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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to ultrasonic en-
doscopes, and, in particular, to an ultrasonic endoscope
that has, in a distal end portion thereof, a structure for
dissipating heat generated in very small ultrasonic trans-
ducers that are used for an ultrasonic endoscope that is
inserted into a body cavity.

2. Description of the Related Art

[0002] An ultrasonic endoscope is an endoscope that
has an ultrasonic observation portion in a distal end por-
tion thereof mainly for the purpose of observing the gall-
bladder or the pancreas via digestive tract. In the distal
end portion of the ultrasonic endoscope, there are heat-
generating elements such as ultrasonic transducers and
a light source of the endoscope. Because the distal end
portion of the ultrasonic endoscope directly contacts the
inside of a living body such as a human body, for safety
reasons such as prevention of a moderate-temperature
burn, it is required that the surface temperature of an
insertion portion be lower than or equal to a predeter-
mined temperature.

[0003] Moreover, the distal end portion of the ultrasonic
endoscope has, in addition to the ultrasonic observation
portion, an illumination unit, a suction port, and the like,
as with an ordinary endoscope that does not have an
ultrasonic observation portion. Therefore, the outside di-
ameter of the distal end portion of the ultrasonic endo-
scope is large, which causes reduction in operability of
the ultrasonic endoscope and increase of a burden on a
patient into whom the distal end portion of the ultrasonic
endoscope is inserted.

[0004] For this reason, an ultrasonic endoscope that
has means for lowering the surface temperature of the
distal end portion while maintaining the small size of the
distal end portion is required. Therefore, in recent years,
various proposals for dissipating heat generated in the
ultrasonic  transducers have been made (see
JP2009-240755A and JP2009-297352A).

[0005] JP2009-240755A discloses an ultrasonic endo-
scope that has an exterior member that covers each por-
tion of the ultrasonic endoscope, a backing material layer
that is disposed on back surfaces of a plurality of ultra-
sonic transducers, a signal-wire housing portion that in-
cludes a group of shield wires that are electrically con-
nected to the plurality of ultrasonic transducers and a
highly heat conductive filler that closely adheres to the
backing material layer, and a highly heat conductive layer
that is disposed in contact with the signal-wire housing
portion and the exterior member. With this structure, heat
generated in the ultrasonic transducers is diffused to the
filler via a back surface of the backing material layer or
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the group of shield wires, and the heat of thefiller is further
diffused to the surface of the exterior member via the
highly heat conductive layer.

[0006] An ultrasonic probe disclosed in
JP2009-297352A has a piezoelectric portion that emits
ultrasound, a ground wire that is connected to the piezo-
electric portion and a heat dissipation plate, a heat con-
ductive portion that thermally connects a probe case and
the heat dissipation plate, a cable ground wire that is
connected to the heat dissipation plate, and a cooling
portion that is connected to the cable ground wire and
that cools the cable ground wire. It is disclosed that the
cable ground wire is grounded in the cooling portion. With
this structure, heat generated in the ultrasonic transduc-
ers is conducted, via the ground wire and the heat dissi-
pation plate, to the probe case and the cable ground wire
thatis cooled by the cooling portion; and thereby the heat
is dissipated.

SUMMARY OF THE INVENTION

[0007] The technology disclosed in JP2009-240755A
takes into consideration only a heat dissipation path that
dissipates heat generated in the ultrasonic transducers
and the backing material layer to the exterior member
via the heat conductive member. Therefore, the technol-
ogy has a problem in that further improvement of heat
dissipation effect cannot be expected. Moreover, be-
cause the technology disclosed in JP2009-240755A us-
es only the heat dissipation path to the exterior member,
heat is dissipated to the inside of a body cavity near the
distal end portion of the ultrasonic endoscope. Therefore,
the technology has a problem in that, in a case where
the drive voltage of the ultrasonic transducers is in-
creased, the temperature of a region around the distal
end portion of the ultrasonic endoscope is increased.
[0008] In the technology disclosed in
JP2009-297352A, because the ultrasonic probe is main-
ly used for an ultrasonic diagnostic apparatus used for
observing the body surface, the diameter of the ground
wire and the size of the heat dissipation plate are large.
Therefore, the technology has a problem in that, although
heat generated in the ultrasonic probe can be dissipated
via the ground wire connected to the piezoelectric por-
tion, it is difficult to achieve sufficiently high heat dissipa-
tion performance in an ultrasonic endoscope that has
only a small space in the distal end portion.

[0009] Examples of means that need to be used to im-
prove the diagnosis accuracy of the ultrasonic observa-
tion portion in the ultrasonic endoscope or the ultrasonic
probe disclosed in JP52009-240755A or
JP2009-297352A include increasing ultrasound trans-
mitting power by laminating ultrasonic transducers, in-
creasing sensitivity in receiving an ultrasonic echo by in-
creasing the number of ultrasonic transducers, and in-
creasing the drive voltage of the plurality of ultrasonic
transducers. When such means is used, the amount of
heat dissipated from the plurality of ultrasonic transduc-
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ers increases, and therefore the heat causes anincrease
in the temperature of the insertion portion of the ultrasonic
endoscope that contacts the inner wall of a body cavity
of a patient, in particular, the temperature of the surface
of the distal end portion of the ultrasonic endoscope in
which the plurality of ultrasonic transducers are disposed.
[0010] There is a problem in that, although improve-
ment of accuracy in ultrasonic diagnosis is required in
addition to improvement of operability and relieving of a
burden on a patient, it is very difficult to efficiently dissi-
pate heat generated in the distal end portion of the ultra-
sonic endoscope while maintaining the small diameter
of the insertion portion of the ultrasonic endoscope and
maintaining the small size of the distal end portion.
[0011] Anobject of the presentinvention is to solve the
problems of the existing technology described above and
to provide an ultrasonic endoscope that has a heat dis-
sipation structure that can efficiently dissipate heat gen-
erated in ultrasonic transducers while maintaining the
small diameter of an insertion portion and maintaining
the small size of a distal end portion, and, as a result,
that can improve the diagnosis accuracy in ultrasonic ob-
servation.

[0012] In order to achieve the object, an ultrasonic en-
doscope according to the present invention includes a
laminated body that includes an ultrasonic transducer
array in which a plurality of ultrasonic transducers are
arranged, and a backing material layer that supports the
plurality of ultrasonic transducers; a cable portion that
includes a plurality of cables each of which is electrically
connected to a corresponding one of the plurality of ul-
trasonic transducers, and a shield member that covers
the plurality of cables from outside and that is made of a
metal; and a first heat conductive member that is dis-
posed on a side surface of the laminated body. The first
heat conductive member is extended to the shield mem-
ber that is grounded to a housing and is thermally con-
nected to the shield member.

[0013] Preferably, the ultrasonic endoscope according
to the present invention further includes a first insulation
tube that covers the cable portion, an electroconductive
connection pipe that covers a part of the first insulation
tube on a proximal end side of the ultrasonic endoscope,
a second insulation tube that is connected to one end of
the connection pipe on the proximal end side and that
covers a part of the connection pipe and a part of the first
insulation tube on the proximal end side of the ultrasonic
endoscope, and a second heat conductive member that
is disposed in contact with both of the first insulation tube
and the connection pipe.

[0014] Preferably, the second heat conductive mem-
ber fills at least a part of a space between the first insu-
lation tube and the connection pipe.

[0015] Preferably, the second heat conductive mem-
ber is a cylindrical member that is disposed between the
first insulation tube and the connection pipe.

[0016] Preferably, the second heat conductive mem-
ber has a thick portion at an end portion thereof on a
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distal end side of the ultrasonic endoscope, the thick por-
tion being thicker than a portion thereof that is disposed
between the first insulation tube and the connection pipe;
and the thick portion contacts an end surface of the con-
nection pipe on the first heat conductive member side.
[0017] Preferably, the second heat conductive mem-
ber includes a cylindrical portion and the thick portion,
the cylindrical portion being disposed between the first
insulation tube and the connection pipe, and the thick
portion is an outward flange that has a cylindrical shape
having an outside diameter larger than or equal to an
inside diameter of the connection pipe.

[0018] Preferably, the cable portion has a jacket of one
layer outside of the shield member, and the jacket of the
cable portion is removed at least at a portion that is cov-
ered by the second heat conductive member together
with the first insulation tube.

[0019] Preferably, the jacket of the cable portion is re-
moved on the distal end side of the connection pipe and
the shield member is exposed; at a portion where the
jacket is removed and the shield member is exposed to
the first insulation tube, a part of the first insulation tube
is removed, and the shield member is exposed to the
outside; and the second heat conductive member con-
tacts the portion where the shield member is exposed to
the outside, covers the removed part of the first insulation
tube, and contacts the distal end side of the connection
pipe.

[0020] Preferably, the ultrasonic endoscope according
to the presentinvention further includes an insulation lay-
er that is disposed outside of the connection pipe.
[0021] Preferably, the ultrasonic endoscope according
to the present invention further includes a third heat con-
ductive member that fills a space between the first insu-
lation tube, and a portion of the connection pipe on the
proximal end side and the second insulation tube.
[0022] With the present invention, because the distal
end portion of the ultrasonic endoscope has a heat dis-
sipation structure for dissipating heat toward the proximal
end side of the ultrasonic endoscope, it is possible to
efficiently dissipate heat that is generated due to driving
ofthe ultrasonictransducers, anditis possible toincrease
the output power of the ultrasonic transducers without
increasing a burden on a patient.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

Fig. 1is a schematic view of an example of the struc-
ture of an ultrasonic inspection system that uses an
ultrasonic endoscope to which an ultrasonic trans-
ducer unit according to the present invention is ap-
plied;

Fig. 2 is a partial enlarged plan view of a distal end
portion of an insertion portion of the ultrasonic en-
doscope shown in Fig. 1;

Fig. 3 is a partial longitudinal sectional view taken
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along line lll-1ll in Fig. 2, illustrating the insertion por-
tion of the distal end portion of the ultrasonic endo-
scope shown in Fig. 2;

Fig. 4 is a schematic partial longitudinal sectional
view of the distal end portion of the insertion portion
of the ultrasonic endoscope shown in Figs. 1 to 3;
Fig. 5is a schematic cross-sectional view of a coaxial
cable of a cable portion shown in Figs. 3 and 4;
Fig. 6 is a partial longitudinal sectional view of an-
other example of a distal end portion of an insertion
portion of an ultrasonic endoscope according to a
first embodiment of the present invention;

Fig. 7 is a partial longitudinal sectional view of an-
other example of the distal end portion of the inser-
tion portion of the ultrasonic endoscope according
to the first embodiment of the present invention;
Fig. 8 is a partial longitudinal sectional view of an-
other example of the distal end portion of the inser-
tion portion of the ultrasonic endoscope according
to the first embodiment of the present invention;
Fig. 9 is a partial enlarged plan view of a distal end
portion of an insertion portion of an ultrasonic endo-
scope according to a second embodiment of the
present invention;

Fig. 10 is a partial longitudinal sectional view taken
along line X-X in Fig. 9, illustrating the distal end
portion of the ultrasonic endoscope shown in Fig. 9;
Fig. 11 is a schematic partial longitudinal sectional
view of the ultrasonic endoscope shown in Figs. 9
and 10;

Fig. 12 is a partial longitudinal sectional view of an-
other example of the distal end portion of the inser-
tion portion of the ultrasonic endoscope according
to the second embodiment of the present invention;
Fig. 13 is a partial longitudinal sectional view of an-
other example of the distal end portion of the inser-
tion portion of the ultrasonic endoscope according
to the second embodiment of the present invention;
and

Fig. 14 is a partial longitudinal sectional view of an-
other example of the distal end portion of the inser-
tion portion of the ultrasonic endoscope according
to the second embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

First Embodiment

[0024] Hereinafter, an ultrasonic endoscope according
to the present invention will be described in detail based
on preferred embodiments illustrated in the drawings.

