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ULTRASONIC PROBE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of U.S.
patent application Ser. No. 11/662,791 filed on Mar. 14, 2007
which is a 371 of PCT/JP2005/016855 filed Sep. 13, 2005,
which claims benefit of Japanese Application Nos. 2005-
022261 filed on Jan. 28, 2005; 2004-270380 filed on Sep. 16,
2004 and 2005-025301 filed on Feb. 1, 2005, the entire con-
tents of each of which are incorporated herein by their refer-
ence.

TECHNICAL FIELD

[0002] The present invention relates to an ultrasonic endo-
scope using an ultrasonic probe.

BACKGROUND ART

[0003] An ultrasonic endoscope, comprising an insertion
unit for inserting the endoscope into an abdomen being
equipped with an ultrasonic probe (i.e., an ultrasonic search
unit), is capable of creating a clear image of a digestive canal
wall and a deep organ, such as pancreas and gall bladder, in a
good image quality without being influenced by an intra-
abdomen gas, or a bone, by means of an ultrasonic beam
transmitted/received from/to the ultrasonic probe.

[0004] Among those ultrasonic probes, one employing an
electronic scanning system consists of tens of pieces of ele-
ments, in which each element must be connected to a trans-
mission/reception-use coaxial cable. When connecting an
electrode of each element of an electronic scanning ultrasonic
probe to a signal transmission/reception-use coaxial cable, a
common method is to solder a core lead of the coaxial cable
to the signal electrode of each element and solder a shield
wire of the coaxial cable to the ground electrode of each
element. The tip of the insertion part of an endoscope is
equipped with such configured ultrasonic probe.

[0005] Such ultrasonic endoscopes conventionally utilized
include a convex type, a linear type and a radial type. Among
them, the radial type is one transmitting/receiving (noted as
“transceiving” (and “transceive” as verb form) hereinafter) an
ultrasonic beam in a circumferential direction, including a
mechanical radial scanning system transceiving an ultrasonic
beam in a radial pattern by rotating a probe and an electronic
radial scanning system transceiving an ultrasonic beam in a
radial pattern by means of arraying a plurality of piezoelectric
elements on a circumference of a cylinder and an electronic
control (e.g., refer to a patent document 1).

[0006] FIG. 1 is a diagram showing a conventional ultra-
sonic endoscope apparatus. The ultrasonic endoscope appa-
ratus 160 shown in FIG. 1 comprises a connection part 161, an
operation part 162 and an insertion part 163 which comprises
a tip part 164.

[0007] Theconnection part 161 is for example connected to
a display apparatus comprising a display in which an image
photographed by an ultra compact camera equipped on the tip
part 164 is displayed.

[0008] The operation part 162 performs an operation of
curving the insertion part 163 in the up, down, left and right
directions, that of expanding or contracting a balloon as
described later, and other operations by a user operation.
[0009] Thetip part 164 is equipped with an electronic radial
array constituted by a plurality of ultrasonic transducer being
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continuously lined up circularly around the insertion axis as
the center, in addition to the ultra compact camera, so that a
predetermined ultrasonic transducer selected from among the
plurality thereof transceives an ultrasonic wave. An ultrasonic
wave received by the electronic radial array is also converted
into an electric signal and displayed in the display, et cetera,
as an image.

[0010] Incidentally, the radial array equipped on the tip part
164 includes a mechanical radial array in which a plurality of
ultrasonic transducers is mechanically scanned, in addition to
the electronic radial array (e.g., refer to a non-patent docu-
ment 1).

[0011] FIG. 2 is an enlarged diagram of the dotted line
circle A indicated in FIG. 1. As shown in FIG. 2, the tip part
164 comprises a camera part 170 equipped with the ultra
compact camera, illumination, et cetera, and an ultrasonic
part 171 equipped with the electronic radial array, et cetera.

[0012] FIG. 3 is a diagram exemplifying an electronic
radial array. The radial array shown in FIG. 3 shows a state
before individual ultrasonic transducers are formed into a
circular form. The electronic radial array 180 comprises a
piezoelectric element 181, an electrode 182, a first acoustic
matching layer 183, a second acoustic matching layer 184, a
conductive resin 185, a conductor body 186 and a substrate
187.

[0013] The piezoelectric element 181, electrode 182, first
acoustic matching layer 183, second acoustic matching layer
184, conductive resin 185, conductor body 186 and substrate
187 are divided into a plurality thereof by commonly
equipped grooves, resulting in comprising the plurality of
ultrasonic transducers.

[0014] Then, the electronic radial array 180 is formed into
a tubular form by the end surfaces in the direction perpen-
dicular to the longitudinal direction of the electronic radial
array 180 being connected to one another from the state
shown in FIG. 3. Then, a lock member for locking an end of
a later described balloon is mounted onto the opening part of
the tubular-formed electronic radial array 180 on the side of
the conductive resin 185.

[0015] Note that an ultrasonic endoscope shown in the non-
patent document 1 is configured to equip the tip of a cap,
which covers a mechanical radial array, with a groove to
which an end of a balloon is locked.

[0016] FIG. 4 is a diagram exemplifying a lock member
mounted onto an electronic radial array 11. As shown in FIG.
4, the lock member 190 is equipped with a lock groove 191 for
fixing an end of a balloon.

[0017] FIG. 5 exemplifies a balloon. The balloon 200
shown in FIG. 5 is configured to be made of an elastic body
such as an elastomer and formed to be tubular, and is mounted
onto an ultrasonic part 171 so as to cover the electronic radial
array 180.

[0018] FIG. 6is a diagram showing how the balloon 200 is
mounted onto the ultrasonic part 171. As shown in FIG. 6, one
end of the opening of the balloon 200 is outserted onto a lock
groove 210 featured between the camera part 170 and ultra-
sonic part 171, while the other end of the opening is outserted
onto a lock groove 191, thereby the balloon being fixed so as
to cover the electronic radial array 180.

[0019] Then, when internally filling the balloon with an
ultrasonic medium 211 such as water in the state of the bal-
loon 200 being mounted onto the ultrasonic part 171, the
circumference of the electronic radial array 180 can be filled
with the ultrasonic medium 211.



US 2009/0275839 A1l

[0020] Thus filling of the balloon 200 with the ultrasonic
medium 211 makes it possible to fill the circumference of the
electronic radial array 180 with the ultrasonic medium 211,
enabling an easy performance of an ultrasonic diagnosis or
treatment at a spot where it is difficult to let an ultrasonic
medium 211 stay, such as esophagus. It is also possible to
performanultrasonic diagnosis or treatment in a narrow place
within an abdomen because a predetermined space can be
created between the electronic radial array 180 and human
body by expanding the balloon 200.

[0021] Inthe case of constituting the ultrasonic part 171 by
mounting the lock member 190 onto the electronic radial
array 180 as described above, however, there is a risk of the
lock member 190 falling out of the electronic radial array 180
if the connection part between the electronic radial array 180
and lockmember 190 is damaged due to an unexpected physi-
cal, mechanical and/or electrical influence even though the
electronic radial array 180 is attached to the lock member 190
by a strong adhesive.

[0022] FIG. 7 is a diagram showing a conventional ultra-
sonic endoscope apparatus. The ultrasonic endoscope appa-
ratus 350 shown in FIG. 7 is an electronic scanning type
ultrasonic endoscope apparatus, comprising a connection
part 351, an operation part 352 and an insertion part 353
which comprises a tip part 354.

[0023] The connection part 351 is connected to a measure-
ment apparatus comprising a display, for example, displaying
an image obtained by an ultra compact camera equipped on
the tip part 354.

[0024] The operation part 352 performs an operation of
curving the insertion part 353 in up, down, left and right
directions, for example, by a user operation.

[0025] Thetip part 354 is equipped with an ultrasonic trans-
ducer array constituted by a plurality of ultrasonic transducer
being continuously lined up, in addition to the ultra compact
camera, so that a predetermined ultrasonic transducer
selected from among the plurality thereof transceives an
ultrasonic wave. An ultrasonic wave received by the ultra-
sonic transducer array is also converted into an electric signal
and displayed in the display, et cetera, as an image.

[0026] FIG. 8 is an enlargement diagram of the tip part 354
shown in FIG. 7. As shown in FIG. 8, the tip part 354 com-
prises a scope part 355 having a photographing function such
as ultra compact camera, illumination, et cetera, and the ultra-
sonic transducer array 356.

[0027] The ultrasonic transducer array 356 comprises an
acoustic lens 357 equipped on the outside of a plurality of
ultrasonic transducer, a balloon lock member 358, being
equipped on one end of the acoustic lens 357, for locking an
end of a later described balloon, and a scope connection
member 359 equipped between the end of the acoustic lens
357 and the scope part 355.

[0028] As described above, the ultrasonic endoscope appa-
ratus 350 is commonly used by mounting a balloon made of
an elastomer onto the ultrasonic transducer array 356 (e.g.,
refer to a patent document 2).

[0029] FIG.9is a cross-sectional diagram of the ultrasonic
transducer array 356 on which a balloon is mounted. In this
diagram, the same component sign is assigned to the same
configuration as one shown in FIG. 8. The balloon 360 shown
in F1G. 9 is for example configured as a tube which is made of
an elastic body as elastomer. One end of the opening of the
balloon 360 is latched to a balloon lock groove 361 featured
onthecircumference ofthe scope part 355 while the other end
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of the opening of the balloon 360 is latched to an balloon
locking groove 362 featured on the circumference of the
balloon lock member 358, thereby the balloon 360 being
mounted onto the ultrasonic transducer array 356 so as to
cover the acoustic lens 357.

[0030] Then, when the balloon 360 is internally filled with
an ultrasonic medium 363 such as water in the state of the
balloon 360 being mounted onto the ultrasonic transducer
array 356, the circumference of the acoustic lens 357 can be
filled with the ultrasonic medium 363.

[0031] Thus filling of the balloon 360 with the ultrasonic
medium 363 makes it possible to fill the circumference of the
acoustic lens 357 with the ultrasonic medium 363, enabling
an easy performance ofanultrasonic diagnosis or treatment at
aspot where it is difficult to let anultrasonic medium 363 stay,
such as esophagus.

[0032] Itisalso possible to perform an ultrasonic diagnosis
or treatment in a narrow place within an abdomen because a
predetermined space can be created between the ultrasonic
transducer array 356 and human body by expanding the bal-
loon 363.

