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(57) ABSTRACT

An ultrasonic endoscope has an ultrasonic vibrator array in
which a plurality of ultrasonic vibrators are arrayed; a
backing material layer that supports the ultrasonic vibrators;
shield cables that each include a signal wire and a shield
member for the signal wire; a flexible printed wiring board
that extends on a side opposite to the ultrasonic vibrator
array with respect to the backing material layer and that
includes a ground portion electrically connected to the shield
members; and a heat conductive layer that is provided on at
least one surface of the flexible printed wiring board and
connected to the ground portion, the heat conductive layer
dissipating heat generated in the plurality of ultrasonic
vibrators to the ground portion.
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ULTRASONIC ENDOSCOPE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/IP2017/018176 filed on May
15, 2017, which claims priority under 35 U.S.C. § 119(a) to
Japanese Patent Application No. 2016-130083 filed on Jun.
30, 2016. The above application is hereby expressly incor-
porated by reference, in its entirety, into the present appli-
cation.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to an ultrasonic endo-
scope and relates, in particular, to an ultrasonic endoscope
that has, at a distal end portion thereof, a structure for
dissipating heat generated in a super-small sized ultrasonic
vibrator used in the ultrasonic endoscope that is to be
inserted into a body cavity.

2. Description of the Related Art

[0003] An ultrasonic endoscope is provided, at a distal end
portion of the endoscope, an ultrasonic observation portion
for the purpose of observing, mainly, a gallbladder or a
pancreas via digestive tracts. At the distal end portion of the
ultrasonic endoscope, heat generation factors such an ultra-
sonic vibrator and a light source of the endoscope are
present. Since the distal end portion of the ultrasonic endo-
scope 1s a portion that comes into direct contact with an
inner portion of a living body such as a human body, the
surface temperature of an insertion part is required to be
lower than or equal to a certain temperature for safety
reasons, for example, for preventing low-temperature burn.
[0004] In addition to the ultrasonic observation portion, an
illumination unit, a suction portion, and the like are provided
at the distal end portion of the ultrasonic endoscope, simi-
larly to a normal endoscope in which no ultrasonic obser-
vation portion is provided. As a result, the distal end portion
of the ultrasonic endoscope has a thick outer diameter, which
may cause degradation in operability of the ultrasonic endo-
scope and an increase in the burden of a patient into which
the distal end portion of the ultrasonic endoscope is inserted.
[0005] Considering above, an ultrasonic endoscope that
has means for decreasing the surface temperature of a distal
end portion while maintaining the size of the distal end
portion to be small is desired. Therefore, various suggestions
for dissipating heat generated in an ultrasonic vibrator have
been put forward in recent years (refer to JP5329065B and
JP2000-184497A).

[0006] JP5329065B discloses an ultrasonic endoscope that
includes an insertion part having a bendable portion and that
has, at the insertion part, a backing material layer that has a
front surface on which a plurality of ultrasonic vibrators are
arranged, an exterior member that houses the plurality of
ultrasonic vibrators at a distal end of the insertion part, and
a heat conductive member disposed inside the exterior
member and in contact with a rear surface of the backing
material layer and an inner surface of the exterior member.
In this configuration, the heat generated in the ultrasonic
vibrators and conducted to the backing material layer and
the heat generated in the backing material layer are con-
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ducted to the heat conductive member through the backing
material layer, further conducted to the exterior member
through the heat conductive member, and dissipated to the
outside of the ultrasonic endoscope from the exterior mem-
ber.

[0007] JP2000-184497A discloses an ultrasound probe
that has a piezoelectric element that emits ultrasonic waves,
a signal electrode that is electrically connected to the piezo-
electric element and provided on a back surface of the
piezoelectric element, a backing material layer for mechani-
cally supporting the piezoelectric element, a heat conductive
member disposed between the signal electrode and the
backing material layer, and a dissipation member provided
around the backing material layer so as to be in contact with
the heat conductive member. In this configuration, the heat
generated in the piezoelectric element is dissipated to the
dissipation member via the heat conductive member.

SUMMARY OF THE INVENTION

[0008] Meanwhile, the technology disclosed in
JP05329065B considers only a heat dissipation path that
dissipates the heat generated in the ultrasonic vibrators and
the backing material layer to the exterior member through
the heat conductive member. Thus, the technology disclosed
in JP05329065B has a problem in which further improve-
ment of a heat dissipation effect is not expected because only
the heat dissipation path to the exterior member is consid-
ered for both the heat generated in the ultrasonic vibrator and
the heat generated in the backing material layer. In the
technology disclosed in JP05329065B, heat is dissipated
into a body cavity around the distal end portion of the
ultrasonic endoscope because only the heat dissipation path
to the exterior member is provided. Therefore, there is a
problem in which, when a drive voltage of the ultrasonic
vibrators is increased, the temperature around the distal end
portion of the ultrasonic endoscope is increased.

[0009] Moreover, the technology disclosed in JP2000-
184497 A is mainly applied to an ultrasound probe to be used
in an ultrasound diagnostic apparatus and brought into
contact with a living body to perform ultrasonic observation,
and thus, the heat conductive member, a dissipation plate,
and the like are large. Therefore, an area in which the
piezoelectric element and the heat conductive member are in
contact with each other is large, and it is consequently
possible to ensure heat dissipation. However, there is a
problem in which it is difficult to ensure sufficient heat
dissipation in an ultrasonic endoscope in which a space
inside a distal end portion is small.

[0010] To improve accuracy of ultrasonic diagnosis in the
ultrasonic endoscope or the ultrasound probe disclosed in
JP05329065B or JP2000-184497A, it is necessary to use
means for, for example, increasing a transmission output of
ultrasonic waves by stacking the ultrasonic vibrators,
enhancing reception sensitivity with respect to ultrasonic
echoes by increasing the number of disposed ultrasonic
vibrators, and increasing the drive voltage of the plurality of
ultrasonic vibrators. When such means are used, an amount
of heat dissipation from the plurality of ultrasonic vibrators
is increased, which may cause an increase in the surface
temperature of the insertion part of the ultrasonic endoscope,
which is to be brought into contact with an inner wall of a
body cavity of a patient, in particular, the surface tempera-
ture of the distal end portion of the ultrasonic endoscope at
which the plurality of ultrasonic vibrators are disposed.
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[0011] There has been a problem in which it is extremely
difficult to efficiently dissipate the heat generated in the
distal end portion of the ultrasonic endoscope while main-
taining the diameter of the insertion part of the ultrasonic
vibrator and the size of the distal end portion to be small
although improving accuracy in ultrasonic diagnosis is
desired in addition to improving operability and reducing
burdens of patients.

[0012] The present invention intends to eliminate the
above-described problems of existing technologies and to
provide an ultrasonic endoscope that has a heat dissipation
structure capable of efficiently dissipating heat generated in
ultrasonic vibrators while maintaining the diameter of an
insertion part and the size of a distal end portion to be small
and that is consequently capable of improving accuracy of
ultrasonic diagnosis.

[0013] An ultrasonic endoscope has an ultrasonic vibrator
array in which a plurality of ultrasonic vibrators are arrayed,
a backing material layer that supports the plurality of
ultrasonic vibrators; a flexible printed wiring board that
extends on a side opposite to the ultrasonic vibrator array
with respect to the backing material layer and that includes
a plurality of electrode pads that are each electrically con-
nected to a respective one of the plurality of ultrasonic
vibrators of the ultrasonic vibrator array; a plurality of shield
cables that each include a signal wire electrically connected
to arespective one of the plurality of ultrasonic vibrators and
that each include a shield member for a respective one of the
plurality of signal wires; a wiring portion that includes a
plurality of connection portions in which the plurality of
signal wires of the plurality of shield cables are each
electrically connected to a respective one of the plurality of
electrode pads of the flexible printed wiring board; a ground
portion that is provided on the flexible printed wiring board
and electrically connected to the shield members of the
shield cables; and a heat conductive layer that is provided on
at least one surface of the flexible printed wiring board and
connected to the ground portion, the heat conductive layer
dissipating heat generated in the plurality of ultrasonic
vibrators to the ground portion.

[0014] The heat conductive layer is preferably provided at
least at a portion of the flexible printed wiring board
extending beyond the backing material layer on the side
opposite to the ultrasonic vibrator array with respect to the
backing material layer.

[0015] The portion of the flexible printed wiring board
extending beyond the backing material layer on the side
opposite to the ultrasonic vibrator array with respect to the
backing material layer is preferably a flat surface portion.
[0016] Theheat conductive layer is preferably provided on
at least one surface of the flexible printed wiring board so as
to be thermally connected to the plurality of ultrasonic
vibrators of the ultrasonic vibrator array and so as to extend
beyond the backing material layer from the ultrasonic vibra-
tor array along the backing material layer to the side
opposite to the ultrasonic vibrator array with respect to the
backing material layer, the heat conductive layer being
connected to the ground portion.

[0017] Theheat conductive layer is preferably provided on
at least one surface of the flexible printed wiring board so as
to be at a portion of the flexible printed wiring board
extending beyond the backing material layer on the side
opposite to the ultrasonic vibrator array with respect to the
backing material layer, and the ultrasonic endoscope pref-
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erably further has a heat conductive member that thermally
connects the plurality of ultrasonic vibrators of the ultra-
sonic vibrator array and the heat conductive layer to each
other.

[0018] Theheat conductive layer is preferably provided, at
the portion of the flexible printed wiring board extending
beyond the backing material layer, on only one side opposite
to the backing material layer, and the heat conductive
member preferably thermally connects, on the one side of
the flexible printed wiring board opposite to the backing
material layer, the plurality of ultrasonic vibrators and the
heat conductive layer to each other.

[0019] The heat conductive layer preferably includes two
heat conductive layers provided on both surfaces of the
flexible printed wiring board, and the heat conductive mem-
ber preferably thermally connects, on one side of the flexible
printed wiring board opposite to the backing material layer,
the plurality of ultrasonic vibrators and the heat conductive
layer that is provided on the one side to each other, and the
two heat conductive layers provided on the both surfaces of
the flexible printed wiring board are preferably thermally
connected to each other.

[0020] The heat conductive layer provided on a surface of
the flexible printed wiring board on a side where the wiring
portion is present is preferably disposed at a portion exclud-
ing the plurality of connection portions of the wiring portion
s0 as to surround the plurality of connection portions.
[0021] The flexible printed wiring board includes a plu-
rality of flexible printed wiring boards disposed on the side
opposite to the ultrasonic vibrator array with respect to the
backing material layer.

[0022] The ultrasonic endoscope according to the present
invention preferably further includes a second heat conduc-
tive member that connects the plurality of heat conductive
layers that are each provided on a respective one of the
plurality of flexible printed wiring boards to each other.
[0023] According to the present invention, it is possible,
by providing a distal end portion of an ultrasonic endoscope
with a heat dissipation structure, to efficiently dissipate heat
generated as a result of driving ultrasonic vibrators, and it is
thus possible to increase an output of the ultrasonic vibrators
without increasing a burden of a patient as a subject of the
ultrasonic endoscope.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a schematic diagram illustrating an
example of a configuration of an ultrasonic inspection
system that uses an ultrasonic endoscope according to the
present invention;

[0025] FIG. 2 is a partially enlarged plan view illustrating
a distal end portion of an insertion part of the ultrasonic
endoscope illustrated in FIG. 1;

[0026] FIG. 3 is a view in the arrow direction of line ITI-I11
illustrated in FIG. 2, which is a partial longitudinal sectional
view of the distal end portion of the insertion part of the
ultrasonic endoscope illustrated in FIG. 2;

[0027] FIG. 41s a view in the arrow direction of line IV-1V
illustrated in FIG. 3, which is a cross-sectional view of an
example of an ultrasonic vibrator unit of an ultrasonic
observation portion at the distal end portion of the insertion
part of the ultrasonic endoscope illustrated in FIG. 3;
[0028] FIG. 5 is a schematic cross-sectional view of a
coaxial cable illustrated in FIG. 3;
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[0029] FIG. 6 is a partial cross-sectional view of another
example of the ultrasonic vibrator unit illustrated in FIG. 3
and FIG. 4;

[0030] FIG. 7 is a partial cross-sectional view of the other
example of the ultrasonic vibrator unit illustrated in FIG. 3
and FIG. 4;

[0031] FIG. 8 is a schematic partially enlarged view of
another example of a configuration of a wiring portion and
a ground portion of a flexible printed wiring board and a heat
conductive layer of the ultrasonic unit illustrated in FIGS. 3
to 7,

[0032] FIG. 9 is a partial cross-sectional view of an
example of the ultrasonic vibrator unit of the ultrasonic
observation portion in a second embodiment of the present
invention;

[0033] FIG. 10 is a partially enlarged plan view of the
distal end portion of the ultrasonic endoscope in a third
embodiment of the present invention;

[0034] FIG. 11 is a view in the arrow direction of line
XI-XT illustrated in FIG. 10, which is a partial longitudinal
sectional view of the distal end portion of the ultrasonic
endoscope illustrated in FIG. 10;

[0035] FIG. 12 is a partial longitudinal sectional view of
another example of the ultrasonic vibrator unit illustrated in
FIG. 11; and

[0036] FIG. 13 is a partial longitudinal sectional view of
the other example of the ultrasonic vibrator unit illustrated
in FIG. 11 and FIG. 12.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0037] An ultrasonic endoscope according to the present
invention will be described in detail on the basis of a suitable
embodiment illustrated in the attached drawings.

[0038] FIG. 1 is a schematic diagram illustrating an
example of a configuration of an ultrasonic inspection
system that uses the ultrasonic endoscope according to the
present invention.

[0039] An ultrasonic inspection system 10 illustrated in
FIG. 1 enables an observation of a gallbladder or a pancreas,
which is difficult to be observed in an ultrasonic inspection
from a body surface of a subject such as a patient, to be
performed via digestive tracts such as an esophagus, a
stomach, a duodenum, a small intestine, and a large intes-
tine, which are body cavities of the subject. In the ultrasonic
inspection system 10, an ultrasonic endoscope 12 according
to the present invention has an ultrasonic observation por-
tion 36 that acquires an ultrasonic tomographic image (here-
inafter referred to as an ultrasound image) and an endo-
scopic observation portion 38 that acquires an endoscopic
optical image (hereinafter referred to as an endoscopic
image), and the ultrasonic endoscope 12 is inserted into a
body cavity of a subject to acquire an ultrasound image of
an observation target part of the subject while observing an
endoscopic image of the subject.

[0040] As illustrated in FIG. 1, the ultrasonic inspection
system 10 includes the ultrasonic endoscope 12 that has a
heat dissipation structure, which is a characteristic of the
present invention, an ultrasonic processor 14 that generates
an ultrasound image, an endoscope processor 16 that gen-
erates an endoscopic image, a light source device 18 that
supplies illumination light for illuminating an inner portion
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of a body cavity to the ultrasonic endoscope 12, and a
monitor 20 that displays an ultrasound image and/or an
endoscopic image.

