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(57) ABSTRACT

An ultrasound endoscope comprises an ultrasonic probe
where a plurality of ultrasonic transducer elements for trans-
mitting/receiving ultrasounds are arranged in a nearly cylin-
drical form, a distal rigid section which configures the tip of
an endoscopic insertion tube and in which the ultrasonic
probe is provided, a bending tube to which the distal rigid
section is connected and which bends with remote operation,
aflexible tube connected to the bending tube, and a signal line
bundle which is a bundle of signal lines corresponding to
respective ultrasonic transducer elements for transmitting a
drive signal driving each of the ultrasonic transducer ele-
ments and which passes through the insides of the distal rigid
section, the bending tube, and the flexible tube. The signal
line bundle is covered with a binding member for binding the
signal line bundle, and the binding force of the binding mem-
ber which covers an area of the signal line bundle in a prede-
termined range in the signal line bundle included in the bend-
ing tube is made smaller than the binding force of the binding
member which covers the signal line bundle in areas other
than the predetermined range.
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ULTRASOUND ENDOSCOPE

TECHNICAL FIELD

[0001] The present invention relates to an electronic radial
ultrasound endoscope for which the operational performance
is enhanced and which reduces the burden on patients and
physicians.

BACKGROUND ART

[0002] Inrecentyears, an ultrasound endoscope of the elec-
tronic scanning type, which has an ultrasonic probe at the tip
ofan insertion tube of the endoscope and scans electronically,
has been put into practical use. In the electronic scanning type
ultrasound endoscope, many piezoelectric transducers are
arranged in the form of an array. These piezoelectric trans-
ducers are suitably driven with a Diagnostic ultrasound sys-
tem to which the ultrasound endoscope is connected, and
thereby an ultrasonic image is obtained.

[0003] For a wire for transmitting an electric signal to the
ultrasonic probe, a plurality of flexible boards (FPCs: Flex-
ible Printed Circuits) are used (for example, see Patent Docu-
ments 1 and 2).

[0004] The FPCs are arranged within a bending tube so that
they can avoid contacting parts of the endoscope used for
observation such as a forceps channel. Additionally, the FPCs
are connected to signal lines (coaxial cables) at the tip of a
flexible tube on the side nearer the bending tube (the side
nearer the control section of the main body of the ultrasound
endoscope) (for example, see FIG. 1 of Patent Document 2).
[0005] With the angulation control of a typical endoscope,
the angulation angle in the UP direction must be great,
namely, must be able to be bent at approximately 130 degrees;
the angulation angle must also be at least 90 degrees in other
directions. With such a configuration, insertion into a patient
is made smooth, and the burden on patients and the physicians
that operate the endoscope are reduced.

[0006] Alternately, if the FPCs are not comprised and sig-
nal lines are directly arranged, a number of signal lines can be
bound with a heat-shrinkage tube or other such device over
the total length of the rigid part of the tip, the bending tube,
and the flexible tube.

[0007] In the meantime, improvements in the operational
performance of ultrasound endoscopes have led to reductions
in the burden on patients and physicians. Therefore, it is
important that the bending tube of the tip be easy to bend in a
predetermined direction. The degree of bending is signifi-
cantly influenced by the cable for transmitting/receiving
ultrasounds, and in particular by the shape, material, and
arrangement of the cable.

[0008] In addition, shortening and making thinner the
length of the rigid part inserted into a body cavity improves
the operational performance, and this leads to reductions in
the burden on patients and physicians.

[0009] A technique is disclosed with which the degree of
freedom of'a channel for inserting an endo-therapy accessorie
is improved by branching or transforming an ultrasound cable
in the rigid part of a tip (the distal rigid section), in which an
endoscopic observation part and an ultrasound observation
partare fixed, in a convex ultrasound endoscope (for example,
Patent Document 3).

[0010] Additionally, a convex ultrasound endoscope hav-
ing a cable inclined from a transducer is disclosed (for
example, Patent Document 4).
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[0011] The techniques of Patent Documents 3 and 4 do not
refer to the positions of the transducers of the endoscopic
observation part and the ultrasound observation part. This is
because the ultrasound obserbation cannot be made 360
degrees even with the transducers, and both of their ends
always exist in an observation range. Accordingly, the posi-
tions of the transducer elements are determined naturally.

Patent Document 1: Japanese Unexamined Published Patent
Application No. 2002-153465

Patent Document 2: Japanese Unexamined Published Patent
Application No. 2002-153470

Patent Document 3: Japanese Unexamined Published Patent
Application No. 2001-170054

Patent Document 4: Japanese Unexamined Published Patent
Application No. 2001-112757

DISCLOSURE OF INVENTION

[0012] An ultrasound endoscope according to the present
invention comprises an ultrasonic probe in which a plurality
of ultrasonic transducer elements for transmitting/receiving
ultrasounds are arranged in a nearly cylindrical form, a rigid
part that constitutes the tip of an endoscopic insertion tube
and in which the ultrasonic probe is provided, a bending tube
to which the distal rigid section is connected and that bends
with remote operation, a flexible tube connected to the bend-
ing tube, and a signal line bundle that is a bundle of signal
lines corresponding to respective ultrasonic transducer ele-
ments for transmitting a drive signal driving each of the
ultrasonic transducer elements and that passes through the
insides of the rigid tip part, the bending tube, and the flexible
tube. The signal line bundle is covered with a binding member
for binding the signal line bundle, and the binding force ofthe
binding member that covers the signal line bundle in a certain
predetermined range in the signal line bundle included in the
bending tube is weaker than the binding force of the binding
member that covers the signal line bundle in the areas other
than those within the predetermined range.

[0013] Additionally, an ultrasound endoscope according to
the present invention comprises an ultrasonic probe where a
plurality of ultrasonic transducer elements for transmitting/
receiving ultrasounds are arranged in a nearly cylindrical
form, a rigid part that constitutes the tip of an endoscopic
insertion tube and in which the ultrasonic probe is provided,
a bending tube to which the distal rigid section is connected
and which bends with remote operation, a flexible tube con-
nected to the bending tube, and a signal line bundle that is a
bundle of signal lines corresponding to respective ultrasonic
transducer elements for transmitting a drive signal driving
each of the ultrasonic transducer elements, and passes
through the insides of the distal rigid section, the bending
tube, and the flexible tube. The interval between signal lines
of the signal line bundle in a certain predetermined range in
the signal line bundle included in the bending tube is made
stronger than the interval between signal lines of the signal
line bundle that exist in the area other than the area within the
predetermined range.