[0033] Inthe case of constituting the ultrasonic transducer
array 356 by an acoustic lens 357, aballoon lock member 358
that is an endoscope structure member and a scope connec-
tion member 359, as the above noted ultrasonic endoscope
apparatus 350, however, the acoustic lens 357 is generally
structured by a soft material such as elastomer, while the
balloon lock member 358 and scope connection member 359
are generally structured by a plastics, et cetera. As such, the
acoustic lens 357 is structured by a different material than that
of the balloon lock member 358 and scope connection mem-
ber 359, and therefore the acoustic lens 357, balloon lock
member 358 and scope connection member 359 cannot be
integrally structured. Due to this, it is necessary to equip a
connection band constituted by an adhesive, et cetera,
between the acoustic lens 357 and balloon lock member 358,
and also between the acoustic lens 357 and scope connection
member 359, in order to connect the acoustic lens 357 to the
balloon lock member 358, and connect the acoustic lens 357
to the scope connection member 359. If either of the both end
parts of the acoustic lens 357 is featured to be protrusive than
the balloon lock member 358 or scope connection member
359 in this event, such a protrusion causes the problem of the
ends of the acoustic lens 357 becoming prone to receiving a
force from the balloon 360, resulting in levying loads at the
both ends of the acoustic lens 357, respectively, when mount-
ing the balloon 360 onto the ultrasonic transducer array 356 or
removing the balloon 360 therefrom.

[0034] And if the respective loads are levied at the both
ends of the acoustic lens 357 at the time of mounting or
removing the balloon 360, the caused problem includes the
mounting or removal of the balloon 360 becoming difficult or
the acoustic lens 357 peeling off.

[0035] And, it is necessary to consider the safety for a
human body in designing an endoscope since it is an instru-
ment to be inserted internally to a body cavity. Because the
outer surfaces of the insertion part and its tip part (i.e., an
ultrasonic probe) are covered with an insulative resin, the
internal signal wire is not conceivably externally exposed.
[0036] If the plastics covering the outer surfaces are dam-
aged, however, there is a possibility of the signal wire being
externally exposed. In such an event, an electric shock can be
avoided by the entirety of the signal wire being covered with
a protective grounded metal.
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[0037] Patent document 1: Japanese registered patent Sho
63-14623

[0038] Patent document 2: Japanese registered patent Hei
06-13034

[0039] Non-patent document 1: Electronic Industries Asso-
ciation of Japan (currently, Japan Electronics and Information
Technology Industries Association): Handbook of Ultrasonic
Diagnostic Equipments, pp. 114; published by Corona Pub-
lishing Co., Ltd.; Jan. 20, 1997

DISCLOSURE OF INVENTION

[0040] The present invention provides an ultrasonic probe
capable of preventing a lock member from dropping off an
electronic radial array due to an unexpected external force
and a usage of a chemical agent with an unexpected attacking
property.

[0041] In order to accomplish the provision as described
above, an electronic radial ultrasonic probe according to a
preferred embodiment of the present invention is one com-
prising an electronic radial array which comprises a plurality
of ultrasonic transducers being continuously arrayed circu-
larly around an insertion axis as center and also for which a
transmission/reception of an ultrasonic wave is controlled by
electronically selecting the plurality of ultrasonic transducer,
comprising: a support member equipped on the electronic
radial array; a lock member featured with a cavity in which
the support member is inserted and with a lock groove for
locking a balloon which is mounted in a manner to cover the
electronic radial array and in which an ultrasonic medium is
filled; and a filler member constituted by an adhesive material
converting from a fluid state to a solid state, and is filled in the
cavity.

[0042] The present invention also provides an ultrasonic
endoscope apparatus and an ultrasonic transducer array
which are capable of reducing a load applied to a connection
part between an acoustic lens and an endoscope structure
member at the time of mounting or removing a balloon.
[0043] In order to accomplish the provision as described
above, an ultrasonic probe according another preferred
embodiment of the present invention is one comprising an
ultrasonic transducer array which comprises an acoustic lens
equipped externally to a plurality of ultrasonic transducers
that are continuously lined up and a balloon lock member for
locking an end of a balloon, whetein an ultrasonic transducer
selected from among the plurality thereof transmits or
receives an ultrasonic wave, wherein an outer diameter of the
balloon lock member at a part connecting to the acoustic lens
is larger than that of the acoustic lens at a part connecting to
the balloon lock member, and also the acoustic lens is con-
nected to the balloon lock member by way of a connection
band for smoothing out steps of the respective connection
parts.

[0044] The present invention also provides an electronic
radial ultrasonic probe having a protective grounding struc-
ture.

[0045] In order to accomplish the provision as described
above, an electronic radial ultrasonic probeaccording another
preferred embodiment of the present invention is one com-
prising first and second electrodes and lining up, in the form
of a cylinder, a plurality of ultrasonic transducer elements for
transmitting/receiving an ultrasonic wave by using a potential
difference between the first and second electrodes, storing
internally in the cylinder a group of cables corresponding to
respective ultrasonic transducer elements for transmitting a
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drive signal for driving the individual ultrasonic transducer
elements, and electrically connecting signal wires of the
respective cables to the first electrode existing internally in
the cylinder, wherein the ground wire included in the cable is
connected to a first conductive body having approximately
the same form as an opening which is mounted onto an
opening of a cylindrical body formed by a group of the plu-
rality of ultrasonic transducer elements that are lined up in the
cylinder form.

BRIEF DESCRIPTION OF DRAWINGS

[0046] FIG. 1 is a diagram showing a conventional ultra-
sonic endoscope apparatus;

[0047] FIG. 2 is an enlarged diagram of a dotted line frame
A;

[0048] FIG. 3 is a diagram exemplifying an electronic
radial array;

[0049] FIG. 4 is a diagram exemplifying a lock member;
[0050] FIG. 5 is a diagram exemplifying a balloon;

[0051] FIG. 6isa diagram showing a situation of mounting

a balloon onto an ultrasonic part;

[0052] FIG. 7 is a diagram showing a conventional ultra-
sonic endoscope apparatus;

[0053] FIG. 8 is an enlarged diagram of a tip part;

[0054] FIG. 91is a cross-sectional diagram of an ultrasonic
transducer array on which a balloon is mounted;

[0055] FIG. 10 is a diagram showing a head part of an
ultrasonic endoscope apparatus according to a first preferred
embodiment (an embodiment 1 thereof);

[0056] FIG. 11 is a diagram exeniplifying a cavity featured
in alock member according to the first preferred embodiment
(an embodiment 1 thereof);

[0057] FIG. 12 is a diagram exemplifying a method for
mounting a head part according to the first preferred embodi-
ment (an embodiment 1 thereof);

[0058] FIG. 13 is a diagram exemplifying a coil wound
around a support member according to the first preferred
embodiment (an embodiment 2 thereof);

[0059] FIG. 14 is a diagram exemplifying a coil signal wire
connected to a coil according to the first preferred embodi-
ment (an embodiment 2 thereof);

[0060] FIG. 15 is a diagram showing another example of a
cavity featured in a lock member according to the first pre-
ferred embodiment (an embodiment 3 thereof):

[0061] FIG. 16 is a diagram showing another example of a
cavity featured in a lock member according to the first pre-
ferred embodiment (an embodiment 3 thereof);

[0062] FIG. 17 is a diagram showing another example of a
cavity featured in a lock member according to the first pre-
ferred embodiment (an embodiment 3 thereof);

[0063] FIG. 18 is a diagram showing another example of a
support member according to the first preferred embodiment
(an embodiment 3 thereof);

[0064] FIG. 19 is a diagram showing another example of a
support member according to the first preferred embodiment
(an embodiment 3 thereof);

[0065] FIG. 20 is a diagram showing another example of a
support member according to the first preferred embodiment
(an embodiment 3 thereof);

[0066] FIG. 21 is a diagram showing another example of a
head part of an ultrasonic endoscope apparatus of a preferred
embodiment of the present invention according to the first
preferred embodiment (an embodiment 4 thereof);
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[0067] FIG. 22 is a diagram showing another example of a
head part of an ultrasonic endoscope apparatus of a preferred
embodiment of the present invention according to the first
preferred embodiment (an embodiment 4 thereof);

[0068] FIG. 23 is a diagram showing another example of a
head part of an ultrasonic endoscope apparatus of a preferred
embodiment of the present invention according to the first
preferred embodiment (an embodiment 4 thereof);

[0069] FIG.24 is adiagram showing a situation of connect-
ing a support member shown in FIG. 19 to a lock member
equipped with a cavity shown in FIG. 11 according to the first
preferred embodiment (an embodiment 4 thereof);

[0070] FIG. 25 is a diagram showing an ultrasonic trans-
ducer array comprised by an ultrasonic endoscope apparatus
according to a second preferred embodiment (an embodiment
1 thereol);

[0071] FIG.26is an enlarged diagram of a neighborhood of
a part connecting a balloon lock member to an acoustic lens
according to the second preferred embodiment (an embodi-
ment 1 thereof);

[0072] FIG.27is an enlarged diagram of a neighborhood of
a part connecting a scope connection member to an acoustic
lens according to the second preferred embodiment (an
embodiment 1 thereof);

[0073] FIG. 28 is a diagram showing an ultrasonic trans-
ducer array comprised by an ultrasonic endoscope apparatus
according to the second preferred embodiment (an embodi-
ment 2 thereof),

[0074] FIG. 29 is a diagram showing an external configu-
ration of an ultrasonic endoscope according to the third pre-
ferred embodiment;

[0075] FIG. 30 is an enlarged diagram of a head part of an
ultrasonic endoscope 401 shown in FIG. 29;

[0076] FIG. 31 is a diagram showing a production process
(part 1) of an ultrasonic probe according to the third preferred
embodiment (an embodiment 1 thereof);

[0077] FIG. 32 is a diagram showing a production process
(part 2) of an ultrasonic probe according to the third preferred
embodiment (an embodiment 1 thereof);

[0078] FIG. 33 is a diagram showing a production process
(part 3) of an ultrasonic probe according to the third preferred
embodiment (an embodiment 1 thereof);

[0079] FIG. 34 is a diagram showing a production process
(part 4) of an ultrasonic probe according to the third preferred
embodiment (an embodiment 1 thereof);

[0080] FIG. 35 exemplifies a balloon lock member and its
support member which are mounted onto a structure body G
according to the third preferred embodiment (an embodiment
1 thereof);

[0081] FIG.36 exemplifies a variation of a conductive plate
510 according to the third preferred embodiment (an embodi-
ment 1 thereof);

[0082] FIG. 37 shows a cross-sectional diagram when
mounting a conductive plate 510 onto a structure body G
according to the third preferred embodiment (an embodiment
1 thereof);

[0083] FIG. 38 is an enlarged diagram of a coaxial cable
group 462 enclosed by a dotted line frame 530 indicated in
FIG. 37;

[0084] FIG. 39 shows a cross-sectional diagram of a state of
protective-grounding an ultrasonic probe 530 according to
the third preferred embodiment (an embodiment 1 thereof);
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[0085] FIG. 40 is a diagram showing a part of a production
process of an ultrasonic probe according to the third preferred
embodiment (an embodiment 2 thereof);

[0086] FIG. 41 shows across-section of an ultrasonic probe
10 separating between a protective grounding and a signal
ground according to the third preferred embodiment (an
embodiment 2 thereof); and

[0087] FIG. 42 shows an enlarged diagram of a part of a
coaxial cable 551 which is enclosed by a dotted line frame
550.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0088] The following is a description of the preferred
embodiment of the present invention by referring to the
accompanying drawings.

