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(54) ULTRASONIC ENDOSCOPE

(57)  An ultrasonic endoscope includes a plurality of
ultrasonic vibrators; a distal end part that houses the plu-
rality of ultrasonic vibrators; an electrically conductive en-
doscopic structure housed in or connected to the distal
end part; a thermally conductive member connected to
the plurality of ultrasonic vibrators; and an electrically in-
sulating thermally conductive member connected to the
endoscopic structure. The thermally conductive member
and the electrically insulating thermally conductive mem-

FIG. 5

ber are connected to each other. Thus, the ultrasonic
endoscope that has a heat release structure which trans-
mits the heat generated from the ultrasonic vibrators to
the electrically conductive endoscopic structure housed
in the distal end part and which can efficiently release
the heat therefrom while electric safety is secured; and
that can prevent a burn of an alimentary canal by sup-
pressing a temperature rise of surfaces of the ultrasonic
vibrators is provided.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to ultrasonic en-
doscopes, and more particularly relates to an ultrasonic
endoscope having, at a distal end part thereof, a heat
release structure for releasing the heat generated from
very small ultrasonic vibrators used in the ultrasonic en-
doscope that is inserted into a body cavity.

2. Description of the Related Art

[0002] An ultrasound diagnostic apparatus using ultra-
sonic imaging typically includes an ultrasound probe for
body surface that is used by being brought into contact
with a subject, and an ultrasound probe for body cavity
that is used by being inserted into a body cavity of a
subject. Furthermore, in recent years, an ultrasonic en-
doscope is used which is a combination of an endoscope
for optically observing the inside of a subject, and an
ultrasound probe for body cavity.

[0003] When an ultrasound probe transmits an ultra-
sound beam to a subject such as a human body and
receives an ultrasound echo generated from the subject,
ultrasound image information is acquired.

[0004] Based on the ultrasound image information, an
ultrasound image of an object existing in the subject (for
example, aninternal organ or a lesion tissue) is displayed
on a display unit of an ultrasonic endoscope apparatus
body that is connected to the ultrasonic endoscope.
[0005] Atypically used example of ultrasonic transduc-
ers (ultrasonic vibrator array) that transmit and receive
ultrasonic waves is a plurality of ultrasonic vibrators (pi-
ezoelectric vibrators) in which electrodes are formed on
both surfaces of a material (piezoelectric body) that ex-
hibits a piezoelectric effect.

[0006] When a voltage is applied to the electrodes of
the ultrasonic vibrators, the piezoelectric body is expand-
ed and contracted by the piezoelectric effect and ultra-
sonic waves are generated. The plurality of ultrasonic
vibrators are arranged in a one-dimensional form or a
two-dimensional form to serve as an ultrasonic vibrator
array, and by successively driving the plurality of ultra-
sonic vibrators, an ultrasound beam that is transmitted
in a desirable direction can be formed.

[0007] Also, the ultrasonic vibrators are expanded and
contracted by receiving propagating ultrasonic waves,
and generate electric signals. The electric signals are
used as detection signals of ultrasonic waves.

[0008] Theultrasonic endoscopeincluding the plurality
of ultrasonic vibrators is provided with an ultrasonic ob-
servation portion at a distal end part of the endoscope,
as a major purpose, to observe the gallbladder or pan-
creas via an alimentary canal. The distal end part of the
ultrasonic endoscope is provided with, in addition to the
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ultrasonic observation portion, an optical sensor, a light,
an air supply port, a water supply port, and a suction port,
like a typical endoscope not provided with the ultrasonic
observation portion. With such an ultrasonic endoscope
thatisinserted into a body cavity of a subject, in particular,
an upper alimentary canal or a bronchus, it is requested
to decrease the diameter of an insertion section of the
ultrasonic endoscope, and the size of the distal end part,
in particular, the size of the ultrasonic observation por-
tion, to reduce the physical burden of the subject.
[0009] Also, the distal end part of the ultrasonic endo-
scope involves heat generating factors, such as the ul-
trasonic vibrators and the light source of the endoscope.
The insertion section of the ultrasonic endoscope, in par-
ticular, the distal end part directly contacts the inside of
a living body such as a human body. Hence, for safety
reasons such as preventing a moderate-temperature
burn, it is demanded to set the surface temperature of
the insertion section to a predetermined temperature or
lower.

[0010] Owing to this, an ultrasonic endoscope that has
means for decreasing the surface temperature of the dis-
tal end part while the size of the distal end part is held
small is requested. In recent years, various suggestions
are made for cooling the distal end part of the ultrasonic
endoscope that is a heat generation source (see
JP5329065B, JP2009-240755A, and JP2008-22077A).
[0011] JP5329065B discloses an ultrasonic endo-
scope including an insertion section having a bending
part. The insertion section has a backing material having
a front surface on which a plurality of ultrasonic trans-
ducers are disposed, an exterior member made of stain-
less steel (SUS) or the like that houses the plurality of
ultrasonic transducers at a distal end of the insertion sec-
tion, and a thermally conductive member that is disposed
in the exterior member and that contacts a back surface
of the backing material and an inner surface of the exte-
rior member. With this configuration, the heat generated
from the ultrasonic transducers and transmitted to the
backing material, and the heat generated from the back-
ing material as the result that the backing material re-
ceives ultrasonic waves from the ultrasonic transducers
are transmitted to the thermally conductive member via
the backing material, are further transmitted to the exte-
rior member via the thermally conductive member, and
are released from the exterior member to the outside of
the ultrasonic endoscope. Thus, with JP5329065B, the
heat release from the ultrasonic transducers to the out-
side is promoted.

[0012] JP2009-240755A discloses an ultrasonic endo-
scope in which a signal line housing part that is located
below a backing material supporting a plurality of ultra-
sonic transducers and that houses a plurality of signal
lines (shield line group) is filled with a highly thermally
conductive filling material; and a highly thermally con-
ductive layer such as a copper foilis disposed on a bottom
surface, side surfaces, and a rear surface of the signal
line housing part. The heat generated from the ultrasonic



3 EP 3479770 A1 4

transducers is efficiently released by diffusing the heat
to a surface of an exterior material via a backing layer,
the highly thermally conductive filling material in the sig-
nal line housing part, and the highly thermally conductive
layer.

[0013] JP2008-22077A discloses an ultrasound probe
in which individual metal thin plates, serving as thermally
conductive materials, are provided on earth electrode
sides of a plurality of piezoelectric elements. The individ-
ual metal thin plates are thermally connected to a heat
release base that is located below a backing material that
supports the piezoelectric elements, viaa common metal
thin plate or an electrically insulating thermally conduc-
tive material that is joined to an end surface of the backing
material. The heat generated from the piezoelectric ele-
ments is released to the heat release base via the indi-
vidual metal thin plates, and the common metal thin plate,
or the electrically insulating thermally conductive mem-
ber.

SUMMARY OF THE INVENTION

[0014] With the ultrasonic endoscope disclosed in
JP5329065B, only a heat release path for releasing the
heat generated from the ultrasonic vibrators and the
backing material layer to the exterior member via the ther-
mally conductive member is taken into account, and
hence it is difficult to further improve the heat release
effect. Further, with the technology disclosed in
JP5329065B, heat does not stay in the ultrasonic vibra-
tors and the backing material layer; however, since the
heat is released to the exterior member of, for example,
SUS, the heat may be released to the inside of the body
cavity near the distal end part of the ultrasonic endo-
scope. In this case, a temperature rise is suppressed by
a certain degree because the heat is diffused from the
exterior member; however, this may involve a problem
of an increase in temperature of the exterior member of
the distal end part of the ultrasonic endoscope and an
increase in temperature in the periphery of the distal end
part.

[0015] Also, with the ultrasonic endoscope or the like
disclosed in JP2009-240755A, a high-frequency treat-
ment tool is used, and hence a distal end main body case
(exterior body) uses an electrically insulating resin. To
allow washing, disinfection, and sterilization of the endo-
scope, the distal end main body case is required to be
chemical resistant, and typically uses polysulfone,
polyphenylsulfone, or polyetherimide. Owing to this, the
distal end main body case has low thermal conductivity,
and even through a member with high thermal conduc-
tivity is bonded to the electrically insulating resin, heat is
not efficiently released.

[0016] Also, with the technologies disclosed in
JP2009-240755A and JP2008-22077A, since heat is fi-
nally released by diffusing the heat to the exterior body,
the surface temperature of the exterior body may rise,
like the technology disclosed in JP5329065B.
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[0017] Note that, since the technology disclosed in
JP2008-22077A is used for a body surface of a subject,
even when heat is diffused and released to the exterior
body, the heat can be efficiently released to the outside
of the body. However, if the technology disclosed in
JP2008-22077A is applied to the ultrasonic endoscope
thatis used ina body cavity of a subject, this may increase
the surface temperature of the exterior body. Therefore,
it is difficult to satisfy the demand that the surface tem-
perature of the insertion section is set to the predeter-
mined temperature or lower.

[0018] Presently, in order to improve diagnostic accu-
racy of an ultrasonic endoscope, the transmission output
of ultrasonic waves is increased by laminating ultrasonic
transducers (vibrators), and reception sensitivity is in-
creased by increasing the number of ultrasonic vibrators.
[0019] As the result, the amount of heat released from
the ultrasonic vibrators is increased, and due to the heat
generated from the ultrasonic vibrators, the temperature
of the insertion section that contacts a body cavity wall,
in particular, the temperature of the distal end part at
which the ultrasonic vibrators are disposed may be in-
creased.

[0020] Further, with the ultrasonic endoscope, to im-
prove diagnostic accuracy by improving image quality or
the like of an ultrasound image to be obtained, the driving
voltage for driving the ultrasonic vibrators may be in-
creased, in addition to increasing the reception sensitiv-
ity. However, with such an ultrasonic endoscope, the heat
generated from the ultrasonic vibrators (ultrasonic trans-
ducers) due to the increase in the driving voltage may
cause a further temperature rise.

[0021] As described above, to improve the diagnostic
accuracy by improving the image quality or the like of the
ultrasound image, when the number of the ultrasonic vi-
brators is increased, when the driving voltage of the ul-
trasonic vibrators is increased, or when the transmission
output of ultrasonic waves is increased, the technologies
disclosed in JP5329065B, JP2009-240755A, and
JP2008-22077A involve problems. The problems are
possibly increasing the ambient temperatures, such as
the ambient temperature of the distal end part of the ul-
trasonic endoscope that directly contacts the inside of a
living body such as a human body, and the ambient tem-
perature of the exterior member, to allowable tempera-
tures or higher.

[0022] It is required to suppress heat generation and
a temperature rise while the diameter of the insertion
section and the size of the distal end part are held small,
and a significant issue is how the heat generated from
the ultrasonic vibrators is released.

[0023] Here, a metal endoscopic structure in an ultra-
sonic endoscope has large thermal capacity and high
thermal conductivity, and hence by releasing the heat
generated from ultrasonic vibrators to the metal endo-
scopic structure via a thermally conductive member such
as a copper foil, the heat can be released to the proximal
end side of the endoscope. However, since a voltage in
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arange from 10 Vto 100 V is applied to the driving signal
for driving the ultrasonic vibrators, the ultrasonic vibrator
structure including the copper foil is required to be elec-
trically insulated from the endoscopic structure. Thus, it
is difficult to release the heat transmitted to the copper
foil with high thermal conductivity, to the endoscopic
structure.

[0024] The presentinvention addresses the above-de-
scribed problems of related art, and it is an object of the
presentinvention to provide an ultrasonic endoscope that
has a heat release structure that transmits the heat gen-
erated from ultrasonic vibrators to, for example, an elec-
trically conductive endoscopic structure which is housed
in a distal end part and which can efficiently release the
heat from the electrically conductive endoscopic struc-
ture, while the diameter of an insertion section is held
small, the size of the distal end part is held small, and
electric safety is secured; that can prevent a burn of an
alimentary canal by suppressing a temperature rise of
surface of the ultrasonic vibrators; and as a result, that
can improve diagnostic accuracy in ultrasonic diagnosis.
[0025] To attain the above-described object, an ultra-
sonic endoscope according to a first aspect of the present
invention includes a plurality of ultrasonic vibrators; a dis-
tal end part that houses the plurality of ultrasonic vibra-
tors; an electrically conductive endoscopic structure
housed in or connected to the distal end part; a thermally
conductive member connected to the plurality of ultra-
sonic vibrators; and an electrically insulating thermally
conductive member connected to the endoscopic struc-
ture. The thermally conductive member and the electri-
cally insulating thermally conductive member are con-
nected to each other.

[0026] Preferably, the thermally conductive member is
an electrically/thermally conductive member, and the en-
doscopic structure is made of metal.

[0027] Preferably, the thermally conductive member
has a first thermally conductive member that is directly
connected to the plurality of ultrasonic vibrators, and a
second thermally conductive member that connects the
first thermally conductive member and the electrically in-
sulating thermally conductive member to each other.
[0028] Preferably, the electrically insulating thermally
conductive member is removably connected to the ther-
mally conductive member or the endoscopic structure.
[0029] Preferably, the thermally conductive member
has an exposed portion exposed to the endoscopic struc-
ture, and the exposed portion is covered with an electri-
cally insulating coating member.

[0030] Preferably, the electrically insulating thermally
conductive member has a withstand voltage of 1.5 kV or
higher.

[0031] Preferably, the electrically insulating thermally

conductive member has a thickness of 3 mm or smaller.
[0032] Preferably, the electrically insulating thermally
conductive member has a thermal conductivity of 0.5
W/mK or higher.

[0033] Preferably,the endoscopicstructureis an erect-
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ing base component, a forceps pipe line component, or
adistal-end-side ring component of an angle sub-assem-
bly.

[0034] Preferably, at least one of the erecting base
component or the forceps pipe line component is dis-
posed on a proximal end side of the ultrasonic endoscope
with respect to the plurality of ultrasonic vibrators.
[0035] Preferably, the thermally conductive member
has a thermal conductivity of 0.5 W/mK or higher.
[0036] Preferably, the ultrasonic endoscope further in-
cludes a plurality of ultrasonic cables individually con-
nected to the plurality of ultrasonic vibrators; and a cable
insertion hole that are provided in the distal end part and
through which the plurality of ultrasonic cables are insert-
ed. Preferably, the thermally conductive member is partly
disposed in the cable insertion hole.

[0037] Preferably, the thermally conductive member
has a first thermally conductive member that is directly
connected to the plurality of ultrasonic vibrators, and a
second thermally conductive member that connects the
first thermally conductive member and the electrically in-
sulating thermally conductive member to each other.
Preferably, the second thermally conductive member is
disposed in the cable insertion hole.

[0038] Preferably, the electrically insulating thermally
conductive member is a wall of the cable insertion hole
that contacts an electrically conductive structural body
of the endoscopic structure, and the wall has a thickness
of 3 mm or smaller.

[0039] Preferably, the electrically insulating thermally
conductive member is a thermally conductive ceramic
screw that attaches the thermally conductive member to
an electrically conductive structural body of the endo-
scopic structure, and a distal end portion of the screw
contacts the electrically conductive structural body.
[0040] Preferably, thedistal end parthas an electrically
insulating exterior member, and the endoscopic structure
is housed in or connected to the exterior member.
[0041] Preferably, the plurality of ultrasonic vibrators
are convex type or radial type.

[0042] To attain the above-described object, an ultra-
sonic endoscope according to a second aspect of the
present invention includes a plurality of ultrasonic vibra-
tors; and a distal end part that houses the plurality of
ultrasonic vibrators. The distal end part has an ultrasonic
vibrator array in which the plurality of ultrasonic vibrators
are arranged; a distal end case that is provided on a distal
end side of the ultrasonic endoscope and that houses
the ultrasonic vibrator array; a cable insertion hole that
is provided in the distal end case, and through which a
plurality of cables are inserted, the plurality of cables be-
ing individually electrically connected to the plurality of
ultrasonic vibrators of the ultrasonic vibrator array; an
electrically conductive endoscopic structure housed in or
connected to the distal end case on a proximal end side
of the ultrasonic endoscope; an electrically/thermally
conductive member that is connected to the ultrasonic
vibrator array and that releases heat generated from the
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plurality of ultrasonic vibrators; and an electrically insu-
lating thermally conductive member disposed in contact
with the electrically conductive endoscopic structure. The
electrically/thermally conductive member is extended to
the proximal end side of the ultrasonic endoscope. A
proximal end side of the extended electrically/thermally
conductive member is connected to the electrically insu-
lating thermally conductive member.

[0043] To attain the above-described object, an ultra-
sonic endoscope according to a third aspect of the
present invention includes a plurality of ultrasonic vibra-
tors; and a distal end part that houses the plurality of
ultrasonic vibrators. The distal end part has an ultrasonic
vibrator array in which the plurality of ultrasonic vibrators
are arranged; a distal end case that is provided on a distal
end side of the ultrasonic endoscope and that houses
the ultrasonic vibrator array; a cable insertion hole that
is provided in the distal end case, and through which a
plurality of cables are inserted, the plurality of cables be-
ing individually electrically connected to the plurality of
ultrasonic vibrators of the ultrasonic vibrator array; an
electrically conductive endoscopic structure housed in or
connected to the distal end case on a proximal end side
of the ultrasonic endoscope; an electrically conductive
first thermally conductive member that is connected to
the ultrasonic vibrator array and that releases heat gen-
erated from the plurality of ultrasonic vibrators; an elec-
trically insulating thermally conductive member disposed
in contact with the electrically conductive endoscopic
structure; and an electrically conductive second thermal-
ly conductive member whose distal end side is connected
to the first thermally conductive member, that is disposed
to extend in the distal end case to the proximal end side
of the ultrasonic endoscope, and whose proximal end
side is connected to the electrically insulating thermally
conductive member.