[0041] In addition, the ultrasonic inspection system 10
further includes a water supply tank 21« that stores cleaning
water or the like and a suction pump 215 that suctions a
suction object (including supplied cleaning water or the like)
inside the body cavity. While no illustration is provided, the
ultrasonic inspection system 10 may further include a supply
pump or the like that supplies the cleaning water inside the
water supply tank 21a or a gas such as outside air into a pipe
line (not illustrated) inside the ultrasonic endoscope 12.
[0042] The ultrasonic endoscope 12 illustrated in FIG. 1
has, at the distal end thereof, the ultrasonic observation
portion 36 having the heat dissipation structure, which is a
characteristic of the present invention, and the endoscopic
observation portion 38, and acquires each of an ultrasound
image (echo signal) and an endoscopic image (image signal)
by capturing an inner portion of a body cavity of a subject.
[0043] The ultrasonic endoscope 12 is constituted by an
insertion part 22 that is to be inserted into a body cavity of
a subject, the insertion part 22 including the ultrasonic
observation portion 36 and the endoscopic observation por-
tion 38 at the distal end thereof, an operating part 24 for
operation by an operator such as a doctor and an engineer,
the operating part 24 being provided at the proximal end
portion of the insertion part 22 so as to be continuous
therewith, and a universal cord 26 that has one end con-
nected to the operating part 24.

[0044] The operating part 24 is provided with an air-water
supply button 284 that opens and closes an air-water supply
pipe line (not illustrated) from the water supply tank 21a and
a suction button 285 that opens and closes a suction pipe line
(not illustrated) from the suction pump 215, the air-water
supply button 28« and the suction button 284 being arranged
parallel to each other, a pair of angle knobs 29 and 29, and
a treatment tool insertion port (forceps port) 30.

[0045] The water supply tank 21a is for storing the clean-
ing water that is to be supplied into the air-water supply pipe
line inside the ultrasonic endoscope 12 to, for example,
clean the endoscopic observation portion 38 and the like of
the ultrasonic endoscope 12. The air-water supply button
28a is used to cause a gas such as air and water such as the
cleaning water that are supplied from the water supply tank
21a via the air-water supply pipe line to spout out from the
endoscopic observation portion 38 on the distal end side of
the insertion part 22.

[0046] The suction pump 215 suctions the suction pipe
line (not illustrated) to suction a suction object (including
supplied cleaning water and the like) inside a body cavity
from the distal end side of the ultrasonic endoscope 12. The
suction button 285 is used to suction a suction object inside
a body cavity from the distal end side of the insertion part
22 by using the suction force of the suction pump 215.
[0047] The treatment tool insertion port 30 is for inserting
therethrough a treatment tool such as forceps, a puncture
needle, or a high-frequency knife.

[0048] The other end portion of the universal cord 26 is
provided with an ultrasonic connector 32a connected to the
ultrasonic processor 14, an endoscope connector 326 con-
nected to the endoscope processor 16, and a light source
connector 32¢ connected to the light source device 18. The
ultrasonic endoscope 12 is detachably connected to each of
the ultrasonic processor 14, the endoscope processor 16, and
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the light source device 18 via these connectors 32a, 325, and
32c¢. An air-water supply tube 34a to which the water supply
tank 21a is connected, a suction tube 345 to which the
suction pump 215 is connected, and the like are connected
to the light source connector 32c.

[0049] The insertion part 22 is constituted by, in order
from the distal end side, a distal end portion (tip rigid part)
40 formed of a rigid member and having the ultrasonic
observation portion 36 and the endoscopic observation por-
tion 38; a bendable bending portion 42 that is provided on
the proximal end side of the distal end portion 40 so as to be
continuous therewith and that is formed of a plurality of
bending pieces that are connected together; and a long and
narrow flexible soft portion 43 that connects the proximal
end side of the bending portion 42 and the distal end side of
the operating part 24 to each other.

[0050] The bending portion 42 is remotely operated to
bend when the pair of angle knobs 29 and 29 provided at the
operating part 24 are rotated. Thus, it is possible to direct the
distal end portion 40 in a desired direction.

[0051] A balloon in which an ultrasonic transmission
medium (for example, water, oil, or the like) is injected and
covering the ultrasonic observation portion 36 may be
detachably attached to the inner portion of the distal end
portion 40. Ultrasonic waves and echo signals considerably
attenuate in the air; therefore, it is possible to suppress
attenuation of ultrasonic waves and echo signals by injecting
the ultrasonic transmission medium into the balloon to cause
the balloon to expand and bringing the balloon into contact
with an observation target part to eliminate the air from a gap
between an ultrasonic vibrator (ultrasonic transducer) array
(50: refer to FIGS. 2 to 4, FIG. 6, and FIG. 7) of the
ultrasonic observation portion 36 and the observation target
part.

[0052] The ultrasonic processor 14 generates and supplies
an ultrasonic signal (data) for causing the ultrasonic vibrator
array (50: refer to FIGS. 2 to 4, FIG. 6, and FIG. 7) of the
ultrasonic vibrator unit (46: refer to FIGS. 2 to 4, 69: refer
to FIG. 6, 72: refer to FIG. 7) of the ultrasonic observation
portion 36 at the distal end portion 40 of the insertion part
22 of the ultrasonic endoscope 12 to generate ultrasonic
waves. The ultrasonic processor 14 is for receiving and
acquiring, at the ultrasonic vibrator array (50), the echo
signal (data) reflected by the observation target part to which
ultrasonic waves are emitted and generating an ultrasound
image to be displayed on the monitor 20 by subjecting the
acquired echo signal to various signal (data) processing.
[0053] The endoscope processor 16 is for receiving and
acquiring, at the endoscopic observation portion 38 at the
distal end portion 40 of the insertion part 22 of the ultrasonic
endoscope 12, a captured image signal (data) acquired from
the observation target part illuminated with the illumination
light from the light source device 18, and generating an
endoscopic image to be displayed on the monitor 20 by
subjecting the acquired image signal to various signal (data)
processing and image processing.

[0054] Each of the processors 14 and 16 may be consti-
tuted by a processor such as a PC (personal computer).
[0055] To acquire an image signal by capturing the obser-
vation target part inside the body cavity with the use of the
endoscopic observation portion 38 of the ultrasonic endo-
scope 12, the light source device 18 is for generating
illumination light such as white light consisting of light of
three primary colors, which are red light (R), green light (G),
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and blue light (B), or light of a specific wavelength, and
supplying the illumination light to the ultrasonic endoscope
12 to cause the illumination light to be propagated through
a light guide (not illustrated) inside the ultrasonic endoscope
12, to exit from the endoscopic observation portion 38 at the
distal end portion 40 of the insertion part 22 of the ultrasonic
endoscope 12, and to illuminate the observation target part
inside the body cavity.

[0056] The monitor 20 receives each video signal gener-
ated by the ultrasonic processor 14 and the endoscope
processor 16 and displays an ultrasound image or an endo-
scopic image. It is possible to display only one of the
ultrasound image and the endoscopic image on the monitor
20 by switching these images as appropriate or to display
both of these images at the same time. A monitor for
displaying ultrasound images and a monitor for displaying
endoscopic images may be separately provided, and the
ultrasound image and the endoscopic image may be dis-
played in another optional form.

[0057] Next, a configuration of the distal end portion 40 of
the insertion part 22 of the ultrasonic endoscope 12 accord-
ing to the present embodiment will be described in detail
with reference to FIGS. 2 to 4.

[0058] FIG. 2 is a partially enlarged plan view illustrating
the distal end portion of the ultrasonic endoscope illustrated
in FIG. 1 and a portion in the vicinity of the distal end
portion. FIG. 3 is a view in the arrow direction of line
illustrated in FIG. 2, which is a longitudinal sectional view
of the distal end portion of the ultrasonic endoscope illus-
trated in FIG. 2 taken along the center line thereof in the
longitudinal direction. FIG. 4 is a view in the arrow direction
of line IV-1V illustrated in FIG. 3, which is a cross-sectional
view of the distal end portion of the ultrasonic endoscope
illustrated in FIG. 3 taken along the center line of the arc
structure of the ultrasonic vibrator array of the ultrasonic
observation portion. In FIG. 4, the view is simplified for
description, and the coaxial cables (56: refer to FIG. 3) and
a connection portion (64: refer to FIG. 3) of the wiring
portion (62: refer to FIG. 3) are omitted.

[0059] As illustrated in FIG. 2 and FIG. 3, the distal end
portion 40 of the ultrasonic endoscope 12 is provided with
the ultrasonic observation portion 36, on the distal end side,
for acquiring an ultrasound image, the endoscopic observa-
tion portion 38, on the proximal end side, for acquiring an
endoscopic image, and a treatment tool lead-out port 44
between these observation portions. The ultrasonic obser-
vation portion 36, the endoscopic observation portion 38,
and the treatment tool lead-out port 44 are attached to and
held at an exterior member 41 formed of a rigid member
such as a rigid resin, the exterior member 41 serving as a
distal end main body of the distal end portion 40 of the
ultrasonic endoscope 12.

[0060] In the example illustrated in FIG. 2, the treatment
tool lead-out port 44 is provided between the ultrasonic
observation portion 36 and the endoscopic observation por-
tion 38; however the present invention is not particularly
limited to the illustrated example, and the treatment tool
lead-out port 44 may be provided inside the endoscopic
observation portion 38 or may be provided on the proximal
end side (bending portion 42 side) of the endoscopic obser-
vation portion 38.

[0061] As illustrated in FIGS. 2 to 4, the ultrasonic obser-
vation portion 36 is constituted by an ultrasonic vibrator unit
46, the exterior member 41 to which the ultrasonic vibrator
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unit 46 is attached to be held, and a plurality of coaxial
cables 56 wired to the ultrasonic vibrator unit 46.

[0062] In the example illustrated in FIG. 4, the ultrasonic
vibrator unit 46 has an ultrasonic vibrator array 50 formed
of a plurality of ultrasonic vibrators (transducers) 48; elec-
trode parts 52 provided on end portion sides of the ultrasonic
vibrator array 50 in a width direction; a backing material
layer 54 that supports each of the ultrasonic vibrators 48 of
the ultrasonic vibrator array 50 from a lower surface side; a
flexible printed wiring board (hereinafter simply referred to
as the FPC (flexible printed circuit)) 60 disposed along a side
surface of the backing material layer 54 in the width
direction and electrically connected to the electrode parts 52;
a heat conductive layer 68 provided on a surface of the FPC
60 facing the backing material layer 54; and a filler layer 80
that fills a gap between the exterior member 41 and the
backing material layer 54. One end of each of the plurality
of coaxial cables 56 each having the other end electrically
connected to the ultrasonic processor 14 is wired to the FPC
60.

[0063] As illustrated in FIG. 3, the plurality of coaxial
cables 56 connected to a wiring portion 62 of the FPC 60 are
gathered into a bundle on the proximal end side (universal
cord 26 side) of the distal end portion 40 of the insertion part
22 by using an outer sheath 58, and, in wiring, each of the
coaxial cables 56 is pulled out and electrically connected to
the FPC 60. As illustrated in FIG. 5, the plurality of coaxial
cables 56 each include, on the center side thereof, a signal
wire 56a electrically connected to a respective one of a
plurality of connection portions 64 of the wiring portion 62
of the FPC 60, and each coaxial cable 56 has an insulating
outer sheath 565 provided on an outside layer of the signal
wire 564, a conductive shield layer 56¢ provided on an
outside layer of the outer sheath 564, the shield layer 56¢
being groundable on the proximal end side (universal cord
26 side) of the ultrasonic endoscope 12, and an insulating
outer sheath 564 provided on an outermost layer. Conse-
quently, it is possible to wire the signal wires 56a of the
plurality of coaxial cables 56 to the wiring portion 62
without bending the plurality of coaxial cables 56, as is in
the example illustrated in FIG. 3, in a case in which the
wiring portion 62 is disposed on the backing material layer
54 side of a ground portion 66 in the FPC 60.

[0064] Meanwhile, grounding in the present invention is
not limited to causing a conductive member to have a zero
potential, and the grounding includes maintaining a conduc-
tive member at a certain low voltage by, for example,
connecting the conductive member to a member that has
large electric capacitance.

[0065] In the example illustrated in FIG. 3, the coaxial
cables 56 are used; however, cables having a configuration
different from the above-described configuration of the
coaxial cables 56 may be used provided that the cables
(shield cables) have signal wires that are electrically con-
nected to the plurality of ultrasonic vibrators 48 and that are
used for transmitting and receiving voltage signals and
groundable shield members that are electrically connected to
a vibrator ground 525 of the plurality of ultrasonic vibrators
48. While no illustration is provided, for example, cables
having a known structure such as a cable unit that includes,
on the center side thereof, a plurality of signal wires each
covered by an insulating outer sheath and a plurality of
groundable lead wires, and that has an outer sheath covering
the plurality of signal wires and the lead wires are usable as
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the shield cables. The arrangement of the signal wires and
the lead wires of the cable unit is not limited to that
described above, and the plurality of signal wires and lead
wires may be randomly arranged inside the outer sheath
covering the signal wires and the lead wires.

[0066] In addition, the ultrasonic vibrator unit 46 has an
acoustic matching layer 76 laminated on the ultrasonic
vibrator array 50, and an acoustic lens 78 laminated on the
acoustic matching layer 76. In other words, the ultrasonic
vibrator unit 46 is formed of a laminated body 47 of the
acoustic lens 78, the acoustic matching layer 76, the ultra-
sonic vibrator array 50, and the backing material layer 54.
[0067] The acoustic matching layer 76 is for acoustic
impedance matching between a subject such as a human
body and the ultrasonic vibrators 48.

[0068] The acoustic lens 78 mounted on the acoustic
matching layer 76 is for causing ultrasonic waves emitted
from the ultrasonic vibrator array 50 to be converged toward
an observation target part. The acoustic lens 78 is made of,
for example, a silicone-based resin (a millable silicone
rubber (HTV rubber), a liquid silicone rubber (RTV rubber),
etc.), a butadiene-based resin, a polyurethane-based resin, or
the like. To increase the transmittance of ultrasonic waves
through acoustic impedance matching between a subject and
the ultrasonic vibrators 48 in the acoustic matching layer 76,
powder of titanium oxide, alumina, silica, or the like is
mixed, as necessary, in the acoustic lens 78.

[0069] The ultrasonic vibrator array 50 of the ultrasonic
vibrator unit 46 is a 48-192 channel (CH) array formed of
the plurality of, for example 48 to 192, rectangular paral-
lelepiped ultrasonic vibrators (transducers) 48 arrayed in a
convex arc shape facing outward.