First Embodiment
Embodiment 1

[0089] FIG. 10 is a diagram showing a head part of an
ultrasonic endoscope apparatus according to the first embodi-
ment. Note that the head part shown in FIG. 10 is a part
corresponding to the tip part 164 of the ultrasonic endoscope
apparatus 160 shown in FIG. 1.

[0090] The head part 10 shown in FIG. 10 mainly com-
prises an electronic radial array 11, a support member 12, a
lock member 14 and a filler member 15. The electronic radial
array 11 is configured by lining up a plurality of ultrasonic
transducers in a ring pattern around an insertion axis as center.
These ultrasonic transducers are electronically selected and a
transmission/reception (noted as “transception” hereinafter)
of an ultrasonic wave is controlled. The support member 12 is
equipped on the electronic radial array 11 and formed as an
approximate alphabet L, that is, featured with one overhang
being featured at the head part. The lock member 14 is
equipped with a cavity for inserting the support member 12
and with a lock groove 13. The lock groove 13 is for locking
a balloon which is mounted in a manner to cover the elec-
tronic radial array 11 followed by filling the balloon with an
ultrasonic medium. The filler member 15 is constituted by an
adhesive material changing from a fluid state to a solid state
(or, approximate rigid body) and is filled in the cavity.
[0091] Note that a method for connecting the support mem-
ber 12 to the electronic radial array 11 may be by means of
adhesion, riveting, brazing (i.e., welding, soldering, et cetera)
and caulking, for example, in lieu of being limited to one
method. Meanwhile, the connection strength of the support
member to the electronic radial array 11 is desirably the same
or higher as compared to the breakdown strength of either of
the support member 12, lock member 14 or filler member 15
per se. The overhang formed on the side face of the support
member 12 may be formed in the entirety or part of the
circumference among the entirety of the side surface. The
number of overhangs formed in the support member 12 may
be two or more. In the case of forming two or more overhangs,
they may be continuously formed or intermittently formed.
And a position for mounting the support member 12 or lock
member 14 to the electronic radial array 11 may be on the
center axis thereof or off center. And the support member 12
may be formed in a hook form.

[0092] The support member 12 is configured to form
approximately in the alphabet L as described above. There-
fore, it is formed in a manner that the support member 12 is
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caught by the filler member 15 when the filler member 15 is
converted into the solid state after the support member 12 is
inserted into the filler member 15 in the fluid state within the
cavity, that is, two certain cross-sectional area sizes and/or
forms in the direction perpendicular to the insertion axis of
the electronic radial array 11 are mutually different.

[0093] Thecavity is formed in a manner that the lock mem-
ber 14 is caught by the filler member 15 when the filler
member 15 in the fluid state within the cavity is converted into
the solid state, that is, two certain cross-sectional area sizes
and/or forms in the direction perpendicular to the insertion
axis of the electronic radial array 11 are mutually different.
[0094] FIG. 11 is a diagram exemplifying a cavity featured
in the lock member 14 shown in FIG. 10. The cavity 20 of the
lock member 14 shown in FIG. 11 is featured as an approxi-
mate mushroom form, that is, featured with one overhang in
the internal side face. The opening part of the cavity 20 is
featured in a manner to have a larger cross-sectional area size
than that of the largest outer size of the support member 12
shown in FIG. 10.

[0095] Note that the cavity 20 may be formed together with
other parts when the lock member 14 is produced by an
injection molding or blow molding, or alternatively be pro-
cessed by a lathe, et cetera, after molding the lock member 14.
And, the overhang featured internally in the side face of the
cavity 20 may be featured internally in the entirety or part of
the internal circumference of the side face. The number of
overhangs featured in the internal side face of the cavity 20
may be two of them or more. In the case of featuring two or
more overhangs, they may be formed continuously or inter-
mittently.

[0096] The nextisa description, by referring to FIG. 12, of
an example method for mounting the head part 10 shown in
FIG. 12.

[0097] FIG. 12 is a diagram exemplifying a method for
mounting the head part 10 shown in FIG. 10. Incidentally, the
same component sign is assigned to the same configuration as
one shown in FIG. 10 or 11.

[0098] The first process fills the cavity 20 of the lock mem-
ber 14 with an adhesive material (e.g., an organic solvent-
series adhesive, elastic adhesive, epoxy resin-series adhesive,
et cetera) as the filler member 15 and also applies an adhesive
material to a circumference of the support member 12 (e.g., a
surface thereof).

[0099] The next inserts the support member 12 into the
adhesive material filled within the cavity 20 of the lock mem-
ber 14 and assembles the electronic radial array 11 and lock
member 14 together, followed by removing a run-over adhe-
sive material from between the electronic radial array 11 and
lock member 14 and letting the filled adhesive material set.

[0100] Note that an alternative configuration may be in a
manner to assemble the electronic radial array 11 and lock
member 14 and fill the cavity 20 with the filler material 15
from an injection hole featured in the lock member 14, fol-
lowed by plugging the injection hole with an adhesive or resin
following a completion of filling with the filler member 15.

[0101] As such, the support member 12 and lock member
14 are adhered together by the filler member 15 in the
assembled head part 10, the support member 12 is further
combined with the set (i.e., hardened) filler member 15 (i.e.,
the filler member 15 in the solid state) mechanically in a
manner that the support member 12 is caught by the hardened
filler member 15.

Nov. 5, 2009

[0102] By this, the support member 12 and the hardened
filler member 15 are mechanically combined together, and
also the hardened filler member 15 and lock member 14 are
mechanically combined together even if a damage is caused
in between the electronic radial array 11 and lock member 14
by an unexpected external force or a use of a chemical agent
with an unexpected attack property, resulting in a reduced
strength at a part connecting the support member 12 or lock
member 14 to the hardened filler member 15.

[0103] Because of this, even if the support member 12 or
lock member 14 comes off the hardened filler material 15, the
support member 12 and lock member 14 stay mechanically
combined together by way of the hardened filler member 15
unless either of the lock member 14, hardened filler material
15 or support member 12 is broken, and therefore itis possible
to prevent a situation of the lock member 14 falling off the
electronic radial array 11, even if a damage is caused between
the electronic radial array 11 and lock member 14 by an
unexpected external force or a use of a chemical agent with an
unexpected attack property.

[0104] Alternatively, the support member 12 may be
formed by using a low x-ray transmission material such as
metals, tungsten, or lead in order to enable an operator of an
ultrasonic endoscope apparatus to externally confirming the
position of the head part inserted into the inside of a human
body.

[0105] By these, the operator is enabled to externally con-
firm the head part clearly by using an x-ray when it is inserted
into the inside of a human body, and accordingly perform an
easy guiding of an ultrasonic endoscope apparatus under a
fluoroscopic control.

[0106] Alternatively, the support member 12 may be
formed by a material containing a magnetic body in order for
the operator of an ultrasonic endoscope apparatus to exter-
nally confirm a position of the head part 10 which is inserted
into the inside of a human body by using a magnetic field
detection apparatus (not shown herein).

[0107] Or, acoil may be wound around the support member
12 in order for the operator of an ultrasonic endoscope appa-
ratus to externally confirm a position of the head part 10
which is inserted into the inside of a human body. This con-
figuration is described in detail for an embodiment 2.

Embodiment 2

[0108] FIG. 13 is a diagram exemplifying a coil wound
around the support member 12 according to the first preferred
embodiment (an embodiment 2 thereof). As shown in FIG.
13, the coil 40 is wound around the head part of the support
member 12. Both ends of the coil 40 are respectively con-
nected to coil signal wires 41.

[0109] An alternative configuration may be in a manner to
output a high frequency signal to the coil signal wires 41,
detect a magnetic field generated by the coil 40 and identify a
position of the head part 10 based on the detected magnetic
filed, for example.

[0110] Another configuration may be in a manner to apply
a prescribed magnetic field to a spot where a diagnosis or
treatment is carried out and identity a position of the head part
10 based on an output obtained from the coil 40 by way of the
coil signal wire 41.

[0111] As described above, the forming of the support
member 12 by a material with a low x-ray transmission prop-
erty or material containing a magnetic body, or the wound coil
40 around the support member 12, makes it possible to obtain
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positional information for identifying the position of the head
part 10 in the human baby. And the positional information can
be used as diagnostic information used for guiding an inser-
tion of an ultrasonic endoscope apparatus, matching a tomo-
graphic image with the human body atlas.

[0112] FIG. 14 is a diagram exemplifying the coil signal
wire 41 connected to the coil 40 shown in FIG. 13 according
to the first preferred embodiment (an embodiment 2 thereof).
Note that the same component sign is assigned to the same
configuration as one shown in FIG. 13.

[0113] The coil signal wire 41 shown in FIG. 14 is bundled
together with a plurality of signal wires 50 respectively con-
nected to individual ultrasonic transducer of the electronic
radial array 11 shown in FIG. 10 and led through a cable
assembly 51.

