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7) ABSTRACT

An ultrasonic endoscope comprises an insertion portion
comprising a distal hard portion which has: an endoscopic
observation unit; and an ultrasonic observation unit having
ultrasonic transducers arranged circumferentially on an
outer circumferential section of the distal hard portion,

hi (JP
shi (IP) wherein the ultrasonic observation unit comprises an ultra-
sonic-wave transmission/reception unit having an tunnel-
(1) Appl. No.: 11/172,849 shaped path which has an inner circumferential surface
’ formed as a backing layer; a distal block is arranged on a
distal side in an axial direction of the distal hard portion with
(22) Filed: Jul. 5, 2005 respect to a location where the ultrasonic-wave transmis-
sion/reception unit is arranged, and distal ends of respective
(30) Foreign Application Priority Data members constituting the endoscopic observation unit are
fixed to the distal block; and part of the members which
Jul. 6, 2004 (JP) covvevrvcccererrrisceneenns 2004-199344 constitute the endoscopic observation unit are fitted so as to
Aug. 26, 2004  (JP).... e 2004-246274 be partially protruded from an inside diameter of the tunnel-
Nov. 5, 2004 (JP) wcoovemevevrrrrverecnrecrirnnnes 2004-321587 shaped path toward an outer circumferential side thereof.
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ULTRASONIC ENDOSCOPE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an ultrasonic endo-
scope whose insertion portion includes a distal hard portion
which has an endoscopic observation unit having an obser-
vation field of view forwardly of the endoscopic observation
unit, and an electronic scanning type of an ultrasonic obser-
vation unit having a circular or arcuate ultrasonic scanning
plane perpendicular to the axis of the distal hard portion.

[0003] 2. Description of the Related Art

[0004] A so-called electronic scanning type of ultrasonic
endoscope has heretofore been widely used in which endo-
scopic observation means for observing a body cavity, an
endoscopic mechanism including other means such as a
treatment equipment insertion path through which to insert
forceps or other treatment equipments, and ultrasonic obser-
vation means are fitted in a distal hard portion of an insertion
portion and the ultrasonic observation means performs scan-
ning by sequentially driving a multiplicity of ultrasonic
transducers arranged in a predetermined direction in the
ultrasonic observation means. For example, JP-A-2001-
314403 describes a direct-view endoscope which has a field
of view forwardly of a distal hard portion of its insertion
portion as an observation field of view in the endoscopic
observation means and in which the ultrasonic observation
means has an ultrasonic scanning plane in its radial direc-
tion, i.e., a circular ultrasonic scanning plane or an ultrasonic
scanning plane which is arcuate in a predetermined angular
range.

[0005] The ultrasonic endoscope described in JP-A-2001-
314403 is inserted into a body cavity tube, for example, an
upper gastrointestinal tract such as the esophagus or the
small intestine, or a lower gastrointestinal tract such as the
large intestine, and an area which appears forward in the
insertion direction is observed by the endoscopic observa-
tion means. If an area of interest such as an lesion is
detected, the ultrasonic observation means is positioned to
face the area of interest so that information about body
tissues in the area can be acquired.

[0006] Inthe ultrasonic endoscope having the construction
described in JP-A-2001-314403, members constituting the
endoscopic observation means, at least an illumination sec-
tion and an observation section, a treatment equipment
insertion channel through which treatment equipments such
as forceps are to be inserted, and other members such as an
air/water supply tube for cleaning the observation section
are arranged so as to face the distal end surface of the distal
hard portion. Since the ultrasonic observation means per-
forms radial ultrasonic scanning, the ultrasonic observation
means has an approximately cylindrical shape and a tunnel-
shaped path is formed in the inside of a section in which the
ultrasonic observation means is fitted, and the members
constituting the endoscopic observation means are arranged
in the inside of the tunnel-shaped path.

[0007] The ultrasonic observation means which performs
radial ultrasonic electronic canning has a multiplicity of
ultrasonic transducers arranged in a cylindrical or arcuate
form, and at least an acoustic lens, more strictly, an acoustic
matching layer and an acoustic lens are provided on a

1. Field of the Invention
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transmission/reception surface side, i.e., an outer circumfer-
ential side, of the ultrasonic transducers. Backing materials
are arranged on a surface opposite to the transmission/
reception surface of the ultrasonic transducers. Accordingly,
the inner circumferential surface of the backing material
forms the inside diameter of the tunnel-shaped path. All the
members constituting the endoscopic observation means
must be arranged in a predetermined arrangement relation-
ship so that all the members are housed in the tunnel-shaped
path.

[0008] The thickness dimension of each of the ultrasonic
transducers constituting the endoscopic observation means,
and the thickness dimension of the acoustic lens as well as
the thickness dimension of the backing material are respec-
tively set in functional terms. The size of each of the
members constituting the endoscopic observation means, for
example, the sizes of an illumination lens and a light guide
which constitute an illumination section, the size of an
objective lens constituting the observation section, the size
of a lens barrel for the objective lens, the size of a solid-state
image pickup device, the size of a circuit board for the
solid-state image pickup device, and the cross-sectional size
of the treatment equipment insertion channel must be those
necessary 1o realize their functions. Accordingly, if the sizes
of the respective members constituting the ultrasonic obser-
vation means and the endoscopic observation means are
made equivalent to dimensions necessary for their respective
functions, the outside diameter of the distal hard portion
increases and the operationality with which the distal hard
portion is to be inserted into a body cavity is not only
degraded, but also a large burden is imposed on a subject. On
the other hand, if the outside diameter of the distal hard
portion is to be reduced, any one or a plurality of members
constituting the ultrasonic observation means or the endo-
scopic observation means must be reduced in size, so that
functional restrictions arise.

[0009] The invention has been made in view of the above-
mentioned problems, and an object of the invention is to
make it possible to minimize the outside diameter of the
distal hard portion in the insertion portion without reducing
to an unnecessary extent the size of ecach of members
constituting the ultrasonic observation means and the endo-
scopic observation means.

[0010] An ultrasonic transducer array is generally made of
an approximately cylindrical unit, and a backing layer is
arranged in the inside of ultrasonic transducers, while an
acoustic lens is fitted on the outside of the ultrasonic
transducers. The acoustic lens serves to focus ultrasonic
beams transmitted from the ultrasonic transducers, and
beams in directions perpendicular to an ultrasonic-wave
transmission plane are improved by the acoustic lens. The
ultrasonic transducer array is integrated with the above-
mentioned members and the like and is incorporated in the
distal hard portion of the insertion portion, and each member
constituting the endoscopic observation means and the like
is inserted through the inside of the ultrasonic transducer
array formed in a cylindrical shape in this manner, specifi-
cally, a tunnel-shaped path formed in the inside of the
backing layer.

[0011] According to the above-mentioned related art, a
tubular support member is provided in the inside of the distal
hard portion of the insertion portion and a tubular support
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member is provided in the inside of the distal hard portion.
The ultrasonic transducer array is secured in such a manner
that the ultrasonic transducer array is fitted on the support
member and the ultrasonic transducer array are clamped on
the distal and proximal opposite ends thereof. Stopper
means for the ultrasonic transducer array is provided on one
of distal and proximal clamping members. The ultrasonic
transducer array is fixed to the inside support section and to
the distal and proximal clamping members by an adhesive so
that the airtightness of joining sections can be ensured.
Accordingly adhesion sections on the opposite ends of the
ultrasonic transducer array are exposed to the outside, and
the adhesive in this exposed section is degraded by heat
treatment during sterilization of the insertion portion or by
immersion of the insertion portion into an antiseptic solu-
tion. This degradation causes problems such as lowering of
seal functions of the adhesion sections.

