of the ultrasonic oscillator 80. With this configuration,
the two side surfaces 80B and 80C parallel to the longi-
tudinal axis Z of the insertion unit 22 and facing to each
other among the side surfaces 80B to 80E of the ultra-
sonic oscillator 80 can be arranged in parallel to the lon-
gitudinal axis Z of the insertion unit 22 through the spac-
ers 198B and 198C.

[0158] In addition, it is preferable that the spacer 198
is provided between the side surfaces 80D and 80E in-
tersecting with the longitudinal axis Z of the insertion unit
22 among the side surfaces 80B to 80E of the ultrasonic
oscillator 80 and the side surfaces 96D and 96E of the
ultrasonic-oscillator housing part 96. Thus, itis preferable
that the spacer 198 includes at least one spacer of the
spacers 198D and 198E in contact with the side surfaces
80D and 80E. With this configuration, a constant gap can
be held through the spacer between the ultrasonic-oscil-
lator housing part 96 and at least one side surface inter-
secting with the longitudinal axis Z of the insertion unit
22 among the side surfaces of the ultrasonic oscillator.
[0159] In addition, it is preferable that the spacer 198
is provided between the two side surfaces 80D and 80E
intersecting with the longitudinal axis Z of the insertion
unit 22 and facing to each other among the side surfaces
80B to 80E of the ultrasonic oscillator 80 and the side
surfaces 96D and 96E of the ultrasonic-oscillator housing
part 96. In other words, it is preferable that the spacer
198 includes the two spacers 198D and 198E in contact
with the side surfaces 80D and 80E. With this configura-
tion, a constant gap can be held through the spacers
198D and 198E between the ultrasonic-oscillator hous-
ing part 96 and the side surfaces 80D and 80E intersect-
ing with the longitudinal axis Z of the insertion unit 22
among the side surfaces of the ultrasonic oscillator 80.
[0160] In the above-described embodiment, it is pref-
erable that the spacers 198D and 198E provided be-
tween the two side surfaces 80D and 80E and the side
surfaces 96D and 96E of the ultrasonic-oscillator housing
part 96 have thicknesses td and te equal to each other,
each being measured in a direction (illustrated by arrow
D or E) normal to a surface of the spacer 198D or 198E,
which is in contact with a corresponding one of the side
surface 80D or 80E of the ultrasonic oscillator 80. With
this configuration, the two side surfaces 80D and 80E
intersecting with the longitudinal axis Z of the insertion
unit 22 and facing to each other among the side surfaces
80B to 80E of the ultrasonic oscillator 80 can be arranged
in a direction intersecting with the longitudinal axis Z of
the insertion unit 22 through the spacers 198D and 198E.
[0161] Inaddition, since the spacer 198 is made of res-
in or rubber elastic in the thickness direction correspond-
ing to the above-described normal direction, any error in
the dimensions of the ultrasonic oscillator 80 and the ul-
trasonic-oscillator housing part 96 can be canceled
through elastic deformation of the spacer 198.

[0162] In addition, it is preferable that the spacer 1110
is provided between the bottom surface 80F of the ultra-
sonic oscillator 80 and the ultrasonic-oscillator housing
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part 96. With this configuration, the bottom surface 80F
of the ultrasonic oscillator 80 can be supported with re-
spect to the ultrasonic-oscillator housing part 96 through
the spacer 1110.

[0163] Inaddition,inthe presentembodiment, itis pref-
erable that the wiring connection unit 92 is provided in
the central part of the bottom surface 80F of the ultrasonic
oscillator 80, and the spacer 1110 is provided in the pe-
ripheral part of the bottom surface 80F. With this config-
uration, the spacer 1110 serves as a weir, thereby pre-
venting melted resin of the acoustic lens 90 from flowing
into the space 112 in which the wires 94 are arranged
when the acoustic lens 90 is shaped.

[0164] In addition, since the spacer 1110 is made of
elastic resin or rubber, any error in the dimensions of the
ultrasonic oscillator 80 and the ultrasonic-oscillator hous-
ing part 96 can be canceled through elastic deformation
of the spacer 1110.