[0114] Note that the coil signal wire 41 may be structured
by the same coaxial cable as the signal wires 50, or a separate
coaxial cable from the signal wire 50, or a lead wire.

[0115] As such, the structure of threading the coil signal
wire 41 through the cable assembly 51 together with the
signal wire 50 makes it possible to eliminate a work for
harnessing the coil signal wire 41 in addition to the cable
assembly 51 internally in the head part 10, thereby enabling a
reduction of a work hour as that much when producing an
ultrasonic endoscope apparatus.

Embodiment 3

[0116] The present invention can adopt various comprisals
possible within the scope noted in claims herein, in lieu of
being limited to the preferred embodiments described above.
For example, a change of comprisals is viable as in the fol-
lowing.

[0117] FIG. 15 is a diagram showing another example of a
cavity featured in a lock member 14 according to the first
preferred embodiment (an embodiment 3 thereof). The cavity
60 of the lock member 14 shown in FIG. 15 is featured in an
inverse taper form, thatis, in a manner that the cross-sectional
area size of the cavity 60 gradually increases with a depth
toward the bottom side from the opening of the cavity 60. It is
also configured that the opening part of the cavity 60 is
featured to be larger than the largest cross-sectional area size
in the support member 12 shown in FIG. 10, in the same
manner as the cavity 20 shown in FIG. 11.

[0118] FIG. 16 is a diagram showing yet another example
of a cavity featured in a lock member 14 according to the first
preferred embodiment (an embodiment 3 thereof). Note that
FIG. 16 shows the external appearance by the dotted lines and
the form of the cavity by the solid lines. The cavity 70 of the
lock member 14 shown in FIG. 16 is formed in a manner that
two columnar cavities having the same cross-sectional area
size are stuck together with their center axes being displaced
a little from each other. And the opening part of the cavity 70
is formed to be larger than the cross-sectional area size of the
support member 12 shown in FIG. 10 in the thickest part, as in
the case of the cavity 20 shown in FIG. 11.

[0119] FIG. 17 is a diagram showing yet another example
of a cavity featured in a lock member 14 according to the first
preferred embodiment (an embodiment 3 thereof). Note that
FIG. 17 shows the external appearance by the dotted lines and
the form of the cavity by the solid lines. The cavity 80 of the
lock member 14 shown in FIG. 17 is formed in a manner that
two rectangular cavities are stuck together by displacing from
each other. And the opening part of the cavity 80 is formed to
be larger than the cross-sectional area size of the support
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member 12 shownin FIG. 10 in the thickest part, as in the case
of the cavity 20 shown in FIG. 1.

[0120] As described above, various forms of a cavity fea-
tured in the lock member 14 are conceivable.

[0121] FIG. 18 is a diagram showing yet another example
of a support member 12 according to the first preferred
embodiment (an embodiment 3 thereof). The support mem-
ber 90 shown in FIG. 18 is formed in a manner that two
column forms having different cross-sectional area sizes are
stuck with each other.

[0122] FIG. 19 is a diagram showing yet another example
of a support member 12 according to the first preferred
embodiment (an embodiment 3 thereof). The support mem-
ber 100 shown in FIG. 19 is formed in an inverse taper form,
i.e., in a manner that the cross-sectional area size gradually
increase toward the tip part.

[0123] FIG. 20 is a diagram showing yet another example
of a support member 12 according to the first preferred
embodiment (an embodiment 3 thereof). The support mem-
ber 110 shown in FIG. 20 is in a manner that two rectangles
are stuck with each other, that is, in an approximate alphabet
T.

[0124] As described above, various forms of the support
member 12 are also conceivable.

Embodiment 4

[0125] FIG. 21 is a diagram showing another example of a
head part of an ultrasonic endoscope apparatus according to
the first preferred embodiment (an embodiment 4 thereof).
Note that the head part shown in FIG. 21 is the part corre-
sponding to the tip part 164 of the ultrasonic endoscope
apparatus 160 shown in FIG. 1. Also, the same component
sign is assigned to the same constituent component as one
shown in FIG. 10.

[0126] The characteristic of the head part 120 shown in
FIG. 21 lies in comprising a support member 121 equipped in
the head part of an electronic radial array 11 and featured with
a screw on the side face, a cavity featured with a screw
corresponding to the screw on the support member 121 inter-
nally in the inside face, and a lock member 123 featured with
alock groove 122 for locking with an end of a balloon which
is mounted in a manner to cover the electronic radial array 11
and also filled with an ultrasonic medium, in which the sup-
port member 121 and the lock member 123 are connected to
each other by tightening the screw between the support mem-
ber 121 and the cavity.

[0127] Thus connecting by the screw enables a direct
mechanical connection of the support member 121 to the lock
member 123, thereby reducing a work load, et cetera, for
positioning when producing an ultrasonic endoscope appara-
tus.

[0128] FIG. 22 is a diagram showing another example of a
head part of an ultrasonic endoscope apparatus according to
the first preferred embodiment (an embodiment 4 thereof).
Note that the head part shown in FIG. 22 is the part corre-
sponding to the tip part 164 of the ultrasonic endoscope
apparatus 160 shown in FIG. 1. Also, the same component
sign is assigned to the same constituent component as one
shown in FIG. 10 or 21.

[0129] The head part 130 shown in FIG. 22 comprises a
support member 121, alock member 132, and a filler member
15. The support member 121 is the same as one shown in FIG.
21. The lock member 132 is featured with a cavity having a
larger capacity than the support member 121 and with a screw
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internally in the side face, and a lock groove 131 for locking
with an end of a balloon which is mounted in a manner to
cover the electronic radial array 11 and also filled with an
ultrasonic medium.

[0130] This comprisal also connects the support member
121 to the lock member 132 mechanically, and therefore is
capable of preventing a situation of the lock member 132
dropping off the electronic radial array 11.

[0131] FIG. 23 is a diagram showing another example of a
head part of an ultrasonic endoscope apparatus according to
the first preferred embodiment (an embodiment 4 thereof).
Note that the head part shown in FIG. 23 is the part corre-
sponding to the tip part 164 of the ultrasonic endoscope
apparatus 160 shown in FIG. 1. Also, the same component
sign is assigned to the same constituent component as one
shown in FIG. 10, 11 or 21.

[0132] The characteristic of the head part 140 shown in
FIG. 23 lies in comprising a support member 121 shown in
FIG. 21 and a lock member 14 equipped with a cavity 20
shown in FIG. 11, in which the support member 121 and lock
member 14 are connected by a filler member 15.

[0133] This comprisal also enables a mechanical connec-
tion of the support member 121 to the lock member 14, and
therefore is capable of preventing a situation of the lock
member 14 dropping off the electronic radial array 11.

[0134] While a connection method between the electronic
radial array 11 and support member 12 can conceivably use
adhesion, riveting, grazing, caulking, et cetera, as described
above, and the following connection method can also be
considered.

[0135] FIG. 24 is a diagram exemplifying a method for
connecting the support member 12 to electronic radial array
11 according to the first preferred embodiment (an embodi-
ment 4 thereof). Note that FIG. 24 shows the situation of
connecting the support member 100 shown in FIG. 19 to the
lock member 14 featured with the cavity 20 shownin F1G.11.

[0136] The support member 100 shown in FIG. 24 is fea-
tured with a hole 150 along the center axis thereof.

[0137] First step laces a rope-like member 151 (e.g., made
of ahigh strength fiber such as aramid fiber and carbon fiber)
through a cable assembly 51 shown in FIG. 14, etcetera, in
advance.

[0138] The next laces the rope-like member 151 sticking
out on the lock member 14 side from the cable assembly 51
through the hole 150.

[0139] The next attaches a knot 152 to the end of the rope-
like member 151 sticking out to the tip side of the support
member 100 after going through the hole 150.

[0140] By this, the knot 152 fixes the support member 100,
thereby making it possible to connect the support member to
the electronic radial array 11.

[0141] The above described embodiment is configured to
wind the coil 40 around the support member 12 of an approxi-
mate alphabet L, form; the coil 40, however, may be wound
around the support member 110 which is formed in an
approximate alphabet T as shown in FIG. 20, and a form of a
support member for winding the coil 40 around is not par-
ticularly limited.

[0142] Also, the above described embodiment is config-
ured to mount the lock member 14 onto the electronic radial
array 11 as a result of combining the support member 12 and
lock member 14 together through the filler member 15; the
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electronic radial array 11 and lock member 14, however, may
alternatively be combined together by the filler member 15
directly.

[0143] For example, first, the lock member 14 is featured
with the cavity 20 shown in FIG. 11 and also the support
member 12 shown in FIG. 10 is made by using the filler
member 15, and the head part of the electronic radial array 11
is equipped with the support member 12. Incidentally, the
electronic radial array 11 and support member 12 may be
connected together by the rope-like member 151 as described
above, for example.

[0144] Thenext fills the cavity 20 with the filler member 15,
which has been used when making the support member 12,
and also coats the filler member 15 around the support mem-
ber 12 made by the filler member 15.

[0145] The next inserts the support member 12 into the
cavity 20, and assembles the electronic radial array 11 and
lock member 14 together.

[0146] Then, when the filler member 15, et cetera, filled in
the cavity 20 is hardened, the support member 12 and lock
member 14 are mechanically combined together as if the one
is caught by the other.

[0147] This configuration makes it possible to prevent a
situation of the lock member 14 dropping off the electronic
radial array 11 because the support member 12 is mechani-
cally connected to the lock member 14 even if a damage is
caused between the electronic radial array 11 and lock mem-
ber 14 by an unexpected external force or use of a chemical
agent having an unexpected attacking property, et cetera,
resulting in a reduced strength of the connection part between
the support member 12 and lock member 14.

[0148] As described thus far, the first embodiment of the
present invention is configured in a manner that, when the
filler member is converted into a solid state, the support
member is adhered to the lock member by the filler member
and, further, the support member is mechanically connected
to the filler member as if the former is caught by the latter, and
therefore the support member is mechanically connected to
the filler member, and the lock member is mechanically con-
nected to the filler member even if a damage is caused
between the electronic radial array and lock member by an
unexpected external force or use of a chemical agent having
an unexpected attacking property, et cetera, resulting in a
reduced strength of the connection part between the support
member, or lock member, and the filler member.