[0025] Fig. 1is a schematic view of an example of the
structure of an ultrasonic inspection system that uses the
ultrasonic endoscope according to the presentinvention.
[0026] An ultrasonic inspection system 10 shown in
Fig. 1 is a system that enables observation of the gall-
bladder or the pancreas, which is difficult to observe by
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using ultrasonic inspection from the body surface of a
subject such as a patient, via digestive tract such as the
esophagus, the stomach, the duodenum, the small in-
testine, the large intestine, and the like, each of which is
a body cavity of the subject. The ultrasonic inspection
system 10 inserts an ultrasonic endoscope according to
the present invention, which has an ultrasonic observa-
tion portion that captures an ultrasound tomographic im-
age (hereinafter, referred to an ultrasound image) and
an endoscopic observation portion that captures an en-
doscopic optical image (hereinafter, referred to as an en-
doscopicimage), into a body cavity of a subject and cap-
tures the ultrasound image of an observation target site
of the subject while observing the endoscopic image of
the subject.

[0027] Asillustrated in Fig. 1, the ultrasonic inspection
system 10 includes an ultrasonic endoscope 12 having
a heat dissipation structure that is a feature of the present
invention, an ultrasonic processor device 14 that gener-
ates an ultrasound image, an endoscope processor de-
vice 16 that generates an endoscopic image, a light
source device 18 that supplies illumination light for illu-
minating the inside of a body cavity to the ultrasonic en-
doscope 12, and a monitor 20 thatdisplays the ultrasound
image and/or the endoscopic image.

[0028] The ultrasonic inspection system 10 further in-
cludes a water supply tank 21a that stores cleaning water
or the like and a suction pump 21b that suctions a suction
object (including the supplied cleaning water and the like)
in a body cavity. Although not illustrated, the ultrasonic
inspection system 10 may include a supply pump or the
like that supplies cleaning water in the water supply tank
21aoragas, such as outside air, to a pipe line (not shown)
in the ultrasonic endoscope 12.

[0029] First, the ultrasonic endoscope 12 shownin Fig.
1 has, at the distal end thereof, an ultrasonic observation
portion 36, having a heat dissipation structure that is a
feature of the present invention, and an endoscopic ob-
servation portion 38. The ultrasonic endoscope 12 cap-
tures an ultrasound image (echo signal) and an endo-
scopic image (image signal) of the inside of the body
cavity.

[0030] The ultrasonic endoscope 12 is composed of
an insertion portion 22 thatincludes the ultrasonic obser-
vation portion 36 and the endoscopic observation portion
38 atan end thereof and that is inserted into a body cavity
of a subject; an operating unit 24 that is connected to a
proximal end portion of the insertion portion 22 and with
which an operator, such as a doctor or an engineer, per-
forms an operation; and a universal cord 26 one end of
which is connected to the operating unit 24.

[0031] The operating unit 24 has an air/water supply
button 28a, for opening or closing an air/water supply
pipe line (not shown) from the water supply tank 21a, and
a suction button 28b, for opening or closing a suction
pipe line (not shown) from the suction pump 21b, which
are arranged side by side. Moreover, the operating unit
24 has a pair of angle knobs 29 and a treatment tool
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insertion port 30 (forceps port).

[0032] Here, the water supply tank 21a stores cleaning
water or the like that is supplied to the air/water supply
pipe line in the ultrasonic endoscope 12 for cleaning the
endoscopic observation portion 38 of the ultrasonic en-
doscope 12 and the like. The air/water supply button 28a
is used to eject a gas such as air and water such as
cleaning water, which are supplied from the water supply
tank 21a through the air/water supply pipe line, from the
endoscopic observation portion 38 on the distal end side
of the insertion portion 22.

[0033] The suction pump 21b suctions a suction pipe
line (not shown) to suction a suction object (including
supplied cleaning water and the like) in a body cavity
from the distal end side of the ultrasonic endoscope 12.
The suction button 28b is used to suction a suction object
in a body cavity from the distal end side of the insertion
portion 22 by using a suction force of the suction pump
21b.

[0034] The treatment tool insertion port 30 is used to
insert a treatment tool, such as forceps, a puncture nee-
dle, a high-frequency knife, or the like.

[0035] At the other end portions of the universal cord
26, an ultrasound connector 32a connected to the ultra-
sonic processor device 14, an endoscope connector 32b
connected to the endoscope processor device 16, and a
light source connector 32c connected to the light source
device 18 are provided. The ultrasonic endoscope 12 is
removably connected to the ultrasonic processor device
14, the endoscope processor device 16, and the light
source device 18 via the connectors 32a, 32b, and 32c,
respectively. An air/water supply tube 34a, for connecting
to the water supply tank 21a, a suction tube 34b, for con-
necting the suction pump 21b, and the like are connected
to the light source connector 32c.

[0036] Theinsertion portion22is composed of,inorder
from the distal end side, a distal end portion 40 (distal
end rigid portion) that is formed of a rigid member and
that has the ultrasonic observation portion 36 and the
endoscopic observation portion 38; a bending portion 42
that is connected to the proximal end side of the distal
end portion 40, that is formed by coupling a plurality of
bending pieces, and that can be bent freely; and a soft
portion 43 that couples the proximal end side of the bend-
ing portion 42 and the distal end side of the operating
unit 24 to each other, that has a thin and elongated shape,
and that has flexibility.

[0037] The bending portion 42 is remote-controlled so
as to be bent by rotating the pair of angle knobs 29 of
the operating unit 24. Therefore, the distal end portion
40 can be directed in a desired direction.

[0038] A balloon, which covers the ultrasonic observa-
tion portion 36 and into which an ultrasound transmission
medium (such as water, oil, or the like) is injected, may
be removably attached to the distal end portion 40. Be-
cause ultrasound and an echo signal are considerably
attenuated in air, by inflating the balloon by injecting the
ultrasound transmission medium into the balloon and
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causing the balloon to contact an observation target site,
it is possible to remove air from a space between an
ultrasonic transducer array 50 (see Figs. 2 to 4) of the
ultrasonic observation portion 36 and the observation tar-
get site and to prevent attenuation of the ultrasound and
the echo signal.

[0039] The ultrasonic processor device 14 generates
and supplies an ultrasound signal (data), for generating
ultrasound, to the ultrasonic transducer array 50 (see
Figs. 2 to 4) of an ultrasonic transducer unit 46 of the
ultrasonic observation portion 36 of the distal end portion
40 of the insertion portion 22 of the ultrasonic endoscope
12. Moreover, the ultrasonic processor device 14 re-
ceives and obtains an echo signal (data), which is reflect-
ed from an observation target site to which ultrasound is
emitted, with the ultrasonic transducer array 50; and gen-
erates an ultrasound image, which is to be displayed on
the monitor 20, by performing various types of signal (da-
ta) processing on the obtained echo signal.

[0040] The endoscope processor device 16 receives
and obtains a captured image signal (data) that is ob-
tained from an observation target site, which is illuminat-
ed with illumination light from the light source device 18,
in the endoscopic observation portion 38 of the distal end
portion 40 of the insertion portion 22 of the ultrasonic
endoscope 12. The endoscope processor device 16 gen-
erates an endoscopic image, which is to be displayed on
the monitor 20, by performing various types of signal (da-
ta) processing on the obtained image signal.

[0041] The processor devices 14 and 16 may be com-
posed of a processor such as a personal computer (PC)
or the like.

[0042] In order to obtain an image signal by capturing
an image of an observation target site in a body cavity
by using the endoscopic observation portion 38 of the
ultrasonic endoscope 12, the light source device 18 gen-
erates illumination light, such as white light or a specific
wavelength light, composed of three primitive color light
that is, for example, red light (R), green light (G), and
blue light (B), and supplies the illumination light to the
ultrasonic endoscope 12. The illumination light propa-
gates via a light guide (not shown) or the like in the ul-
trasonic endoscope 12, is emitted from the endoscopic
observation portion 38 of the distal end portion 40 of the
insertion portion 22 of the ultrasonic endoscope 12, and
illuminates the observation target site in the body cavity.
[0043] The monitor 20 receives image signals gener-
ated by the ultrasonic processor device 14 and the en-
doscope processor device 16 and displays an ultrasound
image and an endoscopic image. An image to be dis-
played on the monitor 20 can be switched between the
ultrasound image and the endoscopic image, and both
of these images can be simultaneously displayed on the
monitor 20. A monitor for displaying the ultrasound image
and a monitor for displaying an endoscopic image may
be independently provided, or the ultrasound image and
the endoscopic image may be displayed in any other ap-
propriate form.
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[0044] Next, referring to Figs. 2 to 4, the structure of
the distal end portion of the insertion portion of the ultra-
sonic endoscope will be described in detail.

[0045] Fig.2is a partial enlarged plan view of the distal
end portion of the insertion portion of the ultrasonic en-
doscope shown in Fig. 1 and the vicinity of the distal end
portion. Fig. 3 is a partial longitudinal sectional view taken
along line llI-1ll in Fig. 2, illustrating the distal end portion
of the insertion portion of the ultrasonic endoscope
shown in Fig. 2 that is cut along the centerline in the
longitudinal direction thereof. Fig. 4 is a schematic partial
longitudinal sectional view of a heat dissipation structure
of the distal end portion of the insertion portion of the
ultrasonic endoscope shown in Figs. 1 to 3.

[0046] As illustrated in Figs. 2, and 3, the distal end
portion 40 of the ultrasonic endoscope 12 has the ultra-
sonic observation portion 36, for obtaining an ultrasound
image, onthe distal end side; the endoscopic observation
portion 38, for obtaining an endoscopic image, on the
proximal end side; and a treatment tool lead-out port 44
between these. The observation portions 36 and 38 are
attached to and held by an exterior member 41 that is
the body of the distal end portion 40 of the ultrasonic
endoscope 12 and that is made of a rigid material such
as a rigid resin.

[0047] In the example shown in Fig. 2, the treatment
tool lead-out port 44 is formed between the ultrasonic
observation portion 36 and the endoscopic observation
portion 38. However, the present invention is not partic-
ularly limited to the example illustrated in the figure. The
treatment tool lead-out port 44 may be formed in the en-
doscopic observation portion 38 or may be formed on
the proximal end side (the bending portion 42 side) rel-
ative to the endoscopic observation portion 38.

[0048] As illustrated in Figs. 2 and 3, the ultrasonic
observation portion 36 is composed of the ultrasonic
transducer unit 46, the exterior member 41 for attaching
and holing the ultrasonic transducer unit 46, and a cable
portion 70 that includes a plurality of coaxial cables 71
that are connected to the ultrasonic transducer unit 46.

[0049] The ultrasonic transducer unit 46 has the ultra-
sonic transducer array 50 that is composed of a plurality
of ultrasonic transducers 48, a backing material layer 52
that supports the ultrasonic transducers 48 of the ultra-
sonic transducer array 50 from the lower surface side, a
wiring board 54 that is embedded in the backing material
layer 52 and that is electrically connected to the plurality
of ultrasonic transducers 48, a copper foil 62 (first heat
conductive member) that is disposed along a side surface
of the backing material layer 52 in the width direction and
end surfaces of the plurality of ultrasonic transducers 48
in the longitudinal direction, and a filler layer 68 that fills
a space between the exterior member 41 and the backing
material layer 52.