[0012] In this construction, the acoustic lens is a member
which constitutes the external circumferential section of the
ultrasonic transducer array, and if a material which is higher
in sonic speed than living bodies is used as the material of
the acoustic lens, the acoustic lens is constructed as a
concave lens, while if a material which is lower in sonic
speed than living bodies is used as the material of the
acoustic lens, the acoustic lens is constructed as a convex
lens. The acoustic lens is desirably constructed from a
convex lens in terms of adhesiveness to the internal walls of
body cavities. The sonic speed of silicone rubber is about
1000 m/sec, and the sonic speed of living bodies is 1530
m/sec. Accordingly, silicone rubber can be used as the
material of the acoustic lens.

[0013] The invention has been made in view of the above-
mentioned problems, and an object of the invention is to
reduce the number of joining sections to be exposed from the
outside surface of a section in which an ultrasonic transducer
array is fitted.

[0014] The insertion portion of the ultrasonic endoscope is
inserted into the body of a subject for the purposes of various
examinations and treatments, so that the diameter of the
insertion portion need be made as thin as possible. If the
accuracy of examination by the ultrasonic observation
means is to be increased, it is necessary to increase the size
of each of the ultrasonic transducers so as to increase the
output power thereof. Accordingly, not only the thickness of
each of the ultrasonic transducers increases, but also the
thickness of the backing layer must be increased. The
endoscopic mechanism is inserted in the tunnel-shaped path
formed in the inside of the backing layer.

[0015] The endoscopic mechanism needs at least an illu-
mination section and an observation section because the
endoscopic mechanism is used to optically observe body
cavities. There is also a case where other members such as
a treatment equipment insertion channel and a cleaning-fluid
supply tube for an observation window are provided in the
endoscopic mechanism. In the observation section in par-
ticular, there is a case where an objective lens and a
solid-state image pickup device as well as, if necessary,
various filters and a prism for bending an optical path are
provided. The treatment equipment insertion channel is
constructed to allow forceps and other treatment equipments
to be inserted through, and is desirably made of a thick tube
in order to allow insertion of large-sized treatment equip-
ments.
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[0016] As described above, the ultrasonic endoscope has
the problem that if any of the functions of the ultrasonic
observation means or the endoscopic mechanism is to be
improved, the insertion portion must be made thick as
needed. The inside diameter of the backing layer in particu-
lar has an extremely large influence on the fitting of the
endoscopic mechanism. An object of the invention is to
make it possible to ensure a wide fitting space for the
endoscopic mechanism by making as wide as possible the
cross section of the tunnel-shaped path formed by the
backing layer.

SUMMARY OF THE INVENTION

[0017] To achieve the above object, the invention provides
an ultrasonic endoscope which comprises an insertion por-
tion comprising a distal hard portion which has: an endo-
scopic observation unit having an observation field of view
forwardly of the endoscopic observation unit; and an ultra-
sonic observation unit having a predetermined number of
ultrasonic transducers arranged circumferentially on an
outer circumferential section of the distal hard portion and
having a circular or arcuate scanning range, wherein the
ultrasonic observation unit comprises an ultrasonic-wave
transmission/reception unit having an approximately cylin-
drical tunnel-shaped path which has an inner circumferential
surface formed as a backing layer; a distal block is arranged
on a distal side in an axial direction of the distal hard portion
with respect to a location where the ultrasonic-wave trans-
mission/reception unit is arranged, and distal ends of respec-
tive members constituting the endoscopic observation unit
are fixed to the distal block; and part of the members which
constitute the endoscopic observation unit are fitted so as to
be partially protruded from an inside diameter of the tunnel-
shaped path toward an outer circumferential side of the
tunnel-shaped path in the distal block.

[0018] Part of the members constituting the endoscopic
observation means are changed in cross-sectional shape in
the axial direction in a portion located in the distal hard
portion. For example, an illumination lens constituting an
illumination section is larger in diameter than a light guide
constituting the same. In an observation section, an objective
lens, because it is made of a plurality of lenses, is fitted in
a lens barrel, and the cross-sectional shape of the lens barrel
is circular, but a solid-state image pickup device arranged at
an image-forming position of the objective lens is planar and
is mounted on a circuit board. In addition, signal cables are
led from the circuit board. Therefore, the lens barrel differs
in shape and dimension from members arranged on a
proximal side from the lens barrel. For this reason, the distal
block is extended forwardly from an area in which the
tunnel-shaped path is formed in the ultrasonic observation
means. Accordingly, the outside diameter of the distal block
can be made approximately the same as the outside diameter
of the ultrasonic observation means. In addition, as men-
tioned above, a section whose distal end is protruded toward
the outer circumferential side from a section located in the
inside of the tunnel-shaped path is provided in the distal
block enlarged in diameter in the above-mentioned manner.
Accordingly, the dependency of the endoscopic observation
means on the tunnel-shaped path can be solved, and even if
each of the members is given a size which allows them to
effectively perform their functions, the distal hard portion
does not become thick in diameter. In addition, the distal
block can be constructed of an endoscope fitting member
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formed of a metallic material in terms of strength and
workability, and a distal cap made of an insulative member
fitted so as to prevent the endoscope fitting member from
being exposed to the outside, so that the members consti-
tuting the endoscopic observation means can be fixed to the
distal block. At at least a position where the distal cap is
fitted, the illumination section or the observation section is
increased in diameter so as to be partially protruded from the
inside diameter of the tunnel-shaped path. In the illumina-
tion section in particular, a section inserted in the tunnel-
shaped path can be arbitrarily deformed in cross section, so
that the section inserted can be, for example, bypassed so as
not to interfere with other members.

[0019] Preferably, the part of the members fitted so as to
be partially protruded from the inside diameter of the
tunnel-shaped path is at least one of an illumination section
and an observation section.

[0020] Preferably, the illumination section comprises an
illumination lens and a light guide, the illumination lens
having an outside diameter partially protruded from the
tunnel-shaped path, the light guide being inserted through
the tunnel-shaped path while being deformed into a flattened
shape.

[0021] Preferably, the distal block comprises: an endo-
scope fitting member comprising a metallic material, and a
distal cap fitted so as to prevent the endoscope fitting
member from being exposed to the outside, so that the
members constituting the endoscopic observation unit are
fixed to the distal block, and at a position where the distal
cap is fitted, at least one of the illumination section and the
observation section is increased in diameter so as to be
partially protruded from the inside diameter of the tunnel-
shaped path.

[0022] By adopting the above-mentioned construction, it
is possible to arrange any of the members constituting the
endoscopic observation means on the outer circumferential
side from the tunnel-shaped path without allowing any of the
members to interfere with the ultrasonic observation means,
whereby it is possible to provide the advantage of thinning
the diameter of the distal hard portion of the insertion
portion.

[0023] There may be provided an ultrasonic endoscope,
wherein the insertion portion further comprises an angle
portion connected to the distal hard portion, an acoustic lens
fitted to surround a ultrasonic transducer array in which the
ultrasonic transducers are arranged and a sheath layer of the
angle portion are fitted on the insertion portion as an
integrated external sleeve.