[0149] By this, even if the support member or lock member
comes off the filler member, the support member is continued
to be mechanically connected to the lock member by way of
the filler member unless either of the lock member, filler
member or support member is broken, and therefore it is
possible to prevent a situation of the lock member dropping
off the electronic radial array even if a damage is caused
between the electronic radial array and lock member by an
unexpected external force or use of a medicine having an
unexpected attacking property, et cetera.

Second Preferred Embodiment

[0150] The following is a description of a preferred
embodiment of the present invention by using the accompa-
nying drawings.

Embodiment 1

[0151] FIG. 25 is a diagram showing an ultrasonic trans-
ducer array comprised by an ultrasonic endoscope apparatus
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according to a second preferred embodiment (an embodiment
1 thereof). Note that the same component sign is assigned to
the same comprisal as one shown in FIG. 8.

[0152] The ultrasonic transducer array 301 shown in FIG.
25, being a comprisal to be equipped on the tip of a scope part
355 as in the case of the ultrasonic transducer array 356
shown in FIG. 8, comprises an acoustic lens 302, a balloon
lock member 303 and a scope connection member 304.

[0153] In between the acoustic lens 302 and balloon lock
member 303 is equipped with a connection band 305 consti-
tuted by an adhesive, et cetera. And in between the acoustic
lens 302 and scope connection member 304 is equipped with
a connection band 306 constituted by an adhesive, et cetera.

[0154] The characteristic of the aforementioned ultrasonic
transducer array 301 lies where respective outer diameters of
individual connection parts connected to the acoustic lens 302
are configured to be larger than respective outer diameters of
individual connection parts connected to the balloon lock
member 303 and scope connection member 304, respectively,
of the acoustic lens 302 in both members of the balloon lock
member 303 and scope connection member 304 that are
endoscope structure members, and where the acoustic lens
302 is connected to the balloon lock member 303 by way of
the connection band 305 for smoothing out a step between the
acoustic lens 302 and balloon lock member 303, and also the
acoustic lens 302 is connected to the scope connection mem-
ber 304 by way of the connection band 306 for smoothing out
a step between the acoustic lens 302 and scope connection
member 304.

[0155] Thatis, the acoustic lens 302 and balloonlock mem-
ber 303 are respectively formed in a manner that an outer
diameter of a first member connection part of the balloon lock
member 303 that is the connection part with the acoustic lens
302 is larger than an outer diameter of a first lens connection
part of the acoustic lens 302 that is the connection part with
the balloon lock member 303. Also configured is, the acoustic
lens 302 is connected to the balloon lock member 303 by way
of the connection band 305 of which the surface is processed
to have a gradual tapered surface so as to eliminate the step
between the first lens connection part and first member con-
nection part.

[0156] FIG.26is an enlarged diagram ofa dotted line frame
B shown in FIG. 25, that is, an enlarged diagram of a neigh-
borhood of a part connecting the balloon lock member 303 to
the acoustic lens 302. As shown in FIG. 26, the edge of the
balloon lock member 303 (i.e., the first member connection
part) is projected outward than the edge of the acoustic lens
302 (i.e., the first lens connection part). And the edge of the
acoustic lens 302 is connected to that of the balloon lock
member 303 by way of the connection band 305 having a
surface of a gradual slope.

[0157] At this point, the description exemplifies methods
for connecting the acoustic lens 302, connection band 305
and balloon lock member 303, respectively.

[0158] The first step applies a surface treatment, by means
of a chemical coating, corona discharge, gas, plasma, et cet-
era, to a surface of the acoustic lens 302 connecting to the
balloon lock member 303 and that of the balloon lock member
303 connecting to the acoustic lens 302, respectively, so as to
improve the respective coating properties of the connection
band 305. The next coats the connection band 305 to each
connecting surface and connects the acoustic lens 302 to the
balloon lock member 303. The next processes the surface of
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the connection band 305 to a gradual slope by wiping the
surface and/or smoothes it out.

[0159] Meanwhile, the acoustic lens 302 and scope connec-
tion member 304 are respectively formed so that an outer
diameter of a second connection part of the scope connection
member 304 that is the connection part with the acoustic lens
302 is larger than an outer diameter of a second lens connec-
tion part of the acoustic lens 302 that is the connection part
with the scope connection member 304. Also configured is,
the acoustic lens 302 is connected to the scope connection
member 304 by way of the connection band 306 and the
surface of the connection band 306 is processed to be a
gradual slope so as to eliminate steps of the second lens
connection part and second member connection part.

[0160] FIG. 27 is an enlarged diagram of the dotted line
frame C shown in FIG. 25, that is, an enlarged diagram of a
neighborhood of a part connecting the scope connection
member 304 to the acoustic lens 302. As shown in FIG. 27, the
edge of the scope connection member 304 (i.e., the second
member connection part) is projected outward than that of the
acoustic lens 302 (i.e., the second lens connection part). And
the edge of the acoustic lens 302 is connected to that of the
scope connection member 304 by way of the connection band
306 having a gradual slope surface.

[0161] At this point, a description exemplifies methods for
connecting the acoustic lens 302, connection band 306 and
scope connection member 304, respectively.

[0162] The first step applies a surface treatment, by means
of a chemical coating, corona discharge, gas, plasma, et cet-
era, to a surface of the acoustic lens 302 connecting to the
scope connection member 304 and that of the scope connec-
tion member 304 connecting to the acoustic lens 302, respec-
tively, so as to improve the respective coating properties of the
connection band 306. The next coats the connection band 306
to each connecting surface and connects the acoustic lens 302
to the scope connection member 304. The next processes the
surface of the connection band 306 to a gradual slope by
wiping the surface and/or smoothes it out.

[0163] Materials constituting the balloon lock member 303
and scope connection member 304 conceivably includes the
following. As to resins for example, the conceivable is
organic materials such as silicone series, epoxy series, PEEK
(Registered Trademark), polyimide, polyether imide,
polysulfone, polyether sulfone, fluorine series resin, et cetera.
Also conceivable are aforementioned organic materials
mixed with powder or fibers of a metal, ceramics, glass,
carbon, et cetera. As to metals for example, the conceivable
are stainless steel, titanium and its alloy, metallic glass, et
cetera. And, as to inorganic materials, the conceivable are
ceramics made of alumina, zirconia, silicon nitride, et cetera.
[0164] Also, materials constituting the acoustic lens 302
and a later described acoustic lens 309 conceivably includes
as follows. The conceivable includes elastomer such as sili-
cone series, urethane series, et cetera. Also conceivable are
the aforementioned elastomer mixed with powder or fibers of
metal, ceramics, glass, carbon, et cetera.

[0165] As to materials of the connection bands 305 and
306, conceivable includes as follows. The conceivable for
example are adhesives of epoxy series, silicone series, ure-
thane series, et cetera. Also conceivable are the aforemen-
tioned adhesive mixed with powder or fiber ofa metal, ceram-
ics, glass, carbon, et cetera.

[0166] The aforementioned embodiment is configured in a
manner that the outer diameters of the respective connection
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parts with the acoustic lens 302 is larger than the outer diam-
eters of the respective connection parts connecting the acous-
tic lens 302 to the balloon lock member 303 and scope con-
nection member 304, respectively, in both of the members of
the balloon lock member 303 and scope connection member
304, and also both of the members of the balloon lock mem-
ber 303 and scope connection member 304 are connected to
the acoustic lens 302 by way of the connection bands 305 and
306 for smoothing out the respective steps of both of the
members of balloon lock member 303 and scope connection
member 304 with the acoustic lens 302. Therefore, this con-
figuration hardly allows the balloon 360 as shown in F1IG. 9 to
be caught by the acoustic lens 357 as a result of the balloon
360 being guided by the connection bands 305 and 306 when
mounting the balloon 360 onto the ultrasonic transducer array
301 or when removing the balloon 360 therefrom. This con-
figuration reduces a load levied to the acoustic lens 357,
thereby making it possible to mount or remove the balloon
360 smoothly.

[0167] Theabove described embodiment is also configured
s0 as to enable a smooth mounting or removal of the balloon
360 without the edge of the acoustic lens 357 substantially
catching the balloon 360 although it brushes a surface of the
ultrasonic transducer array 301 when mounting or removing
the balloon 360, thereby reducing a force applied to the end of
the acoustic lens 302. This configuration makes it possible to
prevent the acoustic lens 302 from peeling off the ultrasonic
transducer array 301 or from being damaged at the time of
mounting or removing the balloon 360.

[0168] Also, the above described embodiment makes it
possible to let an air bubble out of the balloon 360 smoothly
because the air bubble is hardly be caught by the connection
bands 305 and 306 when letting the air bubble within the
balloon 360 out thereof after mounting it onto the ultrasonic
transducer array 301 and expand it with water, et cetera.
[0169] Also, the above described embodiment makes it
possible to pass the balloon lock member 303, which has an
outer diameter larger than that of the edge of the acoustic lens
302, through an insertion path of a human body in advance of
the acoustic lens 302 when inserting the ultrasonic transducer
array 301 into the human body. This enables the balloon lock
member 303 to remove a foreign material, et cetera, in the
insertion path of a human body and therefore the acoustic lens
302 can be protected from the foreign material, et cetera.
[0170] Note that the acoustic lens 302 according to the
aforementioned embodiment is configured to equip with flat
parts 308, each of which is called a shoulder, on the front and
rear of the acoustic lens 302 as shown in FIG. 25; an ultra-
sonic endoscope apparatus may be configured by using an
acoustic lens equipped with no flat part 308, however.

Embodiment 2

[0171] FIG. 28 is a diagram showing an ultrasonic trans-
ducer array comprised by an ultrasonic endoscope apparatus
according to the second preferred embodiment (the embodi-
ment 2 thereof). Note that the same component sign is
assigned to the same comprisal as one shown in FIG. 25.
[0172] The ultrasonic transducer array 307 shown in FIG.
28 comprises an acoustic lens 309 equipped with no flat part
308 as shown in FIG. 25.

[0173] And a connection band 305 constituted by an adhe-
sive, et cetera, is equipped in between the acoustic lens 309
and balloon lock member 303. And a connection band 306
constituted by an adhesive, et cetera, is equipped in between
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the acoustic lens 309 and scope connection member 304.
Note that the acoustic lens 309 may be equipped with a flat
part 308 as shown in FIG. 25 on either of the edges.