[0070] In other words, the ultrasonic vibrator array 50 is
formed of the plurality of ultrasonic vibrators 48 arrayed, for
example, as is in the illustrated example, in a one-dimen-
sional array shape at a predetermined pitch. Thus, the
ultrasonic vibrators 48 constituting the ultrasonic vibrator
array 50 are arrayed in a convex curved shape at an equal
interval in the axial direction (the longitudinal axial direc-
tion of the insertion part 22) of the distal end portion 40 and
are configured to sequentially driven on the basis of a drive
signal input from the ultrasonic processor 14. Accordingly,
convex electronic scanning is performed with a scanning
region set at a region, illustrated in FIG. 2, in which the
ultrasonic vibrators 48 are arrayed.

[0071] The ultrasonic vibrator array 50 is shorter, than in
a direction (AZ (azimuth) direction) parallel to a bottom
surface of the backing material layer 54, in the width
direction of the ultrasonic vibrator array 50 orthogonal to the
AZ direction, that is, in the longitudinal direction (EL
(elevation) direction) of the ultrasonic vibrators 48, and the
ultrasonic vibrator array 50 is arranged so as to be inclined
such that the rear end portion thereof protrudes. As illus-
trated in FIG. 4, the ultrasonic vibrators 48 have a configu-
ration in which electrodes are disposed on both surfaces of
a thick film of a piezoelectric body made of, for example,
PZT (lead zirconate titanate), PVDF (polyvinylidene fluo-
ride), or the like. The electrodes on one side are individual
electrodes 52a that are independent from each other for
respective ultrasonic vibrators 48, and the electrode on the
other side is the vibrator ground (vibrator ground electrode)
525, which is a common electrode common to all of the
ultrasonic vibrators 48. In the illustrated example, the plu-
rality of individual electrodes 52a are disposed on a lower
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surface of an end portion of the plurality of ultrasonic
vibrators 48, and the vibrator ground 524 is provided on an
upper surface of the end portion of the ultrasonic vibrators
48. The plurality of individual electrodes 52a and the
vibrator ground 525 constitute the electrode parts 52.
[0072] Each gap between two ultrasonic vibrators 48
adjacent to each other is filled with a filler such as an epoxy
resin.

[0073] In the ultrasonic vibrator unit 46 of the ultrasonic
observation portion 36, when each of the ultrasonic vibrators
48 of the ultrasonic vibrator array 50 is driven, and a voltage
is applied to both electrodes of each ultrasonic vibrator 48,
the piezoelectric bodies vibrate to sequentially generate
ultrasonic waves, and the ultrasonic waves are emitted
toward an observation target part of a subject. Then, a
scanning region along a curved surface on which the ultra-
sonic vibrator array 50 is arranged, for example, a region of
tens of millimeters from the center of the curvature of the
curved surface is scanned with ultrasonic waves by sequen-
tially driving the plurality of ultrasonic vibrators 48 with the
use of an electronic switch such as a multiplexer.

[0074] When echo signals (ultrasonic echoes) reflected by
the observation target part are received, the piezoelectric
bodies vibrate to generate voltages, and the voltages are
output as electric signals (ultrasonic wave detection signals)
in accordance with the received ultrasonic echoes to the
ultrasonic processor 14. After being subjected to various
processing in the ultrasonic processor 14, the signals are
displayed as an ultrasound image on the monitor 20.
[0075] When a drive voltage is applied to the plurality of
ultrasonic vibrators 48, and the piezoelectric bodies each
constituting a respective one of the plurality of ultrasonic
vibrators 48 vibrate to generate ultrasonic waves that are to
be transmitted toward an object and when ultrasonic echoes
of ultrasonic waves transmitted from the plurality of ultra-
sonic vibrators 48 and reflected by the object are received by
the plurality of ultrasonic vibrators 48, and the piezoelectric
bodies vibrate to generate ultrasonic echo signals (voltage
signals), as described above, heat is generated in each of the
piezoelectric bodies each constituting the respective one of
the plurality of ultrasonic vibrators 48. One of means for
enhancing definition of an ultrasound image, that is, improv-
ing accuracy of ultrasonic diagnosis is means for increasing
the output power of the drive signal (voltage signal) of the
plurality of ultrasonic vibrators 48; however, as the drive
voltage increases, the heat generated in the piezoelectric
bodies increases.

[0076] Thus, it is possible to efficiently dissipate the heat
generated in the piezoelectric bodies by providing the distal
end portion 40 of the ultrasonic endoscope 12 with the heat
dissipation structure, which is a characteristic of the present
invention. Consequently, it is possible to improve the accu-
racy of ultrasonic diagnosis.

[0077] As illustrated in FIGS. 3 and 4, the electrode parts
52 of the ultrasonic vibrator unit 46 are provided in an arc
shape. on end surface sides (of ultrasonic vibrators 48) of the
ultrasonic vibrator array 50 vertical to the arc-shaped surface
formed by the array of the plurality (48 to 192) of ultrasonic
vibrators 48, and the electrode parts 52 are formed of the
plurality (48 to 192) of individual electrodes 52a that are
each electrically connected to a respective one of the plu-
rality (48 to 192) of ultrasonic vibrators 48. The electrode
parts 52 include the vibrator ground 526 of the plurality of
ultrasonic vibrators 48. Meanwhile, in the present invention,
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“vertical” is not limited to 90 degrees and includes “sub-
stantially vertical”, for example, 90 degrees +5 degrees, that
is, an angle within a range from 85 degrees to 95 degrees.
[0078] The electrode parts 52 are provided on the end
surface sides of the ultrasonic vibrator array 50 vertical to
the surface of the array of the ultrasonic vibrators 48;
however, when the number of the ultrasonic vibrators 48 is
small, the electrode parts 52 may be provided on one of the
end surface side. Since it is preferable that the number of the
ultrasonic vibrators 48 be large, the plurality of individual
electrodes 52a are preferably provided on both outside
surfaces of the ultrasonic vibrator array 50. The plurality of
individual electrodes 52a may be provided on the center side
instead of the end surface sides of the ultrasonic vibrator
array 50. When the ultrasonic vibrators 48 are provided in
multiple rows, for example, two rows in the width direction,
it is possible to efficiently perform wiring, even when the
number of channels is large, by providing the plurality of
individual electrodes 52a on the center side of the ultrasonic
vibrator array 50. Thus providing the plurality of individual
electrodes 52a on the center side, in addition to both outside
surfaces, of the ultrasonic vibrator array 50 makes it possible
to increase the number of the ultrasonic vibrators 48, that is,
the number of the channels.

[0079] In the example illustrated in FIG. 4, the plurality of
individual electrodes 52a are constituted by the individual
electrodes 52a provided on the end surface sides of each
ultrasonic vibrator 48 in the longitudinal direction; however,
the present invention is not limited thereto. The plurality of
individual electrodes 52a may be constituted by other elec-
trodes wired and connected to the individual electrodes 52a
provided that the other electrodes are electrically connected
to the individual electrodes 52a of the ultrasonic vibrators
48, in each case in which the plurality of individual elec-
trodes 52a are provided on the one outside surface, both
outside surfaces, or the center side of the ultrasonic vibrator
array 50. In addition, instead of directly including the
vibrator ground 52, the electrode parts 52 may include an
electrode wired and connected to the vibrator ground 525.
Moreover, the plurality of individual electrodes 52a and the
vibrator ground 525 of the electrode parts 52 are preferably
provided as electrode pads.

[0080] Next, as illustrated in FIGS. 3 and 4, the backing
material layer 54 of the ultrasonic vibrator unit 46 is a layer
that is disposed on an inner side with respect to the surface
of the array of the plurality of ultrasonic vibrators 48, in
other words, on a back surface (lower surface) of the
ultrasonic vibrator array 50 and that is of a member formed
of a backing material. The backing material layer 54 has a
role of mechanically and flexibly supporting the ultrasonic
vibrator array 50 and attenuating, of ultrasonic signals
emitted by the plurality of ultrasonic vibrators 48 or
reflected by an observation target and propagated, the ultra-
sonic waves that are propagated to the backing material
layer 54 side. Thus, the backing material is formed of a
material, such as a hard rubber, having rigidity, and an
ultrasonic wave attenuating material (a ferrite, a ceramic,
etc.) is added to the backing material, as necessary.

[0081] Therefore, the ultrasonic vibrator array 50 is pref-
erably an array in which the plurality of rectangular paral-
lelepiped ultrasonic vibrators 48 are arrayed on an arc-
shaped upper surface that serves as a cross-sectionally
convex arc-shaped upper surface of the backing material
layer 54 so as to be parallel to each other in the longitudinal
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direction thereof, preferably at an equal interval, in other
words, an array in which the plurality of ultrasonic vibrators
48 are arrayed in an arc shape facing outward.

[0082] Provided that the above-described role is fulfilled,
the shape of the backing material layer 54 may be a
substantially half-cylindrical shape, such as that illustrated
in FIG. 3 or FIG. 4 and may be provided with a concave
section to enable a portion of the FPC 60 and the heat
conductive layer 68 to be housed therein.

[0083] The filler layer 80 of the ultrasonic vibrator unit 46,
illustrated in FIG. 3 and FIG. 4, fills the gap between the
exterior member 41 and the backing material layer 54 and
also plays a role of fixing the FPC 60, the coaxial cables 56,
and wiring parts of various types. The filler layer 80 pref-
erably has an acoustic impedance that matches with that of
the backing material layer 54 with precision of a certain
level or higher to suppress ultrasonic signals propagated
from the ultrasonic vibrator array 50 to the backing material
layer 54 side from being reflected by a boundary surface
between the filler layer 80 and the backing material layer 54.
In addition, to increase efficiency of dissipating the heat
generated in the plurality of ultrasonic vibrators 48, the filler
layer 80 is preferably constituted by a member that has heat
dissipation. When the filler layer 80 has heat dissipation, it
is possible to improve heat dissipation efficiency because the
filler layer 80 receives heat from the backing material layer
54, the FPC 60, the coaxial cables 56, and the like.

[0084] The FPC 60 of the ultrasonic vibrator unit 46 has
a plurality of electrode pads (not illustrated) electrically
connected at one end thereof to the plurality of individual
electrodes 52a of the plurality of ultrasonic vibrators 48. The
FPC 60 is disposed so as to bend along the side surface in
the width direction of the laminated body 47 constituted by
the ultrasonic vibrator array 50, the backing material layer
54, and the like. The FPC 60 is also disposed so as to extend
beyond the backing material layer 54 on a side opposite to
the ultrasonic vibrator array 50 with respect to the backing
material layer 54. The portion (portion on the lower side of
the backing material layer 54) of the FPC 60 extending
beyond the backing material layer 54 on the side opposite to
the ultrasonic vibrator array 50 with respect to the backing
material layer 54 is a smooth flat surface portion with no
bent. In addition, on the lower side of the backing material
layer 54, the FPC 60 has the wiring portion 62 that includes
the plurality of connection portions 64 wired to the signal
wires 56a of the plurality of coaxial cables 56, and the
grounded conductive ground portion 66 electrically con-
nected to the vibrator ground 525 of the ultrasonic vibrators
48. Bending and disposing the FPC 60 such that the FPC 60
extends on the lower side of the backing material layer 54,
as described above, suppresses the FPC 60 from largely
occupying a space inside the distal end portion 40 of the
insertion part 22, and therefore, it is possible to perform
various wiring by effectively using the space inside the distal
end portion 40 while maintaining the size of the distal end
portion 40 to be small.

[0085] Connection means that uses a solder wire, a con-
ductive paste, or the like or known electrical connection
means such as wire bonding may be used as connection
means for connecting the individual electrodes 52a of the
electrode parts 52 and the electrode pads of the FPC 60 to
each other, provided that the means is capable of performing
electrical connection.
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[0086] While only one sheet of the FPC 60 is disposed
along the side surface of the laminated body 47 on one side
in the width direction, the number of the FPCs 60 to be
disposed may be increased, as appropriate when the number
of the channels (number of the ultrasonic vibrators 48) of the
ultrasonic vibrator array 50 is large. Moreover, the FPC 60
is not necessarily disposed along the side surface of the
laminated body 47 in the width direction provided that the
FPC 60 electrically connects the electrode parts 52 and the
signal wires 56a of the coaxial cables 56 to each other. For
example, when the electrode parts 52 are provided on the
center side of the laminated body 47 in the width direction,
one or more of the FPCs 60 may be embedded and disposed
in the backing material layer 54, or the plurality of electrode
pads (not illustrated) of the FPC 60 may be disposed so as
to face the lower surface of the backing material layer 54.

[0087] The heat conductive layer 68 of the ultrasonic
vibrator unit 46 is a member for conducting the heat gen-
erated in the plurality of ultrasonic vibrators 48 to the ground
portion 66 of the FPC 60. In the example illustrated in FIG.
4, the heat conductive layer 68 is integrally formed on one
surface of the FPC 60 on the backing material layer 54 side
and extends, together with the FPC 60, from the ultrasonic
vibrator array 50 along the backing material layer 54 on the
lower side of the backing material layer 54. The heat
conductive layer 68 is thermally connected to the plurality of
ultrasonic vibrators 48 of the ultrasonic vibrator array 50.
Consequently, it is possible to provide a heat dissipation path
without largely occupying the space inside the distal end
portion 40 of the insertion part 22. To efficiently conduct the
heat generated in the plurality of ultrasonic vibrators 48, a
metal material, such as copper, aluminum, or silver, having
high heat conductivity, a highly heat-conductive ceramic, a
heat conductive silicone sheet, or the like is preferably used
as the heat conductive layer 68. In particular, when the heat
conductive layer 68 is constituted by a metal material, it is
preferable that the heat conductive layer 68 be removed, as
is in the example illustrated in FIG. 4, at a part where the
plurality of individual electrodes 52« of the electrode parts
52 and the FPC 60 are connected to each other, to avoid
interference between the heat conductive layer 68 and the
plurality of individual electrodes 52a. Moreover, the heat
conductive layer 68 is preferably in contact with the plural-
ity of ultrasonic vibrators 48 to efficiently conduct the heat
generated in the plurality of ultrasonic vibrators 48. Pro-
vided that the interference between the plurality of indi-
vidual electrodes 52a and the heat conductive layer 68 is
avoided, the heat conductive layer 68 may be formed by
using another configuration, as appropriate.