[0014] Furthermore, an electronic radial ultrasound endo-
scope according to the present invention comprises an endo-
scopic observation part where an illumination optical system
and an observation optical system are provided, an ultrasonic
observation part where a plurality of ultrasonic transducer
elements for transmitting/receiving ultrasounds are arranged
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in a rigid part that constitutes the tip of an insertion tube, and
a bending tube that bends freely at least in mutually orthogo-
nal first and second bending directions at the rear end of the
distal rigid section. The thickness of a cable composed of a
bundle of signal lines connected to the respective ultrasonic
transducer elements is fixed to be thinner in the first bending
direction than in the second bending direction in the distal
rigid section.

[0015] Still further, an electronic radial ultrasound endo-
scope according to the present invention comprises an endo-
scopic observation part where an illumination optical system
and an observation optical system are provided, an ultrasonic
observation part where a plurality of ultrasonic transducer
elements for transmitting/receiving ultrasounds are arranged
in a rigid part that constitutes the tip of an insertion tube, and
a bending tube that bends freely at least in mutually orthogo-
nal first and second bending directions at the rear end of the
distal rigid section. A cable composed of a bundle of signal
lines connected to the respective ultrasonic transducer ele-
ments is branched, and the thickness of the bundle of the
branched cables is fixed to be thinner in the first bending
direction than in the second bending direction in the rigid tip
part.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a schematic of a signal line bundle 201 of
a bending tube of a conventional endoscope;

[0017] FIG. 2 is a conceptual schematic of bound portions
and a weakly bound portion of signal lines in a first preferred
embodiment;

[0018] FIG. 3 is a schematic of the configuration of the
external portion of an ultrasound endoscope in a 1-1 preferred
embodiment;

[0019] FIG. 4A is an enlarged view (external perspective
view) of the tip part of the ultrasound endoscope 1 of FIG. 3;
[0020] FIG. 4B is an enlarged view of the outside of the tip
part of the ultrasound endoscope 1 of FIG. 3;

[0021] FIG. 5 is a cross sectional view of an ultrasonic
probe in the 1-1 preferred embodiment;

[0022] FIG. 6 is a perspective view of the ultrasonic probe
in the 1-1 preferred embodiment;

[0023] FIG. 7 shows a cross section of an area of the ultra-
sound endoscope in the 1-1 preferred embodiment in the
vicinity of an insertion tube 2;

[0024] FIG. 8 shows a cross section of a multi-core coaxial
cable in the 1-1 preferred embodiment;

[0025] FIG.9is aschematic ofthe tip of an insertion tube of
an ultrasound endoscope in a 1-2 preferred embodiment;
[0026] FIG. 10 shows the state of a signal line bundle when
a bending tube 8 of the ultrasound endoscope in the 1-2
preferred embodiment is bent;

[0027] FIG. 11 is a schematic of the tip of an insertion tube
of an ultrasound endoscope in a 1-3 preferred embodiment;
[0028] FIG. 12A shows a cable belonging to a distal rigid
section of an electronic radial ultrasound endoscope in a
second preferred embodiment (implementation example 1);
[0029] FIG. 12B is a schematic (F-F cross sectional view)
of the cable of the distal rigid section of the electronic radial
ultrasound endoscope in the second preferred embodiment
(implementation example 1);

[0030] FIG. 12C is a schematic (G-G cross sectional view)
of the cable of the distal rigid section of the electronic radial
ultrasound endoscope in the second preferred embodiment
(implementation example 1);
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[0031] FIG. 13A is a schematic of the cable of the distal
rigid section of the electronic radial ultrasound endoscope in
the second preferred embodiment (implementation example
2);
[0032] FIG. 13B is a schematic (F-F cross sectional view)
of the cable of the distal rigid section of the electronic radial
ultrasound endoscope in the second preferred embodiment
(implementation example 2);

[0033] FIG. 13C is a schematic (G-G cross sectional view)
of the cable of the distal rigid section of the electronic radial
ultrasound endoscope in the second preferred embodiment
(implementation example 2);

[0034] FIG. 14A is a schematic showing the cable of the
distal rigid section of the electronic radial ultrasound endo-
scope in the second preferred embodiment (implementation
example 3);

[0035] FIG. 14B is a schematic (F-F cross sectional view)
showing the cable of the distal rigid section of the electronic
radial ultrasound endoscope in the second preferred embodi-
ment (implementation example 3);

[0036] FIG. 14C is a schematic (G-G cross sectional view)
of the cable of the distal rigid section of the electronic radial
ultrasound endoscope in the second preferred embodiment
(implementation example 3);

[0037] FIG. 15 is a schematic of the cable in the second
preferred embodiment with a heat-shrinkage tube attached;
[0038] FIG.16A is aschematic ofacable fixing member 63
for fixing the cable shown in FIG. 15 (a state where FIG. 15 is
viewed in the left direction);

[0039] FIG. 16B is a schematic of the cable fixing member
63 for fixing the cable shown in FIG. 15 (a state where F1G. 15
is viewed in the same direction as that of FIG. 15);

[0040] FIG. 16C is a schematic of the cable fixing member
63 for fixing the cable shown in FIG. 15 (a state where F1G. 15
is viewed in the right direction);

[0041] FIG. 17A is a schematic of the distal rigid section of
the electronic radial ultrasound endoscope shown in FIG. 13;
[0042] FIG.17B is an H-H cross sectional view of the distal
rigid section in FIG. 17A;

[0043] FIG. 18 is a cross sectional view of the inclination of
the cable of the distal rigid section in the second preferred
embodiment;

[0044] FIG. 19A is a schematic of a cable fixing member
(right and left directions) for inclining the cable in the second
preferred embodiment; and

[0045] FIG. 19B is a schematic of a cable fixing member
(up and down directions) for inclining the cable in the second
preferred embodiment.

BEST MODE OF CARRYING OUT THE
INVENTION

First Preferred Embodiment

[0046] If a bending tube is bent significantly as described
above when an FPC is used as in the prior art examples, an
expansion/contraction force is exerted in the direction of the
insertion axis of the FPC, and the FPC ripples or undergoes a
pulling force even if the FPC is arranged as in the prior art
examples. This poses a problem such that a disconnection is
prone to occur, and the bending angle cannot be made large in
all directions.

[0047] Additionally, in the prior art examples, it is impor-
tant to keep the resistance force (expansion/contraction force)
caused by the FPC in balance. As a result, not only must a
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physician apply a great amount of operation force, but also the
bending tube undergoes a change such that it becomes diffi-
cult to carefully perform fine operations within a body cavity
susceptible to damage. This results in the operational perfor-
mance of the endoscope becoming worse, and the burden on
the physician increases.

[0048] The bending tube of the endoscope can also be put
into a complex bending state (twisting state) in which, for
example, itis bent 90 degrees to the left and 130 degrees in the
upward direction. This leads to a problem in which not only
does the amount of bending operation force become greater
but also the balance of the resistance force caused by the FPC
is lost in the configuration of the prior art examples, and an
operation different from that intended by the physician may
occur.