[0174] Theaforementioned ultrasonic transducer array 307
is configured in a manner that, in both of the members of the
balloon lock member 303 and scope connection member 304
which are endoscope structure members, the respective outer
diameters of individual connection parts with the acoustic
lens 309 are larger than the respective outer diameters of the
acoustic lens 309 at individual parts for connecting to the
balloon lock member 303 and scope connection member 304.
Also configuredis, both members of the balloon lock member
303 and scope connection member 304 are connected to the
acoustic lens 309 by way of the connection bands 305 and 306
for smoothing out the steps of the respective connection parts
with the both members of the balloon lock member 303 and
scope connection member 304.

[0175] Such a configuration also hardly allows the balloon
360 to be caught by the connection part 305 or 306 when
mounting the balloon 360 onto the ultrasonic transducer array
307 or removing the balloon 360 therefrom and therefore it is
possible to perform the mounting or removal of the balloon
360 smoothly. It is also possible to prevent the acoustic lens
309 from peeling off the ultrasonic transducer array 307 or
from being damaged when mounting or removing the balloon
360. Also enabled is an air bubble within the balloon 360 to be
let out thereof smoothly. Also enabled is to protect the acous-
tic lens 309 from a foreign material, et cetera, when inserting
the ultrasonic transducer array 307 into a human body.
[0176] The aforementioned embodiment may also be con-
figured in a manner that, in either of the balloon lock member
303 or scope connection member 304, an outer diameter of
the connection part with the acoustic lens 302 (or the acoustic
lens 309) is larger than that of connection part for connecting
the acoustic lens 302 (or the acoustic lens 309) to the balloon
lock member 303 or scope connection member 304, and also
the acoustic lens 302 (or the acoustic lens 309) is connected to
the balloon lock member 303 or scope connection member
304 by way of the connection bands 305 and 306 for smooth-
ing out the steps of the connection parts.

[0177] Meanwhile, the aforementioned embodiment is
configured to connect the acoustic lens 302 (or the acoustic
lens 309) to a scope part 355 by way of the scope connection
member 304, it may, however, alteratively be configured to
connect the acoustic lens 302 (or the acoustic lens 309)
directly to the scope part 355. In such a case, an outer diam-
eter of the scope connection part 355 at a part for connecting
to the acoustic lens 302 (or the acoustic lens 309) is config-
ured to be larger than that of the acoustic lens 302 (or the
acoustic lens 309) at a part for connecting to the scope part
355, and also the acoustic lens 302 (or the acoustic lens 309)
is connected to the scope part 355 by way of the connection
band 306 for smoothing out the step at the connection parts.
[0178] As described above, the second embodiment of the
present invention makes it possible to reduce a load applied to
a connection part between the acoustic lens and endoscope
structure member at the time of mounting a balloon onto the
ultrasonic transducer array or removing the balloon there-
from.

Third Preferred Embodiment
Embodiment 1

[0179] A description of the present embodiment is on an
electronic radial ultrasonic probe comprising a cylindrical
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array ultrasonic probe at the head of an insertion part which
comprises an coaxial cable bundle connected to an transducer
element group constituting an arrayed probe, a protective
ground wire integrated with the coaxial cable bundle and a
conductive body of approximately the same form of a con-
ductor as an end face of the arrayed probe on the tip side, in
which the protective ground wire is connected to the conduc-
tive body. The protective ground wire is one mutually short-
ing, nearby the ultrasonic probe, the shield wires of the
coaxial cable group connected to each transducer element.

[0180] FIG. 29 shows an external configuration of an ultra-
sonic endoscope according to the third preferred embodiment
(an embodiment 1 thereof). The ultrasonic endoscope 401
mainly comprises an insertion part 402 of a slender form
inserted into an abdomen, an operation part 403 positioned at
the base end of the insertion part 402 and a universal cord 404
extended from the side of the operation part 403.

[0181] The base end part of the universal cord 404 is
equipped with an endoscope connector 404a for connecting
to alight source apparatus (not shown herein). Extended from
the endoscope connector 404a are an electric cable 405
detachably connected to a camera control unit (not shown
herein) by way of an electric connector 4054, and an ultra-
sonic cable 406 detachably connected to an ultrasonic obser-
vation apparatus (not shown herein) by way of an ultrasonic
connector 406a.

[0182] The insertion part 402 comprises by serially con-
necting, from the head, a hard head part 407 formed by a hard
plastic member, a curve part 408 positioned behind the hard
head part 407 and flexibly curved, and a flexible tube part 409,
which is positioned behind the curve part 408. extended to the
head part of the operation part 403, being a small diameter,
long and flexible. And, the head of the hard head part 407 is
equipped with an ultrasonic probe 410 arraying a plurality of
piezoelectric elements for transceiving an ultrasonic wave.

[0183] The operation part 403 is equipped with an angle
knob 411 for controlling the curve part 408 for curving in a
desired direction, an air/water supplies button 412 for oper-
ating an air or water supply, a suction button 413 for perform-
ing a suction operation, a treatment instrument insertion
entrance 414 functioning as entrance for a treatment instru-
ment introducing into an abdomen, and et cetera.

[0184] FIG.30is an enlarged diagram of the hard head part
407 of the ultrasonic endoscope 401 shown in FI1G. 29, with
FIG. 30 (@) showing an external diagonal view diagram and
FIG. 30 (b) showing an external comprisal diagram. The tip of
the hard head part 407 is equipped with an ultrasonic probe
410 for enabling an electronic radial scan. The ultrasonic
probe 410 is covered by a material forming an acoustic lens
(i.e., an ultrasonic transception unit) 417.

[0185] Meanwhile, the hard head part 407 is featured with
anincline part 407a. The incline part 407a is equipped withan
illumination lens 4185 constituting an illumination optical
part for emitting an illumination light to an observation
region, an object lens 418¢ constituting an observation optical
part for grasping an optical image of the observation region,
a suction-cum-forceps entrance 4184 which is an opening for
sucking an incised region or projecting a treatment instru-
ment and an air/water supplies hole 418a which is an opening
for supplying air and water.

[0186] A balloon is mounted onto the head of the ultrasonic
endoscope for adjusting a contact state and a positional rela-
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tionship with an internal abdominal wall, for which the head
of the ultrasonic probe is featured with a balloon lock member
419 for locking the balloon.

[0187] FIG. 31 shows a production process (part 1) of an
ultrasonic probe. Referring to FIG. 31, the first produced is a
structure body D constituted by a substrate 420, a conductive
body 421, electrodes 422 (i.e., 422a and 422b), a piezoelec-
tric element 423, acoustic matching layers 424 (i.e., a first
acoustic matching layer 424q and a second acoustic matching
layer 424b), a conductive body 425 and a groove 426 when
forming the ultrasonic probe 410. Now, a description is pro-
vided on a production of the structure body D.

[0188] The first is to form the second acoustic matching
layer 4244 followed by forming the first acoustic matching
layer 424a. The next uses a dicing saw (i.e., a precision
shearing machine) for forming a groove in the first acoustic
matching layer 4244 and pours a conductive resin 425 into the
groove. The next forms a conductive layer 4225 on the surface
of the first acoustic matching layer 424a so as to unite with the
conductive resin 425.

[0189] Thenext forms the piezoelectric element 423 on the
conductive layer 4225 and forms the conductive layer 422a
thereon. The conductive layers 422a and 4225 constitute the
electrodes 422a and 4225 for applying a voltage to the piezo-
electric element 423. The next mounts the substrate 420 on
the side of the piezoelectric element 423 and also on the
conductive layer 422b. The surface of the substrate 420 is
featured with an electrode layer 420a. The next mounts the
conductive body 421 for electrically connecting the electrode
4204 to the electrode 422a.

[0190] Thenext forms a plurality of grooves of the width of
tens micrometers (i.e., diced grooves) 426 by cutting in the
formed structure body D as described above. The width of the
groove is preferably 20 to 50 micrometers. In this event, the
cut-in of the structure body D is such as to leave tens
micrometers of the second acoustic matching layer 4245
uncut in lieu of the layer being completely cut. Approxi-
mately 200 pieces of such grooves 426 are formed. Here, the
divided each of the transducers is called an transducer ele-
ment 427.

[0191] Note that the present embodiment as described
above is of a two-layer matching, and therefore a material for
the first acoustic matching layer 424a preferably uses an
epoxy resin containing a filler such as alumina and titania
(Ti0,), et cetera, which that of the second acoustic matching
layer 4245 preferably uses an epoxy resin not containing a
filler. In the case of a three-layer matching, a material for the
first acoustic matching layer preferably uses a carbon or
epoxy resin containing a machinable ceramics, a filler or
fibers, that of the second acoustic matching layer preferably
uses an epoxy resin containing a very little amount (i.e., a
lower rate of content as compared to the case of two-layer
matching) of filler such as alumina, titania, et cetera, and that
of the third acoustic matching layer preferably uses an epoxy
resin not containing a filler.

[0192] The piezoelectric element 423 may use one invested
with electrodes on both of the principal surfaces in advance.
And the electrode layer 4224 may utilize an electrode
invested to the piezoelectric element in advance.

[0193] Thenextcurves the structure body D to a cylindrical
form so as to make the side faces X1 and X2 of the layered
body facing each other as shown in FIG. 32 (a).

[0194] The next forms the acoustic lens 417 on the cylin-
drical surface (named as “structure body E” hereinafter) as
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shown in FIG. 32 (). The acoustic lens 417 may use a
pre-produced single body of acoustic lens for combining with
the structure body D which is formed as a cylindrical shape,
or insert a cylindrically formed structure body D into a mold
and pour the acoustic lens material into the mold, thereby
forming an acoustic lens 417. Note that a lens part 417a of the
acoustic lens 417 is the part functioning as acoustic lens.
[0195] The next mounts a circular structure member 430a
internally from the opening part of the structure body E as
shown in FIG. 32 (¢). In this event, the structure member 430a
is mounted so as to position itself on the substrate 420 (refer
to FIG. 33 (@)). A structure member 4305 1s likewise mounted
onto the opening part on the other side. In this event, the
structure member 4305 is mounted so as to position itself on
the conductive material 425 (refer to FIG. 33 (@)). The outer
surface of the structure member 4304 is covered with a metal
such as a cooper foil, et cetera.