[0050] Inthe example showninthe figures, in the back-
ing material layer 52, in the wiring board 54 that is elec-
trically connected to individual electrodes (not shown) of
the plurality of ultrasonic transducers 48, a wiring portion
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56 that has a plurality of connection portions 58, to which
signal wires 71a at one ends of the plurality of coaxial
cables 71 are connected, is provided. Here, drive voltage
signals to the plurality of ultrasonic transducers 48 and
ultrasonic echo signals (voltage signals) from the plurality
of ultrasonic transducers 48 are applied to the individual
electrodes of the plurality of ultrasonic transducers 48.
The plurality of coaxial cables 71 are electrically connect-
ed to the ultrasonic processor device 14 at the other ends
thereof. The signal wires 71a of the plurality of coaxial
cables 71 are each electrically connected to a corre-
sponding one of the plurality of ultrasonic transducers
48. Moreover, the wiring board 54 has, in the wiring por-
tion 56, a ground portion 60 that is electrically connected,
via a lead wire or the like, to a transducer ground (not
shown) that is a ground electrode of the ultrasonic trans-
ducer array 50. The ground portion 60 may be connected
to shield layers 71c of the plurality of coaxial cables 71.
[0051] The ultrasonic transducer unit 46 further has an
acoustic matching layer 64 that is laminated on the ultra-
sonic transducer array 50, and an acoustic lens 66 that
is laminated on the acoustic matching layer 64. That is,
the ultrasonic transducer unit 46 is composed of a lami-
nated body 47 in which the acoustic lens 66, the acoustic
matching layer 64, the ultrasonic transducer array 50,
and the backing material layer 52 are laminated.

[0052] The acoustic matching layer 64 performs
acoustic impedance matching between a subject, such
as a human body, and the ultrasonic transducers 48.
[0053] The acoustic lens 66, which is attached onto
the acoustic matching layer 64, causes ultrasound, which
is emitted from the ultrasonic transducer array 50, to con-
verge toward an observation target site. The acoustic
lens 66 is made of, for example, a silicone-based resin
(a millable silicone rubber (HTV rubber), a liquid silicone
rubber (RTV rubber), or the like), a butadiene-based res-
in, a polyurethane-based resin, or the like. In order to
perform acousticimpedance matching between a subject
and the ultrasonic transducers 48 by using the acoustic
matching layer 64 and to increase transmittance of ultra-
sound, powder of titanium oxide, alumina, silica, or the
like is mixed into the acoustic lens 66 as necessary.
[0054] The cable portion 70 of the ultrasonic observa-
tion portion 36 has a heat dissipation structure that is the
feature of the present invention. As illustrated in Fig. 4,
the cable portion 70 has the plurality of coaxial cables 71
disposed on the central side, an insulating jacket 72a that
covers the plurality of coaxial cables 71, an electrocon-
ductive shield member 73 that is disposed so as to cover
the jacket 72a and that can be grounded to the housing
of the ultrasonic endoscope 12, and a jacket 72b that
covers the outside of the shield member 73. The cable
portion 70 has a first insulation tube 74 for covering and
protecting the outer periphery of the outer jacket 72b; an
electroconductive connection pipe 76 thatis disposed on
the proximal end side of the cable portion 70 (a side op-
posite to the laminated body 47) and that covers at least
a part of the first insulation tube 74; and a second insu-
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lation tube 78 that is connected to an end portion of the
connection pipe 76 on a side opposite to the ultrasonic
transducer unit 46 and that covers a connection portion
with the connection pipe 76 and the first insulation tube
74 on the universal cord 26 side relative to the connection
pipe 76. Moreover, a second heat conductive member
80 is disposed so as to fill at least a part of a space be-
tween the first insulation tube 74 and the connection pipe
76. The shield member 73 of the cable portion 70 may
be made from a metal member or the like, provided that
the shield member 73 covers the plurality of coaxial ca-
bles 71 from the outside and has electroconductivity. In
Fig. 4, which is a figure simplified for convenience of de-
scription, only the ultrasonic transducer array 50, the
backing material layer 52, the copper foil 62, the wiring
board 54, and the cable portion 70 are illustrated, and
other members are omitted.

[0055] Here, the meaning of "grounding" in the present
invention is not limited to causing the potential of an elec-
troconductive member to be zero, and also includes a
case where, for example, the voltage of an electrocon-
ductive member is maintained at a predetermined low
voltage by connecting the electroconductive member to
a member having a large electric capacity.

[0056] The plurality of coaxial cables 71 are electrically
connected to the plurality of connection portions 58 of
the wiring portion 56 of the wiring board 54. Moreover,
the shield member 73 is thermally connected to the cop-
per foil 62 of the ultrasonic transducer unit 46 at an end
portion thereof on the ultrasonic transducer unit 46 side.
Therefore, in order from the end portion of the cable por-
tion 70 on the ultrasonic transducer unit 46 side, the co-
axial cables 71 and the inner jacket 72a are exposed in
the ultrasonic observation portion 36. At a portion of the
exposed inner jacket 72a that is adjacent to a side op-
posite to the ultrasonic transducer unit46, the outer jacket
72b is removed and the shield member 73 is exposed,
and the exposed shield member 73 and the copper foil
62 are connected to each other.

[0057] The ultrasonic transducer array 50 of the ultra-
sonic transducer unit 46 shown in Figs. 2 and 3 is, for
example, an array of 48 to 192 channels (CH) that is
composed of 48 to 192 pieces of rectangular-parallele-
piped-shaped ultrasonic transducers 48 that are ar-
ranged in an outwardly convex arc shape.

[0058] That is, the ultrasonic transducer array 50 is
formed by arranging the plurality of ultrasonic transduc-
ers 48, for example, in a one-dimensional array shape
at a predetermined pitch as in the example shown in the
figures. Thus, the ultrasonic transducers 48 of the ultra-
sonic transducer array 50 are arranged at a regular pitch
in the axial direction of the distal end portion 40 (the lon-
gitudinal axial direction of the insertion portion 22) in a
convexly curved shape and are sequentially driven on
the basis of drive signals that are input from the ultrasonic
processordevice 14. Thus, convex electronic scanis per-
formed over a scan range that is a range in which the
ultrasonic transducers 48 are arranged as shown in Fig.
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2.

[0059] The length of the ultrasonic transducer array 50
in the width direction of the ultrasonic transducer array
50, that is, the longitudinal direction of the ultrasonic
transducers 48 (elevation (EL) direction) is smaller than
the length of the ultrasonic transducer array 50 in a di-
rection parallel to the bottom surface of the backing ma-
terial layer 52 (the azimuth (AZ) direction). The ultrasonic
transducer array 50 is disposed so as to be inclined in
such a way that the back end side thereof protrudes. The
ultrasonic transducer 48 has a structure in which, for ex-
ample, electrodes are formed on both surfaces of a thick
piezoelectric film of lead zirconate titanate (PZT), poly-
vinylidene fluoride (PVDF), or the like. An electrode of
the ultrasonic transducer array 50 is an individual elec-
trode (not shown) that is independently provided in each
ultrasonic transducer 48, and the other electrode is a
transducer ground (transducer ground electrode) (not
shown), which is common to all of the ultrasonic trans-
ducers 48. For example, a plurality of the individual elec-
trodes are disposed on the lower surfaces of end portions
of the plurality of ultrasonic transducers 48, and the trans-
ducer ground may be disposed on the upper surfaces of
the end portions of the ultrasonic transducers 48. In this
case, the plurality of individual electrodes and the trans-
ducer ground constitute an electrode portion of the ultra-
sonic transducer array 50.

[0060] Each gap between two adjacent ultrasonic
transducers 48 is filled with a filler, such as an epoxy
resin or the like.

[0061] In the ultrasonic transducer unit 46 of the ultra-
sonic observation portion 36, when each of the ultrasonic
transducers 48 of the ultrasonic transducer array 50 is
driven and a voltage is applied to both electrodes of the
ultrasonic transducer 48, the piezoelectric body vibrate
and successively generates ultrasound, and the ultra-
sound is emitted toward an observation target site of a
subject. By successively driving the plurality of ultrasonic
transducers 48 by using an electronic switch such as a
multiplexer, ultrasound is scanned over a scan range
along a curved surface on which the ultrasonic transduc-
er array 50 is disposed, such as a range of about several
tens of millimeters from the center of curvature of the
curved surface.

[0062] When receiving an echo signal (ultrasonic
echo) reflected from the observation target site, the pie-
zoelectric body vibrates and generates a voltage, and
this voltage is output to the ultrasonic processor device
14 as an electric signal corresponding to the received
ultrasonic echo (ultrasound detection signal). The ultra-
sonic processor device 14 performs various types of sig-
nal processing on the electric signal, and then an ultra-
sound image is displayed on the monitor 20.

[0063] Heatis generated in each of piezoelectric bod-
ies of the plurality of ultrasonic transducers 48 when, As
described above, a drive voltage is applied to the plurality
of ultrasonic transducers 48 and the piezoelectric bodies
of the plurality of ultrasonic transducers 48 vibrate and
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generate ultrasound emitted toward a target object, and
when the plurality of ultrasonic transducers 48 receive
an ultrasonic echo of ultrasound, which has been emitted
from the plurality of ultrasonic transducers 48 and reflect-
ed by the target, and the piezoelectric bodies vibrates
and generate an ultrasonic echo signal (voltage signal).
One of means for increasing the resolution of an ultra-
sound image, that is, forimproving accuracy in ultrasonic
diagnosis is means of increasing the power of drive sig-
nals (voltage signals) of the plurality of ultrasonic trans-
ducers 48. However, as the drive voltage increases, heat
generated in the piezoelectric body increases. Therefore,
by providing a heat dissipation structure that is a feature
of the presentinvention in the distal end portion 40 of the
ultrasonic endoscope 12, it is possible to efficiently dis-
sipate heat generated in the piezoelectric body and to
improve accuracy in ultrasonic diagnosis.

[0064] Although notillustrated, the ultrasonic transduc-
er array 50 has a plurality of (48 to 192) electrodes (not
shown) that are electrically continuous with the plurality
of (48 to 192) ultrasonic transducers 48. The plurality of
electrodes that are electrically continuous with the plu-
rality of ultrasonic transducers 48 may be disposed on a
side surface of the ultrasonic transducer array 50 in the
width direction, or may be on the central side of the ul-
trasonic transducer array 50 as in the present embodi-
ment. In a case where the plurality of electrodes that are
electrically continuous with the ultrasonic transducers 48
are disposed on the side surface side of the ultrasonic
transducer array 50 in the width direction, if the number
of the ultrasonic transducers 48 is small, the plurality of
electrodes may be disposed on one surface side. How-
ever, in order to improve the accuracy in ultrasonic diag-
nosis, preferably, the number of the ultrasonic transduc-
ers48islarge. Therefore, preferably, the plurality of elec-
trodes that are electrically continuous with the ultrasonic
transducers 48 are disposed on both surface sides of the
ultrasonic transducer array 50 in the width direction. As
in the present embodiment, in a case where the plurality
of electrodes that are electrically continuous with the plu-
rality of ultrasonic transducers 48 are disposed on the
central side of the ultrasonic transducer array 50 in the
width direction, because the wiring portion can be dis-
posed in the backing material layer 52, the space in the
distal end portion 40 of the insertion portion 22 is not
squeezed. Therefore, even in a case where, forexample,
the ultrasonic transducers 48 are arranged in multiple
rows, the space in the distal end portion 40 can be effec-
tively used.

[0065] Moreover, although not illustrated, the trans-
ducer ground (not shown) of the plurality of ultrasonic
transducers 48 is an electrode that is different from the
plurality of electrodes (not shown) that are disposed on
the central side of the ultrasonic transducer array 50 in
the width direction. The transducer ground is electrically
connected to the ground portion 60 of the wiring portion
56 of the wiring board 54, which is a grounded member,
by using a lead wire or the like. Moreover, because the
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ground potential in the ultrasonic endoscope 12 is pref-
erably the same reference potential, preferably, the
transducer ground of the plurality of ultrasonic transduc-
ers 48 is a common electrode to which the ultrasonic
transducers 48 are grounded.