[0024] The acoustic lens may be a concave lens, but can
also be constructed as a convex lens in terms of adhesiveness
to the inner walls of body cavities. A material which
propagates ultrasonic waves at lower speed than the body
does 1s, for example, silicone rubber. On the other hand, the
sheath layer of the angle portion needs to have stretchability
and must be superior in weather resistance, chemical resis-
tance and the like. A preferred example of such material is
silicone rubber. Accordingly, for example, silicone rubber
can be used as the external sleeve which is fitted on the
outermost circumference so as to extend from the angle
portion of the insertion portion to the distal hard portion. The
external surface of a section in which the ultrasonic trans-
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ducer array is fitted is be swollen into a convex shape so that
the external sleeve can function as the acoustic lens.

[0025] When the angle portion is operated to bend, the
sheath layer of the angle portion is stretched. On the other
hand, a section which serves as the acoustic lens needs to be
held so that its external surface shape does not vary. In the
distal hard portion, if a variation occurs in the external
surface shape of the section in which the ultrasonic trans-
ducer array in particular is fitted, a variation occurs in the
characteristics and function of the acoustic lens. For this
reason, it is desirable that a tension transmission/reception
section comprising, for example, a bobbin and adhesive
coating be provided at the boundary between the sheath
layer and the acoustic lens which constitute the external
sleeve. The external sleeve is a member having electrical
insulation characteristics. The endoscopic observation unit
comprises members comprising at least an illumination
section and an observation section, the endoscopic observa-
tion unit being disposed to a distal end surface of the distal
hard portion. Each of members that constitutes the endo-
scopic observation means is fitted in an endoscope fitting
section made of a metallic material provided at the distal end
of the distal hard portion, and a distal cover section which
covers the endoscope fitting section can also be formed
integrally with the distal end of the acoustic lens of the
external sleeve.

[0026] According to the above-described construction,
since a joining section between distal and proximal members
is not exposed to the outside in any area from the angle
portion constituting the insertion portion to the distal hard
portion, it is possible to achieve the advantage of increasing
the airtightness of the inside of the ultrasonic endoscope.

[0027] There may be provided an ultrasonic endoscope,
wherein the endoscopic observation unit comprises at least
an illumination section and an observation section, the
endoscopic observation unit being disposed to a distal end
surface of the distal hard portion; an endoscopic mechanism,
which comprises: the endoscopic observation unit; and other
sections including a treatment equipment insertion channel,
is inserted in an inside of the tunnel-shaped path; and a filler
which is the same as or close to the backing layer in acoustic
impedance is charged in a spatial area which is produced in
asection where the endoscopic mechanism is arranged in the
inside of the backing layer.

[0028] Preferably, the filler comprises the same material as
the backing layer and a solid-state image pickup device is
provided in the observation section, at least part of the
solid-state image pickup device being embedded in an inside
of the filler.

[0029] Accordingly, since the filler can serve a function
similar to the backing layer, it is possible to reduce the
thickness of the backing layer which constitutes the ultra-
sonic observation means, and it is possible to achieve
advantages such as widening the fitting space for the endo-
scopic mechanism by the corresponding amount.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a general construction diagram showing
an ultrasonic endoscope according to one preferred embodi-
ment of the invention;
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[0031] FIG. 2A is a schematic view of an external appear-
ance of a distal end of an insertion portion of the ultrasonic
endoscope according to the preferred embodiment of the
invention;

[0032] FIG. 2B is a schematic view of an external appear-
ance of a distal end of an insertion portion of the ultrasonic
endoscope according to the preferred embodiment of the
invention;

[0033] FIG. 3 is a schematic view showing a distal end
surface of a distal hard portion of the ultrasonic endoscope
according to the preferred embodiment of the invention;

[0034] FIG. 4A is a vertical cross-sectional view of the
distal hard portion (first embodiment);

[0035] FIG. 4B is a vertical cross-sectional view of an
angle portion of the insertion portion and a distal end
extending from the angle portion (second embodiment);

[0036] FIG. 5A is a cross-sectional view taken along line
A-A of FIG. 4A;

[0037] FIG. 5B is a cross-sectional view taken along line
A'-A' of FIG. 4B;

[0038] FIG. 6A is a cross-sectional view taken along line
B-B of FIG. 4A,;

[0039] FIG. 6B is a cross-sectional view taken along line
B'-B' of FIG. 4B;

[0040] FIG. 7A is a cross-sectional view taken along line
C-C of FIG. 4A;

[0041] FIG. 7B is a cross-sectional view taken along line
C'-C' of FIG. 4B;

[0042] FIG. 8A is a cross-sectional view taken along line
D-D of FIG. 4A,

[0043] FIG. 8B is a cross-sectional view taken along line
D'-D' of FIG. 4B,

[0044] FIG. 9 is a perspective view of an external appear-
ance of a bridge member of the ultrasonic endoscope accord-
ing to the preferred embodiment of the invention;

[0045] FIG. 10 is a cross-sectional view taken along line
E-E of FIG. 10;

[0046] FIG. 11 is a cross-sectional view taken along line
E-E of FIG. 2B;

[0047] FIG. 12 is a vertical cross-sectional view of the
distal hard portion (third embodiment);

[0048] FIG. 13 is a cross-sectional view taken along line
A"-A" of FIG. 12; and

[0049] FIG. 14 is a cross-sectional view taken along line
B"-B" of FIG. 12.

DETAILED DESCRIPTION OF THE
INVENTION

[0050] A preferred embodiment of the invention will be
described below in detail with reference to the accompany-
ing drawings. As shown in FIG. 1, an ultrasonic endoscope
is generally made of a main control portion 1, an insertion
portion 2, and a universal cord 3. A light source device, a
video signal processing device and an ultrasonic observation
device are connected to the ultrasonic endoscope so as to
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constitute the entire system. The universal cord 3 is extended
from the main control portion 1 and is divided at a halfway
position into branches which are respectively equipped with
a connector 3a removably connected to the light source
device, a connector 3b removably connected to the video
signal processing device, and a connector 3¢ removably
connected to the ultrasonic observation device.

[0051] The main control portion 1 can be grasped in one
hand by an operator or the like, and is provided with an angle
operation section 4 and a treatment equipment guiding
portion 5 and is also equipped with an air/water feed button
6, an suction button 7 and other switches 8.

[0052] The insertion portion 2 is a cord-like member
joined to the main control portion 1 and having a predeter-
mined length, and is inserted into the body of a subject and
the like. In this insertion portion 2, nearly all length extend-
ing from a position where the insertion portion 2 is joined to
the main control portion 1 is formed as a flexible portion 24
having a structure arbitrarily bendable along an insertion
path in a body cavity and the like. An angle portion 2b is
joined to the distal end of the flexible portion 24, and a distal
hard portion 2¢ is joined to the angle portion 2b. The angle
portion 2b can be bent upwardly, downwardly, leftwardly
and rightwardly by remote operation in order to direct, the
distal hard portion 2¢ in a desired direction. Accordingly, the
main control portion 1 is provided with the angle operation
section 4 so that the angle portion 2b can be bent by the
operation of the operator so as to direct the distal hard
portion 2c¢ in a desired direction.