[0088] In the example illustrated in FIG. 4, the heat
conductive layer 68 is formed so as to extend to the end
portion of the FPC 60 on the side opposite to the ultrasonic
vibrator array 50 (on the lower side of the backing material
layer 54) and thermally connected, at the end portion on the
lower side of the backing material layer 54, to the ground
portion 66 disposed on a surface of the FPC 60 on the side
opposite to the heat conductive layer 68. In the illustrated
example, the heat conductive layer 68 and the ground
portion 66 are thermally connected to each other by using a
wire (not illustrated) provided inside the FPC 60; however,
the heat conductive layer 68 and the ground portion 66 may
be thermally connected to each other by using a known
member, such as a solder wire or a lead wire, provided that
the wire has sufficient heat conductivity. Means for ther-
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mally connecting the heat conductive layer 68 and the
ground portion 66 is not particularly limited provided that
the means has sufficient heat conductivity and does not
affect, for example, damage the plurality of ultrasonic vibra-
tors 48 and connection parts thereof as a result of heat. For
example, soldering or connection means using silver paste is
preferably used. When soldering is used, low melting-point
solder is preferably used. The heat conductive layer 68 may
be formed so as to extend, through an inner portion of the
FPC 60, from the surface on which the heat conductive layer
68 is formed and to be electrically connected to the ground
portion 66. When the heat conductive layer 68 is thus
disposed on the surface of the FPC 60 on the backing
material layer 54 side, the plurality of connection portions
64 of the wiring portion 62 disposed on the surface of the
FPC 60 on the side opposite to the backing material layer 54
are suppressed from easily interfering with the heat conduc-
tive layer 68. In other words, a wiring structure between the
plurality of connection portions 64 and the signal wires 56a
of the plurality of coaxial cables 56 is simplified, which
improves wiring workability.

[0089] In the example illustrated in FIG. 4, the heat
conductive layer 68 is provided as a layer of the FPC 60;
however, the heat conductive layer 68 may be formed by
using means such as coating. When the heat conductive
layer 68 is formed by being applied on the surface of the
FPC 60, it is possible to use, for example, epoxy adhesive
122-07 manufactured by Creative Materials Inc., thermal
grease X-23-8033-1 manufactured by Shin-Etsu Silicone, or
the like, as the heat conductive layer 68. In the example
illustrated in FIG. 4, the heat conductive layer 68 is disposed
on the surface of the FPC 60 on the backing material layer
54 side; however, the heat conductive layer 68 may be
provided on the surface of the FPC 60 on the side opposite
to the backing material layer 54 and may be provided on
both surfaces thereof to improve heat conduction efficiency
provided that the heat conductive layer 68 is capable of
conducting the heat generated in the plurality of ultrasonic
vibrators 48. When the heat conductive layer 68 is disposed
on the FPC 60 on the side opposite to the backing material
layer 54, the heat conductive layer 68 is preferably formed,
for example, on only the backing material layer 54 side of
the plurality of connection portions 64 so as to avoid
interference between the plurality of connection portions 64
and the heat conductive layer 68.

[0090] In the example illustrated in FIG. 4, the heat
conductive layer 68 is disposed on only the surface of the
FPC 60 on one side on the backing material layer 54 side;
however, the heat conductive layer 68 may be disposed on
the surface of the FPC 60 on the side opposite to the backing
material layer 54 and may be disposed on both surfaces
thereof provided that the heat conductive layer 68 is capable
of conducting the heat generated in the plurality of ultra-
sonic vibrators 48 to the ground portion 66. In other words,
the heat conductive layer 68 may be arranged on at least one
surface of the FPC 60 so as to extend on the lower side of
the backing material layer 54.

[0091] According to the configuration described above,
the heat conductive layer 68 is integrally formed on at least
a surface of the FPC 60 on one side and extends along side
surfaces of the plurality of ultrasonic vibrators 48 and the
backing material layer 54 in the width direction on the lower
side of the backing material layer 54. Consequently, it is
possible to dissipate the heat generated in the plurality of
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ultrasonic vibrators 48 to a grounded portion inside the
ultrasonic endoscope 12 via the ground portion 66 of the
FPC 60 while maintaining the size of the distal end portion
40 of the insertion part 22 to be small. Moreover, since the
heat conductive layer 68 is formed on the FPC 60 with no
gap therebetween, it is possible to avoid a filling defect of
the filler when forming the filler layer 80 so as to fill the gap
between the exterior member 41 and the backing material
layer 54.

[0092] Meanwhile, as described above, the portion where
the heat conductive layer 68 is disposed on at least a surface
of the FPC 60 on one side is thick compared with the FPC
60 with no heat conductive layer 68 formed, and the portion
is not easily bent because the rigidity of the heat conductive
layer 68 is added to the portion. Thus, due to the configu-
ration of the distal end portion 40 of the insertion part 22, it
may be difficult to, for example, bend and dispose the FPC
60 together with the heat conductive layer 68. Accordingly,
for example, by forming the heat conductive layer 68 on
only a portion excluding a portion where the FPC 60 is bent,
it is possible to easily dispose the FPC 60. In the example
illustrated in FIG. 6, the FPC 60 is bent and disposed in
contact with and along the side surfaces of the ultrasonic
vibrator array 50 and the backing material layer 54 in the
width direction. In addition, a heat conductive layer 70 is
provided, on the surface of the FPC 60 opposite to the
backing material layer 54, only at a portion of the FPC 60
extending on the lower side of the backing material layer 54.
In addition, an ultrasonic vibrator unit 69 has a heat con-
ductive member 71 that is thermally connected at one end to
the plurality of ultrasonic vibrators 48 of the ultrasonic
vibrator array 50 and thermally connected at the other end to
the heat conductive layer 70. The heat conductive member
71 is preferably not connected, at the portion where the FPC
60 is bent, to the FPC 60 so as not to hinder the flexibility
of the FPC 60. In other words, the heat conductive member
71 is preferably only connected at one end and the other end
thereof, respectively, to the plurality of ultrasonic vibrators
48 and the heat conductive layer 70, with no other connected
portions. In the example illustrated in FIG. 6, the heat
conductive member 71 and a bent portion of the FPC 60 are
positioned away from each other, however, may be in
contact with each other provided that the heat conductive
member 71 and the bent portion of the FPC 60 have no
contact point therebetween.

[0093] A metal member, such as copper, aluminum, gold,
or silver, having high heat conductivity, a heat conductive
silicone sheet, or the like is usable as the heat conductive
member 71 provided that the heat conductive member 71 is
capable of sufficiently conducting the heat generated from
the plurality of ultrasonic vibrators 48 to the heat conductive
layer 70. A known shape such as a foil shape, a linear shape,
a net shape, or the like may be employed as the shape of the
heat conductive member 71 provided that the heat conduc-
tive member 71 is capable of being easily disposed in
addition to having heat conduction efficiency. Moreover,
from the point of view of easiness in disposing, the heat
conductive member 71 preferably has a length from the
plurality of ultrasonic vibrators 48 to the heat conductive
layer 70 longer than that of the FPC 60.

[0094] When, in particular, the heat conductive member
71 is formed by using a metal, it is preferable that one end
of the heat conductive member 71 and the plurality of
ultrasonic vibrators 48 be thermally connected to each other
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such that the heat conductive member 71 and the individual
electrodes 52a of the electrode parts 52 do not electrically
interfere with each other to suppress noise from being
included in ultrasonic echo signals (voltage signals). In other
words, the heat conductive member 71 is preferably in
contact, at a portion excluding the plurality of individual
electrodes 52a, with the plurality of ultrasonic vibrators 48.
When the vibrator ground 525 of the electrode parts 52 is
grounded, for example, electrically connected to the ground
portion 66 or the shield layers 56¢ of the coaxial cables 56,
interference between the heat conductive member 71 and the
vibrator ground 524 is allowable. In addition, means for
thermally connecting the heat conductive member 71 to the
plurality of ultrasonic vibrators 48 and the heat conductive
layer 70 is not particularly limited provided that it is possible
to sufficiently conduct the heat from the ultrasonic vibrators
48 to the heat conductive layer 70 and also possible to avoid
thermal affection on the ultrasonic vibrators 48, such as
damage of the plurality of ultrasonic vibrators 48. As such
connection means, known connection means that does not
require a high temperature, for example, connection means
using low melting-point solder or silver paste is usable.

[0095] In the example illustrated in FIG. 6, a form in
which the heat conductive layer 70 is disposed, at the portion
extending on the lower side of the backing material layer 54,
only on a surface of the FPC 60 on one side is described,
however, the heat conductive layer 70 may be disposed on
both surfaces of the FPC 60 to, for example, improve heat
conduction efficiency.

[0096] As a result of forming, as described above, the heat
conductive layer 70 at only a flat surface portion of the FPC
60 extending on the lower side of the backing material layer
54 with the heat conductive member 71, which thermally
connects the plurality of ultrasonic vibrators 48 and the heat
conductive layer 70 to each other, being disposed, at the
portion where the FPC 60 is bent along the backing material
layer 54, so as to be away from the bent portion of the FPC
60, it is possible to easily dispose the FPC 60 and the heat
conductive layer 70 in the ultrasonic vibrator unit 69. In
addition, it is possible to reduce gap structures of the
ultrasonic vibrator unit 69 by forming the heat conductive
layer 70 as a layer of the FPC 60 on the lower side of the
backing material layer 54, and it is thus possible to avoid a
filling defect of the filler when forming the filler layer 80.

[0097] In the example illustrated in FIG. 6, the heat
conductive layer 70 is disposed on the surface of the FPC 60
on the side opposite to the backing material layer 54,
however, may be disposed also on the surface of the FPC 60
on the backing material layer 54 side. FIG. 7 illustrates
another example of the ultrasonic vibrator unit according to
the present embodiment. In the example illustrated in FIG.
7, an ultrasonic vibrator unit 72 has a heat conductive layer
73a disposed, at a portion where the FPC 60 extends on the
lower side of the backing material layer 54, a portion of the
FPC 60 on the side opposite to the backing material layer 54
side; and a heat conductive layer 735 disposed on the surface
thereof on the backing material layer 54 side. The heat
conductive layers 73a and 734 disposed on both surfaces of
the FPC 60 are thermally connected to each other via a wire
(not illustrated) provided in the inner portion of the FPC 60.
Therefore, the heat conducted from the plurality of ultra-
sonic vibrators 48 to the heat conductive layer 73a by the
heat conductive member 71 is conducted through the wire in
the inner portion of the FPC 60. In the example illustrated
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in FIG. 7, the heat conductive layer 735 on the backing
material layer 54 side of the FPC 60 and the ground portion
66 are thermally connected to each other through the FPC
60; however, means for thermally connecting the heat con-
ductive layer 735 and the ground portion 66 is not particu-
larly limited provided that the heat conductive layer 735 and
the ground portion 66 are sufficiently thermally connected.
For example, a lead wire, a solder wire, or a highly heat-
conductive metal member such as a copper foil, or a heat
conductive silicone sheet, or the like may be thermally
connected by using soldering or known connection means
such as silver paste.

[0098] Also in FIG. 6 and FIG. 7, similarly to FIG. 4, the
view is simplified for description, and the coaxial cables 56
(refer to FIG. 3 and FIG. 5), the wiring portion 62 (refer to
FIG. 3), and the connection portions 64 (refer to FIG. 3) are
omitted.

[0099] In the above configuration, the heat conductive
layers 73a and 73b are disposed, at only the portion of the
FPC 60 extending on the lower side of the backing material
layer 54, on both surfaces of the FPC 60, and the heat
conductive layers 73a and 73b are thermally connected to
each other via the FPC 60. Thus, the FPC 60 and the heat
conductive layers 73a and 73b are easily disposed in the
ultrasonic vibrator unit 72, and wiring between the plurality
of connection portions 64 of the wiring portion 62 and the
signal wires 56a of the coaxial cables 56 is easy, which
improves workability in wiring.

[0100] The plurality of connection portions 64 of the
wiring portion 62 of the FPC 60 are terminals that are
electrically connected to the plurality of individual elec-
trodes 52a of the electrode parts 52 electrically connected to
the plurality of ultrasonic vibrators 48 via a wire (not
illustrated) provided in the inner portion of the FPC 60, and
the connection portions 64 are wired to the signal wires 56a
of the plurality of coaxial cables 56. In the example illus-
trated in FIG. 4, the plurality of connection portions 64 are
disposed on the same surface of the FPC 60 as the surface
on which the ground portion 66 is disposed, so as to be on
the backing material layer 54 side of the ground portion 66.
Needless to say, a location where the plurality of connection
portions 64 are disposed is not particularly limited. The
connection portions 64 may be disposed at an arbitrary
location as appropriate to, for example, improve wiring
workability. In addition, the total number of the plurality of
connection portions 64 is preferably at least equal to the
number of the channels of the ultrasonic vibrator array 50.
Thus, the plurality of connection portions 64 may be
arranged in multiple rows on the FPC 60, as necessary.
[0101] In the example illustrated in FIG. 3 and FIG. 4, the
ground portion 66 of the FPC 60 is a conductive electrode
that is electrically connected to the vibrator ground 524 of
the electrode parts 52 via a wire (not illustrated) inside the
FPC 60, and the ground portion 66 is electrically connected
to the shield layers 56¢ of the plurality of coaxial cables 56.
Thus, it is possible to cause the shield layers 56¢ of the
plurality of coaxial cables 56 electrically connected to the
ground portion 66 to have the same ground potential. The
ground portion 66 is thermally connected to the heat con-
ductive layer 68 disposed on one of the surfaces of the FPC
60. It is possible to dissipate, by using a simple structure, the
heat generated in the plurality of ultrasonic vibrators 48 by
thermally connecting the heat conductive layer 68 and the
ground portion 66 to each other as described above. In
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example illustrated in FIGS. 3, 4, 6 and 7, the ground portion
66 is disposed, at an end portion of the FPC 60 on the lower
side of the backing material layer 54, on the surface of the
FPC 60 on the side opposite to the backing material layer 54;
however, the position at which the ground portion 66 is
disposed may be changed. as appropriate, in accordance
with the configuration of the distal end portion 40 of the
insertion part 22, the configuration of the wiring, and the
like. For example, the ground portion 66 may be disposed on
the surface of the FPC 60 on the backing material layer 54
side and on the portion of the FPC 60 extending on the lower
side of the backing material layer 54 on the backing material
layer 54 side.

[0102] The ground portion 66 has a heat dissipation effect,
even when the ground portion 66 is not grounded, for
example, when the shield layers 56c of the plurality of
coaxial cables 56 connected to the ground portion 66 are not
grounded, because the ground portion 66 conducts the heat
from the plurality of ultrasonic vibrators 48 to a member that
has a heat capacity larger than that of the heat conductive
layer 68 and the ground portion 66. When the ground portion
66 is grounded and, in particular, when the heat conductive
layer 68 is formed of a metal, the heat conductive layer 68
does not interfere with ultrasonic echo signals (voltage
signals) of the plurality of ultrasonic vibrators 48, and it is
thus possible to suppress noise from outside from being
included in ultrasonic echo signals.