[0044] With the presentinvention, the ultrasonic endo-
scope can be provided that has a heat release structure
that transmits the heat generated from the ultrasonic vi-
brators to, for example, the electrically conductive endo-
scopic structure which is housed in the distal end part
and which can efficiently release the heat from the elec-
trically conductive endoscopic structure, while the diam-
eter of the insertion section is held small, the size of the
distal end partis held small, and electric safety is secured;
that can prevent a burn of an alimentary canal by sup-
pressing a temperature rise of surfaces of the ultrasonic
vibrators; and as a result, that can improve diagnostic
accuracy in ultrasonic diagnosis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045]
Fig. 1 is a schematic configuration diagram showing
an example of a configuration of an ultrasonic in-

spection system that uses an ultrasonic endoscope
according to an embodiment of the present inven-
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tion;

Fig. 2 is a partial enlarged perspective view showing
configurations of a distal end part and a bending part
of the ultrasonic endoscope shown in Fig. 1;

Fig. 3 is a partial enlarged plan view showing the
distal end part of the ultrasonic endoscope shown in
Fig. 1;

Fig. 4 is a schematic longitudinal section of the distal
end part of the ultrasonic endoscope shown in Fig.
3 when cut along the center line in a longitudinal
direction thereof;

Fig. 5is alongitudinal section schematically showing
an example of a thermal protection structure of the
distal end part of the ultrasonic endoscope shown in
Fig. 3 when cut in the longitudinal direction thereof;
Fig. 6 is a transverse section schematically showing
an example of an ultrasonic observation portion of
the distal end part of the ultrasonic endoscope shown
in Fig. 4;

Fig. 7 is a cross section schematically showing a
configuration of an example of a coaxial cable that
is used for an ultrasonic observation portion of the
distal end part of the ultrasonic endoscope shown in
Fig. 4;

Fig. 8 is a cross section schematically showing an
example of a shield cable composed of a plurality of
coaxial cables that are used for the ultrasonic obser-
vation portion of the distal end part of the ultrasonic
endoscope shown in Fig. 4;

Fig. 9 is a perspective view schematically showing
an example of an erecting base assembly of the dis-
tal end part shown in Fig. 2;

Fig. 10 is a side view showing an erecting lever of a
lever housing portion of the erecting base assembly
shown in Fig. 9;

Fig. 11 is a partial exploded perspective view sche-
matically showing a connecting portion between the
erecting base assembly of the distal end part and
the bending part shown in Fig. 2;

Fig. 12 is a longitudinal section schematically show-
ing another example of a heat release structure of
the distal end part of the ultrasonic endoscope shown
in Fig. 4;

Fig. 13 is a longitudinal section schematically show-
ing still another example of a heat release structure
of the distal end part of the ultrasonic endoscope
shown in Fig. 4;

Fig. 14 is a longitudinal section schematically show-
ing yet another example of a heat release structure
of the distal end part of the ultrasonic endoscope
shown in Fig. 4;

Fig. 15 is a partial enlarged plan view showing an
example of a distal end part of an ultrasonic endo-
scope according to another embodiment of the
present invention;

Fig. 16 is a longitudinal section schematically show-
ing an example of the distal end part of the ultrasonic
endoscope shown in Fig. 15;
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Fig. 17 is a longitudinal section schematically show-
ing an example of a heat release structure of the
distal end part of the ultrasonic endoscope shown in
Fig. 15;

Fig. 18 is a longitudinal section schematically show-
ing another example of a heat release structure of
the distal end part of the ultrasonic endoscope shown
in Fig. 15;

Fig. 19 is a partial enlarged plan view schematically
showing a distal end part of an insertion section of
an ultrasonic endoscope according to still another
embodiment of the present invention; and

Fig. 20 is a partial longitudinal section of the distal
end part of the insertion section of the ultrasonic en-
doscope shown in Fig. 19.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0046] An ultrasonic endoscope according to the
present invention is described below in detail based on
preferred embodiments shown in the accompanying
drawings.

First Embodiment

[0047] Fig. 1 is a schematic configuration diagram
showing an example of a configuration of an ultrasonic
inspection system that uses an ultrasonic endoscope ac-
cording to a first embodiment of the present invention.
Fig. 2 is a partial enlarged perspective view showing con-
figurations of a distal end part and a bending part of the
ultrasonic endoscope shown in Fig. 1. Fig. 3 is a partial
enlarged plan view showing the distal end part and its
periphery of the ultrasonic endoscope shown in Fig. 1.
[0048] An ultrasonic inspection system 10 shown in
Fig. 1 enables the gallbladder or the pancreas, which is
difficult to be observed by an ultrasonic inspection from
a body surface of a subject such as a patient, to be ob-
served through an alimentary canal, such as the esopha-
gus, stomach, duodenum, smallintestine, large intestine,
or the like, which is a body cavity of the subject. The
ultrasonic inspection system 10 inserts an ultrasonic en-
doscope according to the present invention having an
ultrasonic observation portion that includes a plurality of
ultrasonic vibrators and that acquires an ultrasonic tom-
ographic image (hereinafter referred to as ultrasound im-
age), and an endoscopic observation portion that ac-
quires an endoscope optical image (hereinafter referred
to as endoscope image), into a body cavity of a subject;
and acquires an ultrasound image of an observation tar-
get region of the subject while observing an endoscope
image of the subject.

[0049] Also, inthe ultrasonic endoscope of the present
invention, athermally conductive member, such as a cop-
per foil or the like that gives roles of a shield and a heat
release effect to side surfaces of the plurality of ultrasonic
vibrators that generate heat during an ultrasonic inspec-
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tion, for example, an electrically/thermally conductive
member is disposed. The heat transmitted from the ul-
trasonic vibrators to the thermally conductive member
such as the copper foil is efficiently released, an increase
in heat of the surfaces of the ultrasonic vibrators is sup-
pressed, and hence athermal burn of an alimentary canal
can be prevented from occurring.

[0050] Thus, according to the presentinvention, for ex-
ample, a copperfoil, or an electrically conductive member
having high thermal conductivity and connected to a cop-
per foil, that is, an electrically/thermally conductive mem-
ber is disposed in an exterior member (distal end case)
of a distal end main body, preferably, at a position as
close as possible to an endoscopic structure having high
thermal conductivity and disposed in an electrically insu-
lating exterior member, for example, a metal endoscopic
structure. With this configuration, the heat is transmitted
from the plurality of ultrasonic vibrators to the endoscopic
structure via the electrically/thermally conductive mem-
ber, such as the copper foil, and is released from the
endoscopic structure. At this time, according to the
present invention, to further secure electric safety, an
electrically insulating thermally conductive member is
disposed between the metal endoscopic structure and
the thermally conductive member such as a copper foil,
and a thermally conductive electrically insulating layer is
provided between the thermally conductive member
such as the copper foil and the metal endoscopic struc-
ture. Accordingly, the heat is transmitted to the endo-
scopic structure while electric insulation is secured.
[0051] Thatis, according to the present invention, the
destination to which the heat of the plurality of ultrasonic
vibrators is released is not the exterior member, but the
endoscopic structure that is housed in or connected to
the exterior member. Thus, the exterior member is only
required to have electrically insulating properties, does
not have to have high thermal conductivity, and may be
made of a known resin material conventionally used for
an ultrasonic endoscope, for example, polysulfone,
polyphenylsulfone, or polyetherimide which is disclosed
in JP2009-240755A and having low thermal conductivity.
[0052] According to the present invention, the exterior
member is only required to have electrically insulating
properties because if the exterior member does not have
electrically insulating properties and is electrically con-
ductive, heat is transmitted to a subject such as a human
body and a burn such as a moderate-temperature burn
may occur. Also, since a high driving voltage is applied
to the ultrasonic vibrators, if electric current leaks to an
electrically conductive exterior member, the electric cur-
rent may also possibly leak to a human body.

[0053] As shown in Fig. 1, the ultrasonic inspection
system 10 includes an ultrasonic endoscope 12 accord-
ing to the firstembodiment of the presentinvention having
a heat release structure at a distal end part thereof, an
ultrasonic processor device 14 that generates an ultra-
sound image, an endoscopic processor device 16 that
generates an endoscope image, a light source device 18
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that supplies illumination light thatilluminates a body cav-
ity to the ultrasonic endoscope 12, and a monitor 20 that
displays the ultrasound image and/or the endoscope im-
age.

[0054] The ultrasonic inspection system 10 further in-
cludes a water supply tank 21a that stores washing water
or the like, and a suction pump 21b that sucks an object
to be sucked in the body cavity (including supplied wash-
ing water and so forth). Although not shown, the ultra-
sonic inspection system 10 may further include a supply
pump or the like that supplies washing water in the water
supply tank 21a or gas such as the outside air to a pipe
line (not shown) in the ultrasonic endoscope 12.

[0055] First, as shown in Figs. 1 to 3, the ultrasonic
endoscope 12 according to the present invention has an
ultrasonic observation portion 36 including a heat release
structure (70: see Figs. 5 to 6) being a feature of the
present invention, and an endoscopic observation por-
tion 38 at a distal end part 40, image captures the inside
of a body cavity of a subject, and acquires an ultrasound
image (echo signal) and an endoscope image (image
signal).

[0056] The ultrasonic endoscope 12 is composed of
an insertion section 22 that includes the ultrasonic ob-
servation portion 36 and the endoscopic observation por-
tion 38 at the distal end part, and that is inserted into the
body cavity of the subject; an operation section 24 that
is connected to a proximal end part of the insertion sec-
tion 22 and with which an operator, such as a doctor or
atechnician, performs an operation; and a universal cord
26 having one end connected to the operation section 24.
[0057] Inthe operation section 24, although described
later, an erecting operation lever 27 that operates an
erecting base 84 provided at a treatment tool lead-out
portion 76 of the endoscopic observation portion 38, an
air/water supply button 28a that opens and closes an
air/water supply pipe line (not shown) from the water sup-
ply tank 21a, and a suction button 28b that opens and
closes a suction pipe line (not shown) from the suction
pump 21b are disposed side by side; and a pair of angle
knobs 29, 29, and a treatment tool insertion port (forceps
port) 30 are provided.

[0058] In this case, the water supply tank 21a is for
storing washing water or the like that is supplied to the
air/water supply pipe line in the ultrasonic endoscope 12
for washing the endoscopic observation portion 38 and
so forth of the ultrasonic endoscope 12. Note that the
air/water supply button 28a is used for ejecting gas such
as the air and water such as the washing water that are
supplied through the air/water supply pipe line from the
water supply tank 21a, from the endoscopic observation
portion 38 on the distal end side of the insertion section
22.

[0059] The suction pump 21b sucks the suction pipe
line (not shown) for sucking the object to be sucked in
the body cavity (including supplied washing water and
so forth) from the distal end side of the ultrasonic endo-
scope 12. The suction button 28b is used for sucking the
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object to be sucked in the body cavity from the distal end
side of the insertion section 22 with the sucking force by
the suction pump 21b.

[0060] Also, the treatment tool insertion port 30 allows
a treatment tool, such as forceps, a puncture needle, or
a surgical knife, to be inserted therethrough.

[0061] The other end part of the universal cord 26 is
provided with an ultrasonic connector 32a that is con-
nected to the ultrasonic processor device 14, an endo-
scope connector 32b that is connected to the endoscopic
processor device 16, and a light source connector 32c
that is connected to the light source device 18. The ul-
trasonic endoscope 12 is removably connected to the
ultrasonic processor device 14, the endoscopic proces-
sor device 16, and the light source device 18 respectively
through the connectors 32a, 32b, and 32c. The light
source connector 32c¢ is also connected to an air/water
supply tube 34afor connection with the water supply tank
21a, and a suction tube 34b for connection with the suc-
tion pump 21b.

[0062] The insertion section 22 is composed of, in or-
der from the distal end side, the distal end part (distal
end rigid part) 40 that is formed of a rigid member and
has the ultrasonic observation portion 36 and the endo-
scopic observation portion 38; a bending part 42 that is
connected to the proximal end side of the distal end part
40, that is formed of a plurality of bending pieces coupled
to one another, and that is bendable; and a soft part 44
that couples the proximal end side of the bending part
42 with the distal end side of the operation section 24,
and that is thin, long, and flexible.

[0063] As shown in Fig. 2, the bending part 42 has an
angle ring structure in which a plurality of angle rings
(nodal rings) 43 each formed in a ring-like shape are piv-
otally connected to one another in an axial direction. A
plurality of operating wires (not shown) are disposed in
the angle rings 43 at a predetermined interval in the axial
direction of inner peripheral surfaces of the angle rings
43. The proximal ends of the operating wires are con-
nected to a pulley (not shown) that is rotated by the pair
of angle knobs 29, 29 provided at the operation section
24. Thus, when the pair of angle knobs 29, 29 are rota-
tionally operated and the pulley is rotated, the operating
wires are pulled and the bending part 42 bends in a de-
sirable direction. By operating the pair of angle knobs 29,
29 as described above, the bending part 42 is remotely
operated to bend and the distal end part 40 can be head-
ed in a desirable direction.

[0064] In addition, a balloon into which an ultrasound
conveyance medium (for example, water or oil) that cov-
ers the ultrasonic observation portion 36 is injected may
be removably attached to the inside of the distal end part
40. Since ultrasonic waves and echo signals are mark-
edly attenuated in the air, the balloon is inflated by inject-
ing the ultrasound conveyance medium into the balloon,
and the inflated balloon is brought into contact with an
observation target region. Thus, the air is eliminated from
the area between an ultrasonic vibrator (ultrasonic trans-
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ducer) array 50 of the ultrasonic observation portion 36
and the observation target region, and the attenuation in
ultrasonic waves and echo signals can be prevented.
[0065] The ultrasonic processor device 14 generates
and supplies an ultrasonic signal (data) for causing the
ultrasonic vibrator array 50 of the ultrasonic observation
portion 36 of the distal end part 40 of the insertion section
22 of the ultrasonic endoscope 12 to generate ultrasonic
waves. An echo signal (data) is reflected from the obser-
vation target region on which ultrasonic waves have been
emitted. The ultrasonic processor device 14 receives and
acquires the echo signal by using the ultrasonic vibrator
array 50. The ultrasonic processor device 14 generates
an ultrasound image that is displayed on the monitor 20
by performing various signal (data) processing on the
acquired echo signal.

[0066] With the endoscopic processor device 16, the
endoscopic observation portion 38 of the distal end part
40 of the insertion section 22 of the ultrasonic endoscope
12 receives and acquires a image signal (data) acquired
from the observation target region illuminated with the
illumination light from the light source device 18. The en-
doscopic processor device 16 generates an endoscope
image that is displayed on the monitor 20 by performing
various signal (data) processing and image processing
on the acquired image signal.

[0067] The processor devices 14 and 16 may be com-
posed of a processor of, for example, a personal com-
puter (PC).

[0068] Toimage capture the observation target region
in the body cavity by the endoscopic observation portion
38 of the ultrasonic endoscope 12 and to acquire an im-
age signal, the light source device 18 generates illumi-
nation light, such as white light that consists of three pri-
mary colors of light of red light (R), green light (G), and
blue light (B), or specific wavelength light; supplies the
generated illumination light to the ultrasonic endoscope
12, the illumination light propagating on a light guide (not
shown) or the like in the ultrasonic endoscope 12; emits
the propagating light from the endoscopic observation
portion 38 of the distal end part 40 of the insertion section
22 of the ultrasonic endoscope 12; and illuminates the
observation target region in the body cavity.

[0069] The monitor 20 receives respective image sig-
nals generated by the ultrasonic processor device 14 and
the endoscopic processor device 16, and displays an ul-
trasound image and an endoscope image. When the ul-
trasound image and the endoscope image are to be dis-
played, only one of the images may be selectively dis-
played, or both the images may be simultaneously dis-
played on the monitor 20. A monitor for displaying an
ultrasound image and a monitor for displaying an endo-
scope image may be individually provided. Alternatively,
an ultrasound image and an endoscope image may be
displayed in any other desirable form.

[0070] The configurations of the distal end part and the
bending part of the insertion section of the ultrasonic en-
doscope are described below in detail with reference to
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Figs. 4 to 6, in addition to Figs. 2 and 3.

[0071] Fig. 4 is a schematic longitudinal section of the
distal end part of the ultrasonic endoscope shown in Fig.
3 when cut along the center line in alongitudinal direction
thereof. Fig. 5 is a longitudinal section schematically
showing an example of a thermal protection structure of
the distal end part of the ultrasonic endoscope shown in
Fig. 3 when cut in the longitudinal direction thereof. Fig.
6 is an arrow view taken along line VI-VI in Fig. 4, and is
a transverse section schematically showing an example
of the ultrasonic observation portion of the distal end part
of the ultrasonic endoscope shown in Fig. 4.

[0072] As shown in Figs. 2 to 3, the distal end part 40
of the ultrasonic endoscope 12 is provided with the ultra-
sonic observation portion 36 for acquiring an ultrasound
image on the distal end side, and the endoscopic obser-
vation portion 38 for acquiring an endoscope image on
the proximal end side. The ultrasonic observation portion
36 and the endoscopic observation portion 38 are at-
tached to and held by an exterior member 41 made of a
rigid member such as a hard resin and serving as a distal
end main body of the distal end part 40 of the ultrasonic
endoscope 12.

[0073] The ultrasonic observation portion 36 is com-
posed of an ultrasonic vibrator unit 46, and the exterior
member 41 to which the ultrasonic vibrator unit 46 is at-
tached and by which the ultrasonic vibrator unit46 is held.
[0074] The endoscopic observation portion 38 is com-
posed of, for example, a treatment tool lead-out portion
76, an observation window 78, an illumination window
80 (80a, 80b), and a washing (air/water supply) nozzle
82. The treatment tool lead-out portion 76 is provided at
the center of the endoscopic observation portion 38, and
has the erecting base 84 that changes a protruding di-
rection of a treatment tool, and an erecting base housing
portion 86 that houses the erecting base 84 and has a
recessed shape. Also, the erecting base housing portion
86 is provided with a treatment tool lead-out port 88 that
leads the treatment tool to the outside. In the illustrated
example, the endoscopic observation portion 38 has in-
clined surfaces 77a and 77b on both left and right sides
of the treatment tool lead-out portion 76 when viewed
from the ultrasonic observation portion 36 side on the
distal end side. The inclined surfaces 77a and 77b face
obliquely upper sides with respect to the distal end side.
On the inclined surface 77a on the right side in the figure,
the observation window 78, the washing nozzle 82, and
the illumination window 80a are disposed sequentially
from above. On the inclined surface 77b on the right side
in the figure, the illumination window 80b is disposed.
[0075] In the example shown in Fig. 2, the treatment
toollead-out port 88 (orthe treatmenttool lead-out portion
76) is provided at the endoscopic observation portion 38.
However, the present invention is not particularly limited
to the illustrated example. The treatment tool lead-out
port 88 may be provided at any location as far as the
location is on the distal end side (the bending part 42
side) of the ultrasonic endoscope 12 with respect to the
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plurality of ultrasonic vibrators (48: see Figs. 4 and 5) of
the ultrasonic observation portion 36. For example, the
treatment tool lead-out port 88 may be provided between
the ultrasonic observation portion 36 and the endoscopic
observation portion 38, or may be provided at a position
further on the proximal end side with respect to the en-
doscopic observation portion 38.

[0076] That is, the ultrasonic endoscope to which the
heat release structure according to the present invention
is applied has to be an ultrasonic endoscope having a
treatmenttool lead-out port disposed on the proximal end
side with respect to the ultrasonic vibrators.

[0077] The ultrasonic observation portion 36 is de-
scribed next with reference to Figs. 4 and 5.

[0078] AsshowninFigs.4 and 5, the ultrasonic vibrator
unit 46 that constitutes the ultrasonic observation portion
36 has the ultrasonic vibrator array 50 consisting of the
plurality of ultrasonic vibrators (transducers) 48, an elec-
trode part 52 including a plurality of individual electrodes
52a, a cable wiring portion 56 including a plurality of con-
nection portions 56a, a ground bar 57, and a copper foil
60.