[0049] Alternately, if the FPC is not used—for example, if
a signal line bundle 201 bound by a binding member (such as
an outer sheath) 200 is used as shown in FIG. 1—the signal
line bundle 201 is tightened by the binding member 200 so
that the signal line bundle 201 becomes rigid part 202. This
leads to the problem that the amount of operation force that
must be placed on the bending tube becomes great, and the
operational performance becomes worse.

[0050] In particular, if the bending tube is bent with a cur-
vature radius R, the center of the signal line bundle becomes
a neutral axis, signal lines near the outer circumference of the
bend undergo a pulling force and those near the inner circum-
ference of the bend undergo a compression force due to the
solidity of the signal line bundle. However, since the periph-
ery of the bundle is bound, pressure is applied to the signal
lines at the periphery. Accordingly, stress is repeatedly
applied when an endoscopic operation is being performed,
leading to a possible disconnection.

[0051] In consideration of the above described problems,
the present invention provides an ultrasound endoscope that
can have a large bending angle, a small amount of operation
force, and superior functionality for insertion into a patient
and in being operated by a physician.

[0052] FIG. 2 is a conceptual schematic of bound portions
and an unbound portion of a signal line bundle included in a
bending tube of the ultrasound endoscope according to the
present invention. The signal line bundle 101 inserted into an
insertion tube of the endoscope is covered with a binding
member 100 over its total length, and is in a bound state
(bound portion). The binding member 100 that covers the
signal line bundle 101 is removed from a portion of the
bending tube on the side containing the distal rigid section,
and the signal line bundle 101 is bare. Accordingly, the signal
line bundle of that portion is not bound by the binding mem-
ber (unbound portion).

[0053] The right side of FIG. 2 shows a model of the rigid
part of the left schematic of FIG. 2. In the right schematic of
FIG. 2, the bound portions of the left schematic of FIG. 2 are
represented as rigid parts 102, and the unbound portion is
represented as a soft part 103.

[0054] Here, a comparison is made between a portion of an
Xa-Xa line section of FIG. 2 and its corresponding Xb-Xb
line section of FIG. 1. Line section Xb-Xb exhibits solidity,
whereas line section Xa-Xa exhibits flexibility. Accordingly,
the load imposed when the signal line bundle of FIG. 2 is bent
is relatively lighter than that of FIG. 1.

[0055] The ultrasound endoscope according to the present
invention comprises an ultrasound probe part, which is
arranged in the distal rigid section among the flexible tube,
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the bending tube, and the distal rigid section that configure the
tip of the endoscopic insertion tube, and in which a plurality
of ultrasound transducers transmitting ultrasounds vertically
to the insertion axis are arranged in the form of a ring, and
further comprises a bundle of signal lines that are inserted into
the insertion tube, and the number of which is almost the same
as the number of ultrasound transducers that transmit/receive
signals to/from the ultrasound probe. The bundle of signal
lines are situated inside the flexible tube, the bending tube,
and the distal rigid section, which configure the tip of the
endoscopic insertion tube.

[0056] Therefore, inthis ultrasound endoscope, each of the
signal lines extending from the ultrasonic probe is bound
within the distal rigid section and the flexible tube, and at least
a portion of the bending tube is bound with a weaker binding
force than that of the binding within the distal rigid section
and the flexible tube. As a result, each of the signal lines can
move freely in the direction of the insertion axis of the endo-
scope, and can flexibly bend even if signal lines near the outer
circumference undergo a pulling force and those near the
inner circumference undergo a compression force as a result
of the bending of the bending tube.

[0057] Additionally, according to the present invention,
signal lines up to one half of the total length of the entire
bending tube are weakly bound within the binding tube.
Namely, signal lines up to one half, which exists on the tip
side, of the total length of the entire bending tube are weakly
bound within the binding tube.

[0058] Preferred embodiments according to the present
invention are described below.

1-1 Preferred Embodiment

[0059] FIG. 3 shows the configuration of the outside of the
ultrasound endoscope according to the present invention. The
ultrasound endoscope 1 is configured mainly with a long and
thin insertion tube 2 for insertion into a body cavity, an control
section 3 positioned at the base of the insertion tube 2, and a
universal cord 4 extending from the side containing the con-
trol section 3.

[0060] Inside the universal cord 4, a light guide cable, a
suction tube, an electric line, or other such items pass through.
At the base of the universal cord 4, a scope connecter 5
connected to a light source device not shown is provided.
From the scope connector 5 extends an electric cable that is
freely connectable/disconnectable to/from a camera control
unit (not shown) via an electric connector. Additionally, from
the scope connector 5 extends an ultrasonic cable 6 that is
freely connectable/disconnectable to/from a Diagnostic
ultrasound system (not shown) via an ultrasonic connector
6a.

[0061] The insertion tube 2 is configured by providing a
rigid tip 7, abending tube 8, and a flexible tube 9 in series. The
distal rigid section 7 is formed with resin members that are
harder nearer the tip and get less hard in sequence as they get
further from the tip. The bending tube 8 is a tube that is
positioned at the rear end of the distal rigid section 7, and can
freely bend. The flexible tube 9 is a long and thin tube that is
positioned at the rear end of the bending tube 8, and has
flexibility. In the area nearer the tip of the distal rigid section
7, an ultrasonic probe 10 is provided. In the ultrasonic probe
10, a plurality of piezoelectric elements for transmitting/re-
ceiving ultrasounds are arranged.

[0062] In the control section 3, an angulation control knob
11, an air/water valve 12, a suction valve 13, and a instrument



US 2008/0119738 Al

channel port 14, etc. are provided. The angulation control
knob 11 is intended to control the bending of the bending tube
8 in a desired direction. The air/water valve 12 is intended to
perform an air/water supply operation. The suction valve 13 is
intended to perform a suction operation. The instrument
channel port 14 is a port into which an endo-therapy acces-
sorie to be guided into a body cavity enters.

[0063] FIGS. 4A and 4B are enlarged views of the distal
rigid section 7 of the ultrasound endoscope 1 shown in FIG. 3.
FIG. 4A is an external perspective view, whereas FIG. 4B
shows its external configuration. At the tip of the distal rigid
section 7, the ultrasonic transducer 10 that enables electronic
radial scanning is provided. The ultrasonic transducer 10 is
covered with a material with which acoustic lens (ultrasound
transmitting/receiving unit) 17 can be formed. Additionally, a
slanting area 7a is formed in the distal rigid section 7. On the
slanting area 7a, an illumination lens 185, an objective lens
18¢, a instrument-channel-outlet/suction-channel 184, and an
air/water supply port 18a are provided. The illumination lens
185 configures an illumination optical part for radiating illu-
mination light on a portion to be observed. The objective lens
18¢ configures an observation optical part for capturing the
optical image of the portion to be observed. The instrument-
channel-outlet/suction-channel 184 is an opening from which
an ablated portion is suctioned or an endo-therapy accessorie
extends. The air/water supply port 18a is an opening for
supplying air/water.