[0165] In the above-described embodiment, the spac-
ers 198 and 1110 are provided between the ultrasonic
oscillator 80 and the ultrasonic-oscillator housing part 96,
but in place of the spacers 198 and 1110, protrusions
may be provided to at least one of the ultrasonic oscillator
80 and the ultrasonic-oscillator housing part 96.

[0166] Description of the configuration in which protru-
sions are provided in place of the spacers 198 and 110
is equivalent to the above description with the spacers
198 and 1110 being replaced with protrusions. The same
effect as that of the spacers 198 and 1110 is obtained.
[0167] The following describes the configuration in
which protrusions are provided and the effect thereof,
including duplicate description equivalent to the above
description.

[Configuration in which protrusions are provided]

[0168] Figs. 16, 17, and 18 are a perspective view of
the ultrasonic oscillator 80, an exploded view of the ul-
trasonic oscillator 80, and a sectional view of the distal
end part body 70, respectively, illustrating positioning of
the ultrasonic oscillator 80 with respect to the ultrasonic-
oscillator housing part 96 through protrusions 120 and
122 in place of spacers.

[0169] A protrusion 120B of the protrusion 120 is pro-
vided on the side surface 80B of the ultrasonic oscillator
80, and has a function equivalent to that of the spacer
198B of the spacer 198 illustrated in Figs. 12 to 14.
[0170] A protrusion 120C of the protrusion 120 is pro-
vided on the side surface 80C of the ultrasonic oscillator
80, and has a function equivalent to that of the spacer
198C of the spacer 198.

[0171] A protrusion 120D of the protrusion 120 is pro-
vided on the side surface 80D of the ultrasonic oscillator
80, and has a function equivalent to that of the spacer
198D of the spacer 198.

[0172] A protrusion 120E of the protrusion 120 is pro-
vided on the side surface 80E of the ultrasonic oscillator
80, and has a function equivalent to that of the spacer
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198E of the spacer 198.

[0173] A protrusion 122B of the protrusion 122 has a
function equivalent to that of the spacer 1110B of the
spacer 1110 illustrated in Fig. 12, a protrusion 122C of
the protrusion 122 has a function equivalent to that of the
spacer 1110C of the spacer 1110, a protrusion 122D of
the protrusion 122 has a function equivalent to that of the
spacer 1110D of the spacer 1110, and a protrusion 122E
of the protrusion 122 has a function equivalent to that of
the spacer 1110E of the spacer 1110. These protrusions
120 and 122 are formed integrally with the ultrasonic os-
cillator 80, but may be provided to the ultrasonic-oscillator
housing part 96.

[0174] Thus, the configuration with the protrusions 120
and 122 illustrated in Figs. 16 to 18 achieves the same
effect as that of the configuration with the spacers 198
and 1110 illustrated in Figs. 12 to 14.

[0175] Inotherwords, the protrusion 120 has a uniform
thickness in a direction normal to a surface of the protru-
sion 120, which is in contact with a corresponding one
of the side surfaces 80B, 80C, 80D, and 80E of the ul-
trasonic oscillator 80, when the ultrasonic oscillator 80 is
housed in the ultrasonic-oscillator housing part 96. With
this configuration, the ultrasonic oscillator 80 can be ac-
curately housed in the ultrasonic-oscillator housing part
96.

[0176] Since the protrusion 120 includes at least one
protrusion of the protrusions 120B and 120C in contact
with the side surface 80B as a first side surface and the
side surface 80C as a second side surface, a constant
gap can be held through the protrusion between the ul-
trasonic-oscillator housing part 96 and at least one side
surface parallel to the longitudinal axis Z of the insertion
unit 22 among the side surfaces of the ultrasonic oscil-
lator 80.

[0177] In addition, since the protrusion 120 includes
the two protrusions 120B and 120C in contact with the
side surfaces 80B and 80C, a constant gap can be held
through the protrusions 120B and 120C between the ul-
trasonic-oscillator housing part 96 and the side surfaces
80B and 80C parallel to the longitudinal axis Z of the
insertion unit 22 among the side surfaces of the ultrasonic
oscillator 80.