[0079] As shown in Fig. 4, the electrode part 52 is pro-
vided on an outer surface or an inner surface of the ul-
trasonic vibrator array 50. The plurality of individual elec-
trodes 52a of the electrode part 52 are individually con-
nected to the plurality of ultrasonic vibrators 48. Abacking
material layer 54 supports the respective ultrasonic vi-
brators 48 of the ultrasonic vibrator array 50 from the
lower surface side. The cable wiring portion 56 is elec-
trically connected to the plurality of individual electrodes
52a of the electrode part 52. The plurality of connection
portions 56a of the cable wiring portion 56 are connected
to signal lines 58a of a plurality of coaxial cables 58
through wiring. The ground bar 57 is disposed below the
backing material layer 54 on the side opposite to the ul-
trasonic vibrator array 50. The ground bar 57 is connect-
ed to shield members 58c of the plurality of coaxial cables
58.

[0080] As shown in Fig. 5, the copper foil 60 is a ther-
mally conductive member connected to the plurality of
ultrasonicvibrator arrays 50, is bonded to either surfaces,
both outer side surfaces, or a rear surface side (on the
side of the backing material layer 54 opposite to the ul-
trasonic vibrators 48) of the plurality of ultrasonic vibra-
tors 48 or the backing material layer 54, and extends to
the endoscopic observation portion 38 via the lower side
of the backing material layer 54 on the side opposite to
the ultrasonic vibrator array 50. The copper foil 60 shields
the plurality of ultrasonic vibrators 48 and also releases
the heat generated from the plurality of ultrasonic vibra-
tors 48 and the backing material layer 54.

[0081] Accordingtothe firstembodimentof the present
invention, one end of an electrically/thermally conductive
member 61 is connected to the copper foil 60; and the
other end of the electrically/thermally conductive mem-
ber 61, in the endoscopic observation portion 38, passes
through a cable insertion hole 73 through which a shield
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cable 72 that binds the plurality of coaxial cables 58 being
an ultrasonic cable according to the present invention is
inserted, extends to the proximal end side of the endo-
scopic observation portion 38, passes through an open-
ing 73a in an upper wall surface of the cable insertion
hole 73, is folded back, extends to an erecting base as-
sembly 92 composed of the erecting base 84 constituting
the endoscopic observation portion 38, and is thermally
connected to the erecting base assembly 92 via an elec-
trically insulating thermally conductive member 62. In this
case, the copper foil 60, the electrically/thermally con-
ductive member 61, and the electrically insulating ther-
mally conductive member 62 constitute a heat release
structure 70 that is a feature of the present invention that
releases the heat generated from the plurality of ultra-
sonic vibrators 48 and the backing material layer 54 to
an erecting base component according to the present
invention that is an electrically conductive endoscopic
structure according to the present invention, for example,
to a base portion 96 of the erecting base assembly 92
made of metal. The details of the heat release structure
70 will be described later.

[0082] Thus, with the heat release structure 70 that is
a feature of the present invention, the heat generated
from the plurality of ultrasonic vibrators 48 and the back-
ing material layer 54 is released to the erecting base as-
sembly 92 via the copper foil 60, the electrically/thermally
conductive member 61, and the electrically insulating
thermally conductive member 62. The heat transmitted
to the erecting base assembly 92 may be furtherreleased
to an angle sub-assembly according to the present in-
vention of the bending part 42 that is an electrically con-
ductive endoscopic structure according to the present
invention electrically and thermally connected to the
erecting base assembly 92, for example, the plurality of
angle rings 43, a lever operating wire 110 that is an elec-
trically conductive endoscopic structure according to the
presentinvention, and/or an electrically conductive mem-
ber in a forceps tube 114; and the heat may be further
released from the operation section 24 to the outside of
the subject via the insertion section 22.

[0083] According to the present invention, electrically
connecting two members represents bringing the two
members into direct contact with each other and fixing
the two members to each other, or fixing the two members
to each other by soldering or by joining the two members
with an electrically conductive adhesive or the like, so as
to allow electric current to smoothly flow between the two
members.

[0084] Also, thermally connecting two members rep-
resents bringing the two members into direct contact with
each other and fixing the two members to each other, or
fixing the two members to each other by soldering or by
joining the two members with an electrically conductive
adhesive or the like, so as to transmit heat between the
two members and to allow the heat to be smoothly trans-
mitted from one member to the other member.

[0085] The ultrasonic vibrator unit 46 further has an
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acoustic matching layer 64 laminated on the ultrasonic
vibrator array 50, and an acoustic lens 66 laminated on
the acoustic matching later 64. That is, the ultrasonic
vibrator unit 46 consists of a laminated body 68 of the
acoustic lens 66, the acoustic matching later 64, the ul-
trasonic vibrator array 50, and the backing material layer
54.

[0086] The acoustic matching layer 64 is provided for
acoustic impedance matching between a subject such
as a human body and the ultrasonic vibrators 48.
[0087] The acoustic lens 66 attached on the acoustic
matching layer 64 is for converging the ultrasonic waves
emitted from the ultrasonic vibrator array 50 toward the
object target portion. The acoustic lens 66 consists of,
for example, a silicone-based resin (millable-based sili-
cone rubber (HTV rubber), liquid silicone rubber (RTV
rubber), or the like), a butadiene-based resin, a poly-
urethane-based resin, or the like. To secure the acoustic
impedance matching between the subject and the ultra-
sonic vibrators 48 by the acoustic matching layer 64, and
hence to increase transmittance of ultrasonic waves, the
acoustic lens 66 has mixed therein powder of, for exam-
ple, titanium oxide, alumina, or silica if required.

[0088] The ultrasonic vibrator array 50 is an array of a
plurality of channels, for example, 48 to 192 channels
(CH) consisting of a plurality of, for example, 48 to 192
rectangular-parallelepiped ultrasonic vibrators (trans-
ducers) 48 which are arranged in an arcuate form to face
the outside.

[0089] Thatis, the ultrasonic vibrator array 50 consists
of the plurality of ultrasonic vibrators 48 arranged in, for
example, a one-dimensional array at a predetermined
pitch, like the illustrated example. The ultrasonic vibrators
48 that constitute the ultrasonic vibrator array 50 are ar-
ranged at an equivalent interval in a protruding curve
form in the axial direction of the distal end part 40 (lon-
gitudinal axial direction of the insertion section 22) as
described above. Further, the ultrasonic vibrators 48 are
successively driven on the basis of the driving signal input
from the ultrasonic processor device 14. Thus, convex
electronic scanning is performed in a range in which the
ultrasonic vibrators 48 shown in Fig. 2 are arranged, as
a scanning range.

[0090] The ultrasonic vibrator array 50 is disposed in
an inclined manner such that the length thereof in the
longitudinal direction of the ultrasonic vibrators 48 orthog-
onalto the AZ direction (EL (elevation) direction) is small-
er than the length thereof in the parallel direction parallel
to the bottom surface of the backing material layer 54
(AZ (azimuth) direction) and that the rear end side thereof
protrudes. As shown in Fig. 6, the ultrasonic vibrators 48
have a configuration in which electrodes are formed on
a bottom surface of a piezoelectric thick film of, for ex-
ample, lead zirconate titanate (PZT) or polyvinylidene
fluoride (PVDF). One of the electrodes is the individual
electrode 52a individually and independently provided
for each of the ultrasonic vibrators 48, and the other elec-
trode is the common electrode (for example, ground elec-
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trode) 52b common to all the ultrasonic vibrators 48. In
the illustrated example, the plurality of individual elec-
trodes 52a are individually provided at lower surfaces on
the inner sides of the plurality of ultrasonic vibrators 48,
and are individually electrically connected to a plurality
of wiring (not shown) of the cable wiring portion 56. Note
that the plurality of wiring (not shown) of the cable wiring
portion 56 are individually electrically connected to the
plurality of connection portions 56a. In contrast, in the
illustrated example, the common electrode 52b is provid-
ed on upper surfaces of end portions of the ultrasonic
vibrators 48 and is connected to the ground bar 57. The
plurality of individual electrodes 52a and the common
electrode 52b constitute the electrode part 52.

[0091] Although not shown, the gap between two ad-
jacent ultrasonic vibrators 48 is filled with a filling material
such as an epoxy resin.

[0092] With the ultrasonic vibrator unit 46 of the ultra-
sonic observation portion 36, the respective ultrasonic
vibrators 48 of the ultrasonic vibrator array 50 are driven,
and a voltage is applied to both the electrodes 52a and
52b of the ultrasonic vibrators 48. When the voltage is
applied, the piezoelectric bodies vibrate and successive-
ly generate ultrasonic waves, and emit the ultrasonic
waves toward the observation target region of the sub-
ject. The plurality of ultrasonic vibrators 48 are succes-
sively driven using an electronic switch such as a multi-
plexer, and hence scanning is performed with the ultra-
sonic waves in a scanning range along a curved surface
on which the ultrasonic vibrator array 50 is disposed, or
for example, in a range by several tens of millimeters
from the center of curvature radius of the curved surface.
Consequently, each of the ultrasonic vibrators 48 of the
ultrasonic vibrator array 50 generates heat when gener-
ates ultrasonic waves, and further the backing material
layer 54 generates heat due to an effect of the ultrasonic
waves.

[0093] Also, when the ultrasonic vibrator array 50 re-
ceives the echo signal (ultrasonic echo) reflected from
the observation target region, the piezoelectric body vi-
brates and generates a voltage. The ultrasonic vibrator
array 50 outputs the voltage, as an electric signal (ultra-
sound detection signal) corresponding to the received
ultrasonic echo, to the ultrasonic processor device 14.
The electric signal is subjected to various signal process-
ing by the ultrasonic processor device 14, and then dis-
played as an ultrasound image on the monitor 20.
[0094] As shown in Figs. 4 and 6, the electrode part
52 consists of the plurality of (48 to 192) individual elec-
trodes 52a that are provided in an arcuate form at a lower
surface on the inner side of the ultrasonic vibrator array
50 (the respective ultrasonic vibrators 48) being perpen-
dicular to the arcuate surface formed by the arrangement
of the plurality of (48 to 192) ultrasonic vibrators 48, and
that have electric continuity individually with the plurality
of (48 to 192) ultrasonic vibrators 48. Note that the elec-
trode part 52 may include the common electrode 52b of
the plurality of ultrasonic vibrators 48. According to the
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present invention, being perpendicular is not limited to
90 degrees, and includes being substantially perpendic-
ular, for example, 90+5 degrees, that is, angles in a
range from 85 degrees to 95 degrees.

[0095] In Fig. 4, the plurality of individual electrodes
52a arranged in the arcuate form and the electrode part
52 consisting of the individual electrodes 52a are indi-
cated by broken lines for easier understanding although
these are hidden by the backing material layer 54 and
are not actually viewed.

[0096] In the example shown in Fig. 6, the electrode
part 52 is provided in two rows at the lower surface on
the inner side of the ultrasonic vibrator array 50 being
perpendicular to the arrangement surface of the plurality
of ultrasonic vibrators 48. However, when the number of
the ultrasonic vibrators 48 is small, the number of rows
may be one, of when the plurality of ultrasonic vibrators
48 are arranged in multiple rows in the longitudinal direc-
tion, the number of rows may be two ore more. The elec-
trode part 52 may be also provided at both outer side
surfaces or either outer side surface in the longitudinal
direction of the ultrasonic vibrator array 50, in addition to
the lower surface on the inner side of the ultrasonic vi-
brator array 50. Alternatively, the electrode part 52 may
be provided at the lower surface on the inner side of the
ultrasonic vibrator array 50 by one row or more, and at
either or both outer side surfaces of the ultrasonic vibrator
array 50.

[0097] A larger number of the ultrasonic vibrators 48
is more preferable, and hence the plurality of individual
electrodes 52a are preferably provided in multiple rows
at the lower surface on the inner side of the ultrasonic
vibrator array 50, and/or at both outer side surfaces of
the ultrasonic vibrator array 50.

[0098] In the example shown in Fig. 6, the plurality of
individual electrodes 52a are composed of individual
electrodes provided on the end surface side in the lon-
gitudinal direction of the respective ultrasonic vibrators
48; however, the present invention is not limited thereto.
Electrodes that are different from the individual elec-
trodes 52a and that are connected to the individual elec-
trodes 52a through wiring may be employed as long as
the electrodes have electric continuity with the individual
electrodes 52a of the ultrasonic vibrators 48. Also, while
the electrode part 52 directly includes the common elec-
trode, the electrode part 52 may include an electrode
connected to the common electrode 52b through wiring.
[0099] The plurality of individual electrodes 52a and
the common electrode 52b of the electrode part 52 are
preferably provided as electrode pads.

[0100] Asshown inFigs. 4 and 6, the backing material
layer 54 consists of a backing material disposed on the
inner side with respect to the arrangement surface of the
plurality of ultrasonic vibrators 48, that is, at the rear sur-
face (lower surface) of the ultrasonic vibrator array 50,
and is a layer of a member that supports the plurality of
ultrasonic vibrators 48 arranged in the array form. The
backing material layer 54 has an upper surface (upper
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side surface) formed in a shape with a protruding arcuate
section.

[0101] Inthe example shownin Fig. 6, the backing ma-
terial layer 54 has a configuration in which a plurality of
wiring (not shown) of the cable wiring portion 56 connect-
ed to the plurality of individual electrodes 52a of the elec-
trode part 52 are embedded therein. The plurality of con-
nection portions 56a of the cable wiring portion 56 pro-
trude downward from the backing material layer 54.
[0102] The backing material that constitutes the back-
ing material layer 54 functions as a cushion material that
flexibly supports the respective ultrasonic vibrators 48 of
the ultrasonic vibrator array 50. Hence, the backing ma-
terial consists of a material having stiffness such as hard
rubber, and an ultrasound attenuating material (ferrite,
ceramic, etc.) is added to the material if required.
[0103] Thus, the ultrasonic vibrator array 50 is config-
ured such that, in the illustrated example, the plurality of
rectangular-parallelepiped ultrasonic vibrators 48 are ar-
ranged on the arcuate outer surface which is the upper
surface with the protruding arcuate section of the cylin-
drical backing material layer 54, in such a way that the
longitudinal directions of the ultrasonic vibrators 48 ex-
tend parallel to each other, preferably at an equivalent
interval. In other words, the ultrasonic vibrator array 50
is configured such that the plurality of ultrasonic vibrators
48 are arranged in an arcuate form to face outward.
[0104] The cable wiring portion 56 has the plurality of
wiring (not shown) electrically connected to the plurality
of individual electrodes 52a of the electrode part 52, and
the plurality of connection portions 56a that are individ-
ually connected to the plurality of wiring (not shown) and
that connect the wiring of the signal lines 58a of the plu-
rality of coaxial cables 58.

[0105] The cable wiring portion 56 may include the plu-
rality of connection portions 56a at end portions of the
plurality of wiring (not shown) electrically connected to
the plurality of individual electrodes 52a of the electrode
part 52.

[0106] However, for easy connection to the plurality of
individual electrodes 52a of the electrode part 52, the
cable wiring portion 56 is preferably composed of a circuit
board, for example, a flexible printed circuit (hereinafter,
merely referred to as FPC), a printed circuit board (here-
inafter, PCB), or a printed wired board (hereinafter,
PWB). As shown in Figs. 3 and 4, the cable wiring portion
56 preferably has a plurality of (48 to 192) wiring for elec-
tric connection individually with the plurality of (48 to 192)
individual electrodes 52a of the electrode part 52, and a
plurality of connection portions 56a that are individually
connected to the plurality of (48 to 192) wiring.

[0107] In this case, the cable wiring portion 56 may be
composed of a single circuit board, forexample, a flexible
circuit board such as FPC; or a rigid circuit board, such
as PCB or PWB. Further, the cable wiring portion 56 may
be composed of a multilayer circuit board in which a flex-
ible circuit board such as FPC; and a rigid circuit board,
such as PCB or PWB, are integrated. For example, as
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the cable wiring portion 56, one in which FPC having a
plurality of (48 to 192) wiring for electrically connecting
the plurality of (48 to 192) individual electrodes 52a of
the electrode part 52, and a rigid circuit board having a
plurality of (48 to 192) connection portions 56a for con-
necting the signal lines 58a of the plurality of coaxial ca-
bles 58 through wiring are integrated such that the plu-
rality of (48 to 192) wiring are individually connected to
the plurality of (48 to 192) connection portions 56a may
be used.

[0108] Thus, the plurality of wiring of the cable wiring
portion 56 can be easily individually electrically connect-
ed to the plurality of individual electrodes 52a of the elec-
trode part 52 of the ultrasonic vibrator array 50.

[0109] In this case, the electric connection between
the plurality of wiring of the cable wiring portion 56 and
the plurality of individual electrodes (electrode pads) 52a
of the electrode part 52 of the ultrasonic vibrator array
50 may be provided by using an anisotropic electrically
conductive sheet or anisotropic electrically conductive
paste, or may be provided by heat seal. The electric con-
nection is not limited to the above-described connection
method, and may use any method as far as the connec-
tion method does not degrade workability of wiring and
does not raise the degree of difficulty of working proc-
esses. Specifically, a known method, such as wire bond-
ing or soldering, may be used.

[0110] Accordingly, an ultrasonic endoscope using an
ultrasonic vibrator unit having a wiring structure can be
provided in which the wiring work for the ultrasonic vibra-
tors can be improved in simplification, efficiency, and
workability; the ultrasonic vibrator array can be down-
sized; workability is good when the respective electrodes
of the ultrasonic vibrator array are connected to the mul-
tiple cables through wiring; the level of difficulty of the
working process is low; a load is less applied to the ca-
bles; and the risk of disconnection is low.

[0111] As shown in Fig. 7, the coaxial cable 58 used
for the present invention includes a signal line 58a at the
center, afirst electrically insulating layer 58b on the outer
periphery of the signal line 58a, a shield member 58c on
the outer periphery of the first electrically insulating layer
58b, and a second electrically insulating layer 58d on the
outer periphery of the shield member 58c. In other words,
the coaxial cable 58 is configured such that the signal
line 58a, the first electrically insulating layer 58b, the
shield member 58c, and the second electrically insulating
layer 58d are coaxially laminated from the center side.
[0112] Inthis case, according to the present invention,
as shown in Fig. 8, the plurality of coaxial cables 58 are
covered with an outer cover 72a at the outermost layer,
and used as a single shield cable 72.

[0113] Note that the shield cable consisting of the plu-
rality of ultrasonic cables used for the present invention
is not limited to the shield cable 72 in which the plurality
of coaxial cables 58 are covered with the outer cover
72a. For example, the shield cable may be a non-coaxial
cable configured such that a plurality of signal lines each
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of which includes a central conductor and an electrically
insulating layer of a dielectric or the like that covers the
outer periphery of the central conductor, and a plurality
of drain lines consisting of a conductor that functions as
a shield member are disposed in a randomly mixed man-
ner and serve as a single cable unit. Alternatively, the
shield cable may be a non-coaxial cable configured such
that a plurality of signal lines each of which includes a
central conductor and an electrically insulating layer of a
dielectric or the like that covers the outer periphery of the
central conductor are disposed on the center side, a plu-
rality of external conductors that function as a shield
member are disposed around the plurality of signal lines,
and the entirety is covered with a shielding material so
as to serve as a single cable unit.