[0064] FIG. 5 shows a cross section of the ultrasonic probe,
whereas FIG. 6 shows a perspective view. This preferred
embodiment is described by taking an electronic radial ultra-
sonic probe as an example of the ultrasonic probe. The elec-
tronic radial ultrasonic probe is intended to transmit/receive
an ultrasonic beam in a circumferential direction.

[0065] The ultrasonic probe 10 is shaped like a cylinder.
The ultrasonic probe 10 is covered with an acoustic lens
material 17 and an acoustic matching layer 22 in this order
from the outermost circumference.

[0066] On opposing surfaces (surfaces at the inner and the
outer portions of the ultrasonic probe 10) of a piezoelectric
element 23, electrode layers 23a and 235 are respectively
formed. Additionally, a conductive layer 21 is formed on one
surface of a substrate 20 (the surface nearer the inner side of
the ultrasonic probe 10). The conductive layer 21 and the
electrode layer 23a are electrically connected. A conductive
layer 25 continuous to the electrode layer 235 is formed in a
portion of the acoustic matching layer.

[0067] As shown in FIGS. 5 and 6, the substrate 20, con-
ductive layer 21, piezoelectric element 23, electrode layer
23a, electrode 234, conductive layer 25, and acoustic match-
ing layer 22 (its portion) are diced, and a plurality of trans-
ducer elements 37 are formed.

[0068] Nearopenings on the bottom and the top sides of the
ultrasonic probe 10, donut-shaped structural members 26 and
29 are respectively provided. The area between the structural
members 26 and 29 is filled with a backing material 28. On the
surface of the structural member 26 (the surface on the bottom
side in this figure), copper foil is formed. The electrode 235
and the copper foil 27 are electrically connected via the con-
ductive layer 25.

[0069] A cylindrical structural member 30 is inserted into
the side at which the top opening is provided (the side on
which the substrate 20 is provided). This cylindrical struc-
tural member 30 is configured with a cylindrical portion and
a ring-shaped collar 31 provided on its one end. The collar 31
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and the structural member 29 are joined, whereby the position
of the cylindrical member 30 is fixed within the ultrasonic
probe 10.

[0070] On the surface of the collar 31, a printed circuit
board 32 is provided. A plurality of electrode pads 36 are
provided on the surface of the printed circuit board 32. Addi-
tionally, a cable bundle 40 is inserted into the cylindrical
structural member 30. The tip of each cable 41 of the cable
bundle 40 is soldered to an electrode pad 36 corresponding to
each cable 41. A coaxial cable is normally used as the cable 41
for noise reduction. Each of the electrode pads 36 is electri-
cally connected to the conductive layer 21 via soldering and a
wire 35. Potting is made with resin 42 for the cables 41.
[0071] The surface of the cylindrical portion of the cylin-
drical structural member 30 is covered with a metal thin film
38. A ground line 39 extending from the cable 40 is soldered
with soldering 394 to the surface of the cylinder on which the
metal thin film 38 is formed. Additionally, the metal thin film
38 is electrically connected to the copper foil 27.

[0072] As described above, the signal line of each cable 41
is electrically connected to one electrode 23a of a piezoelec-
tric element of the transducer element 37, which corresponds
to a signal line of each cable 41. Electrode 235, as opposed to
the signal electrode 23a of the piezoelectric element 23, is a
ground electrode. The cable bundle 40 is bonded only near the
opening of the cylindrical structural member 30 with an adhe-
sive 43, and is bundled and bound.

[0073] FIG. 7 shows a cross section near the tip of the
insertion tube 2 of the ultrasound endoscope according to this
preferred embodiment. The distal rigid section 7 and the
bending tube 8 extend from the tip of the insertion tube 2.
Additionally, a connection member 60 for joining the ultra-
sonic probe 10 to the tip structural member is provided.
[0074] Inside the connection member 60, the cylindrical
portion of the cylindrical structural member 30 is housed. The
cable bundle 40 extends from the opening of the cylindrical
structural member 30, and passes through the inside of the
bending tube 8.

[0075] Additionally, a series of linkage members (not
shown) for bending the bending tube 8 in the left and the right
directions (the direction vertical to the paper plane in FIG. 7),
and a series of linkage members 49 for bending the bending
tube 8 in the upward and the downward directions (the direc-
tion horizontal to the paper plane in FIG. 7) exist within the
bending tube 8.

[0076] Furthermore, the bending tube 8 is configured with
a plurality of bending module 48. Accordingly, the linkage
members operate, whereby the respective bending module 48
move, and the whole of the bending tube 8 bends. In this
preferred embodiment, a multi-core coaxial cable 50 is used
as the cable bundle 40.

[0077] FIG. 8 shows the cross section of the multi-core
coaxial cable 50 in this preferred embodiment. An A-A cross
section of FIG. 8 is a schematic of the cross section of the
multi-core coaxial cable 50, which corresponds to the cross
section A-A of FIG. 7. A B-B cross section of FIG. 8 is a
schematic of the cross section of the multi-core coaxial cable
50, which corresponds to the cross section B-B of FIG. 7.
[0078] The multi-core coaxial cable 50 is a bundle of a
plurality of coaxial cables 54. In this preferred embodiment,
the multi-core coaxial cable 50 has the cross section repre-
sented by the B-B cross section over its total length except for
a portion to be described later (see the A-A cross section of
FIG. 8). The B-B cross section of FIG. 8 is described first.
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[0079] On the B-B cross section of FIG. 8, the core line
(signal line) 54a of each coaxial cable 54 is configured by
being covered with an insulator 544, is also covered with a
shield line 54¢ thereon, and is further covered with a jacket
(outer sheath) 54d. Additionally, a plurality of coaxial cables
54 are bundled together, covered with a shield line (overall
shield line) 53 thereon, and further covered with a jacket
(outer sheath) 52. This is the configuration of a typical multi-
core coaxial cable.

[0080] In this preferred embodiment, such a multi-core
coaxial cable 50 is further covered with a heat-shrinkage tube
51. As described above, a predetermined number (a number
corresponding to the number of transducer elements) of sig-
nal lines (signal line bundles) connected to the ultrasonic
probe 10 are covered with the heat-shrinkage tube 51 over the
jacket 52 over the insertion tube 2’s total length within a
portion of the distal rigid section 7, the bending tube 8, and he
flexible tube 9.