[0066] Next, as shown in Fig. 3, the backing material
layer 52 of the ultrasonic transducer unit46 is a layer that
is made of a backing material and that is disposed inside
with respect to the arrangement surface of the plurality
of ultrasonic transducers 48, that is, on the back surface
(lower surface) of the ultrasonic transducer array 50. Ac-
cordingly, the backing material layer 52 has a function of
mechanically and softly supporting the ultrasonic trans-
ducer array 50 and a function of attenuating, among ul-
trasound signals emitted from the plurality of ultrasonic
transducers 48 or reflected and propagated from an ob-
servation target, ultrasound that has propagated to the
backing material layer 52 side. Therefore, the backing
material is a material having rigidity, such as a rigid rub-
ber, to which an ultrasound attenuation material (such
as ferrite or a ceramic) is added as necessary.

[0067] Accordingly, preferably, the ultrasonic trans-
ducer array 50 is an array in which the plurality of ultra-
sonic transducers 48 each having a rectangular-parallel-
epiped shape in the example shown in the figures are
arranged at a regular pitch on the arc-shaped upper sur-
face of the backing material layer 52, which is an upper
surface having a convex arc-shaped cross section, in
such a way that the longitudinal directions of the plurality
of ultrasonic transducers 48 are parallel to each other,
that is, an array in which the plurality of ultrasonic trans-
ducers 48 are arranged in an arc shape so as to face
outward.

[0068] The shape of the backing material layer 52 may
be any appropriate shape that does not impair the func-
tions described above. The backing material layer 52
may have a substantially semi-cylindrical shape shown
in Fig. 3, and may have a recessed portion.

[0069] The filler layer 68 of the ultrasonic transducer
unit 46 fills a space between the exterior member 41 and
the backing material layer 52. The filler layer 68 also has
a function of fixing the wiring board 54, the plurality of
coaxial cables 71, the copper foil 62, and various wiring
portions. Preferably, the acoustic impedance of the filler
layer 68 matches the acoustic impedance of the backing
material layer 52 with an accuracy of a predetermined
degree or higher so that a boundary surface between the
filler layer 68 and the backing material layer 52 may not
reflect an ultrasound signal propagated from the ultra-
sonic transducer array 50 toward the backing material
layer 52 side. Moreover, preferably, the filler layer 68 has
heat dissipation ability in order to increase the efficiency
in dissipating heat generated in the plurality of ultrasonic
transducers 48. When the filler layer 68 has heat dissi-
pation ability, because heat is received from the backing
material layer 52, the wiring board 54, the copper foil 62,
and the plurality of coaxial cables 71, heat dissipation
efficiency can be improved.



15 EP 3479771 A1 16

[0070] Asillustrated in Fig. 3, a part of the wiring board
54 of the ultrasonic transducer unit 46 is embedded in
the backing material layer 52. The wiring board 54 has,
in a portion thereof embedded in the backing material
layer 52, a plurality of electrodes (not shown) that are
electrically continuous with the plurality of ultrasonic
transducers 48, a plurality of electrode pads (not shown)
that are electrically connected by using lead wires or the
like, the wiring portion 56 that is composed of the plurality
of connection portions 58 that are terminals connected
to the signal wires 71a of the plurality of coaxial cables
71 of the cable portion 70, and the ground portion 60 that
is electrically connected to the transducer ground (not
shown) of the plurality of ultrasonic transducers 48. The
wiring board 54 may be a board made of a rigid material,
or may be a flexible printed circuit (hereinafter, simply
referred to as "FPC"). As in the present embodiment, in
a case where a part of the wiring board 54 is embedded
in the backing material layer 52, preferably, the wiring
board 54 is made of a rigid material in order to fix the
position of the wiring portion 56 and to prevent wire break-
age at the wiring portion. For example, in a case where
a plurality of electrodes that are electrically continuous
with the plurality of ultrasonic transducers 48 are dis-
posed on a side surface of the ultrasonic transducer array
50 in the width direction and the wiring board 54 is dis-
posed along a side surface of the backing material layer
52 in the width direction, preferably, an FPC is used as
the wiring board 54 in order to, for example, improve the
operational efficiency of wiring.

[0071] The copper foil 62 of the ultrasonic transducer
unit 46 is affixed along the side surfaces of the ultrasonic
transducer array 50 and the backing material layer 52 in
the width direction. The copper foil 62 conducts heat gen-
erated in the plurality of ultrasonic transducers 48. As
illustrated in Figs. 3 and 4, at least a part of the copper
foil 62 is extended to the shield member 73 of the cable
portion 70 and is thermally connected to the shield mem-
ber 73. By thermally connecting the copper foil 62 and
the shield member 73 in this way, heat generated in the
plurality of ultrasonic transducers 48 can be dissipated
to the electroconductive shield member 73 that covers
the plurality of coaxial cables 71 from the outside. More-
over, because the shield member 73 is an electrocon-
ductive member, in a case where the shield member 73
is grounded to the housing of the ultrasonic endoscope
12 or the like at a proximal end portion thereof opposite
to the distal end portion 40 of the insertion portion 22,
the potential of the copper foil 62 can be made to be the
ground potential. Therefore, the copper foil 62 can be
prevented from electromagnetically interfering with ultra-
sonic echo signals (voltage signals) obtained from the
plurality of ultrasonic transducers 48.

[0072] In order to make the potential of the copper foil
62 be the ground potential, the copper foil 62 may be
connected to the ground portion 60 of the wiring board
54. Preferably, the copper foil 62 used in the present
embodiment is an electroconductive member for the
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above reasons. However, in view of heat dissipation, the
copper foil 62 may be any member having high heat con-
ductivity. Therefore, instead of the copper foil 62, an alu-
minum foil, an electroconductive silicone sheet, or the
like may be used.

[0073] Moreover, the shape of the copper foil 62 is not
limited to a foil shape. Preferably, the copper foil 62 has
a mesh shape or a sheet shape that is thicker than a foil
so that the copper foil 62 can sufficiently conduct heat
from the side surfaces of the ultrasonic transducer array
50 and the backing material layer 52 in the width direction.
A portion of the copper foil 62 that is affixed along the
outer surfaces of the ultrasonic transducer array 50 and
the backing material layer 52 and a portion of the copper
foil 62 that is extended to the shield member 73 of the
cable portion 70 need not be integrated. In this case, the
shape of the portion that is extended to the shield member
73 is not limited to a shape that is the same as the shape
of the portion affixed to the side surface of the backing
material layer 52, such as amesh shape or asheet shape,
and may be another shape, such as a lead-wire shape,
a bar-like shape, or the like. Moreover, the material of
the portion disposed along the backing material layer 52
and the material of the portion that is extended to the
shield member 73 may be different from each other.
[0074] The wiring portion 56 of the wiring board 54 is
composed of the connection portions 58, which are a
plurality of terminals that are disposed on at least one
surface of the wiring board 54, that are electrically con-
nected to the signal wires 71a of the plurality of coaxial
cables 71 of the cable portion 70, and that are electrically
connected to a plurality of electrode pads (not shown)
that are electrically continuous with the plurality of ultra-
sonic transducers 48. In the examples shown in Figs. 3,
4, and 6 to 8, the wiring portion 56 is disposed on the
backing material layer 52 side relative to the ground por-
tion 60 of the wiring board 54. The position of the wiring
portion 56 is not particularly limited. The wiring portion
56 may be disposed at any appropriate position in order
to, forexample, improve the operation efficiency in wiring.
Preferably, the number of the plurality of connection por-
tions 58 of the wiring portion 56 is at least equal to the
number of channels of the ultrasonic transducer array
50. Therefore, as necessary, the plurality of connection
portions 58 may be disposed on the wiring board 54 in
multiple rows.

[0075] The ground portion 60 of the wiring board 54 is
an electroconductive member that is connected to the
transducer ground of the plurality of ultrasonic transduc-
ers 48 (not shown) and to the shield layers 71c of the
plurality of coaxial cables 71. In a case where the shield
layers 71c of the plurality of coaxial cables 71 are ground-
ed, the ground portion 60 makes the ground potentials
of the shield layers 71c of the plurality of coaxial cables
71 be the same potential. Therefore, forexample, in order
toincrease the number of heat dissipation paths from the
plurality of ultrasonic transducers 48, the ground portion
60 may be further electrically connected to the shield
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member 73 of the cable portion 70.

[0076] As illustrated in Fig. 5, each of the plurality of
coaxial cables 71 of the cable portion 70 has a signal
wire 71a that is on the central side thereof and that is
electrically connected to a corresponding one of the plu-
rality of connection portions 58 of the wiring portion 56
of the wiring board 54; an insulating jacket 71b that is
disposed in a layer outside of the signal wire 71a; a shield
layer 71c that is disposed in a layer outside of the jacket
71b, that can be grounded on the proximal end side (the
universal cord 26 side) of the ultrasonic endoscope 12,
and that is made of an electroconductive material such
as a metal; and an insulating jacket 71d that is disposed
in the outermost layer. Therefore, as in the examples
shown in Figs. 3, 4, and 6 to 8, in the case where the
wiring portion 56 is disposed on the wiring board 54 at a
position on the backing material layer 52 side relative to
the ground portion 60, it is possible to wire the signal
wires 71a of the plurality of coaxial cables 71 to the wiring
portion 56 and the ground portion 60 in such a way that
the plurality of coaxial cables 71 are not bent.

[0077] In the example shown in Fig. 4, the plurality of
coaxial cables 71 are used on the central side of the cable
portion 70. However, cables (shield cables) that have
structures different from the coaxial cables 71 described
above may be used, provided that the cables each have
a signal wire, for transmitting/receiving a voltage signal
by being electrically connected to a corresponding one
of the plurality of ultrasonic transducers 48, and a shield
portion that is made of a metal and that can be grounded
by being electrically connected to a transducer ground
(not shown) of a corresponding one of the plurality of
ultrasonic transducers 48. For example, although not il-
lustrated, as the shield cable, it is possible to use a cable
having a known structure, such as a cable unit that in-
cludes, on the central side thereof, a plurality of signal
wires covered by an insulating jacket and a plurality of
lead wires that can be grounded; and has a jacket that
covers the plurality of signal wires and the lead wires.
The arrangement of the signal wires and the lead wires
ofthe cable unitis not limited to the one described above.
The plurality of signal wires and lead wires may be ran-
domly arranged in the outer jacket that covers these
wires.

[0078] As illustrated in Fig. 4, the first insulation tube
74 ofthe cable portion 70is an insulating tube for covering
and protecting the plurality of coaxial cables 71, the inner
jacket 72a, and the shield member 73. Therefore, the
first insulation tube 74 is disposed so as to cover the
shield member 73, which is exposed by removing the
outer jacket 72b in order to connect the copper foil 62.
Here, thefirstinsulation tube 74 is not particularly limited,
provided that the first insulation tube 74 has a certain
degree of flexibility and insulation ability for following a
bending operation of bending the bending portion 42 of
the insertion portion 22 and for protecting the plurality of
coaxial cables 71, the shield member 73, and the con-
nection portion between the shield member 73 and the
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copper foil 62. A known insulation tube, such as a heat
shrinkable tube, may be used.