[0196] FIG. 33 shows a cross-section of the structure body
E mounting the structure members 430. Mounting the struc-
ture members 430 (i.e., 430a and 43056) as shown in FIG. 32
(), followed by (refer to FIG. 33 (a)), filling inbetween the
structure members 430a and 4305 with a backing material
440 (refer to FIG. 33 (5)). A gelatinous epoxy resin mixed
with alumina filler is used for the backing material 440. The
next connects the conductive material 425 to a conductive
face of the structure member 4305 electrically by means of a
conductive material 441 (refer to FIG. 33 (¢)) (the structure
body produced in FIG. 33 is named as “structure body F”
hereinafter).

[0197] The nextinserts a cylindrical structure member 450
from one side of the opening part of the structure body F (i.e.,
a side equipped with the substrate 420) as shown in FIG. 34
(a). The cylindrical structure member 450 is constituted by a
cylindrical part 453 and a circular flange 452 equipped on one
end thereof. The surface of the flange 452 is equipped with a
printed wiring plate 454 of which the surface is featured with
an electrode pad 451 of tens to hundreds in number. Further-
more, a cable bundle 462 is internally led though the cylin-
drical structure member 450 with the tip of which being
soldered with each pad 451 (i.e., the cable 462 is connected by
soldering in the inside (i.e., toward the center of circle)) of the
electrode pad 451). Note that the cable 462 usually uses a
coaxial cable for a noise reduction.

[0198] The cylindrical structure member 450 is made of an
insulator material (e.g., the engineering plastics). The insula-
tor material includes polysulfone, polyether imide, polyphe-
nylene oxide, epoxy resin, et cetera, for example. The surface
of the cylindrical part 453 is plated with a conductive body
(i.e., ametal film 463). Note that the surface of the cylindrical
part 453 is featured with a hole 455, and a ground wire 471
extended from the cable bundle 462 led through the cylindri-
cal structure member 450 comes out of the hole 455 and is
connected to the metal film 463 which is plated on the outer
side surface of the cylindrical part 453.

[0199] When inserting the cylindrical member 450 thus
connected to the cable 462 into the structure body F, the flange
452 part of the cylindrical member 450 hits the structure
members 430 of the structure body F, fixing the position of the
cylindrical structure member 450, thus positioning it in the
inside of the ultrasonic probe 410.

[0200] FIG. 34 (b) shows the situation of connecting the
electrode 420a of the transducer element 427 to the outer side
of the electrode pad 451 (i.e., the electrode pad part in the
outer circumference of the circle) by using a wire 490 after the
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cylindrical structure member 450 is inserted and positioned
(the structure body produced as shown in FIG. 34 (5) is named
as “structure body G” hereinafter).

[0201] Incidentally, the balloon lock member 419 is
mounted onto the opening part of an ultrasonic probe for
locking an edge of a balloon. A support member is required to
retain the balloon lock member 419 at the opening part of the
ultrasonic probe. The next is a description of the balloon lock
member 419 by referring to F1G. 35.

[0202] FIG. 35 exemplifies the balloon lock member 419
and the support member which are mounted onto the structure
body G. A flat surface of a circular conductive plate 510 with
a hole at the center is equipped with a support member 511
which is featured as an approximate alphabet L, that is, with
one overhang at the end. The conductive plate 510 is electri-
cally and mechanically connected to a protective ground wire
512 which is extended from the opening part of the structure
body G. The conductive plate 510 is then mounted to the
opening part of the structure body G.

[0203] The balloon lock member 419 is featured with a
cavity in which the support member 511 is inserted, is
equipped with a balloon lock groove 419a for locking a
balloon, and is mounted so as to cover the opening part of the
structure body G.

[0204] FIG. 36 exemplifies a variation of the conductive
plate 510. FIG. 36 (@) exemplifies one using a metal plate 520
as a conductive plate 510. The support member 511 is fixed
onto the metal plate 520 by means of a soldering or adhesion.

[0205] FIG. 36 (b)shows anexaniple using, as a conductive
plate 510, a plastic plate 522 (i.e., a printed circuit material)
with one surface being covered with a copper foil 521. The
support member 511 is fixed onto the plastic plate 522, onthe
surface of which is covered with the copper foil 521 by means
of a soldering or adhesion.

[0206] FIG. 36 (¢) shows an example using, as a conductive
plate 510, a plastic plate (i.e., a printed circuit material)
equipped with a through-hole (i.e., a hole featured with a
copper foil on the hole surface for electrically connecting the
two surfaces). The support member 511 is fixed on the face on
the side featured with an electrode pattern. In this case, a
thermal capacity of the soldered part is small as to make the
soldering easy and hence improve reliability.

[0207] FIG. 37 shows a cross-sectional diagram when
mounting the conductive plate 510. As described above, the
cable 462 is connected to the side of the center direction of the
flange of the electrode pad 451 by a soldering. One end of a
wire 490 is connected to the side of the center direction of the
flange of the electrode pad 451 by a soldering 501, while the
other end is connected to the signal-side electrode 420a exist-
ing on the substrate 420 of the transducer element by a sol-
dering 502. Note that the aforementioned connection is car-
ried out by using a short wire 490 for preventing a shorting by
the wire contacting the adjacent signal-side electrode 420a.
Then, the entirety of the connection part between the cable
462 and electrode pad 451 is covered with a potting resin 500
in order to prevent the cable 462 from coming off the elec-
trode pad 451 as a result of the cable 462 being pulled by a
load applied thereto.

[0208] A cooper foil 505 is filmed on a surface of the
structure member 4305, and further the surface of the struc-
ture members 430 is connected to the cylindrical surface of
the acoustic matching layers 424 and cylindrical member 450
by a conductive resin (e.g., a solder) 504.
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[0209] Note that the ground wires 471 (i.e.,471a and 4715)
are extended from the cable bundle 462 and connected to the
metal film 463 by soldering 503a and 5035, respectively, as
described for FIG. 34 (a).

[0210] FIG. 38 is an enlarged diagram of the coaxial cable
group 462 enclosed by the dotted line frame 530 indicated in
FIG. 37. FIG. 38 (a) is the enlarged diagram viewed from a
side, while FIG. 38 (&) is a cross-sectional diagram, viewed
from above, of one coaxial cable 540 among the coaxial cable
group 462. Note that a bundle of individual coaxial cables 540
is named as the coaxial cable group 462 in the following
description.

[0211] Each coaxial cable 540 has a signal wire 541 which
is covered with a dielectric body 542, around of which is
covered with a shield wire (i.e., a signal ground wire) 543 and
further covered with an outer coat 544. The signal wire 541 is
electrically connected to the corresponding piezoelectric ele-
ment.

[0212] Referring to FIG. 38, the outer coat of each coaxial
cable 540 is removed until a predetermined position. And the
shield wires 543 of the coaxial cables 540 are mutually
shorted. Ground wires 545 are extended from the shorted
shield wire parts.

[0213] The ground wires 545 are connected to the conduc-
tive plate 510 as the protective ground wire 512, and are
connected to the metal film 463 by the soldering 503a and
5035 as the ground wires 471 (i.e., 471a and 471b), respec-
tively, as shown in FIG. 37. The coaxial cable 462 is con-
nected to an ultrasonic observation apparatus (not shown
herein) after being led through the inside of an insertion part
2 of the ultrasonic endoscope 401, and the shield wires 543 of
the coaxial cable group 462 are also connected to the ground
(GND) of the aforementioned ultrasonic observation appara-
tus.

[0214] FIG. 39 shows a cross-sectional diagram of a state of
protectively grounding the ultrasonic probe 410 according to
the present embodiment. FIG. 39 shows an emphasis of parts
with a protective grounding (i.e., diagonally hatched parts
570) by attaching the conductive plate 510 to the structure
body G in the configuration shown in FIG. 37. Note that a part
of FIG. 37 is omitted for convenience of the description.
[0215] Referring to FIG. 39, the entire frame of the ultra-
sonic probe is protectively grounded by the ground wires 512
and 471, the bottom surface of the conductive body 510, the
electrode 4225, the copper foil 505 featured on the bottom
surface the structure member 43056. Therefore, even if the
ultrasonic probe is mechanically damaged, resulting in
exposing the interior, such a part is protectively grounded.
[0216] The present embodiment is configured to share the
protective grounding and signal ground (GND), thereby
reducing the number of components, hence contributing to a
miniaturization of the ultrasonic probe.

[0217] As described thus far, the entirety of the ultrasonic
probe can be covered with a protective grounding. Therefore,
even if the head part of an ultrasonic endoscope is mechani-
cally damaged, the electric shock can be prevented since the
parts exposing externally to the ultrasonic probe are protec-
tively grounded.

Embodiment 2

[0218] A description for the present embodiment is on an
electronic radial ultrasonic probe separating a protective
grounding and a signal grounding (GND), while the embodi-
ment 1 shares the protective grounding and signal GND.
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[0219] FIG. 40 is a diagram showing a part of a production
process of an ultrasonic probe according to the third preferred
embodiment (an embodiment 2 thereof). FIG. 40 (a) is a
diagram corresponding to FIG. 31. Different from the con-
figuration of FIG. 31, one shown in FIG. 40 comprises a
conductive layer 4225 being featured in a part connecting to
a piezoelectric element, and it is not featured in between a
substrate 420 and a first acoustic matching layer 424a.

[0220] The present embodiment is also configured that a
structure body D shown in FIG. 40 (a) is produced first,
followed by featuring a metal film on the surface of the
structure body D and featuring an acoustic lens 417.

[0221] Also, metalfilms are featured on both surfaces of the
structure member 4305 mounted as shown in FIG. 33 (a).
Meanwhile, a cylindrical structure member 450 used for the
present embodiment is intermittently plated with a metal
films 546 (i.e., 546a and 5465) as shown in FIG. 40 (). The
metal film 546 is not electrically connected to the metal film
546b. From ahole 547a opening on the side surface 453 of the
cylindrical structure member 450 comes out the above noted
signal GND line 565 and is connected to the metal film 5464.
And from ahole 5475 comes out a protective ground wire 560
which is then connected to the metal film 5465. Except for the
process described above, the production process is the same
as that of the embodiment 1.