[0178] In addition, in the above-described embodi-
ment, it is preferable that the protrusions 120B and 120C
provided between the side surfaces 80B and 80C of the
ultrasonic oscillator 80 and the side surfaces 96B and
96C of the ultrasonic-oscillator housing part 96 have
thicknesses equal to each other, each thickness being
measured in a direction normal to a surface of the pro-
trusion 120B or 120C, which is in contact with a corre-
sponding one of the side surface 80B or 80C of the ul-
trasonic oscillator 80. With this configuration, the two side
surfaces 80B and 80C parallel to the longitudinal axis Z
of the insertion unit 22 and facing to each other among
the side surfaces of the ultrasonic oscillator 80 can be
arranged in parallel to the longitudinal axis Z of the in-
sertion unit 22 through the protrusions 120B and 120C.

10

15

20

25

30

35

40

45

50

55

16

[0179] In addition, it is preferable that the protrusion
120 is provided between the side surfaces 96D and 96E
of the ultrasonic-oscillator housing part 96 and the side
surface 80D as a third side surface and the side surface
80E as a fourth side surface intersecting with the longi-
tudinal axis Z of the insertion unit 22 among the side
surfaces 80B to 80E of the ultrasonic oscillator 80. In
other words, it is preferable that the protrusion 120 in-
cludes at least one protrusion of the protrusions 120D
and 120E in contact with the side surfaces 80D and 80E.
With this configuration, a constant gap can be held
through the protrusion between the ultrasonic-oscillator
housing part 96 and at least one side surface intersecting
with the longitudinal axis Z of the insertion unit 22 among
the side surfaces 80B to 80E of the ultrasonic oscillator
80.

[0180] In addition, it is preferable that the protrusion
120 is provided between the side surfaces 96D and 96E
of the ultrasonic-oscillator housing part 96 and the two
side surfaces 80D and 80E intersecting with the longitu-
dinal axis Z of the insertion unit 22 and facing to each
other among the side surfaces 80B to 80E of the ultra-
sonic oscillator 80. In other words, it is preferable that
the protrusion 120 includes the two protrusions 120D and
120E in contact with the side surfaces 80D and 80E. With
this configuration, a constant gap can be held through
the protrusions 120D and 120E between the ultrasonic-
oscillator housing part 96 and the side surfaces 80D and
80E intersecting with the longitudinal axis Z of the inser-
tion unit 22 among the side surfaces 80B to 80E of the
ultrasonic oscillator 80.

[0181] In the above-described embodiment, it is pref-
erable that the protrusions 120D and 120E provided be-
tween the two side surfaces 80D and 80E and the side
surfaces 96D and 96E of the ultrasonic-oscillator housing
part 96 have thicknesses equal to each other, each thick-
ness being measured in a direction normal to a surface
of the protrusion 120D or 120E, which is in contact with
a corresponding one of the side surface 80D or 80E of
the ultrasonic oscillator 80. With this configuration, the
two side surfaces 80D and 80E intersecting with the lon-
gitudinal axis Z of the insertion unit 22 and facing to each
other among the side surfaces 80B to 80E of the ultra-
sonic oscillator 80 can be arranged in a direction inter-
secting with the longitudinal axis Z of the insertion unit
22 through the protrusions 120D and 120E.

[0182] In addition, since the protrusion 120 is made of
resin or rubber elastic in the thickness direction corre-
sponding to the above-described normal direction, any
error in the dimensions of the ultrasonic oscillator 80 and
the ultrasonic-oscillator housing part 96 can be canceled
through elastic deformation of the protrusion 120.
[0183] In addition, it is preferable that the protrusion
122 is provided between the bottom surface 80F of the
ultrasonic oscillator 80 and the ultrasonic-oscillator hous-
ing part 96. With this configuration, the bottom surface
80F of the ultrasonic oscillator 80 can be supported with
respect to the ultrasonic-oscillator housing part 96
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through the protrusion 122.

[0184] Inaddition, inthe presentembodiment, itis pref-
erable that the wiring connection unit 92 is provided in
the central part of the bottom surface 80F of the ultrasonic
oscillator 80, and the protrusion 122 is provided in the
peripheral part of the bottom surface 80F. With this con-
figuration, the protrusion 122 serves as a weir, thereby
preventing melted resin of the acoustic lens 90 from flow-
ing into the space 112 in which the wires 94 are arranged
when the acoustic lens 90 is shaped.