[0053] FIGS. 2A and 2B show different embodiments of
a distal end of the insertion portion 2, and FIG. 3 shows the
construction of a distal end surface of the distal hard portion
2¢. As is apparent from FIGS. 2 and 3, the distal hard
portion 2¢ is provided with an endoscopic observation unit
which has a field of view with a predetermined viewing
angle V in the extension direction of the axis of the distal
hard portion 2c, i.e., forwardly of the distal hard portion 2c,
and an electronic radial scan type of ultrasonic observation
unit having a circular or arcuate ultrasonic scanning plane W
at a position displaced toward a proximal side from the field
of view of the endoscopic observation unit.

[0054] FIG. 4A shows a cross section of the first embodi-
ment of the distal end of the insertion portion 2. FIG. 4B
shows a cross section of the second embodiment of the distal
end of the insertion portion 2. As is apparent from FIGS. 3
and 4, the endoscopic observation unit is made of illumi-
nation sections 10 and an observation section 11, and the
respective illumination sections 10 are arranged at opposite
positions between which the observation section 11 is posi-
tioned. Each of the illumination sections 10 is made of an
illumination lens 10a and a light guide 105 (refer to FIGS.
5A to 8B) which face the distal end surface of the distal hard
portion 2¢. The light guide 105 is made of an optical fiber
bundle, and is extended from the connector 3a of the
universal cord 3 to the distal hard portion 2¢ of the insertion
portion 2 so that its illumination light emission end faces a
position which opposes the illumination lens 104. On the
other hand, the observation section 11 is made of an objec-
tive lens 11a and a prism 115 which bends an optical path
entering from the objective lens 11a at 90°, and the objective
lens 11a is provided in a lens barrel 12 and the prism 110 is
provided in the state of being fixed to the lens barrel 12. A
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solid-state image pickup device 13 is joined to the prism
115, and a predetermined number of signal lines are con-
nected to a circuit board 134 of the solid-state image pickup
device 13. These signal lines are bundled and extended to the
connector 3b of the universal cord 3.

[0055] The distal end surface of the distal hard portion 2¢
of the insertion portion 2 is provided with a treatment
equipment lead-out opening 15 through which to pass for-
ceps and other treatment equipments, and the treatment
equipment lead-out opening 15 is fitted with a connection
pipe 16 to which a treatment equipment insertion tube
extending from a treatment equipment guiding portion 5
provided in the main control portion 1 is connected. The
treatment equipment insertion tube is constructed to meet a
suction path in the inside of the main control portion 1.
Furthermore, the distal hard portion 2¢ is fitted with a nozzle
17 for cleaning the distal end surface of the objective lens
11a in the observation section 11 when it is contaminated by
a body fluid. A cleaning-fluid supply tube 9 to be operated
through the air/water feed button 6 is connected to the nozzle
17. Accordingly, these members also function as an endo-
scopic mechanism constituting an endoscope together with
the endoscopic observation unit.

[0056] The endoscopic observation unit is constructed in
the above-described manner, and the distal ends of the
respective members constituting the endoscopic observation
unit are fixedly held by an endoscope fitting member 18. The
endoscope fitting member 18 is made of a metallic material,
such as stainless steel, in which are formed a plurality of
through-holes through which to insert the respective mem-
bers constituting the above-mentioned endoscopic observa-
tion unit. A distal cap 19 is fitted on the endoscope fitting
member 18 so as to prevent the endoscope fitting member 18
made of the metallic material from being exposed to the
outside. The endoscope fitting member 18 and the distal cap
19 constitute a distal end block. As shown in FIG. 5, two
screw holes 19¢ are formed to extend through the distal cap
19 in the thickness direction thereof, and set screws 20 are
respectively screwed into the screw holes 192 so that the
distal ends of the set screws 20 are pressed against the
endoscope fitting member 18 and the abutment surfaces
between the endoscope fitting member 18 and the distal cap
19 are joined together. In this manner, the distal end block
made of the endoscope fitting member 18 and the 19 is
integrated.

[0057] The ultrasonic observation unit having a radial
scanning plane is provided in the distal hard portion 2c¢ at a
proximal position of the distal cap 19. As is apparent from
FIGS. 6A and 6B, the ultrasonic observation unit includes
a multiplicity of ultrasonic transducers 21 which are
arranged in the circumferential direction so that their trans-
mission/reception surfaces are directed in the axial direction
of the distal hard portion 2¢, and the ultrasonic transducers
21 are arranged in a circumferential or arcuate form (for
example, approximately 270°) so as to perform electronic
scanning. A backing material (backing layer) 22 is fitted on
the inner circumferential side of the ultrasonic transducers
21 arranged in this manner, while an acoustic lens 23 is fitted
on the outer circumferential side of the ultrasonic transduc-
ers 21. As shown in FIG. 4A, the multiplicity of ultrasonic
transducers 21, the backing material 22 and the acoustic lens
23 constitute an ultrasonic wave transmission/reception unit
24. In addition, a backing layer 22 is fitted on the inner
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circumferential side of the ultrasonic transducers 21
arranged in this manner. The multiplicity of ultrasonic
transducers 21 are fixed to the backing layer 22 by means of
adhesion or the like, thereby constituting an ultrasonic
transducer array 123 having a generally cylindrical shape
(See FIG. 4B).

[0058] In the first embodiment of the distal end of the
insertion portion 2 (FIGS. 44, 5A, 6A, 7A and 8A), each of
the ultrasonic transducers 21 has two electrode 25 and 26,
and the electrode 25 is a common electrode 25 common to
all (or each predetermined number of) the ultrasonic trans-
ducers 21. The electrodes 26 are individually provided for
the respective ultrasonic transducers 21. The common elec-
trode 25 and the individual electrodes 26 of the ultrasonic
transducers 21 are electrically connected to terminal sections
of wiring patterns formed on a film substrate. As shown in
FIG. 7A, a film substrate 28 is connected between the
individual electrodes 26 of the respective ultrasonic trans-
ducers 21 and a predetermined number of cables 27 so that
the cables 27 are respectively connected to the individual
electrodes 26. In principle, the electrode 25 may be con-
nected to one cable, and although not shown, the one cable
is connected on the distal side of the ultrasonic transducers
21. A reduced-diameter section 224 is formed on the proxi-
mal side of the backing material 22, and the film substrate
28 is extended to the reduced-diameter section 22a so that
the individual electrodes 26 of the ultrasonic transducers 21
are respectively connected to the cables 27 at the position of
the reduced-diameter section 22a. The cables 27 for ultra-
sonic signals (including the cable for the common electrode
25) are extended to the connector 3¢ provided on the
universal cord 3 and are connected to the ultrasonic obser-
vation device.

[0059] As described above, the ultrasonic wave transmis-
sion/reception unit 24 has an approximately cylindrical
shape, and its inner circumferential surface forms a tunnel-
shaped path. The members constituting the above-men-
tioned endoscopic observation unit are inserted through the
tunnel-shaped path formed by the ultrasonic wave transmis-
sion/reception unit 24, and the proximal side of the ultra-
sonic wave transmission/reception unit 24 abuts on a joining
member 30 which constitutes a joining section between the
angle portion 2b and the distal hard portion 2c.