[0081] The A-A cross section of FIG. 8 is implemented by
removing the jacket 52 and the overall shield line 53 of the
multi-core coaxial cable 50, which are described with refer-
ence to the B-B section of FIG. 8, and by covering the bundle
of the bare coaxial cables 54 with the heat-shrinkage tube 51.
Here, the reason that the bundle of coaxial cables is covered
with the heat-shrinkage tube 51 is to prevent the coaxial
cables 54 from being unbundled and to hold them with a
certain degree of freedom. If any ofthe coaxial cables 54 were
unbundled, it could possibly become stuck in the above
described linkage members 49 or other such place and be
disconnected.

[0082] Additionally, the heat-shrinkage tube 51 is also
intended to align the multi-core coaxial cable 50 in a prede-
termined position within the bending tube 8. Furthermore, the
heat-shrinkage tube 51 is also intended to improve safety by
preventing the overall shield line 53 from being externally
exposed when the jacket 52 is mechanically damaged on the
B-B cross section of FIG. 8.

[0083] Referring back to FIG. 7, the jacket 52 and the
overall shield line 53 are removed (portion C) from the por-
tion of the bending tube 8 that is nearer the cylindrical struc-
tural member 30 in the multi-core coaxial cable 50 extending
from the opening of the cylindrical structural member 30
toward the bending tube 8. The remaining portion is covered
with the jacket 52 and the overall shield line 53 (portion D).
[0084] Then, the bundle of the bare coaxial cables 54 is
bonded with the adhesive 43 in the vicinity of the opening of
the cylindrical structural member 30, and is bundled and
bound. The multi-core cable 50 is covered with the heat-
shrinkage tube 51 over its total length, including also the
entire portion (portion C) of the bundle of the bare coaxial
cables 54 except for the bonded portion 43.

[0085] Incidentally, when the multi-core coaxial cable 50 is
covered with the heat-shrinkage tube 51, the multi-core
coaxial cable 50 is inserted into the heat-shrinkage tube 51
and is externally heated. A heat gradient is applied by varying
heating time or by varying heating power or the heat source
(for example, by using a small heater such as a heat gun or a
large heating appliance, or by moving the heat source away
from the object to be heated) so that the binding force of the
heat-shrinkage tube 51 for each coaxial cable 54 is adjusted
depending on the portion of the tube.

[0086] Forexample, the heating time for the heat-shrinkage
tube 51 positioned in the portion (portion C) from which the
jacket 52 and the overall shield line 53 are removed is made to
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be shorter than the other portions to relatively weaken the
binding force for each coaxial cable 54.

[0087] By covering it with the heat-shrinkage tube 51, the
signal lines (coaxial cables 54) within the jacket 52 (within
the overall shield 53) are further bound (portion D). Accord-
ingly, the interval PO between coaxial cables 54 is narrowed
as indicated by the B-B cross section of FIG. 8. As aresult, the
twisting of the overall shield 3 generates a high slide resis-
tance in the signal lines (coaxial cables 54), and the respective
signal lines (coaxial cables 54) are securely bound.

[0088] Since the jacket 52 and the overall shield 53 do not
exist in portion C within the bending tube 8, binding for the
signal lines (coaxial cables 54) is weak. Namely, as indicated
by the A-A cross section of FIG. 8, the interval P1 between
coaxial cables 54 becomes wide in comparison with the inter-
val PO of the B-B cross section of FIG. 8 (P1>P0).

[0089] Accordingly, the degree of freedom of each coaxial
cable 54 on the A-A cross section of FIG. 8 is higher than that
in the case of the B-B cross section of FIG. 8. This indicates
that the binding force for each coaxial cable 54 is smaller on
the A-A cross section of FIG. 8 when the multi-core coaxial
cable 50 is bent.

[0090] As described above, if the signal line bundle bends
with a curvature radius R with the bending operation of the
endoscope, signal lines positioned on the side of the inner
circumference bow, and those positioned on the side of the
outer circumference bend with the curvature radius R. There-
fore, an unnecessary pulling force is not applied. Addition-
ally, since an unnecessary force is not applied to the signal
lines, not only is a disconnection prevented from occurring
but also the signal line bundle becomes soft, leading to a
reduction in the amount of operation force.

1-2 Preferred Embodiment

[0091] Ifthe signal line bundle is in a weakly bound state (a
state in which the signal line bundle is not fully bound with the
jacket 52, the overall shield line 53, etc., or a state of portion
C in which the signal line bundle is covered only with the
heat-shrinkage tube in the first preferred embodiment), the
signal lines bow in various directions. As a result, the signal
lines touch other included components (such as a light guide
cable, etc.) existing within the bending tube, and an unnec-
essary load is imposed on the components. Accordingly, the
length of the signal line bundle in the weakly bound state
within the bending tube is reduced to one half of the total
length of the bending tube in this preferred embodiment.

[0092] FIG.9 is a schematic showing the tip of the insertion
tube of the ultrasound endoscope according to this preferred
embodiment. In this figure, assume that the total length of the
bending tube and the length of the signal line bundle portion
70 in the weakly bound state are .1 and L2 respectively. Also,
assume that L2 is equal to or smaller than one half of L1. For
example, .2 may be set to a length of one third of L1.

[0093] FIG. 10 shows the state of the signal line bundlein a
case in which the bending tube 8 of the ultrasound endoscope
according to this preferred embodiment is bent. If the bending
tube 8 is bent in the form of a halfcircle so that one end E1 and
the other end E2 of the bending tube 8 form a 180-degree
angle, the limitation of the length of the signal line bundle
portion 70 is represented by a 90-degree arc. If the arc is 90
degrees or more, the signal lines can possibly bow in various
directions. Accordingly, it is better to set the signal line
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bundle portion in the weakly bound state to one half or less of
the total length of the bending tube in consideration of FIG.
10.

[0094] According to this preferred embodiment, the region
in which each signal line freely deforms can be restricted.
Accordingly, interference with other included components
such as a forceps channel or an optical observation member is
prevented, and not only the disconnection of a signal line but
also damage to other included components can be minimized.

1-3 Preferred Embodiment

[0095] In the second preferred embodiment, the length of
the signal line bundle portion in the weakly bound state within
the bending tube is made to be equal to or smaller than one
half of the length of the bending tube. In this preferred
embodiment, a signal line bundle in the weakly bound state is
made to be equal to or smaller than one half, which exists on
the tip side, of the length of the side of the bending tube. It is
sufficient that the tip of the insertion tube of the endoscope
can bend flexibly and that the other portions only track the tip
when the endoscope is guided into a body cavity.

[0096] FIG. 11 is a schematic showing the tip of the inser-
tion tube of the ultrasound endoscope according to this pre-
ferred embodiment. According to this figure, a flexible por-
tion of the bending tube (a signal line bundle portion 80 in the
weakly bound state) is positioned on the side nearer the tip.
[0097] As a result, a tracking capability into a lumen is
enhanced when the endoscope is inserted into a patient, and
its insertion performance is improved, thereby reducing the
burden on the patient and physician.