[0114] As shown in Fig. 4, the ground bar 57 provides
electrical connection to the shield members 58c of the
plurality of coaxial cables 58 of the single shield cable 72.
[0115] Thatis, the ground bar 57 functions as a ground
portion that is connected to the common electrode 52b
of the electrode part 52, for the signal lines 58a of the
plurality of coaxial cables 58 that are individually electri-
cally connected to the plurality of individual electrodes
52a of the electrode part 52. The ground bar 57 is elec-
trically connected to the plurality of shield members 58¢c
of the plurality of coaxial cables 58 and causes the po-
tential of the ground portion to meet the potential of the
plurality of shield members 58c.

[0116] The ground bar 57 may be any ground bar as
long as the plurality of shield members 58c of the plurality
of coaxial cables 58 can be electrically connected to the
ground bar by, for example, soldering, and as long as
the ground bar is a known ground bar used for an ultra-
sonic endoscope.

[0117] For electric connection to the ground bar 57 of
the plurality of shield members 58c and for electric con-
nection to the plurality of connection portions 56a of the
cable wiring portion 56 of the plurality of signal lines 58a,
the outer cover 72a on the distal end side of the single
shield cable 72 is stripped off and removed, and the plu-
rality of coaxial cables 58 are taken out. The second elec-
trically insulating layers 58d on the distal end side of the
plurality of taken-out coaxial cables 58 are stripped off
and removed, and the plurality of shield members 58c
are exposed to the outside. Distal end portions of the
plurality of shield members 58c exposed to the outside
are cut and removed while proximal end sides of the
shield members 58¢ remain without being removed, and
distal end portions of the first electrically insulating layers
58b are stripped off and removed. Hence the plurality of
signal lines 58a are exposed to the outside.

[0118] Thus, the plurality of shield members 58¢ re-
maining while being exposed to the outside of the plurality
of coaxial cables 58 are electrically connected to the
ground bar 57 by soldering or other method.

[0119] Also, the plurality of signal lines 58a exposed
to the outside at the distal ends of the plurality of coaxial
cables 58 are individually electrically connected to the
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plurality of connection portions 56a of the cable wiring
portion 56 by soldering or other method.

[0120] The copper foil 60 is disposed on the outer side
surfaces of the plurality of ultrasonic vibrators 48 of the
ultrasonic vibrator array 50, and takes roles of a shield
effect and a heat release effect. The copper foil 60 con-
stitutes the heat release structure 70 together with the
electrically/thermally conductive member 61 and the
electrically insulating thermally conductive member 62.
The copper foil 60 is bonded to the plurality of ultrasonic
vibrators 48 of the ultrasonic vibrator array 50, and is
disposed on at least a side surface of the ultrasonic vi-
brator array 50, that is, an outer side surface of the lam-
inated body 68, or more specifically outer side surfaces
of the ultrasonic vibrator array 50 and the backing mate-
rial layer 54.

[0121] Connection of the copper foil 60 to the plurality
of ultrasonic vibrators 48 may be performed by bonding
the copper foil 60 to outer side surfaces of the ultrasonic
vibrator array 50 and the backing material layer 54. The
copper foil 60 is bonded preferably by using an electrically
conductive member, such as solder, silver paste, or an
electrically conductive adhesive, or a silicone-based
electrically non-conductive adhesive.

[0122] With the ultrasonic vibrator unit 46 shown in Fig.
6, the heat release structure 70 having the copper foil 60
is provided on both outer side surfaces of the laminated
body 68 (the plurality of ultrasonic vibrators 48 and the
backing material layer 54); however, the present inven-
tion is not limited thereto. The heat release structure 70
may be provided only on either outer side surface of the
laminated body 68.

[0123] In this case, as shown in Fig. 6, when the ultra-
sonic vibrator unit 46 is attached to the exterior member
41 of the distal end part 40 of the ultrasonic endoscope
12 according to the present invention, a gap (space) be-
tween the backing material layer 54 of the laminated body
68 of the ultrasonic vibrator unit 46 and the cable wiring
portion 56, a gap (space) among the copper foil 60, the
ground bar 57, and the plurality of coaxial cables 58 (the
signal lines 58a, the shield members 58¢, and so forth),
and a gap (space) among the laminated body 68, the
copper foil 60, the ground bar 57, the plurality of coaxial
cables 58, the backing material layer 54, and the exterior
member 41 are preferably filled with a filling material hav-
ing high heat release effect, and the filling material pref-
erably forms a filling material layer 74. The filling material
that forms the filling material layer 74 may use any filling
material as long as the filling material is an electrically
non-conductive filling material, such as an epoxy resin
or a silicone-based filling material.

[0124] Such a filling material layer 74 is provided to fill
a gap between the ultrasonic vibrator unit 46 and the
exteriormember 41, and more particularly agap between
the backing material layer 54 and the exterior member
41. The filling material layer 74 fixes the cable wiring por-
tion 56 to wiring portions and part of extension portions
of the plurality of coaxial cables 58, and hence can pre-
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vent occurrence of faulty connection of the signal lines
58a of the coaxial cables 58 at the plurality of connection
portions 56a of the cable wiring portion 56, occurrence
of faulty connection of the shield members 58c of the
coaxial cables 58 atthe ground bar 57, and disconnection
of the coaxial cables 58 and so forth. As described above,
since the cable wiring portion 56 and at least part of the
plurality of coaxial cables 58 are covered with the filling
material with high heat release effect and the filling ma-
terial layer 74 is formed, the ultrasonic vibrator unit 46 of
the distal end part 40 of the ultrasonic endoscope 12
according to the present invention, and the portions of
the plurality of coaxial cables 58 when the assembly of
the ultrasonic observation portion 36 is handled can be
protected.

[0125] Further, the acoustic impedance of the filling
material layer 74 preferably matches the acoustic imped-
ance of the backing material layer 54 so that ultrasonic
waves which have been oscillated from the ultrasonic
vibrator array 50 and propagated below are not reflected
at the boundary with respect to the backing material layer
54, and the ultrasonic waves which have been oscillated
from the ultrasonic vibrator array 50 are reflected at the
observation target or the periphery thereof and the ultra-
sonic waves which have propagated below the ultrasonic
vibrator array 50 can be sufficiently attenuated. Hence,
when the acoustic impedance of the filling material layer
74is Zp (kg/m2s) and the acousticimpedance of the back-
ing material layer 54 is Zb (kg/m2s), an acoustic imped-
ance reflectivity Q(%) between the filling material layer
74 and the backing material layer 54 expressed in Ex-
pression (1) is preferably 50% or lower.

Q = 100x{Zp-Zb|/(Zp+Zb) ... (1)

[0126] The acoustic impedance reflectivity Q is an in-
dex that expresses easiness of reflection of ultrasonic
waves (acoustic beams) at the interface between the fill-
ing material layer 74 and the backing material layer 54.
That is, as the value is closer to 0%, this indicates that
the acoustic impedance of the filling material layer 74
more closely matches the acoustic impedance of the
backing material layer 54. If the acoustic impedance re-
flectivity is about 50% or lower, the noise caused by the
ultrasonic waves which have propagated below the ul-
trasonic vibrator array 50 can be processed so as not to
adversely affect generation of an ultrasound image by
the ultrasonic processor device 14 by using the ultrasonic
signal received by the ultrasonic vibrator array 50.

[0127] Also, when the ultrasonic vibrator array 50 of
the ultrasonic vibrator unit 46 oscillates ultrasonic waves,
the driving signal transmitted from the ultrasonic proces-
sor device 14 to the ultrasonic vibrator array 50 becomes
thermal energy. The ultrasonic vibrator array 50 gener-
ates heat due to the thermal energy, and hence the filling
material layer 74 preferably has heat release effect.
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Thus, the filling material layer 74 preferably has a thermal
conductivity of 1.0 W/mK or higher.

[0128] The ultrasonic observation portion 36 of the dis-
tal end part 40 of the ultrasonic endoscope 12 according
to the present invention is configured as described
above.

[0129] As shownin Figs. 2 to 5, the endoscopic obser-
vation portion 38 is composed of, for example, the treat-
ment tool lead-out portion 76, the observation window
78, the illumination windows 80 (80a, 80b), and the wash-
ing nozzle 82.

[0130] The observation window 78 is attached to face
upward of the inclined surface 77a on the right side in
the figure of the distal end part 40. Although not shown,
an objective lens and a solid-state imaging element are
disposedinside the observation window 78. The reflected
light of an observation target region incident through the
observation window 78 forms, with the objective lens, an
image on an imaging surface of the solid-state imaging
element. The solid-state imaging element photoelectri-
cally converts the reflected light of the observation target
region, the reflected light which has been transmitted
through the observation window 78 and the objective lens
and has formed an image on the imaging surface, into
an image signal and outputs the image signal. The solid-
state imaging element may be a charge coupled device
(CCD), complementary metal oxide semiconductor
(CMOS), or the like. The image signal output from the
solid-state imaging element is transmitted to the endo-
scopic processor device 16 through the universal cord
26 via wiring cables (not shown) extending from the in-
sertion section 22 to the operation section 24. The en-
doscopic processor device 16 performs various signal
processing and image processing on the transmitted im-
age signal, and displays the processed image signal as
an endoscope optical image on the monitor 20.

[0131] Theillumination windows 80 (80a, 80b) are pro-
vided on both sides with the treatment tool lead-out por-
tion 76 interposed therebetween. The illumination win-
dows 80 are connected to the emission end of a light
guide (not shown). The light guide extends from the in-
sertion section 22 to the operation section 24. The inci-
dentend of the light guide is connected to the light source
device 18 connected through the universal cord 26. The
illumination light emitted from the light source device 18
propagates through the light guide, and is emitted on an
observation target region through the illumination win-
dows 80.

[0132] Also, the washing nozzle 82 ejects the air or
washing water from the water supply tank 21a via the
air/water supply pipe line in the ultrasonic endoscope 12,
to the observation window 78 and the illumination win-
dows 80 (80a, 80b) for washing surfaces of the observa-
tion window 78 and the illumination windows 80.

[0133] Also, the treatment tool lead-out portion 76 hav-
ing the erecting base 84 and the erecting base housing
portion 86 is provided at the distal end part 40. The erect-
ing base housing portion 86 is provided with the treatment
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tool lead-out port 88 that leads the treatment tool to the
outside. The treatment tool lead-out port 88 is connected
to a treatment tool channel 90 that is inserted through
the inside of the insertion section 22. The treatment tool
inserted into the treatment tool insertion port 30 is intro-
duced from the treatment tool lead-out port 88 into a body
cavity through the treatment tool channel 90. While the
treatment tool lead-out port 88 is located at the endo-
scopic observation portion 38, if the motion of the treat-
ment tool introduced into the body cavity from the treat-
ment tool lead-out port 88 is checked using an ultrasound
image, the treatment tool lead-out port 88 may be dis-
posed at a position close to the ultrasonic observation
portion 36.

[0134] The erecting base 84 is formed of a metal ma-
terial such as stainless steel, and has a guide surface
thatis a recessed surface at the upper surface side. The
guide surface is curved upward from the proximal end
side toward the distal end side of the distal end part 40.
The treatment tool led out from the treatment tool lead-
out port 88 is curved upward with respect to the axial
direction of the distal end part 40 (in the longitudinal axial
direction of the distal end part40) along the guide surface,
and is led out from the upper side opening of the erecting
base housing portion 86 to the outside.

[0135] Also, the erecting base 84 performs an erecting
motion by an operation with the erecting operation lever
27 of the operation section 24. By causing the erecting
base 84 to perform the erecting motion and hence ad-
justing the erecting angle from the tilted state, the lead-
out direction (lead-out angle) of the treatment tool that is
led out from the treatment tool lead-out portion 76 can
be adjusted.

[0136] Notethatthetreatmenttoollead-outport88also
communicates with the suction channel. By operating the
suction button 28b of the operation section 24, body fluid
and so forth can be sucked from the treatment tool lead-
out portion 76.

[0137] In this case, although the detailed drawing and
description are omitted, the distal end part 40 can be
disassembled into three separate blocks that are remov-
ably attached at the endoscopic observation portion 38.
Afirst separate block is a proximal assembly 91 including
the ultrasonic vibrator unit 46 that constitutes the ultra-
sonic observation portion 36, and the illumination win-
dows 80 (80a, 80b) that constitute the endoscopic ob-
servation portion 38. A second separate block is the
erecting base assembly 92 including the erecting base
84 that constitutes the treatment tool lead-out portion 76,
and assembled on a center portion of the proximal as-
sembly 91. A third separate block is a head assembly 93
including the observation window 78 that constitutes the
endoscopic observation portion 38 and the washing noz-
zle 82, and assembled on the proximal assembly 91 while
having therein the erecting base assembly 92.

[0138] The components of the proximal assembly 91
and the head assembly 93 are assembled to and held
by a predetermined housing portion of the exterior mem-
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ber 41 that is formed of an electrically insulating resin
material, for example, a plastic resin material, such as a
methacrylate resin or a polycarbonate, and are fixed to
the distal end part 40 together with the erecting base
assembly 92.

[0139] The erecting base assembly 92 is described be-
low with reference to Figs. 9 and 10.

[0140] The erecting base assembly 92 includes the
erecting base 84, and supports and drives the erecting
base 84. Various sub-assemblies (described later) of the
erecting base assembly 92 other than a gasket and a
seal member are formed of a metal material such as
stainless steel. The entirety of the erecting base assem-
bly 92 has electrical conductivity (electroconductivity)
and thermal conductivity, has electric continuity, receives
transmitted heat, and transmits heat.

[0141] The erecting base assembly 92 is composed of
the erecting base 84, and a driving mechanism portion
94 that drives the erecting base 84.

[0142] The driving mechanism portion 94 is composed
of the base portion 96 that defines a recessed erecting
base housing portion 86 and that rotatably supports the
erecting base 84 from below, a lever housing portion 98
that is disposed at a side portion of the base portion 96
on the side-surface side of the erecting base housing
portion 86, and a treatment tool insertion portion 100 that
extends from the rear end side of the base portion 96
and the lever housing portion 98 and that includes the
treatment tool lead-out port 88.

[0143] The entirety of the base portion 96, an outer
wall portion of the lever housing portion 98, and the en-
tirety of the treatment tool insertion portion 100 are inte-
grally formed of a metal member.

[0144] A rotating shaft 102 is attached to a support
portion 84a that protrudes downward from the erecting
base 84. The rotating shaft 102 is rotatably supported at
a shaft hole (not shown) of the base portion 96.

[0145] Thus, the erecting base 84 is coupled to the
rotating shaft 102, and the erecting base 84 is rotatably
supported by the base portion 96 via the rotating shaft
102 in the direction orthogonal to the axial direction of
the distal end part 40. The erecting base 84 is configured
to rotate (perform erecting motion) around the rotating
shaft 102 in association with the rotation of the rotating
shaft 102.

[0146] An erecting lever 104 that is a lever member is
housed in a housing space 98a of the lever housing por-
tion 98 of the driving mechanism portion 94.

[0147] The erecting lever 104 is formed in a long plate
shape. One end portion side (proximal end portion side)
in the longitudinal direction of the erecting lever 104 is
coupled to the rotating shaft 102 of the base portion 96.
Note that the rotating shaft 102 and the erecting lever
104 may be integrally formed, or may be separately
formed and integrally coupled to each other.

[0148] The other end portion (distal end portion) of the
erecting lever 104 has a columnar through hole 104a. A
columnar member 106 having a diameter substantially
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the same as that of the through hole 104a is rotatably
fitted into the through hole 104a. A lever operating wire
110 of a control cable 108 is attached the columnar mem-
ber 106.

[0149] The control cable 108 is disposed so as to be
inserted through the insertion section 22 from the oper-
ation section 24 of the ultrasonic endoscope 12. The dis-
tal end side of the control cable 108 is connected to a
side wall portion 98b of the lever housing portion 98.
[0150] The control cable 108 is configured such that
the lever operating wire 110 is slidably inserted into a
tube of a flexible sleeve (guide tube) having a flexible
tubular shape.

[0151] The lever operating wire 110 is formed of a
stranded wire in which elemental wires formed of a plu-
rality of metal thin wires are stranded. The flexible sleeve
is formed by, for example, covering a tubular solid coil
with a heat-shrinkable tube.

[0152] An end portion of the flexible sleeve is fixed to
the side wall portion 98b of the lever housing portion 98,
at a connection portion between the control cable 108
and the lever housing portion 98.

[0153] Theleveroperating wire 110 is inserted through
a through hole (not shown) that is formed at the side wall
portion 98b of the lever housing portion 98, is inserted
into the housing space 98a of the lever housing portion
98, and is fixed to the columnar member 106.

[0154] Also, the proximal end side of the control cable
108 is connected via the erecting operation lever 27 and
a power transmission mechanism in the operation sec-
tion 24.

[0155] With this configuration, when the lever operat-
ing wire 110 advances and retracts (performs pushing
and pulling motion) by a pushing and pulling operation
with the erecting operation lever 27 of the operation sec-
tion 24, the erecting lever 104 rotates (swings) around
the rotating shaft 102, the erecting base 84 performs an
erecting operation via the rotating shaft 102 in associa-
tion with the rotation (swing), the erecting angle of the
erecting base is changed, and hence the treatment tool
is led outin a desirable direction. For example, as shown
in Fig. 10, the erecting base 84 can perform the erecting
motion in the range from the tilted state indicated by solid
linestothe erecting state indicated by two-dot chain lines.
[0156] The treatment tool insertion portion 100 of the
driving mechanism portion 94 has formed therein a treat-
ment tool insertion hole 101 that extends therethrough
in a columnar shape. The exit of the treatment tool inser-
tion hole 101 serves as the treatment tool lead-out port
88. The distal end side of a cylindrical linking member
112 is inserted into and fixed to the treatment tool inser-
tion hole 101. A distal end portion of a forceps tube 114
that forms the treatment tool channel 90 is fitted onto the
rear end side of the linking member 112. The forceps
tube 114 is connected to, for example, a forceps pipe
that is made of SUS and that constitutes the treatment
tool channel 90. The forceps tube 114 contains an elec-
trically conductive member, such as a metal braiding, a
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mesh, or a solid coil spring.

[0157] Thus, the treatment tool that is inserted from
the treatment tool insertion port 30 of the operation sec-
tion 24 and inserted through the forceps tube 114 which
serves as the treatment tool channel 90 is led out to the
treatment tool lead-out port 88 via the linking member
112 and the treatment tool insertion hole 101.

[0158] The treatment tool led out to the treatment tool
lead-out port 88 is erected by the erecting base 84 at a
predetermined angle, and is led out to the outside from
the treatment tool lead-out port 88.

[0159] The sub-assemblies of the erecting base as-
sembly 92 configured as described above other than
members, such as a gasket and a seal member, are
formed of a metal material to obtain high intensity, and
are entirely electrically and thermally conductive.
[0160] Fig. 11 is a perspective view showing a config-
uration of a connecting portion 116 between the endo-
scopic observation portion 38 of the distal end part 40
and the bending part 42.