[0060] In the second embodiment of the distal end of the
insertion portion 2 (FIGS. 4B, 5B, 6B, 7B and 8B), cach of
the ultrasonic transducers 21 has electrodes formed on its
obverse and reverse sides, and a flexible circuit board 124
abuts on the reverse side, i.e., on a side where the ultrasonic
transducers 21 are fitted to the backing layer 22, and a
predetermined wiring pattern is formed on the flexible
circuit board 124. A multiplicity of cables 125 are connected
to the flexible circuit board 124, and each of the cables 125
is extended toward the proximal side of the insertion portion
2. Accordingly, the respective electrodes on the reverse sides
of the ultrasonic transducers 21 are individual electrodes. In
general, the number of the cables 125 is made equal to the
number of the ultrasonic transducers 21 which constitute the
ultrasonic transducer array 123, but the number of the cables
125 can also be reduced by short-circuiting lines from a
plurality of ones of the ultrasonic transducers 21 on the
flexible circuit board 124. In addition, the ¢lectrode on the
obverse side of the ultrasonic transducers 21 is a common
electrode common to all the ultrasonic transducers 21, so
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that although not shown, one cable is connected to the
electrode. In addition, in the case where the individual
electrodes are short-circuited, common electrodes are pro-
vided each of which is common to a predetermined number
of ones of the ultrasonic transducers 21, and the common
electrodes are provided as groups each corresponding to the
predetermined number of ones of the ultrasonic transducers
21. Cables are respectively connected to these common
electrode groups.

[0061] As described above, the ultrasonic transducer array
123 has an approximately cylindrical shape, and its inner
circumferential surface forms a tunnel-shaped path. The
members constituting the endoscopic observation unit are
inserted through the tunnel-shaped path formed by the
ultrasonic transducer array 123, and are fixed to the endo-
scope fitting member 18 positioned on the distal side from
the ultrasonic transducer array 123 and covered with the
distal cap 19. A distal section of the ultrasonic transducer
array 123 abuts on the distal cap 19, while a proximal side
of the ultrasonic transducer array 123 abuts on a joining
member 30. The joining member 30 constitutes a joining
section between the angle portion 2b and the distal hard
portion 2c.

[0062] Furthermore, a bridge member 31 is provided in
the inside of the joining member 30, so that a forward end
ring 32a of angle rings 32 which constitute the structure of
the angle portion 2b is joined to the connection member 30
and the bridge member 31. Accordingly, as is apparent from
FIGS. 8A and 8B, the joining member 30 and the bridge
member 31 are joined together by a plurality of screws 33,
and the forward end ring 324 is joined to the joining member
30 and the bridge member 31 by a plurality of screws 34.

[0063] Various members to be introduced into the inser-
tion portion 2 are inserted through the joining section
between the distal hard portion 2¢ and the angle portion 2b
shown in FIGS. 8A and 8B. The two bundled light guides
105, a video signal cable 14 (cable 125), and approximately
four bundled cables 27 for ultrasonic signals are inserted
through the joining section, and have arbitrary cross sec-
tions, respectively. In addition, the following members are
inserted: a connection pipe 16 which constitutes a treatment
equipment insertion path, a cleaning fluid supply tube 9, and
a tube 43 for supplying an ultrasonic-wave transmission
medium into a balloon 41 which will be described later.

[0064] The bridge member 31 serves the function of
joining the joining member 30 arranged on the most proxi-
mal side of the distal hard portion 2¢ to the forward end ring
324 arranged in the angle portion 2b, the function of
restricting the position of the ultrasonic wave transmission/
reception unit 24 including the ultrasonic transducer array
123 in directions perpendicular to the axis of the distal hard
portion 2¢, and a joining function for a joining structure
between the endoscope fitting member 18 and the distal cap
19. Accordingly, the bridge member 31 is formed of a metal
such as stainless steel because the bridge member 31 is a
member which needs to have a high strength and is not
exposed to the outside. As shown in FIG. 9, a tubular section
34 of the bridge member 31 is joined to the joining member
30 and the forward end ring 324 of the angle rings 32 of the
angle portion 2b by the screws 33 and 34, and a plurality of
(in the present embodiment, three) joining arms 31 are
extended from the tubular section 31a toward the distal end.
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[0065] Accordingly, the ultrasonic wave transmission/re-
ception unit 24 is positioned in directions perpendicular to
the axis of the joining arms 315 by being fitted into the
joining arms 31b, and the entire distal hard portion 2¢ is
fixed in an assembled state by the distal ends of the respec-
tive arms 31b and the endoscope fitting member 18 being
joined by screws 35. In addition, a step 31¢ is formed around
the outer circumferential surface of the tubular section 31a
of the bridge member 31, and the tubular section 31a
extending from the step 31c toward the proximal side is
larger in diameter than the step 31c. A step 30a is formed
around the inner circumferential surface of the joining
member 30, and the inner circumferential surface extending
from the step 30a is larger in diameter than the step 30a. The
ultrasonic wave transmission/reception unit 24 is clamped
between the distal cap 19 and the joining member 30 by the
steps 30z and 31c¢ being joined together. When the opposite
end surfaces of the ultrasonic wave transmission/reception
unit 24 are respectively bonded to the proximal surface of
the distal cap 19 and the distal surface of the joining member
30, the ultrasonic wave transmission/reception unit 24 is
positioned in the direction of the axis thereof and is rota-
tionally stopped, whereby the ultrasonic wave transmission/
reception unit 24 is fixedly held at a predetermined position.
A sheath layer 36 of the angle portion 2b is extended to a
proximal outer circumferential section of the joining mem-
ber 30, and the distal end of the sheath layer 36 is fixed to
the joining member 30 of the distal hard portion 2¢ by a
fixation mechanism 37 made of a bobbin and an adhesive.

[0066] The ultrasonic transducers 21 which constitute the
ultrasonic wave transmission/reception unit 24 transmit
ultrasonic waves into the body, and the ultrasonic wave
transmission/reception unit 24 receives echoes from cross-
sections of tissues in the body. In order to restrain the
attenuation of ultrasonic waves transmitted and received in
this manner, annular concave grooves 40 are respectively
formed at front and rear positions between which the ultra-
sonic wave transmission/reception unit 24 is provided, i.e.,
around the respective outer peripheries of the distal cap 19
and the joining member 30, and as is apparent from FIG. 2,
a balloon 41 to be swollen by injecting the ultrasonic-wave
transmission medium thereinto is fitted between the annular
concave grooves 40. The balloon 41 is made of a tubular
flexible film 41, and fixation rings 41b to be fixedly fitted
on the respective annular concave grooves 40 are provided
on the opposite ends of the flexible film 41a. The fixation
rings 41b are fixedly fitted so that tightening forces act on
the respective annular concave grooves 40. A charge/dis-
charge path 42 for charging or discharging the ultrasonic-
wave transmission medium into or from the joining member
30 is formed in the joining member 30, and a tube 43 is
connected to the charge/discharge path 42.

[0067] In this construction, an image of a body cavity of
a subject is displayed on a monitor for displaying endo-
scopic images by inserting the insertion portion 2 into the
body cavity, irradiating illumination light onto the body
cavity from the illumination sections 10 which constitute the
endoscopic observation unit, forming an image of the body
cavity onto the solid-state image pickup device 13 by the
objective lens 11a provided in the observation section 11,
acquiring a video signal of the body cavity from the solid-
state image pickup device 13 and transmitting the video
signal to the video signal processing device, and performing
predetermined signal processing in the video signal process-
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ing device. Accordingly, the operator can perform endos-
copy on the state of the body cavity by watching the monitor.