[0098] In the 1-1 to 1-3 preferred embodiments, the heat-
shrinkage tube is used. However, the binding member is not
limited to the heat-shrinkage tube, and any member may be
available as far as it can bind the signal line bundle. For
example, a heat-shrinkage tape or other such device may be
used. Furthermore, in the 1-1 to 1-3 preferred embodiments,
the electronic radial ultrasonic probe is used. However, the
ultrasonic probe is not limited to this type. For example, a
convex or a linear ultrasonic probe may be used. Furthermore,
in the 1-1 to 1-3 preferred embodiments, the electronic radial
ultrasonic probe using a piezoelectric element is used. How-
ever, the ultrasonic probe is not limited to this type. An elec-
tronic radial ultrasonic probe using a capacitance transducer
(c-MUT) is also applicable.

[0099] Still further, the present invention is not limited to
the 1-1 to the 1-3 preferred embodiments. Diverse configu-
rations can be adopted within the scope recited by the claims.
Accordingly, inasmuch as binding force implemented by the
cover member that covers the signal line bundle within a
predetermined range in the signal line bundle included in the
bending tube can be made smaller than that of the cover
member which covers the other portions, this cover member
is not limited to the configuration of the heat-shrinkage tube
51, the jacket 52, and the overall shield 53.

[0100] As described above, according to the present inven-
tion, the bending angle can be made large and the amount of
operation force can be reduced, whereby an ultrasound endo-
scope which imposes less burden on a patient and a physician
can be obtained.

Second Preferred Embodiment

[0101] Since aconventional ultrasound endoscope does not
comprise a cable fixing member for fixing an ultrasonic cable,
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itis possible for several tens or hundreds of wires to be twisted
by bending stress or to be disconnected by tension at the time
of'assembly of the endoscope or at the time of an endoscopic
diagnosis. Additionally, to provide the endoscope with the
functions of an endoscopic observation part and an ultrasonic
observation part within an optical system, difficulties exist in
the thinning of the endoscope.

[0102] Additionally, the technique recited in Patent Docu-
ment 4 implements a configuration in which at least a cable in
a rigid part is made to extend toward an control section in
parallel to an insertion axis, and this technique does not take
into account an observation optical system.

[0103] An object of the present invention is to provide an
electronic radial ultrasound endoscope the operational per-
formance of which is improved and that reduces the burden on
patients and physicians in consideration of the above conven-
tional background.

[0104] FIGS. 12A, 12B, and 12C show the cable of the
distal rigid section 7 of the electronic radial ultrasound endo-
scope 1 in this preferred embodiment (implementation
example 1). The cable is configured by bounding ultrasonic
transducer elements and signal lines for transmitting/receiv-
ing a driving signal. An F-F cross section of a cable 321 in the
external view shown in FIG. 12A is shown in FIG. 12B. The
cable 321a is shaped like a circle. FIG. 12C shows a G-G
cross section of the cable 321 of FIG. 12A. The cable 3215 is
shaped by deforming a circle with a cable fixing member (not
shown) shaped like an ellipse (a shape that is thin in the
direction in which an ability to bend is desired). The cable
3215 may be made to easily bend in upward and downward
directions in FIG. 12 by filling in atleast a portion of the cable
3215 with flexible resin.

[0105] FIGS. 13A, 13B, and 13C show the cable of the
distal rigid section 7 of the electronic radial ultrasound endo-
scope 1 in this preferred embodiment (implementation
example 2). An F-F cross-sectional view of the cable 322, the
external configuration of which is shown in FIG. 13A, is
depicted in FIG. 13B. Cable 3224 of the cable 322 is shaped
like a circle. FIG. 13C shows the G-G cross section of the
cable 322 shown in FIG. 13A. Cable 3225 is branched into
two branches that are easy to bend in a desired bending
direction (the upward and downward directions shown in
FIG. 13C). Cable 3225 may be branched not only into two
branches but also into three branches. There are no problems
if cable 3225 is thin in the direction in which the ability to
curve is desired and is thus easy to curve.

[0106] FIGS. 14A, 14B, and 14C are schematics showing
the cable of the distal rigid section 7 of the electronic radial
ultrasound endoscope 1 in this preferred embodiment (imple-
mentation example 3). An F-F cross section of the cable 323,
the external configuration of which is shown in FIG. 14A, is
depicted in FIG. 14B. The cable 323a is shaped like a circle
for which the outer circumference is not covered in the area
near a transducer. FIG. 14C shows the G-G cross section of
the cable 323 shown in FIG. 14A. In a similar manner as in
FIG. 12C, the cable 323 is shaped like, for example, an ellipse
(thin in a predetermined direction in which the ability to bend
is desired) due to a cable fixing member not shown by being
deformed from a circle to an ellipse. If necessary, the cable
may be made easy to bend in the upward and the downward
directions of FIG. 14C by filling at least a portion of the cable
3235 with flexible resin.

[0107] FIG. 15 is a schematic showing a state where a
heat-shrinkage tube is attached to the cable in this preferred
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embodiment. The heat-shrinkage tube 331 for preventing the
two-branched cable 324 from being disconnected is made of;
in this example, fluorine resin. To branch the cable 324, it is
desirable to attach a heat-shrinkage tube 321 to a branched
point.

[0108] FIGS.16A,16B,and16C exemplify the cable fixing
member 363 for fixing the cable 324 shown in FIG. 15. FIG.
16A is a schematic when FIG. 15 is viewed in the left direc-
tion. In FIG. 16A, one cable hole 363a is formed on the side
containing the tip of the cable. FIG. 16B is a schematic when
FIG. 15 is viewed in the same direction as that of FIG. 15.
FIG. 16C is a schematic when FIG. 15 is viewed in the right
direction. As shown in FIG. 16C, two cable holes 3635 are
formed to fix the branched cables.

[0109] The state of the cables fixed by the cable fixing
member 363 within the distal rigid section 7 is described next
with reference to FIGS. 17A and 17B.

[0110] FIG. 17A is a cross-sectional side view of the distal
rigid section 7 of the electronic radial ultrasound endoscope 1
shown in FIG. 13. A signal line 362 is connected to the side of
the central direction of a collar in the electrode pad 351. One
end of a wire 390 is connected with soldering 401 to the outer
circumference of the collar in the electrode pad 351, whereas
the other end is connected with soldering 402 to a signal side
electrode 320a positioned on the substrate 320 of the trans-
ducer element. A short wire 390 is used and connected in
order to prevent the wire from short circuiting by touching the
adjacent signal side electrode 320a. Additionally, the whole
of the connected portion of the signal line 362 and the elec-
trode pad 351 is covered with potting resin 400 in order to
prevent the signal line 362 from coming off from the electrode
pad 351 by being pulled with a load imposed on the signal line
362. The signal line 362 branches into two branches from a
cable branched portion 362a, and a cable fixing member 363
is provided on the outer circumference of the signal line 362.
Additionally, copper foil 403 is formed on one surface of the
structural member 3305, and a conductive film 409 is formed
on the side of the cylinder of the cable fixing member 363. A
ground line 370 that collects the ground lines of the cable 362
composed of a plurality of signal lines 362 is connected with
soldering 410 to the conductive film 409 provided on the side
of the cylinder of the cable fixing member 363, and is further
linked to the electrode on the surface of a transducer of a
piezoelectric element 333 via the copper foil 403 on the
surface of the structural member 3305 and a conductive resin
layer 404 formed by providing grooves in an acoustic match-
ing layer 334. On the side of an acoustic transmission surface
of the piezoelectric element, an acoustic matching layer 324
and an acoustic lens 317 are arranged.