[0161] Inthe ultrasonic endoscope 12 according to this
embodiment, the connecting portion 116 with respect to
the bending part 42 is formed at an outer peripheral por-
tion on the proximal end side of the endoscopic obser-
vation portion 38 of the distal end part 40. The connecting
portion 116 has an intermediate diameter portion 116a
at which the outer peripheral surface of the distal end
part 40 is smaller than the diameter on the distal end
side, and a small diameter portion 116b with a smaller
diameter than that of the intermediate diameter portion
116a, on the proximal end side of the intermediate diam-
eter portion 116a.

[0162] The angle ring 43 (hereinafter, referred to as
distal end ring 43a) at the distal end of the bending part
42 of the ultrasonic endoscope 12 is fitted onto an outer
peripheral portion of the small diameter portion 116b of
the connecting portion 116. The distal end ring 43a of
the bending part 42 is a distal-end-side ring component
of an angle sub-assembly according to the present in-
vention. As shown in Fig. 2, the distal end ring 43a is the
most distal angle ring among the plurality of annular angle
rings 43 disposed in a rotatably coupled manner at the
bending part 42.

[0163] The smalldiameter portion 116b of the connect-
ing portion 116 has a plurality of screw holes (not shown)
and at least one opening (not shown). The distal end ring
43a has a plurality of openings 117a corresponding to
the plurality of screw holes of the small diameter portion
116b, and at least one opening 117b corresponding to
the at least one opening of the small diameter portion
116b.

[0164] Screws (not shown) are screwed into the plu-
rality of openings 117a of the distal end ring 43a, and are
screwed into the plurality of screw holes of the small di-
ameter portion 116b. Thus, the distal end ring 43a is fixed
to the small diameter portion 116b of the connecting por-
tion 116.

[0165] In contrast, the outer surface (upper surface) of
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the treatment tool insertion portion 100 of the driving
mechanism portion 94 of the erecting base assembly 92
has at least one screw hole 118 as shown in Fig. 9 cor-
responding to the at least one opening of the small di-
ameter portion 116b of the connecting portion 116. An
electrically conductive, for example, a metal screw 119
is screwed into the at least one opening of the small di-
ameter portion 116b corresponding to the at least one
opening 117b of the distal end ring 43a, and is fastened
into the at least one screw hole 118 of the treatment tool
insertion portion 100. Thus, the distal end ring 43a and
the small diameter portion 116b of the connecting portion
116 are fixed to the treatment tool insertion portion 100
of the driving mechanism portion 94 of the erecting base
assembly 92.

[0166] Accordingly, the erecting base assembly 92
made of metal of the treatment tool lead-out portion 76
is electrically and thermally connected to the distal end
ring 43a and the plurality of angle rings 43 of the bending
part 42 via the screw 119 of the connecting portion 116
between the distal end part 40 and the bending part 42.
Consequently, the erecting base assembly 92 is electri-
cally and thermally connected to the ground of the oper-
ation section 24 via a metal outer tube (not shown) from
the angle rings 43 to the soft part 44.

[0167] When a high-frequency treatment tool is used
as a treatment tool that is led out from the treatment tool
lead-out portion 76, even if electric current leaks from the
treatment tool to the erecting base 84, the leaking current
flows from the erecting base 84 to the angle rings 43 of
the bending part 42 via the erecting base assembly 92,
and the screw 119 of the connecting portion 116 between
the distal end part 40 and the bending part 42, and then
is released from the angle rings 43 to the ground of the
operation section 24 via the metal outer tube of the soft
part 44. Thus, the leaking current leaking from the treat-
ment tool to the erecting base 84 can be properly re-
leased to the ground.

[0168] Also, with the heat release structure 70 accord-
ing to the present invention, when the heat generated
from the plurality of ultrasonic vibrators 48 is released to
the erecting base assembly 92 of the treatment tool lead-
out portion 76 via the copper foil 60, the electrically/ther-
mally conductive member 61, and the electrically insu-
lating thermally conductive member 62, the heat is re-
leased from the erecting base assembly 92 to the ground
of the operation section 24 via the screw 119, the angle
rings 43 of the bending part 42, and the metal outer tube
of the soft part 44, like the leaking current. Thus, the heat
transmitted from the plurality of ultrasonic vibrators 48 to
the erecting base assembly 92 can be properly released
to the ground, and can be released to the outside.
[0169] The heat release structure 70 of the ultrasonic
endoscope 12 according to the first embodiment of the
present invention is described with reference to Fig. 5.
[0170] Fig. 5is a drawing that emphasizes the mem-
bers and so force related to the heat release structure
70 to explain the heat release structure 70. Fig. 5 em-
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phasizes the part required for the explanation, whereas
simplifies or omits the part not used for the explanation.
[0171] As shown in Fig. 5, the heat release structure
70 consists of the copper foil 60, the electrically/thermally
conductive member 61, and the electrically insulating
thermally conductive member 62 as described above.
The heat release structure 70 preferably additionally in-
cludes an electrically insulating coating member 63.
[0172] Inthiscase,the copperfoil 60is bonded to either
front surfaces or the entirety of both outer side surfaces
of the plurality of ultrasonic vibrators 48 and the backing
material layer 54 of the ultrasonic vibrator unit 46 of the
ultrasonic observation portion 36 of the proximal assem-
bly 91. The copper foil 60 extends to below the backing
material layer 54 on the side opposite to the ultrasonic
vibrator array 50, and covers the entirety of the side sur-
faces of the ultrasonic observation portion 36.

[0173] The electrically/thermally conductive member
61 thermally connects the copper foil 60 and the electri-
cally insulating thermally conductive member 62 to each
other. One end, that is, an end portion on the distal end
side of the electrically/thermally conductive member 61
is connected to a portion of the copper foil 60 extending
to a position below the backing material layer 54. The
other end, that is, an end portion on the proximal end
side of the electrically/thermally conductive member 61
extends from the end portion on the distal end side which
is the connection portion with respect to the copper foil
60 through the cable insertion hole 73 of the endoscopic
observation portion 38 to the proximal end side of the
endoscopic observation portion 38; is folded back
through the opening 73a of the upper wall surface of the
cable insertion hole 73, and extends to a lower surface
100a of the treatment tool insertion portion 100 of the
driving mechanism portion 94 of the erecting base as-
sembly 92 of the endoscopic observation portion 38; and
is mounted and disposed on a support component 91a
of the endoscopic observation portion 38 of the proximal
assembly 91 that supports the erecting base assembly
92 at the position below the lower surface 100a.

[0174] The electrically insulating thermally conductive
member 62 is mounted and disposed on the other end
portion of the electrically/thermally conductive member
61 mounted onthe supportcomponent91aatthe position
below the lower surface 100a of the erecting base as-
sembly 92.

[0175] That is, the other end portion of the electrical-
ly/thermally conductive member 61 and the electrically
insulating thermally conductive member 62 are disposed
in an overlapped manner, and are sandwiched between
and fixed by the support component 91a of the proximal
assembly 91 and the lower surface 100a of the erecting
base assembly 92.

[0176] Inthis way, the electrically/thermally conductive
member 61 is thermally connected to the erecting base
assembly 92 via the electrically insulating thermally con-
ductive member 62, but is electrically insulated or isolat-
ed from the erecting base assembly 92 via the electrically
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insulating thermally conductive member 62.

[0177] Inthiscase, whilethe electrically insulating ther-
mally conductive member 62 may be fixed to the electri-
cally/thermally conductive member 61 or the erecting
base assembly 92, the electrically insulating thermally
conductive member 62 is preferably removably attached
to at least one of the electrically/thermally conductive
member 61 or the erecting base assembly 92. The distal
end part 40 of the ultrasonic endoscope 12 can be dis-
assembled into the proximal assembly 91, the erecting
base assembly 92, and the head assembly 93. Sub-as-
semblies of the assemblies can be disassembled and
repaired, thereby improving ease of repair of the ultra-
sonic endoscope 12 including the heat release structure
70.

[0178] The electrically/thermally conductive member
61 extends from the cable insertion hole 73, passes
through the opening 73a of the upper wall surface of the
cable insertion hole 73, is folded back, and is mounted
and disposed on the support component 91a of the prox-
imal assembly 91. The folded back portion that protrudes
from the opening 73a of the cable insertion hole 73, that
is folded back, and that extends to a position covered
with the electrically insulating thermally conductive mem-
ber 62 is open by the opening 73a of the cable insertion
hole 73. Thus, the folded portion is an exposed portion
exposed to other various endoscopic structures of the
endoscopic observation portion 38, such as the forceps
pipe made of SUS and so forth that constitutes the treat-
ment tool channel 90. Thus, as shown in Fig. 5, according
to the present invention, the folded back portion of the
electrically/thermally conductive member 61, that is, the
exposed portion is preferably covered with the electrically
insulating coating member 63, and is electrically insulat-
ed or isolated from the endoscopic structures.

[0179] In the illustrated example, while the electrical-
ly/thermally conductive member 61 and the electrically
insulating thermally conductive member 62 are sand-
wiched between the support component 91a of the prox-
imal assembly 91 and the lower surface 100a of the erect-
ing base assembly 92, the presentinvention is not limited
thereto. The electrically/thermally conductive member 61
and the electrically insulating thermally conductive mem-
ber 62 may be disposed between a portion of a surface
of the erecting base assembly 92 and a support compo-
nent thereof, such as between a lower surface of the
base portion 96 of the erecting base assembly 92 and a
support component of the endoscopic observation por-
tion 38 of the proximal assembly 91, as long as being
disposed between a surface of the erecting base assem-
bly 92 and a support component thereof.

[0180] Also, the electrically insulating thermally con-
ductive member 62 may be disposed at a portion or the
entirety of outer surfaces of various erecting base com-
ponents of the erecting base assembly 92. In the ultra-
sonic endoscope 12, the cable insertion hole 73 which
is disposed at the proximal assembly 91 and through
which the shield cable 72 is inserted passes through the
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bottom surface (lower surface) side of the erecting base
assembly 92. Thus, the electrically insulating thermally
conductive member 62 is preferably disposed on a bot-
tom surface, or a side surface, or both the surfaces of
the erecting base component of the erecting base as-
sembly 92.

[0181] With the heat release structure 70 according to
the first embodiment of the present invention, the copper
foil 60 and the electrically/thermally conductive member
61 are thermally conductive members according to the
present invention connected to the plurality of ultrasonic
vibrators 48, and are connected to the electrically insu-
lating thermally conductive member 62 that is connected
to the erecting base assembly 92 that is an endoscopic
structure according to the present invention.

[0182] The copper foil 60 is an electrically/thermally
conductive member, and functions as a thermally con-
ductive member that is connected to the plurality of ul-
trasonic vibrators 48. Preferably, the copper foil 60 is a
first thermally conductive member that is directly con-
nected to the plurality of ultrasonic vibrators 48, that is,
an electrically conductive first thermally conductive mem-
ber.

[0183] The copper foil 60 is not limited to the foil form,
and preferably has a shape, such as a mesh form or a
sheet form, that can sufficiently transmit heat from the
side surfaces in the width direction of the ultrasonic vi-
brator array 50 and the backing material layer 54.
[0184] While the copper foil 60 is used for the thermally
conductive member according to the present invention,
for example, the first thermally conductive member, the
presentinvention is not limited thereto. Any member with
good thermal conductivity may be employed. For exam-
ple, in a case of a thin plate-shaped body, a metal foil,
such as an aluminum foil, a gold foil, or a silver foil may
be used; or a metal sheet such as a sheet metal, for
example, a copper sheet may be used. Alternatively, in
a case other than a thin plate-shaped body, a member
used for the electrically/thermally conductive member 61,
which is described later, for example, a net member of a
metal braiding, a metal mesh, or a cable including a core
wire thicker than the signal line 58a of the coaxial cable
58 may be used.

[0185] Also,intheillustrated example, while the copper
foil 60 is directly connected to the plurality of ultrasonic
vibrators 48; however, the presentinvention is not limited
thereto. The copper foil 60 may be connected to a sub-
strate that is fixed to the plurality of ultrasonic vibrators
48 and/or a heat release plate, as long as the copper foll
60 has thermal conductivity.

[0186] The electrically/thermally conductive member
61 functions as a thermally conductive member that is
connected to the plurality of ultrasonic vibrators 48, to-
gether with the copper foil 60. Preferably, the electrical-
ly/thermally conductive member 61 is a second thermally
conductive member according to the present invention,
that is an electrically conductive second thermally con-
ductive member, whose one end or an end portion on
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the distal end side is connected to the copper foil 60 and
the other end or an end portion on the proximal end side
is connected to the electrically insulating thermally con-
ductive member 62.

[0187] The electrically/thermally conductive member
61 is not particularly limited as long as the electrical-
ly/thermally conductive member 61 can transmit the heat
which has been generated from the plurality of ultrasonic
vibrators 48 and the backing material layer 54 and has
been transmitted to the copper foil 60, to the endoscopic
structure such as the erecting base assembly 92 via the
electrically insulating thermally conductive member 62.
Any member can be used as long as it has thermal con-
ductivity and can be flexibly housed in a narrow space
of the distal end part 40 of the ultrasonic endoscope 12.
Since the electrically/thermally conductive member 61 is
required to have thermal conductivity and to be flexibly
housed in a narrow space such as the cable insertion
hole 73, for example, a thermally conductive cable such
as a cable having a core wire, a thermally conductive
wire material such as a metal wire, athermally conductive
net such as a metal net member, or a member formed
by extending part of the copper foil 60 as a wire material
may be used.

[0188] As described above, the electrically/thermally
conductive member 61 may be an electrically/thermally
conductive member different from the copper foil 60, or
may be a member extending from the copper foil 60.
When an extending member from the copper foil 60 is
used for the electrically/thermally conductive member 61,
the thermally conductive member according to the
presentinvention functions as a single thermally conduc-
tive member.

[0189] When a different thermally conductive member
mentioned above is used as the electrically/thermally
conductive member 61, to increase thermal transmission
efficiency, it is preferable to use a cable including a core
wire thicker than the signal line 58a of each coaxial cable
58, or a metal wire thicker than the signal line 58a.
[0190] When flexibility is desired for the electrical-
ly/thermally conductive member 61 so as to be housed
in a narrow space, it is preferable to use a metal-bladed
net member.

[0191] The first thermally conductive member such as
the copper foil 60 and the second thermally conductive
member such as the electrically/thermally conductive
member 61 may be connected to each other by any con-
nection method as long as thermal conductivity can be
maintained. For example, connection by soldering, or
connection using a thermally conductive weak adhesive
may be employed.

[0192] In this case, the thermally conductive member
according to the present invention, for example, the first
thermally conductive member such as the copper foil 60
and the second thermally conductive member such as
the electrically/thermally conductive member 61 prefer-
ably have a thermal conductivity of 0.5 W/mK or higher.
If the thermal conductivity of these thermally conductive
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members is lower than 0.5 W/mK, the heat generated
from the plurality of ultrasonic vibrators 48 and the back-
ing material layer 54 cannot be efficiently released to the
erecting base assembly 92 which is the endoscopic struc-
ture according to the present invention. This may in-
crease the surface temperature of the ultrasonic vibrator
unit 46, and may cause a moderate-temperature burn or
the like to occur at a body cavity surface.

[0193] The electrically insulating thermally conductive
member 62 is disposed between the electrically/thermal-
ly conductive member 61 supported by the support com-
ponent 91a of the proximal assembly 91 and the lower
surface 100a of the erecting base assembly 92, thermally
connects the electrically/thermally conductive member
61 and the erecting base assembly 92 to each other, and
electrically insulating or isolating the electrically/thermal-
ly conductive member 61 from the erecting base assem-
bly 92.

[0194] The electrically insulating thermally conductive
member 62 may use any member as long as the member
thermally connects the electrically/thermally conductive
member 61 and the erecting base assembly 92 to each
other, and electrically insulates or isolates the electrical-
ly/thermally conductive member 61 from the erecting
base assembly 92. The electrically insulating thermally
conductive member may use, for example, heat release
silicone rubber or a heat release sheet. To have thermal
conductivity, a ceramic member, a heat release pad, or
electrically insulating coating, such as diamond-like car-
bon (DLC) coating or paraffin coating may be used.
[0195] The electrically insulating thermally conductive
member 62 preferably has a withstand voltage of 1.5 kV
or higher. If the withstand voltage of the electrically insu-
lating thermally conductive member 62 is lower than 1.5
kV, the electrically insulating thermally conductive mem-
ber 62 cannot electrically insulate or isolate the electri-
cally/thermally conductive member 61 from the erecting
base assembly 92 which is the endoscopic structure. If
an electric discharge or an electric leakage occurs at the
erecting base assembly 92 which is the endoscopic struc-
ture due to use of a high-frequency treatment tool or the
like, an electric leakage may occur at the surface of the
ultrasonic vibrator unit 46 via the electrically/thermally
conductive member 61 and the copper foil 60, thereby
possibly applying a burden such as an electric shock to
a body cavity surface, or causing a short and hence gen-
erating a moderate-temperature burn.

[0196] In addition, since the ultrasonic vibrators 48 are
driven with high voltage, the high voltage is to be pre-
vented from leaking to the erecting base assembly 92.
[0197] Also, the electrically insulating thermally con-
ductive member 62 preferably has a thermal conductivity
of 0.5 W/mK or higher. The reason is similar to the case
of the copper foil 60 and the electrically/thermally con-
ductive member 61 because the electrically insulating
thermally conductive member 62 is required to transmit
the heat generated from the plurality of ultrasonic vibra-
tors 48 and the backing material layer 54 to the erecting
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base assembly 92 which is the endoscopic structure ac-
cording to the present invention, like the electrically/ther-
mally conductive member 61.

[0198] Also, the electrically insulating thermally con-
ductive member 62 preferably has a thickness of 3 mm
or smaller. The thickness of the electrically insulating
thermally conductive member 62 is not particularly limited
as long as the electrically insulating thermally conductive
member 62 has thermal conductivity similar to those of
the copper foil 60 and the electrically/thermally conduc-
tive member 61. In general, the thermal conductivity of
the electrically insulating thermally conductive member
62 is lower than the thermal conductivities of the copper
foil 60 and the electrically/thermally conductive member
61. In this case, if the thickness of the electrically insu-
lating thermally conductive member 62 is larger than 3
mm, the thermal conductivity may be decreased, and if
the thickness of the electrically insulating thermally con-
ductive member 62 is larger than 3 mm, the size of the
endoscopic observation portion 38 is excessively in-
creased.

[0199] Also, the exposed portion of the electrical-
ly/thermally conductive member 61 exposed to the vari-
ous endoscopic structures such as the forceps pipe of
the endoscopic observation portion 38, or in the illustrat-
ed example, the electrically insulating coating member
63 that provides insulating coating on the folded back
portion is not particularly limited as long as the electrical-
ly/thermally conductive member 61 and the endoscopic
structure can be electrically insulated or isolated from
each other like the electrically insulating thermally con-
ductive member 62, and may use a known electrically
insulating coating member. For example, a member
made of resin or a member made of ceramics may be
used. Alternatively, a heat-shrinkable tube, an electrically
insulating thin film, electrically insulating coating, or the
like, may be used.

