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7) ABSTRACT

An ultrasonic endoscope comprises an insertion portion
including: an angle portion; a hard distal portion; an endo-
scopic observation unit comprising a lighting portion and an
observation portion; and an ultrasonic test unit comprising
an ultrasonic transducer constituting an ultrasonic test unit,
wherein the hard distal portion includes: a distal end main
body including an entire portion whereat the ultrasonic
transducer is attached; an observation portion block that
includes a portion whereat the observation portion is
attached and that is separably coupled with the distal end
main body; and an elevator block that is securely held
between the distal end main body and the observation
portion block by engaging the distal end main body and the
observation portion block, and that comprises the elevator,
and wherein the distal end main body, the observation
portion block and the elevator block are assembled so as to
be capable of being disassembled.
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ULTRASONIC ENDOSCOPE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic endo-
scope that is inserted into a coelom or other body cavity to
conduct an endoscopy and an ultrasonic examination.

[0003]

[0004] Generally, an ultrasonic endoscope is so designed
that an endoscopic observation unit, constituted by a lighting
portion and an observation portion, and an ultrasonic test
unit, which includes an ultrasonic transducer, are provided at
the distal end of an insertion portion to be inserted in to a
coelom. A coelom examination is performed by introducing
the insertion portion into the coelom and using the endo-
scopic observation unit. Then, if during the endoscopy an
abnormality is observed, additional information concerning
the state of the body tissue can be obtained using the
ultrasonic test unit. Further, by taking into account all the
results produced by the endoscopy and the ultrasonic exami-
nation, therapeutic treatment or the sampling of tissue can be
performed using treatment equipments, as indicated. The
treatment equipments used with the ultrasonic endoscope
can not only be those such as forceps and high-frequency
treatment equipments, which can be used with the endo-
scope, but also puncture treatment equipments provided
with puncture needles that are manipulated and guided by
using the ultrasonic test unit. Therefore, in an ultrasonic
endoscope, a treatment equipment insertion channel is
formed that will accept and guide a variety of treatment
equipments.

[0005] For the insertion portion of the ultrasonic endo-
scope, an elevation operating section is connected to the
distal hard portion to which the endoscopic observation unit
and the ultrasonic test unit are to be attached, so that the
distal hard portion can be pointed in a desired direction, and
the flexible portion of the insertion portion is coupled to the
elevation operating section. Further, the base end of this
flexible portion is connected to the main control portion,
which an operator holds and manipulates. That is, an angle
control device is provided for the main control portion to
permit the elevation operating section to turn the hard distal
portion. Also, a treatment equipment introduction portion for
inserting a treatment equipment is provided for the main
control portion. In addition to these operations, the cleaning
of an observation window and a suction operation are also
performed by the main control portion, and in order to
perform these various operations, switches and buttons are
provided for the main control portion. Further, a connection
cord extended from the main control portion is branched en
route and is detachably connected to a light source, a
processor and an ultrasonic observation apparatus.

[0006] As is described above, the endoscopic observation
unit and the ultrasonic test unit are attached to the distal hard
portion of the insertion portion, and the treatment equipment
insertion channel is opened. The ultrasonic test unit is
located nearer the distal hard portion, the endoscopic obser-
vation unit is located nearer the base end, and the treatment
equipment insertion channel is located between the ultra-
sonic test unit and the endoscopic observation unit. Gener-
ally, as a common ultrasonic endoscope, an ultrasonic trans-

2. Description of the Related Art
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ducer is constituted by arranging multiple ultrasonic
oscillators to perform electronic scanning. The ultrasonic
oscillators are arranged from the end of the hard distal
portion to the base end, and two types of arrangement are
used: an arrangement on a single plane and an arrangement
having a convex shape. In order to broaden the ultrasono-
graphic view field, the ultrasonic oscillators are closely
arranged and have a convex shape, so that electronic convex
scanning can be performed.