[0111] After this ultrasonic transducer is manufactured, a
tip structural member 406 and a structural member 405 are
connected to it, and the ultrasonic transducer is fixed to a
distal rigid section 407 with a screw 365 by using a U-shaped
alignment member 364, so that the distal rigid section 7 of the
ultrasound endoscope 1 is formed.

[0112] FIG. 17B is an H-H cross-sectional view of the
distal rigid section 7 shown in FIG. 17A. The electronic radial
ultrasonic transducer 1 is configured by forming grooves with
the dicing of a piezoelectric element on the acoustic matching
layer 334 in the form of a flat plate, and is made cylindrical.
Therefore, ajoint between one end and the other end of the flat
plate is aligned in the down direction shown in FIG. 17B. This
is because image precision can be degraded due to pitch,
misalignment, and slight differences in components of the
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joint. The alignment member 364 is provided at a desired
angle on the outer circumference of the structural member
405, and the distal rigid section 407, which is fixed with a
fixing screw 365 to the alignment member 364, is provided.
[0113] FIG. 18 is a cross-sectional side view showing the
inclination of the cable of the distal rigid section 7 in this
preferred embodiment. As shown in this figure, the cable 372
is inclined (here, for example, by 3 degrees) in a direction
away from an observation optical system 408, which is an
endoscopic observation part.

[0114] FIGS. 19A and 19B show a cable fixing member
366 for inclining the cable 362 in this preferred embodiment.
FIG. 19A shows the shape of the endoscopic observation part
in the R (right) and L (left) orientations. FIG. 19B shows the
shape in the U (upward: the are in which the observation
optical system exists) and D (downward) orientations. A
cable hole 366a of the cable fixing member 366 having a
surface to which a conductive film 409 is joined is inclined in
the D direction from the side of the tip of the cable (the left
side in the figure).

[0115] Operations in this preferred embodiment are
described next.
[0116] Like the cable 3215 shown in FIG. 12C, the cable is

shaped to be thin in a desired bending direction (upward and
downward directions in the figure) by being transformed from
a circle to an ellipse with a cable fixing member not shown,
whereby bending in a desired direction becomes easy.
[0117] The thickness of the cable in a desired bending
direction is made to be thin when the cable is branched like
the cable 3225 shown in FIG. 13C, whereby bending in a
desired bending direction becomes easy. Additionally, the
easy bending direction is made to match the UP and the
DOWN directions of the optical observation part and the
ultrasonic observation part, whereby the cable can be bent in
a direction intended by a physician when he or she rotates the
angulation control knob 11 of the endoscopic control section.
[0118] Like the cable 323a shown in FIG. 14B, an uncov-
ered cable may also be used in the vicinity of the distal rigid
section. In this case, if the surface of the cable fixing member
is metal-plated, the cable is grounded by connecting the over-
all shield, which extends from the uncovered portion, to the
cable fixing member. As a result, electric noise is not exerted,
and the cable is electrically safe to a human body.

[0119] As shown in FIG. 15, the cable 324, which is
branched into two bundles covered with the heat-shrinkage
tube 331, is combined with the cable fixing member 363
shown in FIG. 16, whereby tension applied to the signal line
362 shown in FIG. 17 can be removed. This is because the
tension of the cable, which is applied to the side of nearer the
transducer, is absorbed by the heat-shrinkage tube 331 in the
branched portion of the cable fixing member. For this reason,
stress applied to each signal line 362 is significantly reduced,
no wire to the substrate is ever disconnected, and a highly
reliable ultrasound endoscope can be manufactured. In this
preferred embodiment, the cable fixing member is provided
with the function for changing the shape of the cable. How-
ever, other similar effects may be produced such that the cable
stress that occurs at the time of bending is not applied to the
side of nearer the transducer within not only the distal rigid
section 407 but also the distal rigid section 7, and a direction
in which bending is easy can be identified by the shape of the
cable.

[0120] Additionally, as shown in FIG. 19B, the cable hole
366a of the cable fixing member 366 is inclined from the side
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of the tip toward the D (down) direction, whereby the avail-
able area of the observation optical part becomes wide and the
degree of freedom in arrangement increases.

[0121] As described above, according to this preferred
embodiment, a cable composed of a bundle of signal lines
connected to respective ultrasonic transducers is fixed to be
thin in a preset direction in the distal rigid section or the
bending tube, whereby bending in a predetermined direction
becomes easy and the burden on patients and physicians is
reduced.

[0122] Furthermore, the central axis of the cable is inclined
in a direction away from the observation optical system rela-
tive to the orientation of its insertion axis, whereby the area
available to the observation optical system is broadened and
the degree of freedom of arrangement increases. As a result,
further thinning can be produced and the burden on patients
and physicians is reduced. The thinning also improves the
operational performance. In this preferred embodiment, the
central axis of the cable is inclined in the cable fixing member.
Similar operations and effects can also be obtained with a
structure that uses a hole provided with a slope for inclining
the cable or that uses a circular guide in the distal rigid section
without providing an inclination to the cable fixing member.
[0123] Still further, a joint when the electronic radial ultra-
sonic transducer is formed to be cylindrical is fixed in a
position opposed to the observation optical system, whereby
the joint at which image precision is degraded is arranged in
a position that is not used often by a physician and is opposed
to the observation optical system, and diagnostic accuracy is
improved.

[0124] Still further, the heat-shrinkage tube is comprised in
a cable branched position when the branched cable is fixed,
whereby a disconnection, which is caused by stress applied to
the cable, can be prevented.

[0125] Still further, this preferred embodiment is not lim-
ited to the ultrasonic transducer using a piezoelectric element,
and is also applicable to an electronic radial ultrasonic trans-
ducer using a capacitance transducer (c-MUT).

[0126] As described above, according to the electronic
radial ultrasound endoscope according to the present inven-
tion, a cable composed of a bundle of signal lines connected
to respective ultrasonic transducer elements is fixed to be thin
in a preset orientation in the distal rigid section, whereby
bending in a predetermined direction becomes easy and the
burden on patients and physicians is reduced.