[0200] When a body cavity is observed with the ultra-
sonic endoscope 12, the insertion section 22 is inserted
into the body cavity and searches for an observation tar-
get region while an endoscopic optical image acquired
by the endoscopic observation portion 38 is observed on
the monitor 20.

[0201] Then, when the distal end part 40 arrives at the
observation target region and an instruction is given to
acquire an ultrasonic tomographic image, a driving con-
trol signal is input to the ultrasonic vibrators 48 from the
ultrasonic processor device 14 via the coaxial cables 58,
the cable wiring portion 56, and the electrode part 52 in
the ultrasonic endoscope 12. When the driving control
signal is input, a predetermined voltage is applied to both
electrodes of the ultrasonic vibrators 48. Then, the pie-
zoelectric bodies of the ultrasonic vibrators 48 are excit-
ed, and emit ultrasonic waves to the observation target
region via the acoustic lens 66.

[0202] At this time, the ultrasonic vibrators 48 and the
backing material layer 54 of the distal end part 40 gen-
erate heat. The generated heat is efficiently transmitted
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to the copper foil 60 that constitutes the heat release
structure 70. The heat transmitted through the copper
foil 60 is efficiently transmitted to the erecting base as-
sembly 92 which is the endoscopic structure via the elec-
trically/thermally conductive member 61 connected to the
copper foil 60 and the electrically insulating thermally
conductive member 62, is transmitted to the operation
section 24 from the erecting base assembly 92 via the
bending part 42 and the soft part 44 of the insertion sec-
tion 22, and is efficiently released to the outside of the
body cavity of the subject. Hence, a temperature rise of
the distal end part 40 of the ultrasonic endoscope 12 is
suppressed, and the ultrasonic endoscope 12 does not
give a damage such as a moderate-temperature burn or
the like on the body cavity surface with which the distal
end part 40 comes into contact. Also, the electrically in-
sulating thermally conductive member 62 is disposed be-
tween the electrically/thermally conductive member 61
and the erecting base assembly 92, and the electrically
insulating coating member 63 is disposed between the
electrically/thermally conductive member 61 and another
endoscopic structure. Even if electric current leaks to the
erecting base assembly 92 and/or the other endoscopic
structure such as the forceps pipe, the electric current
does not flow to the distal end part 40. Therefore, the
ultrasonic endoscope 12 according to the present inven-
tion does not give a burden due to an electric load on the
subject.

[0203] In this way, after the observation target region
is irradiated with ultrasonic waves, the ultrasonic vibra-
tors 48 receive an echo signal from the observation target
region. The irradiation with the ultrasonic waves and the
reception of the echo signal are repeated while the ultra-
sonic vibrator 48 to be driven is shifted by an electronic
switch such as a multiplexer. Accordingly, scanning with
ultrasonic waves is provided on the observation target
region. With the ultrasonic processor device 14, an ultra-
sonic tomographic image is generated based on a de-
tection signal that is output from the ultrasonic vibrators
48 using the echo signal received by the ultrasonic vi-
brators 48. The generated ultrasonic tomographic image
is displayed on the monitor 20.

[0204] The ultrasonic endoscope according to the first
embodiment of the presentinvention is configured as de-
scribed above.

[0205] The ultrasonic endoscope according to the first
embodiment of the present invention releases the heat
generated from the ultrasonic vibrators 48 and the back-
ing material layer 54 of the distal end part 40 to the erect-
ing base assembly 92 which is the endoscopic structure
via the first thermally conductive member such as the
copper foil 60, the second thermally conductive member
such as the electrically/thermally conductive member 61,
and the electrically insulating thermally conductive mem-
ber 62. However, the present invention is not limited
thereto. The heat may be transmitted to another endo-
scopic structure, or another second thermally conductive
member may be used. The endoscopic structure serving
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as a heat release target is not limited to various erecting
base components such as the above-described erecting
base assembly 92, and may be a forceps pipe line com-
ponent such as the forceps pipe of the treatment tool
channel 90, a distal-end-side ring component ofthe angle
sub-assembly such as the distal end ring 43a of the angle
rings 43, or another electrically conductive structural
body, as long as the endoscopic structure is an electri-
cally conductive structural body of an endoscopic struc-
ture.

[0206] Ultrasonic endoscopes according to second to
fourth embodiments of the present invention are de-
scribed below with reference to Figs. 12 to 14. Figs. 12
to 14 are drawings that each emphasize the member and
so force related to the heat release structure to explain
the heat release structure of the ultrasonic endoscope
according to each embodiment like Fig. 5. Figs. 12 to 14
each emphasize the part required for the explanation,
whereas simplify or omit the part not used for the expla-
nation.

[0207] Ultrasonic observation portions of distal end
parts and endoscopic observation portions of the ultra-
sonic endoscopes according to the second to fourth em-
bodiments of the present invention shown in Figs. 12 to
14 have configurations similar to those of the ultrasonic
observation portion 36 including the ultrasonic vibrator
unit 46 and the endoscopic observation portion 38 of the
distal end part 40 of the ultrasonic endoscope 12 shown
in Fig. 4, except for the heat release structure 70 shown
in Fig. 5 and a modified part of the endoscopic observa-
tion portion 38 for the heat release structure 70, and has
configurations similar to those of the ultrasonic endo-
scope 12 shown in Figs. 1 to 4 and 6 to 11. Thus, the
detailed description is omitted.

Second Embodiment

[0208] Fig. 12 is an explanatory view schematically
showing a heat release structure of a distal end part of
an ultrasonic endoscope according to a second embod-
iment of the present invention.

[0209] As shown in Fig. 12, a heat release structure
70a of a distal end part 40a of an ultrasonic endoscope
12a according to the second embodiment of the present
invention includes the copper foil 60, an electrically/ther-
mally conductive member 61a, and an electrically insu-
lating thermally conductive member 62a. The heat re-
lease structure 70a preferably additionally includes an
electrically insulating coating member 63a.

[0210] The electrically/thermally conductive member
61a thermally connects the copper foil 60 and the elec-
trically insulating thermally conductive member 62a to
each other. One end, that is, an end portion on the distal
end side of the electrically/thermally conductive member
61ais connected to the copperfoil 60 like the heatrelease
structure 70 shown in Fig. 5. The other end, that is, an
end portion on the proximal end side of the electrical-
ly/thermally conductive member 61a extends from the
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end portion on the distal end side that is the connection
portion with the copper foil 60 to the proximal end side
of an endoscopic observation portion 38a via the inside
of the cable insertion hole 73 of the endoscopic obser-
vation portion 38a, passes through an opening 73b at a
lower wall surface of the cable insertion hole 73 and is
bent, extends to the inner peripheral surface on the inner
side of the distal end ring 43a that is fixed to the connect-
ing portion 116 between the endoscopic observation por-
tion 38a and the bending part 42, and is disposed on the
inner peripheral surface of the distal end ring 43a via the
electrically insulating thermally conductive member 62a
disposed on the inner peripheral surface of the distal end
ring 43a of the angle rings 43 that are endoscopic struc-
tures.

[0211] The bent portion of the end portion on the prox-
imal end side of the electrically/thermally conductive
member 61a is open by the opening 73b of the cable
insertion hole 73. Thus, the bent portion is an exposed
portion exposed to other various endoscopic structures
of the endoscopic observation portion 38a, such as the
forceps pipe made of SUS and so forth that constitutes
the treatment tool channel 90. Thus, as shown in Fig. 12,
according to the present invention, the exposed portion
of the electrically/thermally conductive member 61a is
preferably covered with the electrically insulating coating
member 63a, and is electrically insulated or isolated from
the endoscopic structures such as the forceps pipe.
[0212] With the heat release structure 70a, the electri-
cally/thermally conductive member 61a and the distal
end ring 43a which is the endoscopic structure sandwich
the electrically insulating thermally conductive member
62a. In this case, the electrically/thermally conductive
member 61a may be pressed by a C-shaped ring-like
leaf spring. Thus, the electrically insulating thermally con-
ductive member 62 can be removably disposed on the
inner peripheral surface of the distal end ring 43a, thereby
improving ease of repair.

[0213] Inthis way, the electrically/thermally conductive
member 61a is thermally connected to the distal end ring
43a but is electrically insulated or isolated from the distal
end ring 43a via the electrically insulating thermally con-
ductive member 62a. Consequently, the copper foil 60
is thermally connected to the distal end ring 43a but is
electrically insulated or isolated from the distal end ring
43aviathe electrically/thermally conductive member 61a
and the electrically insulating thermally conductive mem-
ber 62a.

[0214] Thus, the heat generated from the ultrasonic
vibrators 48 and the backing material layer 54 of the distal
end part 40a is transmitted to the distal end ring 43a of
the angle rings 43 which are the endoscopic structures,
via the first thermally conductive member such as the
copper foil 60, the second thermally conductive member
such as the electrically/thermally conductive member
61a, and the electrically insulating thermally conductive
member 62a. As shown in Fig. 2, the heat can be further
transmitted from the distal end ring 43a to the proximal

10

15

20

25

30

35

40

45

50

55

21

end side of the plurality of angle rings 43 of the bending
part 42, and can be released to the outside from the op-
eration section 24 via the soft part 44.

[0215] Note that the electrically/thermally conductive
member 61a, the electrically insulating thermally conduc-
tive member 62a, and the electrically insulating coating
member 63a have similar functions and configurations
as those of the electrically/thermally conductive member
61, the electrically insulating thermally conductive mem-
ber 62, and the electrically insulating coating member 63
shown in Fig. 5, except for the arrangement positions
and the shapes which are different due to the arrange-
ment positions. Thus, the description is omitted.

[0216] Inthe example shown in Fig. 12, while the elec-
trically insulating thermally conductive member 62a is
disposed on the inner peripheral surface of the distal end
ring43a, andis sandwiched between the electrically/ther-
mally conductive member 61a and the distal end ring
43a, the presentinvention is not limited thereto. The elec-
trically insulating thermally conductive member 62a may
be disposed on the outer peripheral surface on the outer
side of the distal end ring 43a, and the electrically/ther-
mally conductive member 61a may be provided on the
electrically insulating thermally conductive member 62a,
and hence the electrically insulating thermally conductive
member 62a may be sandwiched between the electrical-
ly/thermally conductive member 61a and the distal end
ring 43a. Even in this case, the electrically/thermally con-
ductive member 61amay be pressed ona C-shaped ring-
like leaf spring from the outer side, and the electrically
insulating thermally conductive member 62a may be re-
movably attached on the inner peripheral surface of the
distal end ring 43a, thereby improving ease of repair.

Third Embodiment

[0217] Fig. 13 is an explanatory view schematically
showing a heat release structure of a distal end part of
an ultrasonic endoscope according to a third embodiment
of the present invention.

[0218] As shown in Fig. 13, a heat release structure
70b of a distal end part 40b of an ultrasonic endoscope
12b according to the third embodiment of the present
invention includes the copper foil 60, an electrically/ther-
mally conductive member 61b, and an electrically insu-
lating thermally conductive member 62b.

[0219] With the heat release structure 70b according
to this embodiment, a portion with a decreased thickness
of a partition wall between the cable insertion hole 73
and the bottom surface (lower surface) 96a of the base
portion 96 of the erecting base assembly 92 functions as
the electrically insulating thermally conductive member
62b. That is, the portion that functions as the electrically
insulating thermally conductive member 62b is a wall,
that is, a thin wall portion 73c, with a small thickness of
the cable insertion hole 73 that contacts the bottom sur-
face 96a of the base portion 96 of the erecting base as-
sembly 92 that is the endoscopic structure.
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[0220] The electrically/thermally conductive member
61b thermally connects the copper foil 60 and the thin
wall portion 73c of the cable insertion hole 73 that serves
as the electrically insulating thermally conductive mem-
ber 62b to each other. One end, that is, an end portion
on the distal end side of the electrically/thermally con-
ductive member 61b is connected to the copper foil 60
like the heat release structure 70 shown in Fig. 5. The
other end, that is, an end portion on the proximal end
side of the electrically/thermally conductive member 61b
extends from the end portion on the distal end side which
is the connection portion with respect to the copper foil
60 through the cable insertion hole 73 of an endoscopic
observation portion 38b to the proximal end side of the
endoscopic observation portion 38b, and is connected
to a thin wall portion 73c of the cable insertion hole 73.
[0221] Consequently, with the heat release structure
70b according to this embodiment, the electrically/ther-
mally conductive member 61b and the base portion 96
ofthe erecting base assembly 92 which is the endoscopic
structure sandwich the thin wall portion 73c that serves
as the electrically insulating thermally conductive mem-
ber 62b.

[0222] In this embodiment, the thickness of the wall of
the thin wall portion 73c of the cable insertion hole 73
that functions as the electrically insulating thermally con-
ductive member 62b is required to be 3 mm or smaller,
and may be preferably, 1 mm or smaller.

[0223] Inthis way, the electrically/thermally conductive
member 61b is thermally connected to the erecting base
assembly 92 via the thin wall portion 73c that serves as
the electrically insulating thermally conductive member
62b, but is electrically insulated or isolated from the en-
doscopic structure via the thin wall portion 73c that serves
as the electrically insulating thermally conductive mem-
ber 62b because of not being open to the endoscopic
structure. Consequently, the copper foil 60 is thermally
connected to the erecting base assembly 92 but is elec-
trically insulated or isolated from the erecting base as-
sembly 92 via the electrically/thermally conductive mem-
ber 61b and the thin wall portion 73c that serves as the
electrically insulating thermally conductive member 62b.
[0224] Thus, the heat generated from the ultrasonic
vibrators 48 and the backing material layer 54 of the distal
end part40b is transmitted to the erecting base assembly
92 which is the endoscopic structure, via the first ther-
mally conductive member such as the copper foil 60, the
second thermally conductive member such as the elec-
trically/thermally conductive member 61b, and the thin
wall portion 73c that functions as the electrically insulat-
ing thermally conductive member 62b. Similarly to the
heat release structure 70 according to the first embodi-
ment, the heat is transmitted to the lever operating wire
110 which is the endoscopic structure shown in Fig. 10,
and/or is further transmitted from the proximal end side
of the plurality of angle rings 43 of the bending part 42
shown in Fig. 2 to the soft part 44, and can be released
to the outside from the operation section 24.
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[0225] Note that the electrically/thermally conductive
member 61b has similar function and configuration as
those of the electrically/thermally conductive member 61
shown in Fig. 5, except for the different arrangement po-
sition and the different shape due to the arrangement
position. Thus, the description is omitted.

Fourth Embodiment

[0226] Fig. 14 is an explanatory view schematically
showing a heat release structure of a distal end part of
an ultrasonic endoscope according to a fourth embodi-
ment of the present invention.

[0227] As shown in Fig. 14, a heat release structure
70c of a distal end part 40c of an ultrasonic endoscope
12c according to the fourth embodiment of the present
invention includes the copper foil 60, an electrically/ther-
mally conductive member 61c, and a ceramic screw 62c
that has high thermal conductivity and hence functions
as an electrically insulating thermally conductive member
as described above.

[0228] The electrically/thermally conductive member
61c thermally connects the copper foil 60 and the ceramic
screw 62c to each other. One end, thatis, an end portion
on the distal end side of the electrically/thermally con-
ductive member 61c is connected to the copper foil 60
like the heat release structure 70 shown in Fig. 5. The
other end, that is, an end portion on the proximal end
side of the electrically/thermally conductive member 61c
extends from the end portion on the distal end side which
is the connection portion with respect to the copper foil
60 through the cable insertion hole 73 of an endoscopic
observation portion 38c to the proximal end side of the
endoscopic observation portion 38c.

[0229] The electrically/thermally conductive member
61c that extends through the inside of the cable insertion
hole 73 has an insertion hole through which the screw
62c is inserted. A wall of the cable insertion hole 73 has
a corresponding insertion hole corresponding to the in-
sertion hole of the electrically/thermally conductive mem-
ber 61c, and the base portion 96 of the erecting base
assembly 92 adjacent to the cable insertion hole 73 has
a screw hole. The ceramic screw 62c is fitted into the
insertion hole of the electrically/thermally conductive
member 61c, passes through the corresponding inser-
tion hole of the wall of the cable insertion hole 73, is
screwed into the screw hole of the base portion 96 of the
erecting base assembly 92, and is fastened. Thus, a dis-
tal end portion of the screw 62c comes into contact with
the base portion 96 of the erecting base assembly 92
which is the electrically conductive structural body of the
endoscopic structure.

[0230] The electrically/thermally conductive member
61c is fixed and connected to the base portion 96 of the
erecting base assembly 92 by the ceramic screw 62c
with the wall of the cable insertion hole 73 sandwiched
therebetween. The screw 62c is removably attached to
the erecting base assembly 92. Hence, the heat release
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structure 70c is easily repaired.

[0231] Inthis way, the electrically/thermally conductive
member 61c is thermally connected to the erecting base
assembly 92 via the ceramic screw 62c, but is not open
to the endoscopic structure. Thus, the electrically/ther-
mally conductive member 61c is electrically insulated or
isolated from the endoscopic structure. Consequently,
the copper foil 60 is thermally connected to the erecting
base assembly 92 but is electrically insulated or isolated
from the erecting base assembly 92 via the electrical-
ly/thermally conductive member 61a and the ceramic
screw 62c.

[0232] Thus, the heat generated from the ultrasonic
vibrators 48 and the backing material layer 54 of the distal
end part40cis transmitted to the erecting base assembly
92 which is the endoscopic structure, via the first ther-
mally conductive member such as the copper foil 60, the
second thermally conductive member such as the elec-
trically/thermally conductive member 61c, and the ce-
ramic screw 62c¢ that functions as the electrically insulat-
ing thermally conductive member. Similarly to the heat
release structure 70 according to the first embodiment,
the heat is transmitted from the bending part 42 to the
soft part 44, and can be released to the outside from the
operation section 24. Toimprove attachment of the screw
62c, an access hole for insertion of the screw 62¢c may
be providedin the outer peripheral surface of the proximal
assembly 91, and the access hole may be closed with a
seal member or a lid-shaped member after the connec-
tion with the screw.

[0233] Note that the electrically/thermally conductive
member 61c, and the ceramic screw 62c that functions
as the electrically insulating thermally conductive mem-
ber have similar functions and configurations as those of
the electrically/thermally conductive member 61 and the
electrically insulating thermally conductive member 62
shown in Fig. 5 except for the arrangement positions and
the shapes which are different due to the arrangement
positions. Thus, the description is omitted.

[0234] While the ultrasonic endoscope including the
heat release structure at the distal end part according to
any one of the first to fourth embodiments of the present
invention is a convex-type ultrasonic endoscope includ-
ing an erecting base in a treatment tool lead-out portion
of an endoscopic observation portion, the presentinven-
tion is not limited thereto. A convex-type ultrasonic en-
doscopeincluding a heat release structure at a distal end
parthaving an endoscopic observation portion notinclud-
ing an erecting base may be employed.