[0185] In addition, since the protrusion 122 is made of
elastic resin or rubber, any error in the dimensions of the
ultrasonic oscillator 80 and the ultrasonic-oscillator hous-
ing part 96 can be canceled through elastic deformation
of the protrusion 122.

[0186] A preferable uniform thickness of the spacer
198 or the protrusion 120 is a uniform thickness that pro-
vides parallelism enough to keep, inside the ultrasonic
observation region, the puncture needle 100 guided
through the guide opening 54 and entering into the ultra-
sonic observation region of the ultrasonic oscillator 80
from a proximal end face of the observation region. The
ultrasonic observation region when viewed from the
guide opening 54 includes a region narrowed in a direc-
tion intersecting with the longitudinal axis of the insertion
unit 22. The uniform thickness that provides parallelism
enough to keep the puncture needle 100 inside the ul-
trasonic observation region through the spacer 198 or
the protrusion 120 is such a uniform thickness that the
parallelism of the side surfaces 80B and 80C, which arc
parallel to the longitudinal axis of the insertion unit 22
among the side surfaces of the ultrasonic oscillator 80,
with respect to the guide direction of the puncture needle
100 can be provided through the spacer 198 or the pro-
trusion 120 so as to keep the puncture needle 100 inside
the narrowed region.

[0187] The thickness of the spacer 198 or the protru-
sion 120 in the normal direction is a thickness that
achieves electrical insulation through the spacer 198 or
the protrusion 120 and a small outer shape of the distal
end part body 70. Thicknesses in the normal direction
are said to be equal to each other with any variation in
manufacturing the spacer 198 or the protrusion 120.
[0188] Preferred embodiments of the invention are de-
fined in paragraphs 1 to 20

1. An ultrasonic endoscope comprising:

an insertion unit inserted into an inside of the
body;

a distal end part body provided to a distal end
of the insertion unit;

an ultrasonic observation unit provided to the
distal end part body;

an ultrasonic oscillator provided to the ultrasonic
observation unit and including an observation
surface through which ultrasonic waves are
communicated, side surfaces adjacent to the
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observation surface, a bottom surface opposite
to the observation surface, a piezoelectric ele-
ment provided closer to the observation surface,
and a backing material provided to the bottom
surface of the piezoelectric element;

a wiring connection unit provided to the ultra-
sonic oscillator and connected with wiring for
supplying a drive voltage to the ultrasonic oscil-
lator;

an ultrasonic-oscillator housing part covering
the side surfaces and the bottom surface of the
ultrasonic oscillator, housing the ultrasonic os-
cillator, and including a wire housing space in
which the wiring is housed, on a side on which
the bottom surface of the ultrasonic oscillator is
housed;

an acoustic lens made of resin covering the ob-
servation surface of the ultrasonic oscillator and
adhered to the ultrasonic-oscillator housing part;
and

a sealing member that seals a gap formed be-
tween the ultrasonic oscillator and the ultrason-
ic-oscillator housing part.

2. The ultrasonic endoscope according to para 1,
wherein the sealing member is provided between
the side surfaces of the ultrasonic oscillator and the
ultrasonic-oscillator housing part.

3. The ultrasonic endoscope according to para 1 or
2, wherein the sealing members are provided be-
tween the ultrasonic-oscillator housing part and two
side surfaces parallel to a longitudinal axis of the
insertion unit and facing to each other among the
side surfaces of the ultrasonic oscillator and are pro-
vided between the ultrasonic-oscillator housing part
and two side surfaces intersecting with the longitu-
dinal axis of the insertion unit and facing to each
other among the side surfaces of the ultrasonic os-
cillator.

4. The ultrasonic endoscope according to any one
of paras 1 to 3, wherein the sealing member has a
uniform thickness in a normal direction of a surface
of the sealing member, which is in contact with a
corresponding one of the side surfaces of the ultra-
sonic oscillator when the ultrasonic oscillator is
housed in the ultrasonic-oscillator housing part.