[0068] If an area of interest such as a lesion is discovered
as the result of the endoscopy, the ultrasonic wave trans-
mission/reception unit 24 which constitutes the ultrasonic
observation unit is moved to a position facing the area of
interest. Namely, when the insertion portion 2 is advanced
by a predetermined distance, the ultrasonic wave transmis-
sion/reception unit 24 is located at the position facing the
area of interest. Then, the ultrasonic-wave transmission
medium is supplied into the balloon 41 to cause the flexible
film 414 to swell into close contact with an inner wall of the
body cavity. In this state, the ultrasonic transducers 21
arranged in the circumferential direction to constitute the
ultrasonic wave transmission/reception unit 24 are sequen-
tially actuated to transmit ultrasonic pulses into the body and
receive echoes. The ultrasonic transducers 21 can also be
actuated sequentially one by one, but each plurality of the
ultrasonic transducers 21 is actuated with a predetermined
time lag so as to effect electronic focusing, for example. An
electronic scanning method for the ultrasonic transducers 21
arranged in multiplicity is well known, and the description
of such a method is omitted herein.

[0069] The echo signals acquired by the respective ultra-
sonic transducers 21 which constitute the ultrasonic wave
transmission/reception unit 24 are transmitted to the ultra-
sonic observation device, and in the ultrasonic observation
device, the echo signals are subjected to signal processing,
so that tomographic information about the states of body
tissues including the area of interest is acquired. This
ultrasonic tomographic image is displayed on the monitor
attached to the ultrasonic observation device. Accordingly,
the operator can make a diagnosis as to whether a lesion is
contained in the tissues, and the like.

[0070] Each member constituting the endoscopic obser-
vation unit is arranged on the inner circumferential side of
the distal hard portion 2¢, while each member constituting
the ultrasonic observation unit is arranged on the outer
circumferential side of the distal hard portion 2¢. Each
member constituting the endoscopic observation unit is
inserted through the tunnel-shaped path formed by the
ultrasonic wave transmission/reception unit 24, and is
extended to the endoscope fitting member 18 and the distal
cap 19 provided at the distal position of the ultrasonic wave
transmission/reception unit 24. The distal cap 19 has an
outside diameter approximately equal to that of the ultra-
sonic wave transmission/reception unit 24. Accordingly, a
space which is not restricted by the dimensions of the
tunnel-shaped path is ensured in front of the ultrasonic wave
transmission/reception unit 24.

[0071] FIG. 10 shows a cross-sectional construction of a
distal end of either one of the illumination sections 10. As
described previously, each of the illumination sections 10 is
made of the illumination lens 10a and the light guide 105,
and the light guide 105 is made of an optical fiber bundle and
is bendable in itself and has a deformable cross-sectional
shape. A predetermined length of the light guide 105 on the
exit end side thereof is inserted into a connection metal 10c
and fixed by an adhesive. The illumination lens 10 has a
diameter larger than the outside diameter of the light guide
10b so that illumination light from the light guide 105 can
efficiently exit through the illumination lens 10a without
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loss. The section of the light guide 105 that is inserted in the
connection metal 10¢ is inserted in a through-hole 18a
formed in the endoscope fitting member 18, and the illumi-
nation lens 10a is fitted in a through-hole 19a formed in the
distal cap 19. The light guide 105 is deformable on the
proximal side from the section of the light guide 106 that is
inserted in the connection metal 10c.

[0072] Accordingly, a section which has the smallest
diameter and is the most bendable and deformable from
among the members constituting the illumination sections
10 is inserted through the narrowest path that is the tunnel-
shaped path in the ultrasonic wave transmission/reception
unit 24, so that the illumination sections 10 can be readily
passed through the tunnel-shaped path. In addition, the
illumination lenses 10a each having the largest diameter in
a respective one of the illumination sections 10 are fitted to
the distal cap 19 having a large outside diameter in front of
the tunnel-shaped path, so that the illumination lenses 10a
do not at all interfere with other members.

[0073] The solid-state image pickup device 13 and the
circuit board 13a which constitute the observation section 11
are positioned in the inside of the tunnel-shaped path formed
by the ultrasonic wave transmission/reception unit 24. The
circuit board 13« is a plate-shaped member having a wide
area, and is arranged so that its board surface is directed in
the axial direction of the distal hard portion 2¢ and is
arranged at a position near the center of the tunnel-shaped
path. The objective lens 11a¢ and the lens barrel 12 are
arranged at a position near the peripheral section of the distal
hard portion 2c. In addition, in the observation section 11 in
which members having different shapes, such as the objec-
tive lens 11a and the lens barrel 12 as well as the solid-state
image pickup device 13 and the circuit board 13a, are joined
together, the inner circumferential distal end of the backing
material 22 which forms the tunnel-shaped path in the
ultrasonic wave transmission/reception unit 24 is arranged
near the back surface of the prism 115 that is inclined
obliquely forwardly from the solid-state image pickup
device 13. Accordingly, the observation section 11 having a
joined structure members having different shapes can be
readily arranged without forming a special dead space in the
tunnel-shaped path which is a narrow path, and the obser-
vation section 11 can be greatly protruded toward the outer
circuferential side of the tunnel-shaped path at the distal
position thereof, so that the observation section 11 can be
arranged without interfering with the ultrasonic wave trans-
mission/reception unit 24.

[0074] As described above, part of the members which
constitute the illumination sections 10 and the observation-
section 11 are fitted in such a manner as to be partially
protruded from the inside diameter of the tunnel-shaped path
toward the outer circumferential side thereof, so that all the
members can be reasonably fitted without increasing the
diameter of the distal hard portion 2¢, whereby the diameter
of the insertion portion 2 can be made far thinner. In
addition, the bridge member 31 is inserted into the tunnel-
shaped path so that the ultrasonic wave transmission/recep-
tion unit 24 which is an approximately cylindrical member
can be positioned in the directions perpendicular to the axis
of the distal hard portion 2¢ in the inside of the tunnel-
shaped path thereof, but in the inside of the ultrasonic wave
transmission/reception unit 24, the bridge member 31 is
made of the three joining arms 315 having narrow widths
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and is arranged so as to avoid an area in which the lens barrel
12 and the connection pipe 16 which constitutes the treat-
ment equipment insertion path are inserted and an area in
which the light guides 105 are inserted, so that the joining
arms 31b do not at all become obstacles to the members
constituting the endoscopic observation unit inserted
through the tunnel-shaped path.

[0075] In other words, as shown in FIG. 3, assuming that
R1 denotes the radius of the thickest-diameter section of the
distal hard portion 2¢, all the members constituting the
endoscopic observation unit are positioned within a radius
R2 in the largest radius R1, and the radius R2 which is an
area in which the endoscopic observation unit is fitted
corresponds to the position of a distal block in which the
ultrasonic observation unit is not arranged. R3 denotes the
inside radius of the tunnel-shaped path which houses the
endoscopic observation unit in the ultrasonic observation
unit, and the position of the radius R3 is closer to the
proximal side than is the position where the radius of the
endoscope fitted area reaches the largest radius R2, ie.,
R3<R2. Accordingly, the radius R1 of the distal hard portion
2¢ can be made thin by the dimension of an area S in which
the largest radius R2 and the radius R3 do not overlap each
other.