[0235] Ultrasonic endoscopes according to fifth and
sixth embodiments of the presentinvention are described
below with reference to Figs. 15 to 18.

[0236] Ultrasonic observation portions of distal end
parts and endoscopic observation portions of the ultra-
sonic endoscopes according to the fifth and sixth embod-
iments of the present invention shown in Figs. 15 to 18
have configurations similar to those of the ultrasonic ob-
servation portion 36 including the ultrasonic vibrator unit
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46 and the endoscopic observation portion 38 of the distal
end part 40 of the ultrasonic endoscope 12 shown in Fig.
4 except that the endoscopic observation portion does
not include the erecting base and the heat release struc-
ture 70 shown in Fig. 5 and the endoscopic observation
portion 38 for the heatrelease structure 70 have modified
portions. Also, the other configurations of the ultrasonic
endoscopes according to the fifth and sixth embodiments
of the present invention shown in Figs. 15 to 18 have
configurations similar to those of the ultrasonic endo-
scope 12 shown in Figs. 1 to 4 and 6 to 11. Thus, the
detailed description is omitted. Figs. 16 to 18 are draw-
ings that each emphasize the member and so force re-
lated to the heat release structure to explain the heat
release structure of the ultrasonic endoscope according
to each embodiment like Fig. 5. Figs. 16 to 18 each em-
phasize the part required for the explanation, whereas
simplify or omit the part not used for the explanation.

Fifth Embodiment

[0237] Fig. 15 is a partial enlarged plan view showing
a distal end part and its periphery of an ultrasonic endo-
scope according to this embodiment. Fig. 16 is a sche-
matic longitudinal section of the distal end part of the
ultrasonic endoscope shown in Fig. 15 when cut along
the center line in a longitudinal direction thereof. Fig. 17
is a longitudinal section schematically showing an exam-
ple of a heat release structure of the distal end part of
the ultrasonic endoscope shown in Fig. 15.

[0238] First, as shown in Figs. 15 to 17, an ultrasonic
endoscope 12d according to the present invention has
an ultrasonic observation portion 36 including a heat re-
lease structure 70d being a feature of the present inven-
tion, and an endoscopic observation portion 38d at a dis-
tal end part 40d, image captures the inside of a body
cavity of a subject, and acquires an ultrasound image
and an endoscope image.

[0239] The distal end part 40d of the ultrasonic endo-
scope 12d shown in Figs. 15 and 16 is provided with the
ultrasonic observation portion 36 on the distal end side,
the endoscopic observation portion 38d on the proximal
end side, and a treatment tool lead-out port 88a there-
between. The ultrasonic observation portion 36 and the
endoscopic observation portion 38d are attached to and
held by an exterior member 41 made of a rigid member
such as a hard resin and serving as a distal end main
body of the distal end part 40d of the ultrasonic endo-
scope 12d.

[0240] In the example shown in Figs. 15 to 16, a treat-
ment tool lead-out port 88a is provided between the ul-
trasonic observation portion 36 and the endoscopic ob-
servation portion 38d. However, the present invention is
not particularly limited to the illustrated example. The
treatment tool lead-out port 88a may be provided in the
endoscopic observation portion 38d or may be provided
on the proximal end side (the bending part 42 side) with
respect to the endoscopic observation portion 38d.
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[0241] The ultrasonic observation portion 36 is com-
posed of an ultrasonic vibrator unit 46 including an ultra-
sonic vibrator array 50 in which a plurality of ultrasonic
vibrators 48 are arranged in an array, and the exterior
member 41 to which the ultrasonic vibrator unit 46 is at-
tached and by which the ultrasonic vibrator unit46is held.
[0242] As shown in Figs. 16 and 17, the ultrasonic vi-
brator unit 46 includes the ultrasonic vibrator array 50
consisting of the plurality of ultrasonic vibrators 48, an
electrode part 52 including a plurality of individual elec-
trodes 52a, a cable wiring portion 56 including a plurality
of connection portions 56a, aground bar 57, and a copper
foil 60a.

[0243] As shown in Fig. 17, the copper foil 60a is a
thermally conductive member that is connected to the
plurality of ultrasonic vibrators 48, and constitutes the
heatrelease structure 70d according to this embodiment.
The copper foil 60a is bonded to either front surfaces or
the entirety of both outer side surfaces of the plurality of
ultrasonic vibrators 48 and the backing material layer 54
like the copper foil 60 shown in Fig. 5. The copper foil
60a extends to a position below the backing material layer
54 on the side opposite to the ultrasonic vibrator array
50, and extends to the endoscopic observation portion
38. The copper foil 60a shields the plurality of ultrasonic
vibrators 48 and also releases the heat generated from
the plurality of ultrasonic vibrators 48 and the backing
material layer 54.

[0244] As shown in Figs. 15 to 17, the endoscopic ob-
servation portion 38d is composed of, for example, the
observation window 78, the illumination windows 80
(80a, 80b), the washing (air/water supply) nozzle 82, an
objective lens 120 disposed inside the observation win-
dow 78, a solid-state imaging element 122, and a wiring
cable 124.

[0245] Similarly to the first embodiment according to
the presentinvention, the reflected light of an observation
target region incident through the observation window 78
forms an image on an imaging surface of the solid-state
imaging element 122, such as a CCD or a CMOS, with
the objective lens 120. The solid-state imaging element
122 photoelectrically converts the reflected light of the
observation target region, the reflected light which has
been transmitted through the observation window 78 and
the objective lens 120, and has formed an image on the
imaging surface, into an image signal and outputs the
image signal. The image signal output from the solid-
state imaging element 122 is transmitted to the endo-
scopic processor device 16 through the universal cord
26 via wiring cables 124 extending from the insertion sec-
tion 22 to the operation section 24. The endoscopic proc-
essor device 16 performs various signal processing and
image processing on the transmitted image signal, and
displays the processed image signal as an endoscope
optical image on the monitor 20.

[0246] As shown in Fig. 17, the heat release structure
70d of the ultrasonic endoscope 12d according to the
fith embodiment of the present invention includes the
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copper foil 60a, an electrically/thermally conductive
member 61d, and an electrically insulating thermally con-
ductive member 62d. The heat release structure 70d
preferably additionally includes an electrically insulating
coating member 63d.

[0247] The electrically/thermally conductive member
61d thermally connects the copper foil 60a and the elec-
trically insulating thermally conductive member 62d to
each other. One end, that is, an end portion on the distal
end side of the electrically/thermally conductive member
61d is connected to the distal end side of a portion of the
copper foil 60a extending to a position below the backing
material layer 54, like the heat release structure 70 shown
in Fig. 5. The other end, that is, an end portion on the
proximal end side of the electrically/thermally conductive
member 61d extends from the end portion on the distal
end side that is the connection portion with the copper
foil 60a to the proximal end side of an endoscopic obser-
vation portion 38d via the cable insertion hole 73 of the
endoscopic observation portion 38d, extends to an outer
peripheral surface on the outer side of a forceps pipe 126
thatis a forceps pipe line component being an endoscop-
ic structure and that constitutes a treatment tool channel
(forceps pipe line) 90a, and is disposed on the outer pe-
ripheral surface of the forceps pipe 126 via the electrically
insulating thermally conductive member 62d disposed
on the outer peripheral surface of the forceps pipe 126.
[0248] Note that the end portion on the proximal end
side of the electrically/thermally conductive member 61d
disposed on the outer peripheral surface of the forceps
pipe 126 is an exposed potion exposed to a variety of
other endoscopic structures of the endoscopic observa-
tion portion 38d. Thus, as shown in Fig. 17, according to
the present invention, the exposed portion of the electri-
cally/thermally conductive member 61d is preferably cov-
ered with the electrically insulating coating member 63d,
for example, a coil tube or a heat-shrinkable tube, and is
electrically insulated orisolated from the other endoscop-
ic structures.

[0249] With the heat release structure 70d according
to this embodiment, the electrically insulating thermally
conductive member 62d is wound around the periphery,
that is, the outer peripheral surface of the forceps pipe
126, and the electrically/thermally conductive member
61d is wound around the electrically insulating thermally
conductive member 62d. Further, a coil tube, a heat-
shrinkable tube, or the like, is wound around the electri-
cally/thermally conductive member 61d in a manner
sandwiching and pressing the electrically/thermally con-
ductive member 61d. Thus, the electrically insulating
thermally conductive member 62d can be removably dis-
posed on the outer peripheral surface of the forceps pipe
126, thereby improving ease of repair.

[0250] Inthis way, the electrically/thermally conductive
member 61d is thermally connected to the forceps pipe
126 but is electrically insulated or isolated from the for-
ceps pipe 126 via the electrically insulating thermally con-
ductive member 62d. Consequently, the copper foil 60a
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is thermally connected to the forceps pipe 126 but s elec-
trically insulated or isolated from the forceps pipe 126 via
the electrically/thermally conductive member61d and the
electrically insulating thermally conductive member 62d.
[0251] Thus, the heat generated from the ultrasonic
vibrators 48 and the backing material layer 54 of the distal
end part 40d is transmitted to the forceps pipe 126 which
is the endoscopic structure, via the first thermally con-
ductive member such as the copper foil 60a, the second
thermally conductive member such as the electrical-
ly/thermally conductive member 61d, and the electrically
insulating thermally conductive member 62d. The heat
can be released to the outside from the treatment tool
insertion port 30 of the operation section 24.

[0252] According to this embodiment, as shown in Fig.
18, an electrically insulating coating layer 128 formed by
applying an electrically insulating coating, such as DLC
coating to the outer peripheral surface of the forceps pipe
126 is preferably used as the electrically insulating ther-
mally conductive member 62d. Note that the insulating
coating layer 128 may use any member as long as the
member meets the requirements as an electrically insu-
lating thermally conductive member used for the present
invention, for example, the withstand voltage, thickness,
and thermal conductivity. When the electrically insulating
coating layer 128 is used, the electrically/thermally con-
ductive member 61d can be easily wound around the
forceps pipe 126 covered with the electrically/thermally
conductive member 61d.

[0253] Also, with the heat release structure 70d shown
in Figs. 17 and 18, while the endoscopic structure to
which the heat is released by the heat release structure
70d is the forceps pipe 126, the present invention is not
limited thereto. As shown in Fig. 12, the heat release
target may be the distal end ring 43a of the angle ring 43
of the bending part 42 that is the endoscopic structure.
In this case, the electrically/thermally conductive mem-
ber 61d, the electrically insulating thermally conductive
member 62d, and the electrically insulating coating mem-
ber 63d of the heat release structure 70d may be dis-
posed like the electrically/thermally conductive member
61a, the electrically insulating thermally conductive
member 62a, and the electrically insulating coating mem-
ber63a of the heat release structure 70a shownin Fig. 12.
[0254] Note that the copper foil 60a, the electrical-
ly/thermally conductive member 61d, the electrically in-
sulating thermally conductive member 62d such as the
electrically insulating coating layer 128, and the electri-
cally insulating coating member 63d shown in Fig. 17
have similar functions and configurations as those of the
copper foil 60, the electrically/thermally conductive mem-
ber 61, the electrically insulating thermally conductive
member 62, and the electrically insulating coating mem-
ber 63 shown in Fig. 5 except for the arrangement posi-
tions and the shapes which are different due to the ar-
rangement positions. Thus, the description is omitted.
[0255] While the ultrasonic endoscope including the
heat release structure at the distal end part according to
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any one of the first to fifth embodiments of the present
invention is a convex-type ultrasonic endoscope includ-
ing a convex-type ultrasound probe, the present inven-
tion is not limited thereto. A radial-type ultrasonic endo-
scope having a radial-type ultrasound probe including a
heat release structure at a distal end part may be em-
ployed.

Sixth Embodiment

[0256] Fig. 19is a partial enlarged plan view schemat-
ically showing a distal end part of an insertion section of
an ultrasonic endoscope according to this embodiment.
Fig. 20 is an arrow view taken along line X-X in Fig. 19,
and is a partial longitudinal section of the distal end part
of the insertion section of the ultrasonic endoscope
shown in Fig. 19.

[0257] An ultrasonic endoscope 130 according to the
sixth embodiment shown in Figs. 19 and 20 has a con-
figuration similar to that of the ultrasonic endoscope 12
according to the first embodiment shown in Fig. 1 except
for the distal end part 40. Also, the ultrasonic endoscope
130 is similar to the ultrasonic endoscope 12d according
to the fifth embodiment shown in Figs. 15 and 16 except
that the ultrasonic endoscope 130 has a distal end part
132 including aradial-type ultrasonic observation portion
134 and an endoscopic observation portion 136, instead
of the distal end part 40d including the convex-type ul-
trasonic observation portion 36 and the endoscopic ob-
servation portion 38d. Therefore the same reference sign
is applied to the same component and the redundant
description is omitted.

[0258] As shown in Figs. 19 and 20, the ultrasonic en-
doscope 130 according to this embodiment has the distal
end part 132 including the radial-type ultrasonic obser-
vation portion 134 and the endoscopic observation por-
tion 136, and an ultrasound probe, image captures the
inside of a body cavity of a subject, and acquires an ul-
trasound image (echo signal) and an endoscope image
(image signal). The ultrasonic endoscope 130 has the
insertion section (22) including the bending part (42) and
the soft part (44), the operation section (24), and the uni-
versal cord (26), like the ultrasonic endoscope 12 shown
in Fig. 1, in addition to the distal end part 132, although
not shown in Figs. 19 and 20.

[0259] In the example shown in Figs. 19 and 20, while
the ultrasonic observation portion 134 is disposed on the
distal end side of the ultrasonic endoscope 130 with re-
spect to the endoscopic observation portion 136, the
present invention is not limited thereto. The endoscopic
observation portion 136 may be located on the distal end
side with respect to the ultrasonic observation portion
134, or one or some of the components of the endoscopic
observation portion 136 may be located on the distal end
side with respect to the ultrasonic observation portion
134.

[0260] Also, the endoscopic observation portion 136
of the ultrasonic endoscope 130 according to this em-
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bodimenthas a treatmenttool lead-out port (also referred
to as forceps lead-out port) 140, an observation window
142, an illumination window 144, a washing nozzle 146,
and so forth. Although not shown, an objective lens, a
solid-state imaging element, and a wiring cable are dis-
posed on the inner side of the observation window 142.
[0261] Note that the treatment tool lead-out port 140
is an opening through which a treatment tool is led out,
and is an exit opening of a treatment tool channel (forceps
pipe line) 148 that communicates with the treatment tool
insertion port 30 (see Fig. 1).

[0262] With the ultrasonic endoscope 130 shown in
Figs. 19 to 20, while the treatment tool lead-out port 140
is provided in the endoscopic observation portion 136 on
the proximal end side with respect to the ultrasonic ob-
servation portion 134, the present invention is not limited
thereto. The treatment tool lead-out port 140 may be pro-
vided between the ultrasonic observation portion 134 and
the endoscopic observation portion 136 as long as the
treatmenttoollead-out port 140 is located on the proximal
end side with respect to the ultrasonic observation portion
134. Also, the ultrasonic endoscope 130 according to this
embodimentmay include a treatmenttool lead-out mech-
anism that leads out a treatment tool such as forceps, a
puncture needle, or a surgical knife through the treatment
tool lead-out port 140, like the ultrasonic endoscope 12
according to the first embodiment shown in Figs. 2 to 5,
and 9 to 11.

[0263] Note that the treatment tool lead-out port 140,
the observation window 142, the illumination window
144, and the washing nozzle 146; and the objective lens,
the solid-state imaging element, and the wiring cable
which are not shown have configurations similar to those
of the treatment tool lead-out port 88a, the observation
window 78, the illumination window 80, and the washing
nozzle 82 shown in Fig. 16; and the objective lens 120,
the solid-state imaging element 122, and the wiring cable
124 which are not shown. Therefore, the description is
omitted.

[0264] As shown in Figs. 19 and 20, the ultrasonic ob-
servation portion 134 according to this embodiment is
composed of an ultrasonic vibrator unit 138, a cylindrical
exterior member 150 to which the ultrasonic vibrator unit
138 is attached and by which the ultrasonic vibrator unit
138 is held, and a plurality of coaxial cables 58 of a shield
cable 72 arranged in the ultrasonic vibrator unit 138.
[0265] As shown in Fig. 20, the ultrasonic vibrator unit
138 has an ultrasonic vibrator array 154 with a plurality
of ultrasonic vibrators 152 arranged in a cylindrical form,
an electrode part 156 having electric continuity with the
ultrasonic vibrator array 154, a backing material layer
158 that supports the ultrasonic vibrators 152 of the ul-
trasonic vibrator array 154 from a surface on the center
side of the ultrasonic vibrator unit 138 (surfaces on the
inner side of the ultrasonic vibrators 152), an acoustic
matching layer 160 laminated on the ultrasonic vibrator
array 154 on the side opposite to the backing material
layer 158 (on the outer side of the ultrasonic vibrator array
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154), and an acoustic lens 162 laminated on the acoustic
matching layer 160 on the side opposite to the ultrasonic
vibrator array 154 (on the outer side of the acoustic
matching layer 160). Thus, the ultrasonic vibrator unit
138 has a laminated body 164 consisting of the acoustic
lens 162, the acoustic matching later 160, the ultrasonic
vibrator array 154, and the backing material layer 158.
[0266] In this case, the electrode part 156 includes in-
dividual electrodes 156a for the plurality of ultrasonic vi-
brators 152 of the ultrasonic vibrator array 154, and a
common electrode 156b common to the plurality of ultra-
sonic vibrators 152.

[0267] Also, the backing material layer 158 is support-
ed by a cylindrical member 166 having a flange 166a and
disposed on the center side. The cylindrical member 166
has at least one slit 166b that extends through the cylin-
drical member 166, at a position close to an end portion
on the proximal end side of the laminated body 164.
[0268] Note that the ultrasonic vibrators 152, the ultra-
sonic vibrator array 154, the electrode part 156, the back-
ing material layer 158, the acoustic matching layer 160,
the acoustic lens 162, and the laminated body 164 ac-
cording to this embodiment are formed in cylindrical
shapes, and have configurations and functions similar
to, although shapes are different from, those of the ultra-
sonic vibrators 48, the ultrasonic vibrator array 50, the
electrode part 52, the backing material layer 54, the
acoustic matching layer 64, the acoustic lens 66, and the
laminated body 68 according to the first embodiment
shown in Figs. 1 to 4.

[0269] The ultrasonic vibrator unit 138 further includes
a flexible printed circuit (FPC) 168 that is electrically con-
nected to the plurality of individual electrodes 156a of the
electrode part 156 and that includes a plurality of con-
nection portions 168a for connection with signal lines 58a
of the plurality of coaxial cables 58 through wiring, a
ground bar 170 electrically connected to the common
electrode 156b of the electrode part 156, and a copper
foil 172 bonded to a surface of the FPC 168 on the prox-
imal end side on the side opposite to a side end surface
(an end surface on the endoscopic observation portion
136 side) of the backing material layer 158.