[0103] Meanwhile, for example, when the heat conductive
layer 68 is disposed on the same surface of the FPC 60 as the
surface on which the wiring portion 62 is disposed in the
example illustrated in FIG. 4, wiring is complicated because
the plurality of coaxial cables 56, the respective signal wires
56a of which are wired to the plurality of connection
portions 64, and the wiring between the heat conductive
layer 68 and the ground portion 66 are present on the same
surface. Thus, the heat conductive layer 68 is disposed on
the surface of the FPC 60 so as to suppress the plurality of
connection portions 64 from interfering with the heat con-
ductive layer 68 and the ground portion 66, thereby simpli-
fying the wiring structure. In the example illustrated in FIG.
8, the ground portion 66 of the FPC 60 is disposed on one
end side of the FPC 60, and the plurality of connection
portions 64 are disposed adjacent to the ground portion 66.
A heat conductive layer 74 disposed on the same surface of
the FPC 60 as the surface on which the wiring portion 62 is
disposed is formed at a portion excluding the plurality of
connection portions 64 so as to surround the plurality of
connection portions 64 and so as to be thermally connected
to the ground portion 66. Since the heat conductive layer 74
is thus formed so as not to interfere with the plurality of
connection portions 64 and so as to be connected to the
ground portion 66, the heat conductive layer 74 and the
ground portion 66 do not need to be connected to each other
by using soldering or connection means using silver paste,
which suppresses the plurality of wires of the wiring portion
62 from being complicated. Consequently, it is possible to
improve wiring workability of the wiring portion 62 and also
possible to reduce possibility of disconnection of the wiring
portion 62.

[0104] FIG. 8 is a schematic view simplified for describ-
ing the configuration of the heat conductive layer 74. When
the heat conductive layer 74 is disposed on only the same
surface of the FPC 60 as the surface on which the wiring
portion 62 is disposed, the heat conductive layer 74 may be
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formed, at a portion excluding the plurality of connection
portions 64, at least on one entire surface of the portion
extending on the lower side of the backing material layer 54.

[0105] The configuration of the distal end portion 40 of the
insertion part 22 of the ultrasonic endoscope 12 according to
the present embodiment presented above enables the heat
generated from the plurality of ultrasonic vibrators 48 con-
stituting the ultrasonic vibrator array 50 to be conducted to
the heat conductive layer 68, 70, 73a, 73b, or 74 and
dissipated via the ground portion 66 to the grounded portion,
such as the shield layers 56¢ of the coaxial cables 56, inside
the ultrasonic endoscope 12. In addition, since the heat
conductive layer 68, 70, 73a, 73b, or 74 is formed so as not
to interfere with the plurality of connection portions 64 of
the wiring portion 62 connected to the signal wires 56a of
the plurality of coaxial cables 56, it is possible to suppress
noise received from outside from being included in ultra-
sonic echoes. Moreover, each of the heat dissipation struc-
tures described above is simple and does not occupy a large
space in the distal end portion 40 of the ultrasonic endoscope
12. Thus, it is possible to efficiently perform heat dissipation
while maintaining the size of the distal end portion 40 of the
insertion part 22 to be small. In the present embodiment, a
heat dissipation structure of the ultrasonic endoscope 12 of
a convex type has been described; however, the above heat
dissipation structure does not depend on the shape of the
ultrasonic endoscope and is applicable, as a matter of course,
also to an ultrasonic endoscope that has another shape such
as a radial shape.

[0106] The endoscopic observation portion 38 is consti-
tuted by an observation window 82, an objective lens 84, a
solid-state imaging element 86, illumination windows 88, a
cleaning nozzle 90, a wiring cable 92 formed of a plurality
of coaxial cables (not illustrated), and the like.

[0107] The observation window 82 is attached so as to
face obliquely above the distal end portion 40. Light that has
entered the observation window 82 and is reflected by the
observation target part is formed into an image on an
imaging surface of the solid-state imaging element 86 by the
objective lens 84. The solid-state imaging element 86 out-
puts a captured signal by photoelectrically converting the
reflected light, which has been transmitted through the
observation window 82 and the objective lens 84 and formed
into the image on the imaging surface, of the observation
target part. Examples of the solid-state imaging element 86
are a CCD (charge coupled device) and a CMOS (comple-
mentary metal oxide semiconductor). The captured image
signal output by the solid-state imaging element 86 is
transmitted to the endoscope processor 16 through the
universal cord 26, via the wiring cable 92 extending from the
insertion part 22 to the operating part 24. The endoscope
processor 16 performs various types of signal processing
and image processing on the transmitted captured signal and
displays the captured signal as an endoscopic optical image
on the monitor 20.

[0108] The illumination windows 88 are provided on both
sides of the observation window 82 with the observation
window therebetween. An exit end of the light guide (not
illustrated) is connected to the illumination windows 88. The
light guide extends from the insertion part 22 to the oper-
ating part 24, and the incident end thereof is connected to the
light source device 18 connected via the universal cord 26.
The illumination light emitted by the light source device 18
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is transmitted through the light guide and emitted from the
illumination windows 88 onto an observation target portion.

[0109] The cleaning nozzle 90 spouts out air or cleaning
water from the water supply tank 21a via the air-water
supply pipe line inside the ultrasonic endoscope 12 toward
the observation window 82 and the illumination windows 88
to clean surfaces of the observation window 82 and the
illumination windows 88.

[0110] The distal end portion 40 is provided with the
treatment tool lead-out port 44. The treatment tool lead-out
port 44 is connected to a treatment tool channel 45 inserted
into an inner portion of the insertion part 22. A treatment tool
inserted into the treatment tool insertion port 30 is led into
a body cavity through the treatment tool lead-out port 44 via
a treatment tool channel 45. The treatment tool lead-out port
44 is positioned between the ultrasonic observation portion
36 and the endoscopic observation portion 38. However,
when it is configured such that the movement of a treatment
tool led into a body cavity through the treatment tool
lead-out port 44 is checked in an ultrasound image, the
treatment tool lead-out port 44 is preferably disposed close
to the ultrasonic observation portion 36.

[0111] In an inner portion of the treatment tool lead-out
port 44, while no illustration is provided, an erecting base
that varies a lead-out direction of a treatment tool led into a
body cavity through the treatment tool lead-out port 44 may
be provided. A wire (not illustrated) is attached to the
erecting base. The erecting angle of the erecting base is
varied by using, as means, pushing-pulling operation using
an erecting lever (not illustrated) of the operating part 24 to
cause a treatment tool to be lad out in a desired direction.

[0112] To observe an inner portion of a body cavity by
using the ultrasonic endoscope 12, the insertion part 22 is
first inserted into the body cavity to search for an observa-
tion target part while observing, on the monitor 20, an
endoscopic optical image acquired by the endoscopic obser-
vation portion 38.

[0113] Next, when the distal end portion 40 reaches the
observation target part, and an instruction to acquire an
ultrasonic tomographic image is issued, a drive control
signal is input to the ultrasonic vibrators 48 from the
ultrasonic processor 14 via the plurality of coaxial cables 56,
the FPC 60, and the electrode parts 52 included in the
ultrasonic endoscope 12. When the drive control signal is
input, a prescribed voltage is applied to both electrodes of
the ultrasonic vibrators 48. Then, the piezoelectric bodies of
the ultrasonic vibrators 48 are excited to emit ultrasonic
waves toward the observation target part through the acous-
tic lens 78.

[0114] After the ultrasonic waves are emitted, echo signals
from the observation target part are received by the ultra-
sonic vibrators 48. The emission of the ultrasonic waves and
the reception of the echo signals are repeatedly performed
while shifting the driven ultrasonic vibrators 48 by using an
electronic switch such as a multiplexer. The observation
target part is thereby scanned with the ultrasonic waves. In
the ultrasonic processor 14, an ultrasonic tomographic
image is generated on the basis of a detection signal output
from the ultrasonic vibrators 48 when the echo signals are
received. The generated ultrasonic tomographic image is
displayed on the monitor 20.
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Second Embodiment

[0115] In the first embodiment illustrated in FIGS. 1 to 8,
the ultrasonic vibrator unit in which one sheet of the FPC is
disposed is mainly described; however, a plurality of the
FPCs may be disposed in accordance with the number of the
channels of the ultrasonic vibrator array. FIG. 9 illustrates a
partial cross-sectional view of an ultrasonic vibrator unit of
an ultrasonic observation portion in a second embodiment of
the present invention. FIG. 9 is simplified for description,
similarly to FIGS. 4, 6, and 7 of the first embodiment, and
the plurality of connection portions (not illustrated) of the
wiring portion 62 and the plurality of coaxial cables (not
illustrated) wired to the plurality of connection portions are
omitted. Compared with the ultrasonic vibrator unit 69
according to the first embodiment illustrated in FIG. 6, an
ultrasonic vibrator unit 246 according to the second embodi-
ment illustrated in FIG. 9 only differs from the ultrasonic
vibrator unit 69 in terms of having, on both side-surface
sides of a laminated body 47, FPCs 2604 that each include
heat conductive layers 2734 and 2735 thermally connected
to the heat conductive member 71 that is further thermally
connected to the plurality of ultrasonic vibrators 48; FPCs
260) between a pair of the FPCs 260a and 260a, each FPC
2604 including a heat conductive layer 2735; and second
heat conductive members 294 that thermally connect the
heat conductive layers 273a and 27356 of the plurality of
FPCs 260a and 2605 to each other. In terms of other
features, the ultrasonic vibrator unit 246 has the same
configuration as the configuration of the ultrasonic vibrator
unit 69; therefore, the same elements are given the same
reference signs, and detailed description thereof will be
omitted.

[0116] In the example illustrated in FIG. 9, the ultrasonic
vibrator unit 246 has the pair of FPCs (outside FPCs) 260a
and 260a disposed on the outermost side with respect to a
center side of the backing material layer 54; the FPCs (inside
FPCs) 2605 and 2605 disposed between the pair of FPCs
260a and 260q; and the second heat conductive members
294 that thermally connect the four FPCs 260a, 260a, 2605,
and 2606 to each other. Regarding the pair of outside FPCs
260a, similarly to the example according to the first embodi-
ment illustrated in FIG. 6, the heat conductive layers 273a
are disposed on surfaces (outside surfaces) of the FPCs 260a
on the side opposite to the backing material layer 54, and the
heat conductive layers 273a and the plurality of ultrasonic
vibrators 48 are thermally connected to each other via the
heat conductive members (first heat conductive members)
71. The heat conductive layers 2735 are disposed on sur-
faces (inside surfaces) of the plurality of FPCs 260a and
2605 on the backing material layer 54 side, and the heat
conductive layers 2735 and the ground portions 66 of the
FPCs 260a and 26056 adjacent to each other and the FPCs
2605 and 2605 adjacent to each other are thermally con-
nected to each other via the second heat conductive mem-
bers 294.

[0117] FIG. 9 is simplified for description, and wiring
portions (not illustrated) disposed at the FPCs 260a and
2605, a plurality of connection portions (not illustrated), and
coaxial cables (not illustrated) connected to the wiring
portions and the ground portions 66 are omitted.

[0118] The plurality of outside FPCs 260a of the ultra-
sonic vibrator unit 246 are each electrically connected, at
one end, to a plurality of individual electrodes 52a of
electrode parts 52 disposed on end surface sides of the
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ultrasonic vibrator array 50 in the width direction. The
outside FPCs 260a are disposed so as to bend along side
surfaces of the plurality of ultrasonic vibrators 48 and the
backing material layer 54 and so as to extend on the lower
side of the backing material layer 54. In the illustrated
example, the outside FPCs 260a each have the heat con-
ductive layer 273a extending on the lower side of the
backing material layer 54, the heat conductive layer 273a
being disposed on the outside surface at a smooth flat surface
portion; the ground portion 66 that is provided on the outside
surface of an end portion (lower end portion) of the flat
surface portion of the FPC 2604 on the side opposite to the
backing material layer 54, the ground portion 66 being
electrically connected to shield layers (not illustrated) of the
plurality of coaxial cables (not illustrated); wiring portions
(not illustrated) that are provided on the outside surfaces of
the FPC 260a, the wiring portions being constituted by the
plurality of connection portions (not illustrated) electrically
connected to signal wires (not illustrated) of the plurality of
coaxial cables; and the inside FPC 2605 that is thermally
connected to the ground portion 66 via a wire (not illus-
trated) provided inside the FPC 260a. Since the heat con-
ductive layers 273a are thermally connected to the plurality
of ultrasonic vibrators 48 through the heat conductive mem-
bers 71, the heat generated in the plurality of ultrasonic
vibrators 48 is dissipated to the shield layers of the plurality
of coaxial cables via the ground portions 66 connected to the
heat conductive layers 273a.

[0119] In the illustrated example, the pair of FPCs 260a
are disposed on both side surfaces of the laminated body 47
in the width direction; however, the FPC 2604 may be
disposed on only one of both side surface sides of the
laminated body 47 in the width direction in accordance with
the number of the channels of the ultrasonic vibrator array
50. In the illustrated example, the heat conductive layers
273a thermally connected to the plurality of ultrasonic
vibrators 48 are disposed on the outside surfaces of the FPCs
260a; however, the heat conductive layers 2735 thermally
connected to the plurality of ultrasonic vibrators 48 may be
disposed on the inside surfaces of the FPCs 260a. The heat
conductive layers 273a and 2735 thermally connected to the
plurality of ultrasonic vibrators 48 may be disposed on both
surfaces of the FPCs 260a. The FPCs 260a are not neces-
sarily disposed along the side surfaces of the laminated body
47 in the width direction provided that the FPCs 260a are
electrically connected to the plurality of individual elec-
trodes 52a of the electrode parts 52. For example, when the
plurality of individual electrodes 52a are disposed on the
center side of the backing material layer 54 in the width
direction, the plurality of FPCs 260¢ and 2605 may be
disposed so as to be on the lower side of the backing material
layer 54 or such that portions thereof are buried in the
backing material layer 54 by, for example, electrically
connecting wires that are extended through the backing
material layer 54 to the lower side thereof and that are
electrically connected to the plurality of individual elec-
trodes 52¢ to the FPCs 260a and 2605 corresponding
thereto.