5. The ultrasonic endoscope according to para 4,
wherein the sealing member is elastic in a thickness
direction corresponding to the normal direction.

6. The ultrasonic endoscope according to any one
of paras 1 to 5, wherein the sealing member is pro-
vided between the bottom surface of the ultrasonic
oscillator and the ultrasonic-oscillator housing part.
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7. The ultrasonic endoscope according to any one
of paras 1 to 6, wherein the wiring connection unit is
provided on the bottom surface of the ultrasonic os-
cillator.

8. The ultrasonic endoscope according to para 6 or
7, wherein the wiring connection unit is provided in
a central part of the bottom surface, and the sealing
member is provided in a peripheral part of the bottom
surface.

9. The ultrasonic endoscope according to any one
of paras 1 to 8, wherein the resin is thermoplastic
resin.

10. A method of manufacturing an ultrasonic endo-
scope including an insertion unit inserted into an in-
side of the body, a distal end part body provided to
a distal end of the insertion unit, an ultrasonic obser-
vation unit provided to the distal end part body, an
ultrasonic oscillator provided to the ultrasonic obser-
vation unit and including an observation surface
through which ultrasonic waves are communicated,
side surfaces adjacent to the observation surface, a
bottom surface opposite to the observation surface,
a piezoelectric element provided closer to the obser-
vation surface, and a backing material provided to
the bottom surface of the piezoelectric element, a
wiring connection unit provided to the ultrasonic os-
cillator and connected with wiring for supplying a
drive voltage to the ultrasonic oscillator, and an ul-
trasonic-oscillator housing part covering the side
surfaces and the bottom surface of the ultrasonic
oscillator, housing the ultrasonic oscillator, and in-
cluding a wire housing space in which the wiring is
housed, on a side on which the bottom surface of
the ultrasonic oscillator is housed, the method com-
prising:

housing the ultrasonic oscillator in the ultrason-
ic-oscillator housing part and sealing, with a
sealing member, a gap formed between the ul-
trasonic oscillator and the ultrasonic-oscillator
housing part; and

shaping an acoustic lens on the observation sur-
face of the ultrasonic oscillator with fluid resin
and filling the gap between the ultrasonic oscil-
lator and the ultrasonic-oscillator housing part
with the resin while the gap is sealed by the seal-
ing member.

11. An ultrasonic endoscope comprising:

aninsertion unitinserted into an inside of a body;
a distal end part body provided to a distal end
of the insertion unit and provided with a surgical-
tool guide opening;

an ultrasonic observation unit provided to the
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distal end part body;

an ultrasonic oscillator provided to the ultrasonic
observation unit and including an observation
surface through which ultrasonic waves are
communicated, side surfaces adjacent to the
observation surface, a bottom surface opposite
to the observation surface, a piezoelectric ele-
ment provided closer to the observation surface,
and a backing material provided to the bottom
surface of the piezoelectric element;

an ultrasonic-oscillator housing part provided to
the distal end part body, covering the side sur-
faces and the bottom surface of the ultrasonic
oscillator, and housing the ultrasonic oscillator;
a spacer provided between the ultrasonic oscil-
lator and the ultrasonic-oscillator housing part;
and

an acoustic lens covering the observation sur-
face of the ultrasonic oscillator and the spacer,
and adhered to the ultrasonic-oscillator housing
part.

12. The ultrasonic endoscope according to para 11,
wherein

the spacer has a uniform thickness in a direction nor-
mal to a surface of the spacer, which is in contact
with a corresponding one of the side surfaces of the
ultrasonic oscillator when the ultrasonic oscillator is
housed in the ultrasonic-oscillator housing part.

13. The ultrasonic endoscope according to para 12,
wherein

the spacer is provided between the ultrasonic-oscil-
lator housing part and a side surface parallel to a
longitudinal axis of the insertion unit among the side
surfaces of the ultrasonic oscillator.