[0079] The connection pipe 76 of the cable portion 70
is a member for dissipating heat that is conducted from
the shield member 73 by contacting the second heat con-
ductive member 80. Preferably, the connection pipe 76
covers a portion of the first insulation tube 74 having a
predetermined length and is disposed on the operating
unit 24 side (proximal end side) relative to the distal end
portion 40 so as not to dissipate heat into the distal end
portion 40 of the insertion portion 22. The length of the
connection pipe 76 may be alength that does notimpede
a bending operation of the bending portion 42, and pref-
erably is as large as possible in order to maintain heat
dissipation ability. Moreover, in order to efficiently dissi-
pate heat conducted from the shield member 73, prefer-
ably, the connection pipe 76 is made of a material having
high heat conductivity, such as a stainless steel or an-
other metal.

[0080] The second insulation tube 78 of the cable por-
tion 70, which covers the first insulation tube 74, protects
the cable portion 70 from the outside and fixes the con-
nection pipe 76 at a position outside the first insulation
tube 74. An end portion of the second insulation tube 78
on the ultrasonic transducer unit 46 side (distal end side)
is connected to an end of the connection pipe 76 on a
side opposite to the ultrasonic transducer unit 46 (prox-
imal end side). At this time, the second insulation tube
78 is disposed on the proximal end side of the ultrasonic
endoscope 12 so as to cover a part of the connection
pipe 76 on the proximal end side and a part of the first
insulation tube 74, thatis, a part on the proximal end side
relative to the connection pipe 76.

[0081] As with the first insulation tube 74, the second
insulation tube 78 is not particularly limited, provided that
the second insulation tube 78 has a certain degree of
flexibility and insulation ability. A known insulation tube,
such as a heat shrinkable tube, may be used.

[0082] The second heat conductive member of the ca-
ble portion 70 is disposed in contact with the first insula-
tion tube 74 and the connection pipe 76 and conducts
heat, which has been conducted to the shield member
73, to the connection pipe 76. In the example shown in
Fig. 4, the second heat conductive member 80 is a cy-
lindrical member that is disposed between the first insu-
lation tube 74 and the connection pipe 76 on the distal
end side of the connection pipe 76. As in the example
shown in Fig. 4, the second heat conductive member 80
may conduct heat from the shield member 73 via the
outer jacket 72b and the first insulation tube 74 of the
cable portion 70. Therefore, preferably, the second heat
conductive member 80 has high heat conductivity. Pref-
erably, the second heat conductive member 80 is made
of a metal such as copper or aluminum, a ceramic having
high heat conductivity, heat conductive silicone, or the
like.

[0083] In order to sufficiently conduct heat from the
shield member 73, preferably, the second heat conduc-
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tive member 80 is disposed so as to fill at least a part of
a space between the first insulation tube 74 and the con-
nection pipe 76. Therefore, the second heat conductive
member 80 need not have a cylindrical shape as in the
example shownin Fig. 4. A heat conductive member hav-
ing any appropriate shape, such as a sheet shape or a
mesh shape, may be used. In order to increase the heat
transfer efficiency from the shield member 73, preferably,
the second heat conductive member 80 is disposed in
contactwith thefirstinsulation tube 74 and the connection
pipe 76 over as large area as possible. For example, the
second heat conductive member 80 may be disposed so
as to fillthe entirety of a space between the firstinsulation
tube 74 and the connection pipe 76. Moreover, prefera-
bly, the second heat conductive member 80 is disposed
in such a way that the second heat conductive member
80 can be easily removed for repair or the like. For ex-
ample, the second heat conductive member 80 may be
disposed so as to protrude slightly from the distal end of
the connection pipe 76.

[0084] By disposing the second heat conductive mem-
ber 80 in contact with the first insulation tube 74 and the
connection pipe 76 as described above, heat generated
in the plurality of ultrasonic transducers 48 can be con-
ducted to the shield member 73 and connection pipe 76
of the cable portion 70. As a result, in addition to the
shield member 73, a heat dissipation path to the connec-
tion pipe 76 can be formed, and the heat dissipation ef-
ficiency in the ultrasonic observation portion 36 of the
distal end portion 40 is improved.

[0085] In another example shown in Fig. 6, a second
heat conductive member 81 includes a cylindrical portion
that is disposed between the first insulation tube 74 and
the connection pipe 76 and an outward flange 81a that
has a cylindrical shape having an outside diameter that
is larger than or equal to the inside diameter of the con-
nection pipe 76. As illustrated in Fig. 6, preferably, the
second heat conductive member 81 is disposed in such
a way that the outward flange 81a contacts an end sur-
face of the connection pipe 76 on the distal end side. In
this case, because the second heat conductive member
81 is in contact with, in addition to a space between the
first insulation tube 74 and the connection pipe 76, the
end surface of the connection pipe 76 on the distal end
side, the heat dissipation path to the connection pipe 76
can be widened. Because the outward flange 81a con-
tacts the end surface of the connection pipe 76 on the
distal end side, it is possible to prevent the connection
pipe 76 from moving toward the distal end side relative
to the first insulation tube 74 and the second heat con-
ductive member 81, which may occur due to, forexample,
vibration during use of the ultrasonic endoscope 12.
Moreover, because the outward flange 81a, which has
an outside diameterthatis larger than the inside diameter
of the connection pipe 76, is located on the distal end
side relative to the connection pipe 76, when performing
reassembling after removing the second heat conductive
member 81 for repair or the like, the insertion position of
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the second heat conductive member 81 can be easily
determined.

[0086] In Fig. 6, which is a figure that is simplified for
convenience of description as with Fig. 4, only the ultra-
sonic transducer array 50, the backing material layer 52,
the copper foil 62, the wiring board 54, and a cable portion
79 are illustrated, and the other members is omitted.
[0087] As described above, in the example shown in
Fig. 6, a structure in which the second heat conductive
member 81 has the outward flange 81a on the distal end
side has been described. However, the second heat con-
ductive member 81 is not limited to a member that has
a cylindrical shape, provided that the second heat con-
ductive member 81 can contact atleast a space between
the first insulation tube 74 and the connection pipe 76
and an end portion of the connection pipe 76 on the distal
end side. That is, it is sufficient that the second heat con-
ductive member 81 shown in Fig. 6 has a thick portion
(not shown), which is thicker than a portion thereof dis-
posed between the first insulation tube 74 and the con-
nection pipe 76, on the distal end side of the ultrasonic
endoscope 12, and the thick portionis disposed in contact
with the end surface of the connection pipe 76 on the
distal end side of (the copper foil 62 side). The thick por-
tion has the same effect as the outward flange 81a in Fig.
6. Moreover, the second heat conductive member 81
may be disposed so as to fill at least a part of a space
between the first insulation tube 74 and the connection
pipe 76. Accordingly, in this case, as in the example
shown in Fig. 6, the heat dissipation path to the connec-
tion pipe 76 can be widened, and itis possible to prevent
a portion of the cable portion 79 inside of the connection
pipe 76 from moving toward the proximal end side and
the distal end side relative to the connection pipe 76.
[0088] Here, in the examples shown in Figs. 3, 4, and
6 to 8, the second heat conductive members 80 and 81
conduct heat from the shield members 73 via the outer
jackets 72b and the first insulation tubes 74 of the cable
portions 70 and 79. The outer jackets 72b and the first
insulation tubes 74 of the cable portions 70 and 79, which
have low heat conductivity, impede efficient dissipation
of heat that is conducted to the shield members 73.
Therefore, in order to improve efficiency in dissipating
heat that is conducted to the shield members 73, prefer-
ably, the shield members 73 are in direct contact with the
second heat conductive members 80 and 81.

[0089] In an example of the present embodiment
shown in Fig. 7, a part of the outer jacket 72b of a cable
portion 82 on the distal end side of the connection pipe
76 is removed, and the shield member 73 is exposed. At
the portion where the shield member 73 is exposed, a
part of the first insulation tube 74 is removed, and the
shield member 73 is exposed to the outside. Moreover,
asecond heat conductive member 83 having a cylindrical
shape is disposed in such a way that the second heat
conductive member 83 contacts the portion where the
shield member 73 is exposed to the outside, covers the
portion where the first insulation tube 74 is removed, and
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contacts the distal end side of the connection pipe 76. In
this case, in particular, in a case where the shield layers
71c of the plurality of coaxial cables 71 and the shield
member 73 of the cable portion 70 are electrically con-
nected to each other on the proximal end side of the cable
portion 70 or the like, the shield member 73 that is elec-
trically continuous with the transducer ground (not
shown) of electrode portion (not shown), which is the
ground electrode of the ultrasonic transducer unit 46, is
exposed to the outside. Accordingly, in the example
shown in the figures, in order to insulate the shield mem-
ber 73 from a structure in the ultrasonic endoscope 12,
an insulating layer 84 that covers the exposed shield
member 73, the second heat conductive member 83, the
connection pipe 76, and the second insulation tube 78 is
disposed outside of the connection pipe 76.

[0090] In Fig. 7, which is a figure that is simplified for
convenience of description as with Figs. 4 and 6, only
the ultrasonic transducer array 50, the backing material
layer 52, the copper foil 62, the wiring board 54, and the
cable portion 82 are illustrated, and the other members
are omitted.

[0091] In Fig. 7, the shape of the second heat conduc-
tive member 83 is not particularly limited, provided that
the second heat conductive member 83 can contact the
shield member 73 and the connection pipe 76 of the cable
portion 82. A heat conductive member having any ap-
propriate shape described above may be used. For ex-
ample, in order that the heat conductive member can be
removed easily when, for example, repairing the distal
end portion 40 of the insertion portion 22, a heat conduc-
tive member having a C-shape, which is the shape of a
cylinder from which a part of an arc is cut away, may be
used. Regarding the insulating layer 84, which is dis-
posed outside of the connection pipe 76, it is sufficient
that the insulating layer 84 is disposed so as to cover at
least the exposed portion the shield member 73. Provid-
ed that the insulating layer 84 has insulating property, a
known insulation tube, such as a heat shrinkable tube or
the like, can be used as the insulating layer 84.

[0092] Increasing the heat dissipation paths is one of
means for efficiently dissipating heat that is generated in
the plurality of ultrasonic transducers 48 and conducted
to the shield members 73 of the cable portions 70, 79,
and 82 shown in Figs. 3, 4, 6, and 7. In an example of
the present embodiment shown in Fig. 8, a third heat
conductive member 86, which fills a space between the
first insulation tube 74, and a portion of the connection
pipe 76 on the proximal end side and the second insula-
tion tube 78, is provided. The third heat conductive mem-
ber 86 extends from the proximal end side of the con-
nection pipe 76 to the proximal end side of a cable portion
85. Therefore, the third heat conductive member 86 con-
ducts both of heat that is conducted from the shield mem-
ber 73 of the cable portion 85 through the second heat
conductive member 80 and the connection pipe 76, and
heatthatis conducted from the shield member 73 through
the outer jacket 72b of the cable portion 85 and the first
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insulation tube 74; and dissipates the both to the proximal
end side. Accordingly, the ultrasonic endoscope 12 has,
in addition to the heat dissipation path that dissipates
heat to the proximal end side of the shield member 73
and the heat dissipation path that dissipates heat from
the connection pipe 76 to the outside, a heat dissipation
path to the proximal end side of the third heat conductive
member 86. Therefore, the ultrasonic endoscope 12 can
further improve heat dissipation efficiency.

[0093] In Fig. 8, which is a figure that is simplified for
convenience of description as with Figs. 4, 6, and 7, only
the ultrasonic transducer array 50, the backing material
layer 52, the wiring board 54, the copper foil 62, and the
cable portion 85 are illustrated, and the other elements
are omitted.