[0120] Similarly to the outside FPCs 260a, the inside
FPCs 2605 of the ultrasonic vibrator unit 246 are electrically
connected, at one end, to the plurality of individual elec-
trodes 52a of the electrode parts 52 disposed on the end
surface sides of the ultrasonic vibrator array 50 in the width
direction. The inside FPCs 2604 are disposed so as to bend
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along the side surfaces of the plurality of ultrasonic vibrators
48 and the backing material layer 54 and so as to extend on
the lower side of the backing material layer 54. In the
example illustrated in FIG. 9, the inside FPCs 2605 have the
same configuration as that of the outside FPCs 260a except
for a feature in which the heat conductive layers 2734 are not
disposed on the outside surfaces. The inside FPCs 2605 each
have the ground portion 66 that is provided on the outside
surface of the lower end portion of the flat surface portion of
the FPC 260q, the ground portion 66 being electrically
connected to the shield layers (not illustrated) of the plural-
ity of coaxial cables (not illustrated); the wiring portions
(not illustrated) that are provided on the outside surface of
the FPC 2605 and constituted by a plurality of connection
portions (not illustrated) electrically connected to the signal
wires (not illustrated) of the plurality of coaxial cables; and
the heat conductive layer 2735 that is thermally connected to
the ground portion 66 via a wire (not illustrated) provided
inside the FPC 2605. The ground portions 66 of the inside
FPCs 2605 are thermally connected, via the second heat
conductive members 294, to the heat conductive layers 2735
disposed on the inside surfaces of the adjacent outside FPCs
260a. Further, the heat conductive layers 2734 of the inside
FPCs 2606 are thermally connected, via the second heat
conductive members 294, to the heat conductive layers 2735
of the adjacent inside FPCs 26054.

[0121] In the illustrated example, similarly to the outside
FPCs 260q, the pair of FPCs 2605 are disposed on both side
surfaces of the laminated body 47 in the width direction;
however, the FPC 260a may be disposed only on one of side
surfaces of the laminated body 47 in the width direction and
the number of the disposed inside FPCs 260» may be
increased in accordance with the number of the channels of
the ultrasonic vibrator array 50. In the illustrated example,
the heat conductive layers 273a and 2735 thermally con-
nected to the plurality of ultrasonic vibrators 48 are not
disposed on the FPCs 2605; however, the heat conductive
layers 273a and 273b thermally connected to the plurality of
ultrasonic vibrators 48 may be disposed on the outside
surface, the inside surface, or both surfaces of the FPCs
2605b. In this case, it is possible to dissipate the heat of the
plurality of ultrasonic vibrators 48 to the shield layers of the
plurality of coaxial cables via the ground portions 66 and the
second heat conductive members 294 of the inside FPCs
2604, and therefore, the heat conductive layers 273a or 2735
thermally connected to the plurality of ultrasonic vibrators
48 is not necessarily disposed on the outside FPCs 260q.
Moreover, similarly to the above-described outside FPCs
260a, the inside FPCs 2605 is not necessarily disposed along
the side surfaces of the laminated body 47 in the width
direction provided that the inside FPCs 2606 are electrically
connected to the plurality of individual electrodes 52a of the
electrode parts 52.

[0122] In the example illustrated in FIG. 9, the heat
conductive layers 273a of the ultrasonic vibrator unit 246
are disposed on the outside surfaces of the outside FPCs
260q at portions extending on the lower side of the backing
material layer 54, and the heat conductive layers 273a are
thermally connected, at one end on the backing material
layer 54 side, to the heat conductive members 71 and, at the
other end, to the ground portions 66 of the FPCs 2604a. The
heat conductive layers 2735 of the ultrasonic vibrator unit
246 are disposed on at least portions of the inside surfaces
of the FPCs 260a and 2605, at portions extending on the
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inner circumferential side of the backing material layer 54.
In the example illustrated in FIG. 9, the heat conductive
layers 2735 and 273b of the pair of outside FPCs 260a and
260a are thermally connected to the ground portions 66
disposed on the surfaces on the opposite side via wires (not
illustrated) provided inside the outside FPCs 260a. The heat
conductive layers 2735 disposed on the inside surfaces of
the inside FPCs 2605 are thermally connected, via wires
inside the inside FPCs 2604, to the ground portions 66
disposed on surfaces of the FPCs 2605 on the side opposite
to the heat conductive layers 2735.

[0123] The locations where the heat conductive layers
273a and 273b are formed are not limited to the example
illustrated in FIG. 9 provided that it is possible to conduct
the heat generated in the plurality of ultrasonic vibrators 48
to the ground portions 66. For example, similarly to the first
embodiment illustrated in FIG. 7, the heat conductive layers
273b disposed on the inside surfaces of the FPCs 260a and
the FPCs 2605 may be disposed on the entire surfaces on one
side, and the heat conductive layers 273a disposed on the
outside surfaces of the FPCs 260a and the FPCs 2605 may
be formed, for the thermal connection to the heat conductive
members 71, at portions of the outside surfaces. Moreover,
the heat conductive layers 273a or 2735 may be disposed on
the entire surface on one side or both sides of the plurality
of FPCs 260a and 2605 without providing the heat conduc-
tive members 71, as illustrated in FIG. 4 of the first embodi-
ment.

[0124] The second heat conductive members 294 of the
ultrasonic vibrator unit 246 are for thermally connecting the
plurality of heat conductive layers 273q and 2735 disposed
on the plurality of FPCs 260a or 2605 to each other. Thus,
it is possible to sufficiently dissipate the heat generated in the
plurality of ultrasonic vibrators 48, via the respective ground
portions 66, to the shield layers of all of the coaxial cables
connected to the plurality of FPCs 260a and 2605. The
second heat conductive members 294 preferably have high
heat conductivity, and a metal such as copper, brass, alumi-
num, gold, or silver, a heat conductive silicone, or a highly
heat-conductive ceramic is usable as the second heat con-
ductive members 294. The shape of the second heat con-
ductive members 294 is not particularly limited provided
that heat conduction is not impeded. A shape such as a linear
shape, a foil shape, a net shape, or a shape with which the
second heat conductive members 294 are easily connected,
like a pin, to the ground portions 66 and the heat conductive
layers 2735 of the FPCs 260a or 2605 is usable, as appro-
priate, as the shape of the second heat conductive members
294.

[0125] The second heat conductive members 294 need
only to be capable of thermally connecting the ground
portions 66 of the plurality of FPCs 2604 and 2605 to each
other, and therefore, the second heat conductive members
294 may thermally connect the ground portions 66 of the
plurality of FPCs 2604 and 2605 to each other in a manner
other than via the heat conductive layers 2735.

[0126] Similarly to the ground portions 66 according to
the first embodiment illustrated in FIGS. 3 and 4 and FIGS.
6 to 8, the ground portions 66 of the FPCs 2604 and 2605
illustrated in FIG. 9 are conductive members that are elec-
trically connected to the shield layers (not illustrated) of the
plurality of coaxial cables (not illustrated). Thus, it is
possible to dissipate, to the shield layers of the plurality of
coaxial cables, heat that is conducted via the heat conductive
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members 71 thermally connected to the plurality of ultra-
sonic vibrators 48, the heat conductive layer 273a or 2735
disposed on the FPCs 260a and 2605, and the second heat
conductive members 294. In the illustrated example, the
ground portions 66 are provided on the outside surfaces of
the FPCs 260a and 2605; however, the ground portions 66
may be provided on the inside surfaces of the FPCs 260a and
2605 provided that the ground portions 66 are thermally
connected to the heat conductive layers 273a and 2735 and
the shield layers of the plurality of coaxial cables and does
not impair workability in wiring to the plurality of shield
layers. Moreover, the arrangement of the ground portions 66
is not particularly limited to the locations illustrated in FIG.
9 provided that the ground portions 66 are disposed on the
FPCs 260a and 2605.

[0127] As described above, according to the second
embodiment illustrated in FIG. 9, when the plurality of FPCs
260a and 2605 are disposed in the ultrasonic vibrator unit
246, it is possible to thermally connect the ground portions
66 and the heat conductive layers 2735 of the adjacent FPCs
260a and 2605 to each other and the heat conductive layers
273b of the adjacent FPCs 2606 to each other. Therefore, it
is possible to sufficiently dissipate the heat generated in the
plurality of ultrasonic vibrators 48 to the shield members of
the plurality of coaxial cables via the heat conductive
members 71, the heat conductive layers 273a and 2735, the
second heat conductive members 294, and the ground por-
tions 66.

[0128] Similarly to the first embodiment, also in the pres-
ent embodiment, a heat dissipation structure of the ultra-
sonic endoscope of a convex type has been described,
however, the above heat dissipation structure does not
depend on the shape of the ultrasonic endoscope and is
applicable, as a matter of course, also to an ultrasonic
endoscope that has another shape such as a radial shape.

Third Embodiment

[0129] In the above description, the heat dissipation struc-
ture according to the present invention applied to an ultra-
sonic endoscope of a convex type has been mainly
described; however, the heat dissipation structure according
to the present invention is applicable also to an ultrasonic
endoscope that has an ultrasonic observation portion of other
types other than the convex type, for example, a radial type.
In the present embodiment, a heat dissipation structure of a
radial-type ultrasonic observation portion will be described.
An ultrasonic endoscope 312 according to the present
embodiment illustrated in FIGS. 10 and 11 only differs from
the ultrasonic endoscope 12 according to the first embodi-
ment illustrated in FIGS. 1 to 3 in terms of having a distal
end portion 340 that includes a radial-type ultrasonic obser-
vation portion 336 and an endoscopic observation portion
338, instead of including the distal end portion 40 that
includes the convex-type ultrasonic observation portion 36
and the endoscopic observation portion 38, and in terms of
other features, the ultrasonic endoscope 312 has the same
configuration as that of the ultrasonic endoscope 12. In the
radial-type ultrasonic observation portion 336, in particular,
members that are same as the coaxial cables 56 and the outer
sheath 58 according to the first embodiment illustrated in
FIGS. 3 and 5 are used. Therefore, in FIGS. 10 and 11, the
coaxial cables 56 and the outer sheath 58 are given the same
reference signs as those in FIGS. 3 and 5, and detailed
description thereof will be omitted.
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[0130] FIG.10is apartially enlarged plan view illustrating
a distal end portion of an insertion part of an ultrasonic
endoscope according to the present embodiment. FIG. 11 is
a view in the arrow direction of line XI-XI illustrated in FIG.
10, which is a partial longitudinal sectional view of the distal
end portion of the insertion part of the ultrasonic endoscope
illustrated in FIG. 10. FIG. 12 is a schematic partial longi-
tudinal sectional view of the distal end portion of the
insertion part of the ultrasonic endoscope illustrated in
FIGS. 10 and 11.

[0131] As illustrated in FIGS. 10 and 11, the ultrasonic
endoscope 312 according to the present embodiment is a
radial-type ultrasonic endoscope in which the ultrasonic
observation portion 336 of the distal end portion 340 has an
ultrasonic vibrator unit 346 that includes an ultrasonic
vibrator array 350 in which a plurality of ultrasonic vibrators
348 are arrayed in a cylindrical shape. In the example
illustrated in FIGS. 10 and 11, the ultrasonic observation
portion 336 is disposed closer than the endoscopic obser-
vation portion 338 to a distal end side of the ultrasonic
endoscope 312.

[0132] The ultrasonic endoscope 312 according to the
present invention may include a mechanism that leads out
treatment tools such as forceps, a puncture needle, and a
high-frequency knife, similarly to the ultrasonic endoscope
12 according to the first embodiment illustrated in FIGS. 1
to 3. A treatment tool lead-out port (not illustrated) through
which these treatment tools are led out may be present closer
than the plurality of ultrasonic vibrators 348 to the distal end
side of the ultrasonic endoscope 312 or may be present on
a proximal end side thereof.

[0133] The endoscopic observation portion 338 of the
ultrasonic endoscope 312 according to the present embodi-
ment has the same configuration as that of the endoscopic
observation portion 38 of the ultrasonic endoscope 12
according to the first embodiment illustrated in FIGS. 2 and
3, and, as a matter of course, the endoscopic observation
portion 338 has an observation window (82), an objective
lens (84), a solid-state imaging element (86), illumination
windows (88), a cleaning nozzle (90), a wiring cable (92),
and the like.

[0134] As illustrated in FIGS. 10 and 11, the ultrasonic
observation portion 336 according to the present embodi-
ment is constituted by the ultrasonic vibrator unit 346, an
exterior member 341 to which the ultrasonic vibrator unit
346 is attached to be held, and the plurality of coaxial cables
56 wired to the ultrasonic vibrator unit 346.

[0135] Inthe example illustrated in FIG. 11, the ultrasonic
vibrator unit 346 has the ultrasonic vibrator array 350 in
which the plurality of ultrasonic vibrators 348 are arrayed in
the cylindrical shape; electrode parts 352 electrically con-
nected to the ultrasonic vibrator array 350; a backing mate-
rial layer 354 that supports, from a side of a surface (inside
surface of the ultrasonic vibrators 348) on a center side of
the ultrasonic vibrator unit 346, each ultrasonic vibrator 348
of the ultrasonic vibrator array 350; an acoustic matching
layer 376 laminated on the side opposite (outer side of the
ultrasonic vibrator array 350) to the backing material layer
354 with respect to the ultrasonic vibrator array 350; and an
acoustic lens 378 laminated on the side opposite (outer side
of the acoustic matching layer 376) to the ultrasonic vibrator
array 350 with respect to the acoustic matching layer 376. As
described above, the ultrasonic vibrator unit 346 has a
laminated body 347 formed of the acoustic lens 378, the
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acoustic matching layer 376, the ultrasonic vibrator array
350, and the backing material layer 354.

[0136] The ultrasonic vibrators 348, the ultrasonic vibrator
array 350, the electrode parts 352, the backing material layer
354, the acoustic matching layer 376, the acoustic lens 378,
and the laminated body 347 according to the present
embodiment respectively differ from the ultrasonic vibrators
48, the ultrasonic vibrator array 50, the electrode parts 52,
the backing material layer 54, the acoustic matching layer
76, the acoustic lens 78, and the laminated body 47 accord-
ing to the first embodiment illustrated in FIGS. 2 to 4 in
terms of shape but are identical thereto in terms of configu-
rations and functions thereof; therefore, description thereof
will be omitted.

[0137] In addition, the ultrasonic vibrator unit 346 has a
FPC 360 that is disposed in contact with each of a surface
of the acoustic matching layer 376 on a side opposite to the
acoustic lens 378, a side surface of the ultrasonic vibrator
array 350 in the width direction, and the backing material
layer 354 and that is electrically connected to the electrode
parts 352; a heat conductive layer 368 provided on a surface
of the FPC 360 on the backing material layer 354 side; an
annular plate 300 for fixing a position of a cylindrical
member 304, which will be described later, the annular plate
300 being an annular plate material that is disposed such that
a side surface in the width direction on the side opposite
(proximal end side of the ultrasonic endoscope 312) to the
distal end side of the ultrasonic endoscope 312 is in contact
with a side surface of the backing material layer 354 on the
distal end side of the ultrasonic endoscope 312; a support
plate 302 that is joined to a surface of the annular plate 300
on the side opposite to the backing material layer 354, the
support plate 302 being a disc-shaped plate material having
an outer diameter larger than the inner diameter of the
annular plate 300; and the cylindrical member 304 for
supporting the laminated body 347, the cylindrical member
304 being in contact with a surface of the backing material
layer 354 on the side opposite (inner side of the backing
material layer 354) to the ultrasonic vibrator array 350 and
being in contact with and joined to the support plate 302 at
an end surface on the distal end side of the ultrasonic
endoscope 312.