[0222] FIG. 41 shows across-section of an ultrasonic probe
410 separating between a protective grounding and a signal
ground according to the third preferred embodiment (an
embodiment 2 thereof). FIG. 41 shows the emphases of a
protectively grounded part (i.e., diagonally hatched part 580)
and a part (i.e., shaded part 581) equipped with a signal GND,
by mounting a structure body G in the configuration of FIG.
37.

[0223] From a coaxial cable group 551 extends a signal
GND wire 565 which is then soldered to a metal film 5464
featured on the surface of a cylindrical structure member 450.
From the coaxial cable group 551 extend protective ground
wires 561 (i.e., 561a and 5615). Of them, the protective
ground wire 5614 is soldered to a conductive body 510. The
protective ground wire 5615 is soldered to a metal film 5465
featured on the surface of the cylindrical structure member
450. And a conductive resin 425 is electrically connected to a
metal film 553 featured on the surface of a structure member
430 on the internal side of the ultrasonic probe. Note that a
partisalso omitted for convenience of the description as in the
case of FIG. 39.

[0224] FIG. 42 shows an enlarged diagram of apart of a
coaxial cable group 551 which is enclosed by a dotted line
frame 550. FIG. 42 (a) is an enlarged diagram viewed from
the side direction, while FIG. 42 (b) is a cross-sectional dia-
gram of a coaxial cable group 551 viewed from above. Note
that a bundle of individual coaxial cables 540 is named as the
coaxial cable group 551 in the following description.

[0225] A comprisal of each coaxial cable 540 is the same as
one shown in F1G. 37. And individual shield wires (i.e., signal
GND wires) 543 of the coaxial cable 540 are mutually
shorted. From the shorted shield wire part extend ground
wires (i.e., signal GND wires) 565.

[0226] A plurality of coaxial cables 540 is bundled together
and covered with an integrated shield wire 560 which is
further covered with an outer coat 562. From the integrated
shield wire 560 extend the ground wires (i.e., protective
grounding wires) 561.
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[0227] Referring to FIG. 41, the entire frame of the ultra-
sonic probe is protectively grounded by the protective ground
wires 561a and 5615, the bottom surface of the conductive
body 510, the metal film 555 featured on the outer surface of
the acoustic matching layer, the copper foil 505 featured on
the bottom surface of the structure member 4305 and the
metal film 5465 featured on the side surface of the cylindrical
structure member 450.

[0228] The protective grounding is separated from the sig-
nal GND constituted by the signal GND wire 565, the elec-
trode 4224, the copper foil 553 featured on the top surface of
the structure member 4305 and the metal film 5464 featured
on the side surface of the cylindrical structure member 450.
That 1s, the protective ground wire (i.e., the integrated shield
wire 560) is electrically independent of the shield of the
coaxial cable group (i.e., the signal GND wires 565) con-
nected to the individual transducer elements.

[0229] Thus covering the entirety of the ultrasonic probe
with a protective grounding and equipping the interior with a
signal GND make it possible to shut off an external electrical
noise by the protective grounding, hence enabling a suppres-
sion of an influence of the electrical noise to the signal GND
(i.e,, improving an anti-noise property). This makes it pos-
sible to suppress a fluctuation as a reference voltage to a
signal line by minimizing a variation of potential of the signal
GND, thereby making it possible to obtain an ultrasonic
image signal with a smaller noise component.

[0230] As described above, even if the tip part of the ultra-
sonic endoscope is mechanically damaged, an electric shock
can be prevented. And the separation of the protective
grounding from the signal GND enables a further improve-
ment of an anti-noise property as compared to the embodi-
ment 1.

[0231] As such, the third embodiment of the present inven-
tion makes it possible to prevent an electric shock even if a
mechanical damage is caused to the insulator member at the
tip of the an ultrasonic endoscope because of the structure
externally exposing the protective grounding part.

[0232] Note that the first through third embodiment use an
electronic radial ultrasonic probe utilizing a piezoelectric
element, the present invention, however, is applicable to an
electronic radial ultrasonic probe utilizing a capacitive trans-
ducer (i.e., c-MUT).

1. An ultrasonic probe, comprising an ultrasonic transducer
array which comprises an acoustic lens equipped externally
to a plurality of ultrasonic transducers that are continuously
lined up and a balloon lock member for locking an end of a
balloon, wherein an ultrasonic transducer selected from
among the plurality thereof transmits or receives an ultrasonic
wave, wherein

an outer diameter of the balloon lock member at a part

connecting to the acoustic lens is larger than that of the
acoustic lens at a part connecting to the balloon lock
member, and also the acoustic lens is connected to the
balloon lock member by way of a connection band for
smoothing out steps of the respective connection parts.

2. An ultrasonic probe, comprising an ultrasonic transducer
array which comprises an acoustic lens equipped externally
to a plurality of ultrasonic transducers that are continuously
lined up, wherein an ultrasonic transducer selected from
among the plurality thereoftransmits or receives an ultrasonic
wave, and comprising a scope unit that comprises a photo-
graphing function, wherein
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an outer diameter of the scope unit at a part connecting to
the acoustic lens is larger than that of the acoustic lens at
a part connecting to the scope unit, and also the acoustic
lens is connected to the scope unit by way of a connec-
tion band for smoothing out steps of the respective con-
nection parts.

3. Anultrasonic probe, comprising an ultrasonic transducer
array which comprises an acoustic lens equipped externally
to a plurality of ultrasonic transducers that are continuously
lined up and a scope connection member equipped in between
a scope unit that has a photographing function and the acous-
tic lens, wherein an ultrasonic transducer selected from
among the plurality thereoftransmits or receives an ultrasonic
wave, wherein

an outer diameter of the scope connection member at a part
connecting to the acoustic lens is larger than that of the
acoustic lens at a part connecting to the scope connec-
tion member, and also the acoustic lens is connected to
the scope connection member by way of a connection
band for smoothing out steps of the respective connec-
tion parts.

4. Anultrasonic probe, comprising an ultrasonic transducer
array which comprises an acoustic lens equipped externally
to a plurality of ultrasonic transducers that are continuously
lined up and a balloon lock member for locking an end of a
balloon, wherein an ultrasonic transducer selected from
among the plurality thereoftransmits or receives an ultrasonic
wave, and comprising a scope unit having a photographing
function, wherein

an outer diameter of the balloon lock member at a member

connection part that is a part connecting to the acoustic
lens is larger than that of the acoustic lens at a first lens
connection part that is a part connecting to the balloon
lock member, and also the acoustic lens is connected to
the balloon lock member by way of a first connection
part for smoothing out steps at the first lens connection
part and member connection part, and

an outer diameter of the scope unit at a scope connection
part that is a part connecting to the acoustic lens is larger
than that of the acoustic lens at a second lens connection
part that is a part connecting to the scope unit, and also
the acoustic lens is connected to the scope unit by way of
a second connection band for smoothing out steps at the
second lens connection part and the scope connection
part.

5. An ultrasonic probe comprising an ultrasonic transducer
array which comprises an acoustic lens equipped externally
to a plurality of ultrasonic transducers that are continuously
lined up, a balloon lock member for locking an end of a
balloon and a scope connection member that is equipped in
between a scope unithaving a photographing function and the
acoustic lens, and in which an ultrasonic transducer selected
from among the plurality thereof transmits or receives an
ultrasonic wave, wherein

an outer diameter of the balloon lock member at a first
member connection part that is a part connecting to the
acoustic lens is larger than that of the acoustic lens at a
first lens connection part that is a part connecting to the
balloon lock member, and also the acoustic lens is con-
nected to the balloon lock member by way of a first
connection band for smoothing out steps at the first lens
connection part and the first member connection part,
and
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an outer diameter of the scope connection member at a 13. The ultrasonic probe according to claim 3, wherein
second connection part that is a part connecting to the said acoustic lens is not featured with a flat part on the both
acoustic member is larger than that of the acoustic lens at ends.
a second lens connection part thatis a part Connecting to 14. The ultrasonic probe according to claim 4, wherein
the scope connection member, and also the acoustic lens said acoustic lens is not featured with a flat part on the both
is connected to the scope connection member by way of ends.

15. The ultrasonic probe according to claim 5, wherein
said acoustic lens is not featured with a flat part on the both
ends.

a second connection band for smoothing out steps at the
second lens connection part and the second member

connection part. . .
6. The ult . b dine to claim 1. wherei 16. An ultrasonic endoscope apparatus comprising an
- 1he ullrasoe probe according fo claim 1, whereil ultrasonic probe noted in claim 1.
said acoustic lens is featured with a flat part on at least one 17. An ultrasonic endoscope apparatus comprising an
side of the both ends. ultrasonic probe noted in claim 2.
7. The ultrasonic probe according to claim 2, wherein 18. An ultrasonic endoscope apparatus comprising an
said acoustic lens is featured with a flat part on at leastone ~ ultrasonic probe noted in claim 3.
side of the both ends. 19. An ultrasonic endoscope apparatus comprising an

8. The ultrasonic probe according to claim 3, wherein ultrasonic probe noted in claim 4.

said acoustic lens is featured with a flat part on at least one 20. An ultrasonic epdosgope apparatus comprising an
side of the both ends. ultrasonic probe noted in claim 5.

- . . . 21. An ultrasonic transducer array, comprising an acoustic
9. .The ultr asomic pr obe accord%ng to claim 4, wherein lens equipped external to a plurality of ultrasonic transducer
said acoustic lens is featured with a flat part on at leastone  that is continuously lined up and a balloon lock member for

side of the both ends. locking an end of a balloon, wherein an ultrasonic transducer
10. The ultrasonic probe according to claim 5, wherein selected from among a plurality thereof transmits or receives
said acoustic lens is featured with a flat part on at least one an ultrasonic wave, wherein

side of the both ends. an outer diameter of the balloon lock member at a part

connecting to the acoustic lens is larger than that of the
acoustic lens at a part connecting to the balloon lock
member, and also the acoustic lens is connected to the
) ) ) ) balloon lock member by way of a connection band for
12. The ultrasonic probe according to claim 2, wherein smoothing out steps at the respective connection parts.
said acoustic lens is not featured with a flat part on the both

ends. ok ok ox Ok

11. The ultrasonic probe according to claim 1, wherein
said acoustic lens is not featured with a flat part on the both
ends.
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