[0094] As described above, in order to improve heat
dissipation efficiency, preferably, the third heat conduc-
tive member 86 of the cable portion 85 extends to the
proximal end side of the cable portion 85 relative to the
connection pipe 76 between the first insulation tube 74
and the second insulation tube 78. Therefore, for ease
of disposition and the like, the third heat conductive mem-
ber 86 is formed as a heat conductive layer on the surface
of the first insulation tube 74. Thus, in the case where
the third heat conductive member 86 is disposed as a
heat conductive layer, by using means such as applica-
tion or electroless plating, at least in a portion that con-
tacts the connection pipe 76, and preferably, on the prox-
imal end side of the cable portion 85 relative to the second
heat conductive member 80, the heat conductive layer
can be formed on the surface of the first insulation tube
74. Preferably, the third heat conductive member 86,
which is disposed as a heat conductive layer, is made of
a material that has high heat conductivity and that has
flexibility that allows the third heat conductive member
86 to follow a bending operation of bending the bending
portion 42. For example, as means for forming heat con-
ductive layer, epoxy adhesive 122-07 made by Creative
Materials Inc., heat conductive grease X-23-8033-1
made by Shin-Etsu Silicones Co., Ltd., or, in a case of
using electroless plating, copper or the like may be used.
[0095] As described above, as the third heat conduc-
tive member 86, a heat conductive layer formed on the
first insulation tube 74 is preferably used. However, a
heat conductive member may be formed on an inner wall
of the connection pipe 76 and an inner wall of the second
insulation tube 78, provided that the heat conductive
member contacts the firstinsulation tube 74 and the con-
nection pipe 76 and extends to the proximal end of the
cable portion 85. The third heat conductive member 86
need not disposed as a layer and may have a mesh
shape, a sheet shape, or the like. Moreover, the third
heat conductive member 86 need not be disposed over
the entire area where the second insulation tube 78 cov-
ers the first insulation tube 74. In accordance with the
structure of the ultrasonic endoscope 12 and the like, the
third heat conductive member 86 may be partially dis-
posed or may contact the second heat conductive mem-



23 EP 3479771 A1 24

ber 80.

[0096] With the structure of the distal end portion 40
of the insertion portion 22 of the ultrasonic endoscopes
12 shownin Figs. 1 to 8, heat generated from the plurality
of ultrasonic transducers 48 of the ultrasonic transducer
array 50 can be conducted to the copper foil 62, which
is a heat conductive member; and the heat can be dissi-
pated from the copper foil 62 to the shield members 73
of the cable portions 70, 79, 82, and 85. In a case where
the shield member 73 is grounded, because the copper
foil 62 also has a ground potential, the copper foil 62 and
the plurality of ultrasonic transducers 48 do not electro-
magnetically interfere with each other, and noise re-
ceived from the outside can be prevented from being
included in ultrasonic echoes. Moreover, because heat
can be dissipated via the second heat conductive mem-
ber 80, 81, and 83 to the connection pipe 76 and heat
can be dissipated via the third heat conductive member
86 to the proximal end side of the cable portions 70, 79,
82, and 85, the structure has a plurality of heat dissipation
paths and therefore heat dissipation efficiency can be
improved. Moreover, each of the heat dissipation struc-
tures described above is a simple structure and does not
occupy a large space in the distal end portion 40 of the
ultrasonic endoscope 12. Accordingly, the heat dissipa-
tion structures can efficiently dissipate heat while main-
taining the small size of the distal end portion 40.
[0097] Inthe presentembodiment, the heat dissipation
structures of the convex-type ultrasonic endoscope 12
have been described. However, the heat dissipation
structures described above does not depend on the
shape of the ultrasonic endoscope, and, as a matter of
course, can be used for an ultrasonic endoscope having
another shape, such as a radial type.

[0098] The endoscopic observation portion 38 is com-
posed of an observation window 88, an objective lens
90, a solid-state imaging element 92, illumination win-
dows 94, a cleaning nozzle 96, a wiring cable 98 com-
posed of a plurality of coaxial cables (not shown) or the
like, and the like.

[0099] The observation window 88 is attached so as
to be face diagonally upward from the distal end portion
40. Reflected light from an observation target site that
has entered from the observation window 88 is focused
by the objective lens 90 on an imaging surface of the
solid-state imaging element 92. The solid-state imaging
element 92 performs photoelectric conversion of the re-
flected light from the observation target site, which has
passed through the observation window 88 and the ob-
jective lens 90 and has been focused on the imaging
surface, and outputs a captured image signal. Examples
of the solid-state imaging element 92 include a charge
coupled device (CCD) and a complementary metal oxide
semiconductor (CMOS). The captured image signal,
which has been output from the solid-state imaging ele-
ment 92, passes through the wiring cable 98, which ex-
tends from the insertion portion 22 to the operating unit
24, and is transmitted to the endoscope processor device
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16 via the universal cord 26. The endoscope processor
device 16 performs various types of signal processing
and image processing on the transmitted captured image
signal and displays an endoscopic optical image on the
monitor 20.

[0100] The illumination windows 94 are disposed on
both sides of the observation window 88. To each of the
illumination windows 94, an emission end of a light guide
(not shown) is connected. The light guide extends from
the insertion portion 22 to the operating unit 24, and an
input end thereof is connected to the light source device
18, which is connected via the universal cord 26. lllumi-
nation light that is emitted by the light source device 18
passes through the light guide emitted from the illumina-
tion window 94 toward observation target site.

[0101] Inorderto clean the surfaces of the observation
window 88 and the illumination windows 94, the cleaning
nozzle 96 ejects air or cleaning water toward the obser-
vation window 88 and the illumination windows 94 from
the water supply tank 21a and the air/water supply pipe
line in the ultrasonic endoscope 12.

[0102] The distal end portion 40 has the treatment tool
lead-out port 44. The treatment tool lead-out port 44 is
connected to a treatment tool channel 45 that is inserted
into the insertion portion 22, and a treatment tool that is
inserted into the treatment tool insertion port 30 is intro-
duced from the treatment tool lead-out port 44 into a body
cavity via the treatment tool channel 45. The treatment
tool lead-out port 44 is located between the ultrasonic
observation portion 36 and the endoscopic observation
portion 38. In a case of forming a structure that allows a
treatment tool that is introduced into a body cavity to be
visually checked by using an ultrasonic image, prefera-
bly, the treatment tool lead-out port 44 is disposed near
the ultrasonic observation portion 36.

[0103] Although not illustrated, a stand base that
changes the lead-out direction of a treatment tool, which
is introduced into a body cavity from the treatment tool
lead-out port 44, may be disposed in the treatment tool
lead-out port 44. A wire (not shown) is attached to the
stand base, and, by means of an operation of pushing or
pulling a stand lever (not shown) of the operating unit 24,
the angle of the stand base changes, and the treatment
tool is lead out in a desired direction.

[0104] When observing the inside of a body cavity by
using the ultrasonic endoscope 12, first, the insertion por-
tion 22 isinserted into the body cavity, and an observation
target site is searched while observing, on the monitor
20, an endoscopic optical image obtained by the endo-
scopic observation portion 38.

[0105] Next, when the distal end portion 40 reaches
the observation target site and an instruction for obtaining
an ultrasound tomographic image is given, a drive control
signal is input from the ultrasonic processor device 14 to
the ultrasonic transducers 48 via the plurality of coaxial
cables 71 of the cable portion 70, 79, 82, or 85 (see Figs.
3 to 7) in the ultrasonic endoscope 12; the wiring board
54; and the plurality of electrodes (not shown) that are
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electrically continuous with the ultrasonic transducers 48
ofthe ultrasonictransducer array 50. When the drive con-
trol signal is input, predetermined voltages are applied
to both electrodes of the ultrasonic transducers 48. Then,
the piezoelectric bodies of the ultrasonic transducers 48
are excited, and ultrasound is emitted toward the obser-
vation target site via the acoustic lens 66.

[0106] After emitting the ultrasound, an echo signal
from the observation target site is received by the ultra-
sonic transducers 48. Emission of the ultrasound and
reception of the echo signal are repeatedly performed
while sequentially switching among the ultrasonic trans-
ducers 48 that are driven by using an electronic switch
such as a multiplexer. Thus, ultrasound is scanned over
the observation target site. In the ultrasonic processor
device 14, an ultrasound tomographic image is generat-
ed on the basis of a detection signal that is output from
the ultrasonic transducers 48 after receiving the echo
signal. The generated ultrasound tomographic image is
displayed on the monitor 20.

Second Embodiment

[0107] Heretofore, cases where a heat dissipation
structure according to the present invention is mainly ap-
plied to a convex-type ultrasonic endoscope have been
described. However, a heat dissipation structure accord-
ing to the present invention can be also applied to an
ultrasonic endoscope having an ultrasonic observation
portion of a type other than the convex type, such as a
radial type. In the present embodiment, a heat dissipation
structure of a radial-type ultrasonic observation portion
will be described. An ultrasonic endoscope 212 accord-
ing to the present embodiment shown in Fig. 9 and 10
differs from the ultrasonic endoscope 12 according to the
first embodiment shown in Figs. 1 to 3 in that the ultra-
sonic endoscope 212 includes a distal end portion 240
that includes a radial-type ultrasonic observation portion
236 and an endoscopic observation portion 238, instead
of the distal end portion 40 that includes the convex-type
ultrasonic observation portion 36 and the endoscopic ob-
servation portion 38. In other respects, the ultrasonic en-
doscope 212 has the same structure as the ultrasonic
endoscope 12. In the radial-type ultrasonic observation
portion 236, in particular, a member that is the same as
the cable portion 70 of the first embodiment shown in
Figs. 3 and 4 is used. In Figs. 9 and 10, the cable portion
70 is denoted by the same numerals as in Figs. 3 and 4,
and detailed description will be omitted.

[0108] Fig. 9 is a partial enlarged plan view of a distal
end portion of an insertion portion of an ultrasonic endo-
scope according to the present embodiment. Fig. 10 is
a partial sectional view taken along line X-X in Fig. 9,
illustrating a distal end portion of the insertion portion of
the ultrasonic endoscope. Fig. 11 is a schematic partial
longitudinal sectional view of the distal end portion of the
insertion portion of the ultrasonic endoscope shown in
Figs. 9 and 10.
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[0109] As illustrated in Figs. 9 and 10, the ultrasonic
endoscope 212 according to the present embodiment is
a radial-type ultrasonic endoscope that includes an ul-
trasonic transducer unit 246 in the ultrasonic observation
portion 236 of the distal end portion 240. The ultrasonic
transducer unit 246 includes an ultrasonic transducer ar-
ray 250 in which a plurality of ultrasonic transducers 248
are cylindrically arranged. In the example shown in Figs.
9 and 10, the ultrasonic observation portion 236 is dis-
posed on the distal end side of the ultrasonic endoscope
212 relative to the endoscopic observation portion 238.
[0110] As with the ultrasonic endoscope 12 of the first
embodiment shown in Figs. 1 to 3, the ultrasonic endo-
scope 212 according to the presentinvention may include
a mechanism for leading out treatment tools, such as
forceps, a puncture needle, and a high-frequency knife.
A treatment tool lead-out port (not shown), from which
these treatment tools are led out, may be formed on the
distal end side or on the proximal end side of the ultra-
sonic endoscope 212 relative to the plurality of ultrasonic
transducers 248.

[0111] The endoscopic observation portion 238 of the
ultrasonic endoscope 212 according to the present em-
bodiment has a structure similar to that of the endoscopic
observation portion 38 of the ultrasonic endoscope 12 of
the first embodiment shown in Figs. 2 and 3. As a matter
of course, the endoscopic observation portion 238 has
an observation window (88), an objective lens (90), a
solid-state imaging element (92), an illumination window
(94), a cleaning nozzle (96), a wiring cable (98), and the
like.