[0127] Additionally, the central axis of the cable is inclined
such that it gets further away from the observation optical
system as it gets closer to the insertion axis of the cable,
whereby the area available to the observation optical part is
widened and the degree of freedom of arrangement increases.
As aresult, further thinning can be achieved and the burden on
patients and physicians is reduced. The thinning also
improves operational performance.

[0128] Furthermore, the joint when the electronic radial
ultrasonic transducer is formed to be cylindrical is fixed in a
position opposed to the observation optical system, whereby
image precision is degraded in positions that are not used
often by physicians and is opposed to the observation optical
part, and diagnostic accuracy is improved.

[0129] Still further, the heat-shrinkage tube is comprised in
the branched portion of the cable when the branched cable is
fixed, whereby a disconnection caused by tension applied to
the cable can be prevented.
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1. An ultrasound endoscope, comprising:

an ultrasonic probe where a plurality of ultrasonic trans-
ducer elements for transmitting/receiving ultrasounds
are arranged in a nearly cylindrical form, and

a distal rigid section which configures a tip of an endo-
scopic insertion tube and in which said ultrasonic probe
is provided;

a bending tube to which said distal rigid section is con-
nected, and which bends with remote operation;

a flexible tube connected to said bending tube; and

a signal line bundle which is a bundle of signal lines cor-
responding to respective ultrasonic transducer elements
for transmitting a drive signal driving each of the ultra-
sonic transducer elements, and which passes through
insides of'said distal rigid section, said bending tube, and
said flexible tube, wherein

the signal line bundle is covered with a binding member for
binding the signal line bundle, and

binding force of the binding member which covers an area
of the signal line bundle in a predetermined range in the
signal line bundle included in said bending tube is
weaker than binding force of the binding member which
covers the signal line in areas other than those in the
predetermined range.

2. The ultrasound endoscope according to claim 1,

wherein:

said binding member is composed of at least a first holding
layer for holding the signal line bundle and a second
holding layer that is thinner than the first holding layer;
and

the signal line bundle in the predetermined range, the bind-
ing force of which is weak, is covered with the binding
member composed of only the second holding layer.

3. The ultrasound endoscope according to claim 2, wherein

the first holding layer is composed of at least a shield
material and an outer sheath covering the shield mate-
rial.

4. The ultrasound endoscope according to claim 2, wherein

the second holding layer is composed of a heat-shrinkage
member.

5. The ultrasound endoscope according to claim 1, wherein

the predetermined range is a range that is at maximum
equivalent to a length of one half of a total length of said
bending tube.

6. The ultrasound endoscope according to claim 1, wherein

the predetermined range extends from an end of said bend-
ing tube on a side of said distal rigid section to, at
maximum, a position of one half of a total length of said
bending tube.

7. The ultrasound endoscope according to claim 1, wherein

the predetermined range is a range equivalent to a length of
one half of a total length of said bending tube.

8. An ultrasound endoscope, comprising:

an ultrasonic probe where a plurality of ultrasonic trans-
ducer elements for transmitting/receiving ultrasounds
are arranged in a nearly cylindrical form, and

a distal rigid section which configures a tip of an endo-
scopic insertion tube and in which said ultrasonic probe
is provided;

a bending tube to which said distal rigid section is con-
nected, and which bends with remote operation;

a flexible tube connected to said bending tube; and

a signal line bundle which is a bundle of signal lines cor-
responding to respective ultrasonic transducer elements
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for transmitting a drive signal driving each of the ultra-
sonic transducer elements, and which passes through
insides of said distal rigid section, said bending tube, and
said flexible tube, wherein

an interval between signal lines of the signal line bundle in

areas within a predetermined range in the signal line
bundle included in said bending tube is made larger than
an interval between signal lines of the signal line bundle
in areas other than the predetermined range.

9. An electronic radial ultrasound endoscope having an
endoscopic observation part where an illumination optical
system and an observation optical system are provided and
having an ultrasonic observation part where a plurality of
ultrasonic transducer elements for transmitting/receiving
ultrasounds are arranged, both of which are in a distal rigid
section which configures a tip part of an insertion tube, and
also having a bending tube which bends freely at least in
mutually orthogonal first and second bending directions at a
rear end of the distal rigid section, wherein

a thickness of a cable composed of a bundle of signal lines

connected to the respective ultrasonic transducer ele-
ments is fixed to be thinner in the first bending direction
than in the second bending direction in the distal rigid
section.

10. The electronic radial ultrasound endoscope according
to claim 9, wherein

the cable is fixed with a cable fixing member provided

within the ultrasonic observation part.

11. The electronic radial ultrasound endoscope according
to claim 10, wherein

a shape of the cable is deformed with the cable fixing

member.

12. The electronic radial ultrasound endoscope according
to claim 10, wherein

a central axis of the cable is inclined with the cable fixing

member in a direction away from the observation optical
system relative to an insertion axis direction of the cable.

13. The electronic radial ultrasound endoscope according
to claim 10, wherein

the cable fixing member is a structural member for con-

necting the endoscopic observation part and the ultra-
sonic observation part.

14. The electronic radial ultrasound endoscope according
to claim 9, wherein
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a joint when an electronic radial ultrasonic transducer is
formed to be cylindrical is fixed in a position opposed to
the observation optical system.

15. An electronic radial ultrasound endoscope having an
endoscopic observation part where an illumination optical
system and an observation optical system are provided and
having an ultrasonic observation part where a plurality of
ultrasonic transducer elements for transmitting/receiving
ultrasounds are arranged, both of which are in a distal rigid
section which configures a tip part of an insertion tube, and
also having a bending tube which bends freely at least in
mutually orthogonal first and second bending directions at a
rear end of the distal rigid section, wherein

a cable composed of a bundle of signal lines connected to
the respective ultrasonic transducer elements is
branched, and a thickness of the bundle of the branched
cables is fixed to be thinner in the first bending direction
than in the second bending direction in the distal rigid
section.

16. The electronic radial ultrasound endoscope according

to claim 15, wherein

the branched cable is fixed with a cable fixing member
provided within an ultrasonic transducer element.

17. The electronic radial ultrasound endoscope according

to claim 16, wherein

a central axis of the cable is inclined with the cable fixing
member in a direction away from the observation optical
system relative to an insertion axis of the cable.

18. The electronic radial ultrasound endoscope according

to claim 16, wherein

the cable fixing member is a structural member for con-
necting the endoscopic observation part and the ultra-
sonic observation part.

19. The electronic radial ultrasound endoscope according

to claim 15, wherein

a heat-shrinkage tube is comprised in a branched position
of the cable.

20. The electronic radial ultrasound endoscope according

to claim 15, wherein

a joint when an electronic radial ultrasonic transducer is
formed to be cylindrical is fixed in a position opposed to
the observation optical system.
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