[0138] The electrode parts 352 of the ultrasonic vibrator
unit 346 has individual electrodes 352a for transmitting and
receiving voltage signals such as driving signals and ultra-
sonic echo signals to or from each of the plurality of
ultrasonic vibrators 348; and a vibrator ground 352b as a
grounding electrode of the plurality of ultrasonic vibrators
348. In the example illustrated in FIG. 11, the individual
electrodes 352a are disposed on the inner side of the
ultrasonic vibrators 348 at an end portion on the proximal
end side of the ultrasonic endoscope 312 and electrically
connected to a plurality of electrode pads (not illustrated) of
the FPC 360. The vibrator ground 3524 is disposed on the
outer side of the ultrasonic vibrators 348 at an end portion
on the proximal end side of the ultrasonic endoscope 312
and electrically connected to an electrode pad different from
the electrode pads of the FPC 360 electrically connected to
the individual electrodes 3524. As described later, the plu-
rality of electrode pads electrically connected to the plurality
of individual electrodes 3524 are electrically connected to
the signal wires 56a of the plurality of coaxial cables 56, and
the electrode pad electrically connected to the vibrator
ground 3524 is electrically connected to the shield layers
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56¢ of the coaxial cables 56. Thus, the individual electrodes
352¢ and the vibrator ground 3525 are electrically connected
to the signal wires 56a of the coaxial cables 56 and the shield
layers 56¢ of the coaxial cables 56, respectively.

[0139] Since the vibrator ground 35254 is a grounding
electrode for the plurality of ultrasonic vibrators 348, it is
preferable that respective ground potentials thereof be the
same potential. Therefore, the vibrator ground 352 is
preferably a common electrode of the plurality of ultrasonic
vibrators 348. In addition, the vibrator ground 3525 needs
only to be electrically connected to a grounded portion and
is not necessarily connected via the electrode pad (not
illustrated) of the FPC 360 and not necessarily electrically
connected to the shield layers 56¢ of the plurality of coaxial
cables 56. For example, it is possible to electrically connect
the vibrator ground 3525 and a ground portion 366 to each
other by using a lead wire or the like provided separately
from the FPC 360. Moreover, positions where the plurality
of individual electrodes 352a and the vibrator ground 3525
are disposed are not limited to the positions illustrated in
FIG. 11 provided that the positions enable the individual
electrodes 352¢ and the vibrator ground 3525 to be con-
nected to the signal wires 56a of the coaxial cables 56 and
the grounded portion provided inside the ultrasonic endo-
scope 312. In other words, the individual electrodes 352a
and the vibrator ground 352b may be disposed at the
ultrasonic vibrators 348 on the distal end side of the ultra-
sonic endoscope 312 and may be disposed so as to extend
throughout respective entire surfaces of the inside surface
and the outside surface of the ultrasonic vibrators 348, or the
positions of the individual electrodes 3524 and the vibrator
ground 3525 may be changed, as appropriate, in accordance
with the configuration of the ultrasonic observation portion
336.

[0140] The FPC 360 of the ultrasonic vibrator unit 346 is
disposed along the ultrasonic vibrator array 350, the backing
material layer 354, and the cylindrical member 304 that is
closer than the backing material layer 354 to the proximal
end side of the ultrasonic endoscope 312 (hereinafter also
simply referred to as the proximal end side of the backing
material layer 354) so as to extend beyond the backing
material layer 354. The FPC 360 electrically connects the
plurality of individual electrodes 352a and the vibrator
ground 3525 of the electrode parts 352 and the plurality of
coaxial cables 56 to each other. In addition, the FPC 360 has
the plurality of electrode pads (not illustrated) disposed on
one end side and electrically connected to the plurality of
individual electrodes 352a and the vibrator ground 3524 of
the electrode parts 352; a wiring portion 362 disposed on the
proximal end side of the backing material layer 354 and
constituted by a plurality of connection portions 364, the
plurality of connection portions 364 being a plurality of
terminals electrically connected to the signal wires 56a of
the plurality of coaxial cables 56; and the ground portion 366
disposed on the other end side, the ground portion 366 being
a conductive member electrically connected to the shield
layers 56¢ of the plurality of coaxial cables 56. The FPC 360
that is disposed, as described above, so as to extend along
the shape of the ultrasonic vibrator unit 346 on the proximal
end side from the electrode parts 352 to the cylindrical
member 304 makes a work space for wiring wide and
enables a space inside the distal end portion 340 of the
ultrasonic endoscope 312 to be effectively used. Moreover,
since the FPC 360 is used for wiring to the electrode parts
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352, for example, the need of providing a relay point
electrically connected to the electrode parts 352 to improve
the wiring workability is eliminated, which makes it pos-
sible to improve the work efliciency in wiring and further
simplify the wiring structure.

[0141] A plurality of FPCs 360 may be provided to
electrically connect all of the annularly arrayed individual
electrodes 352a of the electrode parts 352 and the signal
wires 56a of the plurality of coaxial cables 56 to each other
via the FPCs 360. When, for example, the plurality of FPCs
360 are disposed, a portion of each FPC 360 on the proximal
end side of the backing material layer 354 may have a
smooth flat shape. In the example illustrated in FIG. 11, the
FPC 360 has a certain thickness; however, the FPC 360 is
merely schematically illustrated for description, and, as a
matter of course, the dimensional ratio thereof is not an
actual dimensional ratio.

[0142] Similarly to the first embodiment illustrated in FIG.
4, the heat conductive layer 368 of the ultrasonic vibrator
unit is disposed on a surface of the FPC 360 on the backing
material layer 354 side and conducts the heat generated in
the plurality of ultrasonic vibrators 348 to the ground portion
366 of the FPC 360. The heat conductive layer 368 is
preferably disposed so as not to interfere with the plurality
of individual electrodes 352a of the electrode parts 352, for
example, preferably disposed closer than the electrode parts
352 to the center side of the ultrasonic vibrator unit 346, as
illustrated in FIG. 11. The heat conductive layer 368 con-
ducts the heat to the ground portion 366 via a wire (not
illustrated) provided inside the FPC 360. As described
above, the ultrasonic vibrator unit 346 according to the
present embodiment illustrated in FIG. 11 is capable of
dissipating the heat generated in the plurality of ultrasonic
vibrators 348, via the ground portion 366, to the shield layers
56¢ of the plurality of coaxial cables 56 electrically con-
nected to the ground portion 366. In the example illustrated
in FIG. 11, the heat conductive layer 368 is disposed on a
surface of the FPC 360 on the backing material layer 354
side; however, provided that the heat conductive layer 368
is capable of conducting the heat generated from the plu-
rality of ultrasonic vibrators 348, the heat conductive layer
368 may be disposed on a surface of the FPC 360 on the side
opposite to the backing material layer 354 or may be
disposed on both surfaces thereof.

[0143] Meanwhile, the heat conductive layer 368 is dis-
posed at a portion where the FPC 360 is bent along the
ultrasonic vibrators 348, the backing material layer 354, and
the cylindrical member 304 on the proximal end side of the
backing material layer 354. Therefore, the total thickness of
the FPC 360 and the heat conductive layer 368 is increased,
and the rigidity of the heat conductive layer 368 is added to
the FPC 360, which may cause a decrease in workability in
disposing the FPC 360 and the heat conductive layer 368 in
the ultrasonic vibrator unit 346. In another example accord-
ing to the present embodiment illustrated in FIG. 12, a heat
conductive layer 370 is disposed at only a portion where the
FPC 360 is not bent, that is, extends beyond the backing
material layer 354, similarly to the example according to the
first embodiment illustrated in FIG. 6. As illustrated in FIG.
12, an ultrasonic vibrator unit 369 has a heat conductive
member (first heat conductive member) 371 thermally con-
nected at one end to the heat conductive layer 370 and
thermally connected at the other end to the plurality of
ultrasonic vibrators 348. Therefore, at the portion where the



US 2019/0090857 A1

FPC 360 is bent, heat is conducted by the heat conductive
member 371, and the heat is conducted to the heat conduc-
tive layer 370. Similarly to the heat conductive member 71
according to the first embodiment illustrated in FIG. 6, a
highly heat-conductive metal member such as copper, alu-
minum, gold, or silver, a heat conductive silicone sheet, or
the like is usable to constitute the heat conductive member
371. A shape, such as a wire shape, a foil shape, a mesh
shape, having flexibility is usable as the shape of the heat
conductive member 371 to, for example, improve workabil-
ity in disposing. Therefore, similarly to the first embodiment
illustrated in FIG. 6, it is possible to dissipate the heat
generated in the plurality of ultrasonic vibrators 348 to the
ground portion 366 and the shield layers 56¢ of the plurality
of coaxial cables 56 by using a simple configuration while
improving workability in disposing.

[0144] FIG. 12 is simplified for description, and the wiring
portion 362 disposed on the same surface of the FPC 360 as
the surface on which the ground portion 366 is disposed and
the signal wires 56a of the coaxial cables 56 electrically
connected to the plurality of connection portions 364 of the
wiring portion 362 are omitted. When the heat conductive
layer 370 is disposed on the same surface of the FPC 360 as
the surface on which the wiring portion 362 is disposed, as
is the example illustrated in FI1G. 12, it is preferable that the
heat conductive layer 370 and the wiring portion 362 be
insulated from each other by, for example, disposing the heat
conductive layer 370 so as to surround the wiring portion
362, as is in the example according to the first embodiment
illustrated in FIG. 8.

[0145] In the example according to the present embodi-
ment illustrated in FIG. 12, the heat conductive layer 370 is
disposed on the surface of the FPC 360 on the side opposite
to the backing material layer 354; however, also in a case in
which the ultrasonic vibrator unit 369 has the heat conduc-
tive member 371, the heat conductive member 371 may be
disposed on the backing material layer 354 side of the FPC
360 provided that it is possible to conduct the heat generated
in the plurality of ultrasonic vibrators 348. In FIG. 13, heat
conductive layers 373a and 3735 are disposed at a flat
surface portion where the FPC 360 of an ultrasonic vibrator
unit 372 extends beyond the backing material layer 354,
similarly to the first embodiment illustrated in FIG. 7, on
both surfaces of the FPC 360. In other words, at a flat surface
portion of the FPC 360, the heat conductive layer 373a is
disposed on the surface on the side opposite to the backing
material layer 354 and at an end portion on the heat
conductive layer 370 side, and the heat conductive layer
373b is disposed on the entire surface on the backing
material layer 354 side. The heat conductive layers 3734 and
373b are thermally connected to each other via a wire (not
illustrated) provided in an inner portion of the FPC 360. The
heat conductive layer 3735 and the ground portion 366 of the
FPC 360 are thermally connected to each other via the FPC
360, similarly to the other example of the ultrasonic vibrator
unit 369 according to the present embodiment illustrated in
FIG. 12. Therefore, it is possible to dissipate the heat
generated in the plurality of ultrasonic transducers 348 to the
ground portion 366 and the shield layers 56¢ of the plurality
of coaxial cables 56 via the heat conductive member 371, the
heat conductive layers 373a and 3735, and the FPC 360.

[0146] In the example according to the present embodi-
ment illustrated in FIG. 13, the heat conductive layer 373a
is disposed at only the end portion on the heat conductive
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member 371 side: however, the heat conductive layer 373a
may be formed so as to extend to the ground portion 366. In
this case, it is possible to widen a heat dissipation path to the
ground portion 366, and, consequently, it is possible to
improve total heat conduction efficiency of the heat conduc-
tive layers 373« and 3735, that is, it is possible to improve
heat dissipation efficiency. Similarly to FIG. 12, FIG. 13 is
simplified for description, and the wiring portion 362, which
is provided on the same surface of the FPC 360 as the
surface on which the ground portion 366 is provided, and the
signal wires 56a of the coaxial cables 56 electrically con-
nected to the plurality of connection portions 364 of the
wiring portion 362 are omitted.

[0147] Next, referring back to FIG. 11, further description
will be provided. As illustrated in FIG. 11, the support plate
302 of the ultrasonic vibrator unit 346 is disposed in contact
with a surface of the annular plate 300 on the side opposite
to the backing material layer 354. The support plate 302 is
a disc-shaped plate material that has an outer diameter larger
than the inner diameter of the annular plate 300. The support
plate 302 is for fixing the positions of the annular plate 300
and the cylindrical member 304. Therefore, the support plate
302 is preferably joined to the cylindrical member 304 to fix
the position at which the cylindrical member 304 is dis-
posed. Accordingly, the support plate 302 may be a member
integral with the cylindrical member 304. In addition, when
being joined to the cylindrical member 304, the suppott plate
302 is preferably joined also to the annular plate 300 to fix
the position of the cylindrical member 304. The shape of the
support plate 302 is not limited to the disc shape and may be
an arbitrary shape, such as a polygonal shape, provided that
the support plate 302 is capable of fixing the positions of the
annular plate 300 and the cylindrical member 304.

[0148] The cylindrical member 304 of the ultrasonic
vibrator unit 346 is disposed in contact with the inside
surface of the backing material layer 354, the inside surface
of the annular plate 300, and the surface of the support plate
302 on the side opposite to the distal end side of the
ultrasonic endoscope and fixes the laminated body 347. The
plurality of coaxial cables 56 covered with the outer sheath
58 are disposed in a space of the cylindrical member 304 on
the center side (inner side of the cylindrical member 304) of
the ultrasonic vibrator unit 346. The cylindrical member 304
is provided, at a portion on the proximal end side of the
backing material layer 354, with a plurality of slits 306 for
leading out the plurality of coaxial cables 56 to the outer
circumferential side of the cylindrical member 304. The
cylindrical member 304 needs only to be capable of sup-
porting the laminated body 347 and may be constituted by
an arbitrary member of a metal, a resin, or the like.

[0149] An end portion of the FPC 360 on the ultrasonic
vibrator array 350 side is provided with the plurality of
electrode pads (not illustrated). The plurality of electrode
pads of the FPC 360 are a plurality of electrodes electrically
connected to the plurality of individual electrodes 352a and
the vibrator ground 3525 of the electrode parts 352. Among
the plurality of electrode pads, the electrode pads that are
electrically connected to the plurality of individual elec-
trodes 352a are electrically connected to the plurality of
connection portions 364 of the wiring portion 362 via a wire
(not illustrated) provided in the FPC 360, and the electrode
pad that is electrically connected to the vibrator ground 3525
is electrically connected to the ground portion 366 via
another wire (not illustrated) provided in the FPC 360.
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Therefore, the total number of the plurality of electrode pads
of the FPC 360 is preferably at least equal to or more than
the total number (the number of the channels of the ultra-
sonic vibrator array 350) of the plurality of ultrasonic
vibrators 348.