[0112] As illustrated in Figs. 9 and 10, the ultrasonic
observation portion 236 according to the present embod-
iment is composed of the ultrasonic transducer unit 246,
an exterior member 241 for attaching and holding the
ultrasonic transducer unit 246, and the cable portion 70
including the plurality of coaxial cables 71 that are wired
to the ultrasonic transducer unit 246.

[0113] In the example shown in Fig. 10, the ultrasonic
transducer unit 246 has the ultrasonic transducer array
250 in which the plurality of ultrasonic transducers 248
are cylindrically arranged, an electrode portion 200 that
is electrically continuous with the ultrasonic transducer
array 250, a backing material layer 252 that supports the
ultrasonic transducers 248 of the ultrasonic transducer
array 250 from a side of a surface on the central side of
the ultrasonic transducer unit 246 (inner surfaces of the
ultrasonic transducer 248), an acoustic matching layer
264 that is laminated on a side opposite to the backing
material layer 252 with respect to the ultrasonic trans-
ducer array 250 (outer side of the ultrasonic transducer
array 250), and an acoustic lens 266 that is laminated on
a side opposite to the ultrasonic transducer array 250
with respect to the acoustic matching layer 264 (outer
side of the acoustic matching layer 264). As described
above, the ultrasonic transducer unit 246 has a laminated
body 247 that is composed of the acoustic lens 266, the
acoustic matching layer 264, the ultrasonic transducer
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array 250, and the backing material layer 252.

[0114] The ultrasonic transducers 248, the ultrasonic
transducer array 250, the backing material layer 252, the
acoustic matching layer 264, the acoustic lens 266, and
the laminated body 247 according to the present embod-
iment differ in shape but do not differ in structure and
function from the ultrasonic transducers 48, the ultrasonic
transducer array 50, the backing material layer 52, the
acoustic matching layer 64, the acoustic lens 66, and the
laminated body 47 of the first embodiment shown in Figs.
2 and 3. Therefore, description of these elements will be
omitted.

[0115] The ultrasonic transducer unit 246 has an an-
nular plate 202 that is disposed in such a way that a side
surface thereof on the distal end side of the ultrasonic
endoscope 212 contacts a side surface of the backing
material layer 252 on the distal end side of the ultrasonic
endoscope 212 and that fixes the position of a cylindrical
member 204 (described below); a support plate 203 that
is a disk-shaped plate having an outside diameter larger
than the inside diameter of the annular plate 202; the
cylindrical member 204 that contacts a surface of the
backing material layer 252 on a side opposite to the ul-
trasonic transducer array 250 (inside of the backing ma-
terial layer 252), that is joined to the support plate 203 at
an end surface thereof on the distal end side of the ul-
trasonic endoscope 212, and that supports the laminated
body 247; a wiring board 254 that is disposed on an outer
peripheral portion of the cylindrical member 204 on the
proximal end side of the ultrasonic endoscope 212 rela-
tive to the backing material layer 252 and that is electri-
cally connected to the plurality of coaxial cables 71 of the
cable portion 70 and the electrode portion 200; and a
copper foil 262 (first heat conductive member) that is dis-
posed along the side surfaces of the plurality of ultrasonic
transducers 248 and the backing material layer 252 on
the proximal end side of the ultrasonic endoscope 212
and that is thermally connected to the shield member 73
of the cable portion 70. As in the example shown in Figs.
10and 11, the electrode portion 200 and the wiring board
254 are electrically connected to each other by using a
wiring cable 208 or the like.

[0116] The electrode portion 200 of the ultrasonic
transducer unit 246 has individual electrodes 200a for
transmitting and receiving voltage signals, such as drive
signals and ultrasonic echo signals, to and from the plu-
rality of ultrasonic transducers 248, and a transducer
ground 200b that is a ground electrode for the plurality
of ultrasonic transducers 248. In the example shown in
Fig. 10, each of the individual electrodes 200a is disposed
so as to be lead out from an end portion of the ultrasonic
transducer 248 on an inner side and on the proximal end
side of the ultrasonic transducer 248 to an end surface
of the backing material layer 252 on the proximal end
side, and the individual electrode 200a is electrically con-
nected to a plurality of electrode pads 205 (described
below) of the wiring board 254. Although not illustrated,
the transducer ground 200b is electrically connected to
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a grounded portion in the ultrasonic endoscope 212 by
using alead wire or the like. As described below, because
the plurality of electrode pads 205, which are electrically
connected to the plurality of individual electrodes 200a
of the electrode portion 200, are electrically continuous
with the signal wires 71a of the plurality of coaxial cables
71, the plurality of individual electrodes 200a of the elec-
trode portion 200 are electrically continuous with the sig-
nal wires 71a of the coaxial cables 71.

[0117] Because the transducer ground 200b is a
ground electrode for the plurality of ultrasonic transduc-
ers 248, preferably, the ground potentials thereof are the
same potential. Preferably, the transducer ground 200b
is acommon electrode for the plurality of ultrasonic trans-
ducers 248. Moreover, provided that the transducer
ground 200b can be electrically connected to a grounded
portion, the transducer ground 200b need not be electri-
cally continuous with the shield layers 71c¢ of the plurality
of coaxial cables 71. The positions of the plurality of in-
dividual electrodes 200a and the transducer ground 200b
are not limited to those shown in Fig. 10, provided that
the individual electrodes 200a and the transducer ground
200b can be connected to the signal wires and the ground
portion. That is, the positions may be on parts of the ul-
trasonic transducer 248 on the distal end side of the ul-
trasonicendoscope 212, or over the entireties of the inner
surface and the outer surface of the ultrasonic transducer
248; or the positions may be changed as appropriate in
accordance with the structure of the ultrasonic observa-
tion portion 236.

[0118] AsillustratedinFigs. 10 and 11, the wiringboard
254 of the ultrasonic transducer unit 246 is disposed on
an outer peripheral portion of the cylindrical member 204
on the proximal end side of the backing material layer
252 and is electrically connected to the electrode portion
200. The wiring board 254 has the plurality of electrode
pads 205 that are disposed in a portion thereof on the
distal end side of the ultrasonic endoscope 212 (distal
end side of the wiring board 254), a wiring portion 256
that is disposed in a portion thereof on the proximal end
side of the wiring board 254 relative to the plurality of
electrode pads 205, and a ground portion 260 that is dis-
posed in a portion of the wiring board 254 on the most
proximal end side. The electrode pads 205 are members
each of which is to be connected to a corresponding one
of the plurality of individual electrodes 200a of the elec-
trode portion 200. The wiring portion 256 is composed
of a plurality of connection portions 258 that are terminals
that are electrically continuous with the plurality of elec-
trode pads 205 via wiring (not shown) formed in the wiring
board 254 and that are electrically connected to the signal
wires 71a of the plurality of coaxial cables 71. The ground
portion 260 is electrically connected to the shield layers
71c of the plurality of coaxial cables 71.

[0119] The wiring board 254 may be any appropriate
member that can electrically connect the plurality of in-
dividual electrodes 200a of the electrode portion 200 and
the signal wires 71a of the plurality of coaxial cables 71.
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An FPC may be used as the wiring board 254, or the
wiring board 254 may have a cylindrical shape that sur-
rounds the cylindrical member 204. In a case where, for
example, the number of the plurality of ultrasonic trans-
ducers 248 (the number of channels the ultrasonic trans-
ducer array 250) is large, a plurality of the wiring boards
254 may be disposed, and the wiring boards 254 may be
arranged side by side so as to surround the cylindrical
member 204.

[0120] The support plate 203 of the ultrasonic trans-
ducer unit 246 is a disk-shaped plate that is disposed in
contact with a surface of the annular plate 202 on a side
opposite to the backing material layer 252 and that has
an outside diameter larger than the inside diameter of
the annular plate 202. The support plate 203 fixes the
positions of the annular plate 202 and the cylindrical
member 204. Therefore, in order to fix the position of the
cylindrical member 204, preferably, the support plate 203
is joined to the cylindrical member 204, or may be a mem-
ber that is integrated with the cylindrical member 204.
Moreover, in a case where the support plate 203 is joined
to the cylindrical member 204, in order to fix the position
of the cylindrical member 204, preferably, the support
plate 203 is joined also to the annular plate 202. The
shape of the support plate 203 is not limited to a disk-like
shape and may be any appropriate shape, such as a
polygonal shape, provided that the support plate 203 can
fix the positions of the annular plate 202 and the cylin-
drical member 204.

[0121] The cylindrical member 204 of the ultrasonic
transducer unit 246 is disposed in contact with the inner
surface of the backing material layer 252, the inner sur-
face ofthe annular plate 202, and a surface of the support
plate 203 on a side opposite to the distal end side of the
ultrasonic endoscope, and fixes the laminated body 247.
Parts of the plurality of coaxial cables 71 of the cable
portion 70 on the distal end side are disposed in a space
in the cylindrical member 204 on the proximal end side
and on the central side of the ultrasonic transducer unit
246 (inside of the cylindrical member 204). Moreover, a
plurality of slits 206, for leading out the plurality of coaxial
cables 71 toward the outer peripheral side of the cylin-
drical member 204, are formed in a portion of the cylin-
drical member 204 on the proximal end side of the back-
ing material layer 252. The cylindrical member 204 may
be made of any appropriate material such as a metal or
a resin, provided that the cylindrical member 204 can
support the laminated body 247.

[0122] The copper foil 262 of the ultrasonic transducer
unit 246 is a member that is disposed along the side
surfaces of the plurality of ultrasonic transducers 248 and
the backing material layer 252 on the proximal end side
and that conducts heat generated in the plurality of ultra-
sonic transducers 48. Moreover, in the example shown
in Figs. 10and 11, a part of the copper foil 262 is extended
and is electrically connected to the shield member 73 of
the cable portion 70. Therefore, heat generated in the
plurality of ultrasonic transducers 248 can be dissipated
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to the proximal and side of the cable portion 70 via the
shield member 73 of the cable portion 70.

[0123] As with the copper foil 62 according to the first
embodiment shown in Figs. 3, 4, and 6 to 8, the extended
portion of the copper foil 262 may be made of a material
different from that of a portion of the copper foil 262 that
is disposed along the ultrasonic transducer array 250 and
the backing material layer 252. That is, provided that the
copper foil 262 and the shield member 73 of the cable
portion 70 can be electrically or thermally connected to
each other, a portion of the copper foil 262 that contacts
the ultrasonic transducer array 250 and the backing ma-
terial layer 252 may be connected to the shield member
73 of the cable portion 70 by using a lead wire or a mesh-
shaped electroconductive member. Moreover, the cop-
per foil 262 may be replaced with a metal member made
of a metal having high heat conductivity, such as alumi-
num, gold, or silver; a heat conductive silicone sheet; or
the like. In a case where an electroconductive member
is used, the copper foil 262 or a heat conductive member
that is used instead of the copper foil 262 can be ground-
ed. In this case, noise received from the outside by the
copper foil 262 or a heat conductive member that is used
instead of the copper foil 262 can be prevented from en-
tering the plurality of ultrasonic transducers 248.