[0270] In this case, the FPC 168 is disposed on the
side end surface (the end surface on the endoscopic ob-
servation portion 136 side) of the backing material layer
158 with the cylindrical shape. One end portion of the
FPC 168 is disposed along an outer peripheral surface
adjacent to the side end surface of the backing material
layer 158, and is electrically connected to the plurality of
individual electrodes 156a and the common electrode
156b of the electrode part 156. One end portion of the
FPC 168 extends from the side end surface of the backing
material layer 158, comes into contact with the cylindrical
member 166, extends along the outer peripheral surface
of the cylindrical member 166, and extends to the endo-
scopic observation portion 136 side.

[0271] Also, the signal lines 58a of the plurality of co-
axial cables 58 are individually electrically connected to
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the plurality of connection portions 168a of the FPC 168
electrically connected to the plurality of individual elec-
trodes 156a of the electrode part 156. The connection
portions 168a electrically connect the individual elec-
trodes 156a of the plurality of ultrasonic vibrators 152
individually with the signal lines 58a of the plurality of
coaxial cables 58.

[0272] In addition, shield members 58c of the plurality
of coaxial cables 58 are sandwiched between ground
wiring of the FPC 168 electrically connected to the com-
mon electrode 156b of the electrode part 156, and the
ground bar 170. The shield members 58c of the plurality
of coaxial cables 58 are electrically connected to the
ground bar 170, and the ground wiring of the FPC 168
is electrically connected to the ground bar 170. Thus, the
common electrode 156b of the plurality of ultrasonic vi-
brators 152 is electrically connected to the shield mem-
bers 58c of the plurality of coaxial cables 58.

[0273] The plurality of coaxial cables 58, the signal
lines 58a thereof, and the shield members 58c thereof
pass through the at least one slit 166b of the cylindrical
member 166, extend from the inside to the outside of the
cylindrical member 166, and are connected to the plural-
ity of connection portions 168a of the FPC 168, and the
ground bar 170.

[0274] Note that, the plurality of coaxial cables 58, the
connection portions of the signal lines 58a with the plu-
rality of connection portions 168a of the FPC 168 of the
signal lines 58a, and the connection portions of the shield
members 58c of the plurality of coaxial cables 58 with
the ground bar 170 are preferably filled with a filling ma-
terial to avoid unbinding of the plurality of coaxial cables
58 or faulty connection of the connection portions, and
thus a filling material layer (not shown) is preferably
formed at the slit 166b of the cylindrical member 166 and
an inner pipe line 166¢ near the slit 166b.

[0275] As shown in Fig. 20, a heat release structure
174 of the ultrasonic endoscope 130 according to the
sixth embodiment of the present invention includes the
copper foil 172, an electrically/thermally conductive
member 176, and an electrically insulating thermally con-
ductive member 178. The heat release structure 174
preferably additionally includes an electrically insulating
coating member 180.

[0276] The copper foil 172 is a thermally conductive
member that is thermally connected to the plurality of
ultrasonic vibrators 152, and constitutes the heat release
structure 174 according to this embodiment. The copper
foil 172 is bonded to the ultrasonic vibrator array 154 in
which the plurality of ultrasonic vibrators 152 are ar-
ranged in a cylindrical form, and a surface of the FPC
168 corresponding to the position of either side surface
or the positions of both outer side surfaces of the backing
material layer 158 with a cylindrical shape. The copper
foil 172 is bent to the proximal end side from a position
corresponding to the backing material layer 158 on the
side opposite to the ultrasonic vibrator array 154, and
extends to the endoscopic observation portion 136 in par-
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allel to the center line of the cylindrical member 166. The
copper foil 172 shields the plurality of ultrasonic vibrators
152 and also releases the heat generated from the plu-
rality of ultrasonic vibrators 152 and the backing material
layer 158.

[0277] Inthe illustrated example, the copper foil 172 is
connected to the ground bar 170 connected to the shield
members 58c of the plurality of coaxial cables 58, that
is, to the connection portion between the shield members
58c of the plurality of coaxial cables 58 and the ground
bar 170. However, the present invention is not limited
thereto, and the copper foil 172 may not be connected
to the ground bar 170 and the shield members 58c of the
plurality of coaxial cables 58.

[0278] The electrically/thermally conductive member
176 consists of at least one member, and thermally con-
nects the copper foil 172 and the electrically insulating
thermally conductive member 178 to each other. One
end, that is, an end portion on the distal end side of the
electrically/thermally conductive member 176 is connect-
ed to the distal end side of a portion of the copper foil
172 extending from the position corresponding to the
backing material layer 158 to the endoscopic observation
portion 136, at the connection portion between the shield
members 58c and the ground bar 170. The other end,
that is, an end portion on the proximal end side of the
electrically/thermally conductive member 176 extends
from the end portion on the distal end side that is the
connection portion with the copperfoil 172 to the proximal
end side of an endoscopic observation portion 136 via
the outside of the cylindrical member 166 of the endo-
scopic observation portion 136 substantially in parallel
to the center line thereof, extends to the outer peripheral
surface on the outer side of a forceps pipe 182 that is a
forceps pipe line component being an endoscopic struc-
ture and that constitutes a treatment tool channel (for-
ceps pipe line) 148, and is disposed on the outer periph-
eral surface of the forceps pipe 182 via the electrically
insulating thermally conductive member 178 disposed
on the outer peripheral surface of the forceps pipe 182.
[0279] Note that the plurality of coaxial cables 58 in-
cluding the signal lines 58a and the shield members 58c
connected to the plurality of connection portions 168a of
the FPC 168 and the ground bar 170 pass through the
slit 166b of the cylindrical member 166 of the endoscopic
observation portion 136, enter the inner pipe line 166c,
are bundled as a shield cable 72 at the inner pipe line
166¢, pass through the inner pipe line 166c, and are
headed to the proximal end side of the endoscopic ob-
servation portion 136.

[0280] In this case, the slit 166b may be one slit 166b
or a plurality of slits 166b as long as the plurality of coaxial
cables 58, the signal lines 58a thereof, and the shield
members 58c thereof can pass through the slit 166b.
[0281] Inthis case, an end portion on the proximal end
side of the electrically/thermally conductive member 176
disposed on the outer peripheral surface of the forceps
pipe 182 is an exposed potion exposed to a variety of
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other endoscopic structures of the endoscopic observa-
tion portion 136. Thus, as shown in Fig. 20, according to
the present invention, the exposed portion of the electri-
cally/thermally conductive member 176 is preferably cov-
ered with the electrically insulating coating member 180,
for example, a coil tube or a heat-shrinkable tube, and is
electrically insulated or isolated from the other endoscop-
ic structures.

[0282] With the heat release structure 174 according
to this embodiment, like the heat release structure 70d
shown in Figs. 17 and 18, the electrically insulating ther-
mally conductive member 178 is wound around the pe-
riphery, that is, the outer peripheral surface of the forceps
pipe 182, and the electrically/thermally conductive mem-
ber 176 is wound around the electrically insulating ther-
mally conductive member 178. Further, a coil tube, a
heat-shrinkable tube, or the like, is wound around the
electrically/thermally conductive member 176 in a man-
ner sandwiching and pressing the electrically/thermally
conductive member 176. Thus, the electrically insulating
thermally conductive member 178 can be removably dis-
posed on the outer peripheral surface of the forceps pipe
182, thereby improving ease of repair.

[0283] Inthis way, the electrically/thermally conductive
member 176 is thermally connected to the forceps pipe
182 but is electrically insulated or isolated from the for-
ceps pipe 182 via the electrically insulating thermally con-
ductive member 178. Consequently, the copper foil 172
is thermally connected to the forceps pipe 182 butis elec-
trically insulated or isolated from the forceps pipe 182 via
the electrically/thermally conductive member 176 and the
electrically insulating thermally conductive member 178.
[0284] Thus, the heat generated from the ultrasonic
vibrators 152 and the backing material layer 158 of the
distal end part 132 is transmitted to the forceps pipe 182
which is the endoscopic structure, via the first thermally
conductive member such as the copper foil 172, the sec-
ond thermally conductive member such as the electrical-
ly/thermally conductive member 176, and the electrically
insulating thermally conductive member 178. The heat
can be released to the outside from the treatment tool
insertion port 30 of the operation section 24.

[0285] According to this embodiment, an electrically
insulating coating layer formed by applying, for example,
DLC coating to the outer peripheral surface of the forceps
pipe 182 is preferably used as the electrically insulating
thermally conductive member 178 shown in Fig. 20, like
the fifth embodiment shown in Fig. 18.

[0286] Also, with the heat release structure 174 shown
in Fig. 20, like the heat release structure 70d shown in
Fig. 17, as shown in Fig. 12, an endoscopic structure
serving as a heat release target may be the distal end
ring 43a of the angle ring 43 of the bending part 42.
[0287] Note that the copper foil 172, the electrical-
ly/thermally conductive member 176, the electrically in-
sulating thermally conductive member 178, and the elec-
trically insulating coating member 180 shown in Fig. 20
have similar functions and configurations as those of the
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copper foil 60, the electrically/thermally conductive mem-
ber 61, the electrically insulating thermally conductive
member 62, and the electrically insulating coating mem-
ber 63 shown in Fig. 5 except for the arrangement posi-
tions and the shapes which are different due to the ar-
rangement positions. Thus, the description is omitted.
[0288] The ultrasonic endoscope according to the
presentinvention has been described above in detail with
reference to various embodiments and various exam-
ples; however, the invention is not limited to the above-
described embodiments and examples, and as the mat-
ter of course the embodiments and examples may be
improved and modified in various ways within the scope
of the invention.

Reference Signs List
[0289]

10 ultrasonic inspection system

12, 12a, 12b, 12c¢, 12d, 130 ultrasonic endoscope
14 ultrasonic processor device

16 endoscopic processor device

18 light source device

20 monitor

21a water supply tank

21b suction pump

22 insertion section

24 operation section

26 universal cord

27 erecting operation lever

28a air/water supply button

28b suction button

29 angle knob

30 treatment tool insertion port (forceps port)
32a ultrasonic connector

32b endoscope connector

32c light source connector

34a air/water supply tube

34b suction tube

36, 134 ultrasonic observation portion

38, 38a, 38b, 38c, 38d, 136 endoscopic observation
portion

40, 40a, 40b, 40c, 40d, 132 distal end part
41, 150 exterior member (distal end case)
42 bending part

43 angle ring

43a distal end ring

44 soft part

46, 138 ultrasonic vibrator unit

48, 152 ultrasonic vibrator

50, 154 ultrasonic vibrator array

52, 156 electrode part

52a, 156a individual electrode

52b, 156b common electrode

54, 158 backing material layer

56 cable wiring portion

56a, 168a connection portion
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58 coaxial cable

58a signal line

58b first insulating layer

58c shield member

58d second insulating layer

57, 170 ground bar

60, 60a, 172copper foil

61, 61a, 61b, 61c, 61d, 176 electrically/thermally
conductive member

62, 62a, 62b, 62c, 62d, 178 electrically insulating
thermally conductive member

63, 63a, 63d, 180 electrically insulating coating
member

64, 160 acoustic matching layer

66, 162 acoustic lens

68, 164 laminated body

70, 70a, 70b, 70c, 70d, 174 heat release structure
72 shield cable

72a outer cover

73 cable insertion hole

73a, 73b opening

73c thin wall portion

74 filling material layer

76 treatment tool lead-out port

77a, 77b inclined surface

78, 142 observation window

80, 80a, 80b, 144 illumination window

82, 146 washing nozzle

84 erecting base

84a support portion

86 erecting base housing portion

88, 88a, 140treatment tool lead-out port (forceps
lead-out port)

90, 90a, 148treatment tool channel (forceps pipe
line)

91 proximal assembly

91a support portion

92 erecting base assembly

93 head assembly

94 driving mechanism portion

95 base portion

96a bottom surface (lower surface)

98 lever housing portion

98a housing space

98b side wall portion

100 treatment tool insertion portion

100a lower surface

101 treatment tool insertion hole

102 rotating shaft

104 erecting lever

104a through hole

106 columnar member

108 control cable

110 lever operating wire

112 linking member

114 forceps tube

116 connecting portion

116a intermediate diameter portion
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116b small diameter portion

117a, 117b opening

118 screw hole

119 screw

120 objective lens

122 solid-state imaging element

124 wiring cable

126, 182 forceps pipe

128 electrically insulating coating layer
166 cylindrical member

166a flange

166b slit

166¢ inner pipe line

168 flexible printed circuit (FPC)

EL longitudinal direction (elevation direction)
AZ parallel direction (azimuth direction)

Claims

An ultrasonic endoscope, comprising:

a plurality of ultrasonic vibrators;

a distal end part that houses the plurality of ul-
trasonic vibrators;

an electrically conductive endoscopic structure
housed in or connected to the distal end part;
a thermally conductive member connected to
the plurality of ultrasonic vibrators; and

an electrically insulating thermally conductive
member connected to the endoscopic structure,
wherein the thermally conductive member and
the electrically insulating thermally conductive
member are connected to each other.

The ultrasonic endoscope according to claim 1,
wherein the thermally conductive member is an elec-
trically/thermally conductive member, and

wherein the endoscopic structure is made of metal.

The ultrasonic endoscope according to claim 1 or 2,
wherein the thermally conductive member has a first
thermally conductive member that is directly con-
nected to the plurality of ultrasonic vibrators, and a
second thermally conductive member that connects
the first thermally conductive member and the elec-
trically insulating thermally conductive member to
each other.

The ultrasonic endoscope according to any one of
claims 1 to 3, wherein the electrically insulating ther-
mally conductive member is removably connected
to the thermally conductive member or the endo-
scopic structure.

The ultrasonic endoscope according to any one of
claims 1 to 4,
wherein the thermally conductive member has an
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exposed portion exposed to the endoscopic struc-
ture, and

wherein the exposed portion is covered with an elec-
trically insulating coating member.

The ultrasonic endoscope according to any one of
claims 1to 5, wherein the electrically insulating ther-
mally conductive member has a withstand voltage
of 1.5 kV or higher.

The ultrasonic endoscope according to any one of
claims 1 to 6, wherein the electrically insulating ther-
mally conductive member has a thickness of 3 mm
or smaller.

The ultrasonic endoscope according to any one of
claims 1to 7, wherein the electrically insulating ther-
mally conductive member has a thermal conductivity
of 0.5 W/mK or higher.

The ultrasonic endoscope according to any one of
claims 1to 8, wherein the endoscopic structure is an
erecting base component, a forceps pipe line com-
ponent, or a distal-end-side ring component of an
angle sub-assembly.

The ultrasonic endoscope according to claim 9,
wherein at least one of the erecting base component
or the forceps pipe line component is disposed on a
proximal end side of the ultrasonic endoscope with
respect to the plurality of ultrasonic vibrators.

The ultrasonic endoscope according to any one of
claims 1 to 10, wherein the thermally conductive
member has a thermal conductivity of 0.5 W/mK or
higher.

The ultrasonic endoscope according to any one of
claims 1 to 11, further comprising:

a plurality of ultrasonic cables individually con-
nected to the plurality of ultrasonic vibrators; and
a cable insertion hole that are provided in the
distal end part and through which the plurality
of ultrasonic cables are inserted,

wherein the thermally conductive member is
partly disposed in the cable insertion hole.

The ultrasonic endoscope according to claim 12,
wherein the thermally conductive member has a first
thermally conductive member that is directly con-
nected to the plurality of ultrasonic vibrators, and a
second thermally conductive member that connects
the first thermally conductive member and the elec-
trically insulating thermally conductive member to
each other, and

wherein the second thermally conductive member is
disposed in the cable insertion hole.
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The ultrasonic endoscope according to claim 12 or
13,

wherein the electrically insulating thermally conduc-
tive member is a wall of the cable insertion hole that
contacts an electrically conductive structural body of
the endoscopic structure, and

wherein the wall has a thickness of 3 mm or smaller.

The ultrasonic endoscope according to any one of
claims 1 to 13,

wherein the electrically insulating thermally conduc-
tive member is a thermally conductive ceramic screw
that attaches the thermally conductive member to an
electrically conductive structural body of the endo-
scopic structure, and

wherein a distal end portion of the screw contacts
the electrically conductive structural body.

The ultrasonic endoscope according to any one of
claims 1 to 15,

wherein the distal end part has an electrically insu-
lating exterior member, and

wherein the endoscopic structure is housed in or
connected to the exterior member.

The ultrasonic endoscope according to any one of
claims 1 to 16, wherein the plurality of ultrasonic vi-
brators are convex type or radial type.

An ultrasonic endoscope, comprising:

a plurality of ultrasonic vibrators; and

a distal end part that houses the plurality of ul-
trasonic vibrators,

wherein the distal end part has

an ultrasonic vibrator array in which the plu-
rality of ultrasonic vibrators are arranged,
a distal end case thatis provided on a distal
end side of the ultrasonic endoscope and
that houses the ultrasonic vibrator array,

a cable insertion hole that is provided in the
distal end case, and through which a plural-
ity of cables are inserted, the plurality of ca-
bles being individually electrically connect-
ed to the plurality of ultrasonic vibrators of
the ultrasonic vibrator array,

an electrically conductive endoscopic struc-
ture housed in or connected to the distal end
case on a proximal end side of the ultrasonic
endoscope,

an electrically/thermally conductive mem-
ber that is connected to the ultrasonic vibra-
tor array and that releases heat generated
from the plurality of ultrasonic vibrators, and
an electrically insulating thermally conduc-
tive member disposed in contact with the
electrically conductive endoscopic struc-
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ture,

wherein the electrically/thermally conductive
member is extended to the proximal end side of
the ultrasonic endoscope, and 5
wherein a proximal end side of the extended
electrically/thermally conductive member is
connected to the electrically insulating thermally
conductive member.

10

19. An ultrasonic endoscope, comprising:

a plurality of ultrasonic vibrators; and

a distal end part that houses the plurality of ul-
trasonic vibrators, 15
wherein the distal end part has

an ultrasonic vibrator array in which the plu-
rality of ultrasonic vibrators are arranged,
adistal end case thatis provided on a distal 20
end side of the ultrasonic endoscope and
that houses the ultrasonic vibrator array,

a cable insertion hole that is provided in the
distal end case, and through which a plural-

ity of cables are inserted, the plurality of ca- 25
bles being individually electrically connect-

ed to the plurality of ultrasonic vibrators of

the ultrasonic vibrator array,

an electrically conductive endoscopic struc-

ture housed in or connected to the distalend 30
case on a proximal end side of the ultrasonic
endoscope,

an electrically conductive first thermally
conductive member thatis connected to the
ultrasonic vibrator array and that releases 35
heat generated from the plurality of ultra-
sonic vibrators,

an electrically insulating thermally conduc-

tive member disposed in contact with the
electrically conductive endoscopic struc- 40
ture, and

an electrically conductive second thermally
conductive member whose distal end side

is connected to the first thermally conduc-

tive member, that is disposed to extend in 45
the distal end case to the proximal end side

of the ultrasonic endoscope, and whose
proximal end side is connected to the elec-
trically insulating thermally conductive
member. 50
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