[0007] As is described above, the ultrasonic oscillators
constituting the ultrasonic transducer are attached to the end
of the hard distal portion, and the endoscopic observation
unit is attached to the base end. With this arrangement, the
view field of the endoscopic observation unit must be
obtained, and also, a treatment equipment inserted through
the treatment equipment insertion channel must be con-
stantly captured in this view field. Further, when a puncture
treatment equipment is employed, at the stage before the
puncture treatment equipment is inserted into body tissue,
manipulation of the equipment is supervised by using the
view field of the endoscopic observation unit. At the stage
following the insertion of the puncture treatment equipment
into the body tissue, manipulation of the equipment is
observed using the ultrasonic test unit. While taking the
above description into account, the opening of the treatment
equipment insertion channel must be located between the
attachment portion of the ultrasonic test unit and the attach-
ment portion of the endoscopic observation unit. Further, the
center of the viewing field for the ultrasonic test unit and the
center of the viewing field for the endoscopic observation
unit must be arranged in parallel, or must cross at a shallow
angle, and the ranges of the viewing fields must overlap, to
a degree.

[0008] Therefore, the endoscopic observation unit consti-
tuted by the lighting portion and the observation portion is
located nearer the base end, separated from the position
whereat the treatment equipment insertion channel is
opened, and is attached to the inclined face of the hard distal
portion. Further, in order to improve the operation of a
treatment equipment, an elevator provided for the opening
of the treatment equipment insertion channel is employed to
control the derivation direction in which the treatment
equipment is guided. An ultrasonic endoscope that is thus
arranged is described, for example, in JP-A-5-344973.

[0009] When, as is described above, the elevator used for
a treatment equipment is attached to the hard distal portion,
in addition to the ultrasonic test unit and the endoscopic
observation unit, the structure of the hard distal portion
becomes extremely complicated, and depending on how the
components are arranged, the diameter of the hard distal
portion will be increased. Especially since the elevator used
for a treatment equipment is to be remotely controlled by the
operating unit of the main body, the elevator must comprise:
a treatment equipment guide for guiding the treatment
equipment so that the angle can be adjusted; and an elevation
operating unit for remotely changing the angle of the treat-
ment equipment guide. Thus, the treatment equipment guide
is located nearer the distal end than the opening of the
treatment equipment insertion channel, and the elevation
operating unit, for remotely controlling the elevation of the
treatment equipment guide, is located alongside the treat-
ment equipment guide.
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[0010] In order to increase the resolution of an ultrasonic
image that is obtained by the ultrasonic test unit to represent
tomographic information of body tissue, the number of
ultrasonic oscillators constituting the ultrasonic transducer
must be increased. Wires are connected to the individual
ultrasonic oscillators, and the portion whereat the wires are
inserted is formed at the lower portion, whereat the elevator
is attached. As the number of ultrasonic oscillators is
increased, so too is the number of wires, and the portion in
cross section that the wire insertion portion occupies is
accordingly increased. In addition, since the endoscopic
observation unit must be located forward of the portion
whereat the elevator is attached, the object optical system
constituting the observation unit is located above the eleva-
tor, and the light guide constituting the lighting portion is
located on either side or both sides of the elevator. There-
fore, unless these components are arranged logically, the
diameter of the hard distal portion can not be reduced.

[0011] Since the hard distal portion is coupled with the
angle portion so as to be separable, by separating the distal
end from the angle portion, maintenance, such as the repair
or inspection of members mounted inside the insertion
portion, and the replacement of parts can be performed. The
ultrasonic transducer, which is attached to the end of the
hard distal portion, can be separated by pulling it forward
from the hard distal portion.

[0012] As the lighting portion and the observation portion
that constitute the endoscopic observation unit can not be
pulled forward, to perform maintenance, these components
are pulled backward from the base end of the hard distal
portion. An enormous number of wires extending from the
ultrasonic transducer are led from the hard distal portion to
the angle portion, and the elevator is located at the hard
distal portion. Thus, during the operation performed to
remove the constituents of the endoscopic observation unit
from the hard distal portion, the enormous number of wires
constitutes an obstacle that can interrupt the removal of a
member to be repaired, and can result in the breaking of
wires. Furthermore, since the treatment equipment insertion
channel and the operation wire for elevating the treatment
equipment guide are also led to the angle portion, separating
the light guide constituting the lighting portion, the object
optical system constituting the observation unit, and the
solid-state imaging device from the hard distal portion is
also extremely difficult. Further, when these components are
attached to or detached from the hard distal portion, an
inconvenient event, such as damage to another member, may
occur. Moreover, since when the elevator for the treatment
equipment is to be separated and repaired it must be pulled
backward from the base end of the hard distal portion, the
same problem will be encountered.

SUMMARY OF THE INVENTION

[0013] To resolve the shortcomings, it is one objective of
the present invention to facilitate the performance of main-
tenance for individual components mounted within a hard
distal portion.