[0124] In the example shown in Fig. 11, as in the ex-
ample of the firstembodimentshownin Fig. 4, the second
heat conductive member 80 is disposed between the first
insulation tube 74 and the connection pipe 76 of the cable
portion 70. Therefore, heatthat has been conducted from
the copper foil 262 to the shield member 73 of the cable
portion 70 can be conducted to the connection pipe 76
and dissipated. In Fig. 11, which is a figure that is sim-
plified for convenience of description as with Fig. 4, only
the ultrasonic transducer unit 246 and the cable portion
70 are illustrated, and the other elements are omitted.
[0125] The plurality of electrode pads 205 of the wiring
board 254 are disposed on the distal end side of the wiring
board 254 and are electrically connected to the plurality
of individual electrodes 200a of the electrode portion 200
by using the wiring cable 208 or the like. The plurality of
electrode pads 205 are each electrically continuous with
a corresponding one of the plurality of connection por-
tions 258 of the wiring portion 256 via wiring (not shown)
formed in the wiring board 254. In the ultrasonic trans-
ducer unit 246, even in a case where a plurality of the
wiring boards 254 are wired, if a large number of elec-
trode pads 205 are disposed because, for example, the
number of channels the ultrasonic transducer array 250
is large, the electrode pads 205 may be arranged in mul-
tiple rows. Wiring means for wiring the plurality of elec-
trode pads 205 and the plurality of individual electrodes
200a is not limited to the wiring cable 208 illustrated in
the figures. Known wiring means, such as lead wires or
a FPC, may be used, provided that the wiring means can
electrically connect the plurality of electrode pads 205
and the plurality of individual electrodes 200a.

[0126] The wiring portion 256 of the wiring board 254
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is composed of the plurality of connection portions 258,
which are terminals each of which is wired to a corre-
sponding one of the signal wires 71a of the plurality of
coaxial cables 71 of the cable portion 70. In the example
shown in Figs. 10 and 11, the wiring portion 256 is dis-
posed between the plurality of electrode pads 205 and
the ground portion 260 of the wiring board 254. Prefera-
bly, the total number of the plurality of connection portions
258 of the wiring portion 256 is at least larger than or
equal to the total number of the plurality of electrode pads
205. In a case where, for example, the number of chan-
nels the ultrasonic transducer array 250 is large, as with
the plurality of electrode pads 205, the connection por-
tions 258 may be arranged in multiple rows. Although not
illustrated, preferably, wiring portions between the signal
wires 71a of the plurality of coaxial cables 71 of the cable
portion 70 and the plurality of connection portions 258 of
the wiring portion 256 are covered by a filler (not shown)
made of an insulating resin or the like, in order to prevent
wire breakage at the wiring portions.

[0127] The ground portion 260 of the wiring board 254
is an electroconductive member that is disposed on the
proximal end side of the wiring board 254 and that is
electrically connected to the shield layers 71c¢ of the plu-
rality of coaxial cables 71 of the cable portion 70. In the
example shown in Figs. 10 and 11, the shield layers 71¢c
of the plurality of coaxial cables 71 are electrically con-
nected to the ground portion 260. Accordingly, in order
to make the ground potentials of the shield layers 71c of
the coaxial cables 71 be the same potential, preferably,
ground portions 260 to which the shield layers 71c of the
coaxial cables 71 are electrically connected are electri-
cally continuous with each other. That is, for example,
the ground portion 260 may have an annular shape so
as to surround the cylindrical member 204. In a case
where a plurality of wiring boards 254 are provided, the
ground portions 260 of the wiring boards 254 may be
electrically connected to each other by using lead wires
orthe like. In this case, forexample, evenin a case where
the transducer ground 200b of the electrode portion 200
is not a common electrode but includes electrodes that
are independent from each other, the ground potentials
of the plurality of ultrasonic transducers 248 can be made
to be the same potential.

[0128] In the example of the heat dissipation structure
of the present embodiment described above with refer-
ence to Figs. 9 to 11, as in the example of the first em-
bodiment shown in Fig. 4, heat generated in the plurality
of ultrasonic transducers 248 can be dissipated to the
shield member 73 and the connection pipe 76 of the cable
portion 70. Moreover, in the heat dissipation structure of
the first embodiment shown in Figs. 6 to 8, by applying
the radial-type ultrasonic transducer unit 246 shown in
Figs. 9 to 11, the ultrasonic endoscope 212 having the
radial-type ultrasonic transducer unit 246 can have a heat
dissipation structure similar to that described in the first
embodiment.

[0129] Forexample, in another example of the present
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embodiment shown in Fig. 12, the radial-type ultrasonic
transducer unit 246 shown in Figs. 10 and 11 is connect-
ed to the cable portion 79 of the example of the first em-
bodiment shown in Fig. 6. Therefore, in the structure
shown in Fig. 12, as in the structure of the example of
thefirstembodiment shownin Fig. 6, because the second
heat conductive member 81 of the cable portion 79 has
the outward flange 81a, the heat dissipation path from
the second heat conductive member 81 to the connection
pipe 76 is large, and the heat dissipation efficiency is
improved. Moreover, because the outward flange 81a of
the second heat conductive member 81 serves as a re-
tainer of the connection pipe 76, a portion of the cable
portion 70 inside of the connection pipe 76 can be pre-
vented from moving toward the distal end side relative
to the connection pipe 76.

[0130] Inanother example of the present embodiment
shown in Fig. 13, the radial-type ultrasonic transducer
unit 246 shown in Figs. 10 and 11 is connected to the
cable portion 82 of the example of the first embodiment
shown in Fig. 7. Therefore, with the structure shown in
Fig. 13, as in the example of the structure of the first
embodiment shown in Fig. 7, the heat dissipation effect
can be improved. Thatis, in a portion of the cable portion
82 where the second heat conductive member 83 is dis-
posed, the first insulation tube 74 and the outer jacket
72b are removed and the second heat conductive mem-
ber 83 and the shield member 73 of the cable portion 82
contact each other, and therefore it is possible toimprove
the efficiently in conducting heat, which is conducted from
the copper foil 262 to the shield member 73 of the cable
portion 82, to the connection pipe 76. Therefore, as with
the example of the firstembodiment shown in Fig. 7, heat
dissipation efficiency can be improved.

[0131] Inanother example of the present embodiment
shown in Fig. 14, the radial-type ultrasonic transducer
unit 246 shown in Figs. 10 and 11 is connected to the
cable portion 85 of the example of the first embodiment
shown in Fig. 8. Therefore, with the structure shown in
Fig. 14, as with the example of the structure of the first
embodiment shown in Fig. 8, the third heat conductive
member 86 is disposed so as to fill a space between the
first insulation tube 74, and at least a part of the connec-
tion pipe 76 and the second insulation tube 78. Therefore,
heat that is generated in the plurality of ultrasonic trans-
ducers 248 and conducted to the shield member 73 of
the cable portion 85 via the copper foil 262 can be dissi-
pated to the connection pipe 76 and the third heat con-
ductive member 86. Accordingly, as with the example of
the first embodiment shown in Fig. 8, heat dissipation
paths can be increased, and the heat dissipation efficien-
¢y can be improved.

[0132] Heretofore, ultrasonic endoscopes each having
a heat dissipation structure according to the present in-
vention have been described. However, the present in-
vention is not limited to the examples described above,
and, as a matter of course, may be improved or modified
in various ways within the spirit and scope of the present
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Reference Signs List

[0133]

10 ultrasonic inspection system

12, 212 ultrasonic endoscope

14 ultrasonic processor device

16 endoscope processor device

18 light source device

20 monitor

21a water supply tank

21b suction pump

22 insertion portion

24 operating unit

26 universal cord

28a air/water supply button

28b suction button

29 angle knob

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

32b endoscope connector

32c light source connector

34a air/water supply tube

34b suction tube

36, 236 ultrasonic observation portion
38, 238 endoscopic observation portion
40, 240 distal end portion

41,241 exterior member

42 bending portion

43 soft portion

44 treatment tool lead-out port

45 treatment tool channel

46, 246 ultrasonic transducer unit
47, 247 laminated body

48, 248 ultrasonic transducer

50, 250 ultrasonic transducer array
52, 252 backing material layer

54, 254 wiring board

56, 256 wiring portion

58, 258 connection portion

60, 260 ground portion
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invention. As a matter of course, the embodiments and
the plurality of examples described above may be used
in combination as appropriate.

10

15

20

25

30

35

40

45

62, 262 copper foil (first heat conductive member)

64, 264 acoustic matching layer
66, 266 acoustic lens

68 filler layer

70, 79, 82, 85 cable portion
71 coaxial cable

71a signal wire

71b, 71d, 72a, 72b jacket
71c shield layer

73 shield member

74 first insulation tube

76 connection pipe

78 second insulation tube

50

55
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80, 81, 83 second heat conductive member
81a outward flange

84 insulating layer

86 third heat conductive member

88 observation window

90 objective lens

92 solid-state imaging element

94 illumination window

96 cleaning nozzle

98, 208 wiring cable

200 electrode portion

200a individual electrode

200b transducer ground

202 annular plate

203 support plate

204 cylindrical member

205 electrode pad

206 slit

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

Claims
1. An ultrasonic endoscope comprising:
a laminated body that comprises

an ultrasonic transducer array in which a
plurality of ultrasonic transducers are ar-
ranged, and

a backing material layer that supports the
plurality of ultrasonic transducers;

a cable portion that comprises

a plurality of cables each of which is elec-
trically connected to a corresponding one
of the plurality of ultrasonic transducers,
and

a shield member that covers the plurality of
cables from outside and that is made of a
metal; and

a first heat conductive member that is disposed
on a side surface of the laminated body,
wherein the first heat conductive member is ex-
tended to the shield member that is grounded
to a housing and is thermally connected to the
shield member.

2. The ultrasonic endoscope according to claim 1, fur-
ther comprising:

a first insulation tube that covers the cable por-
tion;

an electroconductive connection pipe that cov-
ersa partofthe firstinsulation tube on a proximal
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end side of the ultrasonic endoscope;

a second insulation tube that is connected to
one end of the connection pipe on the proximal
end side and that covers a part of the connection
pipe and a part of the first insulation tube on the
proximal end side of the ultrasonic endoscope;
and

a second heat conductive member that is dis-
posed in contact with both of the first insulation
tube and the connection pipe.

The ultrasonic endoscope according to claim 2,
wherein the second heat conductive member fills at
least a part of a space between the first insulation
tube and the connection pipe.

The ultrasonic endoscope according to claim 3,
wherein the second heat conductive member is a
cylindrical member that is disposed between the first
insulation tube and the connection pipe.

The ultrasonic endoscope according to any one of
claims 2 to 4, wherein the second heat conductive
member has a thick portion at an end portion thereof
on a distal end side of the ultrasonic endoscope, the
thick portion being thicker than a portion thereof that
is disposed between the first insulation tube and the
connection pipe, and the thick portion contacts an
end surface of the connection pipe on the first heat
conductive member side.

The ultrasonic endoscope according to claim 5,
wherein the second heat conductive member com-
prises a cylindrical portion and the thick portion, the
cylindrical portion being disposed between the first
insulation tube and the connection pipe, and
wherein the thick portion is an outward flange that
has a cylindrical shape having an outside diameter
larger than or equal to an inside diameter of the con-
nection pipe.

The ultrasonic endoscope according to any one of
claims 2 to 6,

wherein the cable portion has a jacket of one layer
outside of the shield member, and wherein the jacket
of the cable portion is removed at least at a portion
that is covered by the second heat conductive mem-
ber together with the first insulation tube.

The ultrasonic endoscope according to claim 7,
wherein the jacket of the cable portion is removed
on the distal end side of the connection pipe and the
shield member is exposed,

wherein, at a portion where the jacket is removed
and the shield member is exposed to the first insu-
lation tube, a part of the first insulation tube is re-
moved, and the shield member is exposed to the
outside, and
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wherein the second heat conductive member con-
tacts the portion where the shield member is ex-
posed to the outside, covers the removed part of the
first insulation tube, and contacts the distal end side
of the connection pipe.

The ultrasonic endoscope according to claim 8, fur-
ther comprising:
an insulation layer that is disposed outside of the
connection pipe.

The ultrasonic endoscope according to any one of
claims 2 to 9, further comprising:

a third heat conductive member that fills a space
between the first insulation tube, and a portion of the
connection pipe on the proximal end side and the
second insulation tube.
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FIG. 7
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