[0076] As shown in FIG. 4B, in the second embodiment
of the angle portion 2b, a predetermined number of angle
rings 32 which are structure members for the angle portion
2b are pivotally joined together, and the forward end ring
324 is joined to the joining member 30 and the bridge
member 31. The angle portion 2b is joined to the flexible
portion 2a, and is covered with a net and a sheath layer. The
sheath layer is constructed as part of an external sleeve 40
which covers the entire length from the angle portion 2b to
the distal hard portion 2¢. A proximal section of the external
sleeve 40 is fixed to a transition section between the flexible
portion 2g and the angle portion 2b by a bobbin and
adhesion. A section which is provided to cover approxi-
mately the entire length of the angle portion 2b from the
proximal section functions as a sheath layer section 41 in the
angle portion 2b, while a section which covers a section in
which the ultrasonic transducers 21 constituting the ultra-
sonic transducer array 23 is provided functions as an acous-
tic lens section 42 in the distal hard portion 2c. Namely, the
external sleeve 40 is integrally provided with the sheath
layer of the angle portion 2b and the acoustic lens which
covers the ultrasonic transducer array 23.

[0077] The sheath layer is required to have stretchability,
while the acoustic lens is required to be a medium which is
lower in sonic speed than living bodies and is small in
ultrasonic transmission loss. For example, silicone rubber is
provided with all such characteristics and is the most advan-
tageous as the external sleeve 40. It is also possible to use
a material other than silicone rubber, for example, latex
rubber or polyvinyl chloride.

[0078] In the external sleeve 40, the sheath layer section
41 has an approximately uniform thickness over its entire
length, while the acoustic lens section 42 has an external
surface with an arc convex shape which is the thickest in the
central position of the ultrasonic transducer array 23 in the
axial direction thereof. The inner circumferential side of the
acoustic lens section 42 is formed in a cylindrical shape. The
inner surface of the external sleeve 40 is coated with an
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adhesive. The inner surface is fixed to the net in the sheath
layer section 41 and, in the acoustic lens section 42, to the
ultrasonic transducers 21 which are arranged in a circum-
ferential or arcuate shape.

[0079] As described previously, the proximal section of
the external sleeve 40 is fixed to the vicinity of the boundary
between the flexible portion 2¢ and the angle portion 2b, and
the distal end of the external sleeve 40 is extended to the
distal cap 19, and is fixed to the distal cap 19 by a bobbin
and adhesion similarly to the proximal section of the exter-
nal sleeve 40. Accordingly, in the insertion portion 2, the
external sleeve 40 is provided so as to cover approximately
the entire length from the angle portion 2b to the distal hard
portion 2c.

[0080] Accordingly, as shown in FIG. 4B, a fixation
section 43¢ is formed at the distal end of the acoustic lens
section 42 of the external sleeve 40, and a bobbin and an
adhesive section are formed in a transition section between
the sheath layer section 41 and the acoustic lens section 42
of the external sleeve 40. A fixation section which is
provided in the transition section functions as a tension
transmission/interruption section 43b. Namely, when the
angle portion 2b is operated to bend, the sheath layer section
41 is stretched by the influence of bending, but when the
sheath layer section 41 is stretched, tension is interrupted so
as not to act on a distal side from the tension transmission/
interruption section 43b, so that a variation is prevented
from occurring in the external shape of the acoustic lens
section 42 and the characteristics of the acoustic lens are
held in an unchanged state.

[0081] In addition, the ultrasonic transducers 21 which
constitute the ultrasonic transducer array 23 transmit ultra-
sonic waves into the body, and the ultrasonic transducer
array 23 receives echoes from cross sections of tissues in the
body. In order to restrain the attenuation of ultrasonic waves
transmitted and received in this manner, a balloon 44 to be
swollen by injecting the ultrasonic-wave transmission
medium thereinto is fitted to a section in which the ultrasonic
transducer array 23 is fitted, as shown in FIG. 2B. The
balloon 44 is made of a flexible film 444, and fixation rings
44b are provided on the opposite ends of the flexible film
41a. In the distal hard portion 2c, the opposite fixation rings
44b of the balloon 44 are respectively brought in engage-
ment with an annular concave groove 45 formed at a
position near the distal end of the distal cap 19 and an
annular concave groove 46 formed at a position between the
tension transmission/interruption section 435 and the acous-
tic lens section 42 in the external sleeve 40. In the external
sleeve 40, in order to form the annular concave groove 46,
an annular concave groove 30b is formed around the outer
circumferential surface of the joining member 30 which is
provided to extend along the inner surface of the external
sleeve 40.

[0082] Furthermore, as shown in FIG. 11, in the distal cap
19, a charge/discharge port 47 for charging or discharging
the ultrasonic-wave transmission medium is formed
between a section in which the annular concave groove 45
is formed and a section in which the distal end of the external
sleeve 40 is fixed, and a charge/discharge tube 48 for
charging or discharging the ultrasonic-wave transmission
medium is connected to the charge/discharge port 47.

[0083] As described hereinabove, in the insertion portion
2, the sheath layer of the angle portion 2b and the acoustic
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lens fitted to the ultrasonic transducer array 23 are inte-
grated, and the proximal section of the external sleeve 40 is
fixed to the boundary between the angle portion 2b and the
flexible portion 2a, while the distal section of the external
sleeve 40 is fixed to the outer circumferential surface of the
distal cap 19. In the insertion portion 2, the joining section
between the angle portion 2b and the distal hard portion 2¢
is not exposed to the outside, and in addition, the ultrasonic
transducer array 23 fitted to the distal hard portion 2c¢ is not
exposed to the outside, and the angle portion 2b and the
distal hard portion 2¢ are completely covered with the
external sleeve 40. Accordingly, a seal function for the
above-described members can be fully achieved. In addition,
the external sleeve 40 is fitted onto the section between the
angle portion 2b of the insertion portion 2 and the distal hard
portion 2¢, and a process for a bobbin and adhesive coating
needs only to be applied to three positions, i.c., the opposite
ends of the external sleeve 40 and the tension transmission/
interruption section 43b. Accordingly, ease of assembly is
improved.

[0084] The third embodiment of the distal end of the
insertion portion 2 will be described below with reference to
FIGS. 12 to 14. In the third embodiment also, each of the
members constituting the endoscopic mechanism is inserted
into the tunnel-shaped path 25 which is formed by the inner
circumferential surface of the backing layer 22 in the ultra-
sonic wave transmission/reception unit 24, and is extended
from the ultrasonic wave transmission/reception unit 24
toward the distal end and is fixed to the endoscope fitting
member 18 covered with the distal cap 19. A proximal end
section of the endoscope fitting member 18 is formed as a
large-diameter step 18a. A distal end section of the acoustic
lens 23 which constitutes the ultrasonic wave transmission/
reception unit 24 is extended to a position forward of the
ultrasonic transducers 21 and is fitted on the large-diameter
step 18a, and the ultrasonic wave transmission/reception
unit 24 is fixed to the large-diameter step 18« by adhesion
or the like. The proximal end of the ultrasonic wave trans-
mission/reception unit 24 abut on a joining member 30
joined by screws 34 to a forward end ring 324 of an angle
ring 32 which constitutes the structure of the angle portion
2b, and the proximal end and the joining member 30 are
adhesively fixed to each other.