14. The ultrasonic endoscope according to para 13,
wherein

the spacers are provided between the ultrasonic-os-
cillator housing part and two side surfaces parallel
to the longitudinal axis of the insertion unit and facing
to each other among the side surfaces of the ultra-
sonic oscillator, and

when the ultrasonic oscillator is housed in the ultra-
sonic-oscillator housing part, the spacers provided
between the ultrasonic-oscillator housing part and
the two side surfaces have thicknesses equal toeach
other, each thickness being measured in a direction
normal to a surface of the spacer, which is in contact
with a corresponding one of the side surfaces of the
ultrasonic oscillator.

15. The ultrasonic endoscope according to any one
of paras 12 to 14, wherein the spacer is provided
between the ultrasonic-oscillator housing part and a
side surface intersecting with the longitudinal axis of
the insertion unit among the side surfaces of the ul-
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trasonic oscillator.

16. The ultrasonic endoscope according to para 15,
wherein

the spacers are provided between the ultrasonic-os-
cillator housing part and two side surfaces intersect-
ing with the longitudinal axis of the insertion unit and
facing to each other among the side surfaces of the
ultrasonic oscillator, and

when the ultrasonic oscillator is housed in the ultra-
sonic-oscillator housing part, the spacers provided
between the ultrasonic-oscillator housing part and
the two side surfaces have thicknesses equal to each
other, each thickness being measured in a direction
normal to a surface of the spacer, which is in contact
with a corresponding one of the side surfaces of the
ultrasonic oscillator.

17. The ultrasonic endoscope according to any one
of paras 12 to 16, wherein the spacer is elastic in a
thickness direction corresponding to the normal di-
rection.

18. The ultrasonic endoscope according to any one
of paras 12 to 17, wherein the spacer is provided
between the ultrasonic-oscillator housing part and
the bottom surface of the ultrasonic oscillator.

19. The ultrasonic endoscope according to para 18,
further comprising a wiring connection unit provided
to the ultrasonic oscillator and connected with wiring
for supplying a drive voltage to the ultrasonic oscil-
lator,

wherein the wiring connection unit is provided in a
central part of the bottom surface, and the spacer is
provided in a peripheral part of the bottom surface.

20. A method of manufacturing an ultrasonic endo-
scope including an insertion unit inserted into an in-
side of a body, a distal end part body provided to a
distal end of the insertion unit and provided with a
surgical-tool guide opening, an ultrasonic observa-
tion unit provided to the distal end part body, an ul-
trasonic oscillator provided to the ultrasonic obser-
vation unit and including an observation surface
through which ultrasonic waves are communicated,
side surfaces adjacent to the observation surface, a
bottom surface opposite to the observation surface,
a piezoelectric element provided closer to the obser-
vation surface, and a backing material provided to
the bottom surface of the piezoelectric element, and
an ultrasonic-oscillator housing part provided to the
distal end part body and housing the ultrasonic os-
cillator, the method comprising:

housing the ultrasonic oscillator in the ultrason-
ic-oscillator housing part;
temporarily fixing the ultrasonic oscillator to the

10

20

25

30

35

40

45

50

55

19

ultrasonic-oscillator housing part while an ex-
tended line of a center line of the surgical-tool
guide opening is positioned in an observation
region of the ultrasonic oscillator; and

shaping an acoustic lens on the observation sur-
face of the ultrasonic oscillator with fluid resin
andfilling a gap between the ultrasonic oscillator
and the ultrasonic-oscillator housing part with
the resin while temporarily fixing the ultrasonic
oscillator.

Claims

An ultrasonic endoscope comprising:

aninsertion unitinserted into an inside of abody;
a distal end part body provided to a distal end
of the insertion unit and provided with a surgical-
tool guide opening;

an ultrasonic observation unit provided to the
distal end part body;

an ultrasonic oscillator provided to the ultrasonic
observation unit and including an observation
surface through which ultrasonic waves are
communicated, side surfaces adjacent to the
observation surface, a bottom surface opposite
to the observation surface, a piezoelectric ele-
ment provided closer to the observation surface,
and a backing material provided to the bottom
surface of the piezoelectric element;

an ultrasonic-oscillator housing part provided to
the distal end part body, covering the side sur-
faces and the bottom surface of the ultrasonic
oscillator, and housing the ultrasonic oscillator;
a spacer provided between the ultrasonic oscil-
lator and the ultrasonic-oscillator housing part:
and

an acoustic lens covering the observation sur-
face of the ultrasonic oscillator and the spacer,
and adhered to the ultrasonic-oscillator housing
part.