[0150] The wiring portion 362 of the FPC 360 is consti-
tuted by the plurality of connection portions 364, which are
terminals each wired to a respective one of the signal wires
56a of the plurality of coaxial cables 56. In the example
illustrated in FIG. 11, the wiring portion 362 is disposed
closer than the ground portion 366 to the distal end side of
the ultrasonic vibrator unit 346. The total number of the
plurality of connection portions 364 constituting the wiring
portion 362 is preferably at least equal to or more than the
total number of the plurality of electrode pads (not illus-
trated) of the FPC 360. When, for example, the number of
the channels of the ultrasonic vibrator array 350 is large and
may cause a decrease in workability in wiring, the plurality
of connection portions 364 may be arrayed in multiple rows.
While no illustration is provided, a wiring part between the
signal wires of the plurality of coaxial cables 56 and the
plurality of connection portions 364 is preferably covered
with a filler (not illustrated) such as an insulating resin to
suppress the wiring part from disconnecting.

[0151] The ground portion 366 of the FPC 360 is a
conductive member that is electrically connected to the
plurality of electrode pads of the FPC 360 electrically
connected to the vibrator ground 3525 of the electrode parts
352 and that is electrically connected to the shield layers 56¢
of the plurality of coaxial cables 56. Therefore, when the
shield layers 56¢ of the plurality of coaxial cables 56 are
grounded and when the heat conductive layers 368 (refer to
FIG. 11), 370 (refer to FIG. 12), 373a (refer to FIG. 13),
373b (refer to FIG. 13), and the heat conductive member 371
(FIG. 12) are formed of conductive members, it is possible
to ground the heat conductive layers 368, 370, 373a, and
373b, which are electrically connected to the ground portion
366, the heat conductive member 371, and the vibrator
ground 3525 of the electrode parts 352. Consequently, in
addition to grounding the vibrator ground 3525, itis possible
to suppress noise from outside from being included in
ultrasonic echo signals (voltage signals) that the plurality of
ultrasonic vibrators 348 receive.

[0152] According to the heat dissipation structure pro-
vided in the radial-type ultrasonic endoscope 312 according
to the third embodiment described above with reference to
FIGS. 10 to 13, it is possible to conduct the heat generated
in the plurality of ultrasonic vibrators 348 to the ground
portion 366 disposed on the FPC 360 by using a simple
configuration. Further, since the ground portion 366 is
electrically connected to the shield layers 56¢ of the plurality
of coaxial cables 56, the heat conducted to the ground
portion 366 is dissipated to the shield layers 56¢ of the
plurality of coaxial cables 56. Therefore, it is possible to
efficiently dissipate the heat generated in the plurality of
ultrasonic vibrators 348 by using a simple configuration. In
addition, forming the heat conductive layers 370 (refer to
FIG. 12), 373a (refer to FIGS. 13), and 3735 (refer to FIG.
13) at only the flat surface portion of the FPC 360 and
thermally connecting the heat conductive layers 370, 3734,
and 3735 and the plurality of ultrasonic vibrators 348 to each
other by using the heat conductive member 371 enable the
heat dissipation structure to be disposed easily.
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[0153] An ultrasonic endoscope that has the heat dissipa-
tion structure according to the present invention has been
described above in detail; however, the present invention is
not limited to the above examples and, as a matter of course,
may be subjected to various types of improvement or
modification within a scope not deviating from the concept
of the present invention. Needless to say, it is possible to
combine, as approptiate, and use the embodiments and the
plurality of examples presented above.

REFERENCE SIGNS LIST

[0154] 10 ultrasonic inspection system

[0155] 12, 312 ultrasonic endoscope

[0156] 14 ultrasonic processor

[0157] 16 endoscope processor

[0158] 18 light source device

[0159] 20 monitor

[0160] 21a water supply tank

[0161] 215 suction pump

[0162] 22 insertion part

[0163] 24 operating part

[0164] 26 universal cord

[0165] 28a air-water supply button

[0166] 28b suction button

[0167] 29 angle knob

[0168] 30 treatment tool insertion port (forceps port)
[0169] 324 ultrasonic connector

[0170] 325 endoscope connector

[0171] 32c light source connector

[0172] 34a air-water supply tube

[0173] 345 suction tube

[0174] 36, 336 ultrasonic observation portion
[0175] 38, 338 endoscopic observation portion
[0176] 40, 340 distal end portion

[0177] 41, 341 exterior member

[0178] 42 bending portion

[0179] 43 soft portion

[0180] 44 treatment tool lead-out port

[0181] 45 treatment tool channel

[0182] 46, 69, 72, 246, 346, 369, 372 ultrasonic vibrator
unit

[0183] 47, 347 laminated body

[0184] 48, 348 ultrasonic vibrator

[0185] 50, 350 ultrasonic vibrator array

[0186] 52, 352 electrode part

[0187] 52a, 352a individual electrode

[0188] 52, 3525 vibrator ground

[0189] 54, 354 backing material layer

[0190] 56 coaxial cables 56a signal wire
[0191] 56, 564, 58 outer sheath

[0192] 56¢ shield layer

[0193] 60, 2604, 2605, 360 flexible printed wiring board
(FPC)

[0194] 62, 362 wiring portion

[0195] 64, 364 connection portion

[0196] 66, 366 ground portion

[0197] 68, 70, 73a, 73b, 74, 273a, 273b, 368, 370, 3734,

373b heat conductive layer
[0198] 71, 371 heat conductive member (first heat con-
ductive member)

[0199] 76, 376 acoustic matching layer
[0200] 78, 378 acoustic lens

[0201] 80 filler layer

[0202] 82 observation window
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[0203] 84 objective lens

[0204] 86 solid-state imaging element

[0205] 88 illumination windows

[0206] 90 cleaning nozzle

[0207] 92 wiring cable

[0208] 294 second heat conductive member
[0209] 300 annular plate

[0210] 302 support plate

[0211] 304 cylindrical member

[0212] 306 slit

[0213] EL longitudinal direction (elevation direction)
[0214] AZ parallel direction (azimuth direction)

What is claimed is:

1. An ultrasonic endoscope comprising:

an ultrasonic vibrator array in which a plurality of ultra-
sonic vibrators are arrayed;

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

a flexible printed wiring board that extends on a side
opposite to the ultrasonic vibrator array with respect to
the backing material layer and that comprises a plural-
ity of electrode pads that are each electrically con-
nected to a respective one of the plurality of ultrasonic
vibrators of the ultrasonic vibrator array;

a plurality of shield cables that each comprise a signal
wire electrically connected to a respective one of the
plurality of ultrasonic vibrators and that each comprise
a shield member for a respective one of the plurality of
signal wires;

a wiring portion that comprises a plurality of connection
portions in which the plurality of signal wires of the
plurality of shield cables are each electrically con-
nected to a respective one of the plurality of electrode
pads of the flexible printed wiring board;

a ground portion that is provided on the flexible printed
wiring board and electrically connected to the shield
members of the shield cables; and

a heat conductive layer that is provided on at least one
surface of the flexible printed wiring board and con-
nected to the ground portion, the heat conductive layer
dissipating heat generated in the plurality of ultrasonic
vibrators to the ground portion.

2. The ultrasonic endoscope according to claim 1, wherein
the heat conductive layer is provided at least at a portion of
the flexible printed wiring board extending beyond the
backing material layer on the side opposite to the ultrasonic
vibrator array with respect to the backing material layer.

3. The ultrasonic endoscope according to claim 2, wherein
the portion of the flexible printed wiring board extending
beyond the backing material layer on the side opposite to the
ultrasonic vibrator array with respect to the backing material
layer is a flat surface portion.

4. The ultrasonic endoscope according to claim 1, wherein
the heat conductive layer is provided on at least one surface
of the flexible printed wiring board so as to be thermally
connected to the plurality of ultrasonic vibrators of the
ultrasonic vibrator array and so as to extend beyond the
backing material layer from the ultrasonic vibrator array
along the backing material layer to the side opposite to the
ultrasonic vibrator array with respect to the backing material
layer, the heat conductive layer being connected to the
ground portion.

5. The ultrasonic endoscope according to claim 2, wherein
the heat conductive layer is provided on at least one surface
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of the flexible printed wiring board so as to be thermally
connected to the plurality of ultrasonic vibrators of the
ultrasonic vibrator array and so as to extend beyond the
backing material layer from the ultrasonic vibrator array
along the backing material layer to the side opposite to the
ultrasonic vibrator array with respect to the backing material
layer, the heat conductive layer being connected to the
ground portion.

6. The ultrasonic endoscope according to claim 3, wherein
the heat conductive layer is provided on at least one surface
of the flexible printed wiring board so as to be thermally
connected to the plurality of ultrasonic vibrators of the
ultrasonic vibrator array and so as to extend beyond the
backing material layer from the ultrasonic vibrator array
along the backing material layer to the side opposite to the
ultrasonic vibrator array with respect to the backing material
layer, the heat conductive layer being connected to the
ground portion.

7. The ultrasonic endoscope according to claim 4, wherein
the heat conductive layer is provided on at least one surface
of the flexible printed wiring board so as to be thermally
connected to the plurality of ultrasonic vibrators of the
ultrasonic vibrator array and so as to extend beyond the
backing material layer from the ultrasonic vibrator array
along the backing material layer to the side opposite to the
ultrasonic vibrator array with respect to the backing material
layer, the heat conductive layer being connected to the
ground portion.

8. The ultrasonic endoscope according to claim 1, further
comprising a first heat conductive member that thermally
connects the plurality of ultrasonic vibrators of the ultra-
sonic vibrator array and the heat conductive layer to each
other,

wherein the heat conductive layer is provided on at least

one surface of the flexible printed wiring board so as to
be at a portion of the flexible printed wiring board
extending beyond the backing material layer on the side
opposite to the ultrasonic vibrator array with respect to
the backing material layer.

9. The ultrasonic endoscope according to claim 2, further
comprising a first heat conductive member that thermally
connects the plurality of ultrasonic vibrators of the ultra-
sonic vibrator array and the heat conductive layer to each
other,

wherein the heat conductive layer is provided on at least
one surface of the flexible printed wiring board so as to
be at a portion of the flexible printed wiring board
extending beyond the backing material layer on the side
opposite to the ultrasonic vibrator array with respect to
the backing material layer.

10. The ultrasonic endoscope according to claim 3, further
comprising a first heat conductive member that thermally
connects the plurality of ultrasonic vibrators of the ultra-
sonic vibrator array and the heat conductive layer to each
other,

wherein the heat conductive layer is provided on at least

one surface of the flexible printed wiring board so as to
be at a portion of the flexible printed wiring board
extending beyond the backing material layer on the side
opposite to the ultrasonic vibrator array with respect to
the backing material layer.

11. The ultrasonic endoscope according to claim 4, further
comprising a first heat conductive member that thermally
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connects the plurality of ultrasonic vibrators of the ultra-
sonic vibrator array and the heat conductive layer to each
other,
wherein the heat conductive layer is provided on at least
one surface of the flexible printed wiring board so as to
be at a portion of the flexible printed wiring board
extending beyond the backing material layer on the side
opposite to the ultrasonic vibrator array with respect to
the backing material layer.
12. The ultrasonic endoscope according to claim 7,
wherein the heat conductive layer is provided, at the
portion of the flexible printed wiring board extending
beyond the backing material layer, on only one side
opposite to the backing material layer, and
wherein the first heat conductive member thermally con-
nects, on the one side of the flexible printed wiring
board opposite to the backing material layer, the plu-
rality of ultrasonic vibrators and the heat conductive
layer to each other.
13. The ultrasonic endoscope according to claim 8,
wherein the heat conductive layer is provided, at the
portion of the flexible printed wiring board extending
beyond the backing material layer, on only one side
opposite to the backing material layer, and
wherein the first heat conductive member thermally con-
nects, on the one side of the flexible printed wiring
board opposite to the backing material layer, the plu-
rality of ultrasonic vibrators and the heat conductive
layer to each other.
14. The ultrasonic endoscope according to claim 9,
wherein the heat conductive layer is provided, at the
portion of the flexible printed wiring board extending
beyond the backing material layer, on only one side
opposite to the backing material layer, and
wherein the first heat conductive member thermally con-
nects, on the one side of the flexible printed wiring
board opposite to the backing material layer, the plu-
rality of ultrasonic vibrators and the heat conductive
layer to each other.
15. The ultrasonic endoscope according to claim 7,
wherein the heat conductive layer includes two heat
conductive layers provided on both surfaces of the
flexible printed wiring board,
wherein the first heat conductive member thermally con-
nects, on one side of the flexible printed wiring board
opposite to the backing material layer, the plurality of
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ultrasonic vibrators and the heat conductive layer that
is provided on the one side to each other, and

wherein the two heat conductive layers provided on the
both surfaces of the flexible printed wiring board are
thermally connected to each other.

16. The ultrasonic endoscope according to claim §,

wherein the heat conductive layer includes two heat

conductive layers provided on both surfaces of the
flexible printed wiring board,
wherein the first heat conductive member thermally con-
nects, on one side of the flexible printed wiring board
opposite to the backing material layer, the plurality of
ultrasonic vibrators and the heat conductive layer that
is provided on the one side to each other, and

wherein the two heat conductive layers provided on the
both surfaces of the flexible printed wiring board are
thermally connected to each other.

17. The ultrasonic endoscope according to claim 9,

wherein the heat conductive layer includes two heat

conductive layers provided on both surfaces of the
flexible printed wiring board,
wherein the first heat conductive member thermally con-
nects, on one side of the flexible printed wiring board
opposite to the backing material layer, the plurality of
ultrasonic vibrators and the heat conductive layer that
is provided on the one side to each other, and

wherein the two heat conductive layers provided on the
both surfaces of the flexible printed wiring board are
thermally connected to each other.

18. The ultrasonic endoscope according to claim 1,
wherein the heat conductive layer provided on a surface of
the flexible printed wiring board on a side where the wiring
portion is present is disposed at a portion excluding the
plurality of connection portions of the wiring portion so as
to surround the plurality of connection portions.

19. The ultrasonic endoscope according to claim 1,
wherein the flexible printed wiring board includes a plurality
of flexible printed wiring boards disposed on the side
opposite to the ultrasonic vibrator array with respect to the
backing material layer.

20. The ultrasonic endoscope according to claim 17,
further comprising a second heat conductive member that
connects the plurality of heat conductive layers that are each
provided on a respective one of the plurality of flexible
printed wiring boards to each other.
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