[0085] Accordingly, as is apparent from FIG. 12, the
narrowest section in the inside of the insertion portion 2 of
the ultrasonic endoscope is a section in which the ultrasonic
transducer array 24 is fitted, i.e., the section of the tunnel-
shaped path 25 that is extended in the inside of the backing
layer 22. As the endoscopic mechanism, the prism 11h
which constitutes the observation section 11, the solid-state
image pickup device 13 and the circuit board 13a thereof,
and a distal end of the video signal cable 14 are positioned
in the above-mentioned section. In addition, the light guides
105 (refer to FIGS. 13 and 14) which constitutes the
illumination sections 10, the connection pipe 16 which
constitutes a path through which a treatment equipment is to
be inserted, and an air/water feed tube 9 are arranged in the
inside of the backing layer 22. Accordingly, the size of the
tunnel-shaped path 25 is restricted by the thickness of the
backing layer 22. However, the size of the tunnel-shaped
path 25 is set to a dimension enough to allow the above-
mentioned endoscopic mechanism to be inserted through the
tunnel-shaped path 25. If the outside diameter of the tunnel-
shaped path 25 is set to a predetermined value, there is a case
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where the thickness of the backing layer 22 hinders the
function thereof, i.e., the backing layer 22 cannot completely
absorb echoes of ultrasonic waves transmitted from surfaces
opposite to ultrasonic-wave transmission/reception surfaces.

[0086] Ultrasonic waves which travel from the ultrasonic
transducers 21 toward the backing layer 22 are reflected at
the interface between the backing layer 22 and an air layer.
In addition, if a member different in acoustic impedance
from the backing layer 22 abuts on the backing layer 22,
echoes are also produced from the member.

[0087] For this reason, after each member constituting the
endoscopic mechanism has been fitted in the inside of the
tunnel-shaped path 25, a filler 26 made of the same material
as the backing layer 22 is charged into the tunnel-shaped
path 25 in a molten state. The filler 26 enters the space
between each member constituting the endoscopic mecha-
nism, in the inside of the backing layer 22. In addition,
members which abut on or are close to the backing layer 22,
such as the connection pipe 16 constituting a treatment
equipment insertion path, can be displaced toward the center
of the tunnel-shaped path 25.

[0088] The filler 26 made of the same material as the
backing layer 22 is charged into the tunnel-shaped path 25
in the above-mentioned manner, so that the tunnel-shaped
path 25 in which the backing layer 22 is formed is densely
charged with the filler 26 so as to prevent substantial
penetration of air.

[0089] According to the above-described construction,
when ultrasonic pulses are transmitted from the ultrasonic
transducers 21 which constitute the ultrasonic wave trans-
mission/reception unit 24, ultrasonic waves traveling toward
the backing layer 22 travel toward the inside of the filler 26
without being reflected at the inner surfaces of the backing
layer 22. Accordingly, even if the thickness of the backing
layer 22 is thin, reflections from the sides opposite to the
transmission/reception surfaces of the respective ultrasonic
transducers 21 do not occur.

[0090] The section in which the tunnel-shaped path 25 is
provided is the distal hard portion 2c¢ of the insertion portion
2. Accordingly, even if the filler 26 is charged into the
section to fix the members inserted therein, special problems
do not occur, and when impact or the like is applied to a
distal end of the insertion portion 2, it is possible to protect
the solid-state image pickup device 13 and the circuit board
134 thereof which constitute the observation section 11, as
well as the video signal cable 14 extended from the circuit
board 13a. Furthermore, it is possible to maintain the
airtightness of the lens barrel 12.

[0091] The entire disclosure of each and every foreign
patent application from which the benefit of foreign priority
has been claimed in the present application is incorporated
herein by reference, as if fully set forth.

1. An ultrasonic endoscope comprising

an insertion portion comprising a distal hard portion
which has: an endoscopic observation unit having an
observation field of view forwardly of the endoscopic
observation unit; and an ultrasonic observation unit
having a predetermined number of ultrasonic transduc-
ers arranged circumferentially on an outer circumfer-
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ential section of the distal hard portion and having a
circular or arcuate scanning range,

wherein the ultrasonic observation unit comprises an
ultrasonic-wave transmission/reception unit having an
approximately cylindrical tunnel-shaped path which
has an inner circumferential surface formed as a back-
ing layer;

a distal block is arranged on a distal side in an axial
direction of the distal hard portion with respect to a
location where the ultrasonic-wave transmission/recep-
tion unit is arranged, and distal ends of respective
members constituting the endoscopic observation unit
are fixed to the distal block; and

part of the members which constitute the endoscopic
observation unit are fitted so as to be partially protruded
from an inside diameter of the tunnel-shaped path
toward an outer circumferential side of the tunnel-
shaped path in the distal block.

2. An ultrasonic endoscope according to claim 1,

wherein the part of the members fitted so as to be partially
protruded from the inside diameter of the tunnel-shaped
path is at least one of an illumination section and an
observation section.

3. An ultrasonic endoscope according to claim 2,

wherein the illumination section comprises an illumina-
tion lens and a light guide, the illumination lens having
an outside diameter partially protruded from the tunnel-
shaped path, the light guide being inserted through the
tunnel-shaped path while being deformed into a flat-
tened shape.

4. An ultrasonic endoscope according to claim 2,

wherein the distal block comprises: an endoscope fitting
member comprising a metallic material; and a distal
cap fitted so as to prevent the endoscope fitting member
from being exposed to the outside, so that the members
constituting the endoscopic observation unit are fixed
to the distal block, and

wherein at a position where the distal cap is fitted, at least
one of the illumination, section and the observation
section is increased in diameter so as to be partially
protruded from the inside diameter of the tunnel-shaped
path.
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5. An ultrasonic endoscope according to claim 1,

wherein the insertion portion further comprises an angle
portion connected to the distal hard portion,

an acoustic lens fitted to surround a ultrasonic transducer
array in which the ultrasonic transducers are arranged
and a sheath layer of the angle portion are fitted on the
insertion portion as an integrated external sleeve.

6. An ultrasonic endoscope according to claim 5,

wherein a tension transmission/reception section is pro-
vided at a boundary between the sheath layer and the
acoustic lens which constitute the external sleeve.

7. An ultrasonic endoscope according to claim 5,

wherein the endoscopic observation unit comprises mem-
bers comprising at least an illumination section and an
observation section, the endoscopic observation unit
being disposed to a distal end surface of the distal hard
portion, each of members constituting the endoscopic
observation unit is fitted in an endoscope fitting section
comprising a metallic material provided in the distal
hard portion, and a distal cover section which covers
the endoscope fitting section is formed integrally with
a distal end of the acoustic lens constituting the external
sleeve.

8. An ultrasonic endoscope according to claim 1,

wherein the endoscopic observation unit comprises at
least an illumination section and an observation sec-
tion, the endoscopic observation unit being disposed to
a distal end surface of the distal hard portion;

an endoscopic mechanism, which comprises: the endo-
scopic observation unit; and other sections including a
treatment equipment insertion channel, is inserted in an
inside of the tunnel-shaped path; and

a filler which is the same as or close to the backing layer
in acoustic impedance is charged in a spatial area which
is produced in a section where the endoscopic mecha-
nism is arranged in the inside of the backing layer.

9. An ultrasonic endoscope according to claim 8,

wherein the filler comprises the same material as the
backing layer and a solid-state image pickup device is
provided in the observation section, at least part of the
solid-state image pickup device being embedded in an
inside of the filler.
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