The ultrasonic endoscope according to claim 1,
wherein

the spacer has a uniform thickness in a direction nor-
mal to a surface of the

spacer, which is in contact with a corresponding one
of the side surfaces of the ultrasonic

oscillator when the ultrasonic oscillator is housed in
the ultrasonic-oscillator housing part.

The ultrasonic endoscope according to claim 2,
wherein

the spacer is provided between the ultrasonic-oscil-
lator housing part and a side surface parallel to a
longitudinal axis of the insertion unit among the side
surfaces of the ultrasonic oscillator.
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The ultrasonic endoscope according to claim 3,
wherein

the spacers are provided between the ultrasonic-os-
cillator housing part and two side surfaces parallel
to the longitudinal axis of the insertion unit and facing
to each other among the side surfaces of the ultra-
sonic oscillator, and

when the ultrasonic oscillator is housed in the ultra-
sonic-oscillator housing part, the spacers provided
between the ultrasonic-oscillator housing part and
the two side surfaces have thicknesses equal to each
other, each thickness being measured in a direction
normal to a surface of the spacer, which is in contact
with a corresponding one of the side surfaces of the
ultrasonic oscillator.

The ultrasonic endoscope according to any one of
claims 2to4, whereinthe spaceris provided between
the ultrasonic-oscillator housing part and a side sur-
face intersecting with the longitudinal axis of the in-
sertion unit among the side surfaces of the ultrasonic
oscillator.

The ultrasonic endoscope according to claim 5,
wherein

the spacers are provided between the ultrasonic-os-
cillator housing part and two side surfaces intersect-
ing with the longitudinal axis of the insertion unit and
facing to each other among the side surfaces of the
ultrasonic oscillator, and

when the ultrasonic oscillator is housed in the ultra-
sonic-oscillator housing part, the spacers provided
between the ultrasonic-oscillator housing part and
the two side surfaces have thicknesses equal to each
other, each thickness being measured in a direction
normal to a surface of the spacer, which is in contact
with a corresponding one of the side surfaces of the
ultrasonic oscillator.

The ultrasonic endoscope according to any one of
claims 2 to 6, wherein the spacer is elastic in a thick-
ness direction corresponding to the normal direction.

The ultrasonic endoscope according to any one of
claims 2to 7, wherein the spaceris provided between
the ultrasonic-oscillator housing part and the bottom
surface of the ultrasonic oscillator.

The ultrasonic endoscope according to claim 8, fur-
ther comprising a wiring connection unit provided to
the ultrasonic oscillator and connected with wiring
for supplying a drive voltage to the ultrasonic oscil-
lator,

wherein the wiring connection unit is provided in a
central part of the bottom surface, and the spacer is
provided in a peripheral part of the bottom surface.

10. A method of manufacturing an ultrasonic endoscope
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including an insertion unit inserted into an inside of
a body, a distal end part body provided to a distal
end of the insertion unit and provided with a surgical-
tool guide opening, an ultrasonic observation unit
provided to the distal end part body, an ultrasonic
oscillator provided to the ultrasonic observation unit
and including an observation surface through which
ultrasonic waves are communicated, side surfaces
adjacent to the observation surface, a bottom sur-
face opposite to the observation surface, a piezoe-
lectric element provided closer to the observation
surface, and a backing material provided to the bot-
tom surface of the piezoelectric element, and an ul-
trasonic-oscillator housing part provided to the distal
end part body and housing the ultrasonic oscillator,
the method comprising:

housing the ultrasonic oscillator in the ultrason-
ic-oscillator housing part;

temporarily fixing the ultrasonic oscillator to the
ultrasonic-oscillator housing part while an ex-
tended line of a center line of the surgical-tool
guide opening is positioned in an observation
region of the ultrasonic oscillator; and

shaping an acoustic lens on the observation sur-
face of the ultrasonic oscillator with fluid resin
and filling a gap between the ultrasonic oscillator
and the ultrasonic-oscillator housing part with
the resin while temporarily fixing the ultrasonic
oscillator.
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