[0014] To achieve this objective, according to the inven-
tion, an ultrasonic endoscope comprises: an insertion portion
including;

[0015]

an angle portion,
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[0016] a hard distal portion coupled to the angle
portion;
[0017] an endoscopic observation unit comprising a

lighting portion and an observation portion, the
endoscopic observation unit being located at the hard
distal portion; and

[0018] an ultrasonic test unit comprising an ultra-
sonic transducer constituting an ultrasonic test unit,
the ultrasonic test unit being located at the hard distal
portion,

[0019] wherein the ultrasonic transducer is located at
a tip end of the hard distal portion, the hard distal
portion comprises a sloping face that is obliquely
tilted from a portion whereat the ultrasonic trans-
ducer is attached to a base end of the hard distal
portion, and the endoscopic observation unit is
attached to the sloping face; and

[0020] wherein the hard distal portion further com-
prises
[0021] an elevator including an elevation operating

unit for a treatment equipment and a treatment
equipment guide to be elevated by the elevation
operating unit, the treatment equipment guide
having a head portion located at position preced-
ing the endoscopic observation unit and behind
the ultrasonic transducer,

[0022]

[0023] a distal end main body including an entire
portion whereat the ultrasonic transducer is attached;

[0024] an observation portion block that includes a
portion whereat the observation portion is attached
and that is separably coupled with the distal end
main body; and

[0025] anelevator block that is securely held between
the distal end main body and the observation portion
block by engaging the distal end main body and the
observation portion block, and that comprises the
¢levator, and

[0026] wherein the distal end main body, the obser-
vation portion block and the elevator block of the
hard distal portion are assembled so as to be capable
of being disassembled.

wherein the hard distal portion includes:

[0027] That is, the hard distal portion is constituted by
three members, i.e., the distal end main body, the observa-
tion portion block and the elevator block, and the elevator
block is covered, from above and below by the main body
and the observation portion block. Then, the base end joint
of the distal end main body and the observation portion
block can be fitted into the coupling ring, to complete the
assembly of the hard distal portion. However, the method of
the assembling is not limited to this embodiment, and the
distal end main body and the observation portion block may
be assembled with any other fixing means. Specifically, for
example, when the elevator block is fixed in the axial
direction by one or both of the distal end main body and the
observation portion block, and is sandwiched between them,
the elevator block can be held securely in a direction other
than the axial direction. Therefore, when the elevator block
is released from the distal end main body and the observa-
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tion portion block, the elevator block can be independently
extracted. Further, when the observation portion block is
assembled with the distal end main body in a direction
substantially perpendicular to the axial line, a contact face is
formed between the distal end main body and the observa-
tion portion block. A stopper is provided for the contact face
to prevent horizontal shifting between the distal end main
body and the observation portion block, and the distal end of
the observation portion block is brought into contact with
the distal end main body. Then, when the coupling ring is
fitted to the base end, and these components are secured by
means such as screws, the distal end main body and the
observation portion block are coupled together so as to be
separable. Therefore, maintenance can be performed for
each block, and the parts mounted on the observation portion
block and the elevator block can be separated from the distal
end main body and repaired or replaced, without being
bothered by the ultrasonic transducer and the enormous
number of wires extended therefrom. As a result, the opera-
tion can be performed smoothly, safely and effectively.

[0028] Especially when both the observation portion block
and the elevator block are securely held by the distal end
main body, the assembly of these components is more stable.
Therefore, the observation portion block further comprises a
first engagement portion, the elevator block further com-
prises a second engagement portion, and the distal end main
body further comprises a recessed portion into which the
first and second engagement portions are substantially
tightly fitted. With this structure, the observation portion
block and the elevator block are stably assembled with the
distal end main body, and are secured in every direction
other than the direction in which these components can be
separated from the distal end main body. When the coupling
ring is held by a screw to the base end that is formed by the
distal end main body and the observation portion block, the
observation portion block is securely fixed to the distal end
main body, and the elevator block, which is sandwiched
between the observation portion block and the distal end
main body, is stably secured. The observation portion com-
prises an observation unit that includes an object optical
system, a prism and a solid-state imaging device. Since the
observation portion is provided on the sloping face, the
optical shaft of the object optical system is obliquely
attached to or detached from the observation portion block.
The observation portion block further comprises a recessed
portion that is open on the side contact with the distal end
main body, and the observation unit is detachably fitted in
the recessed portion. The observation unit is inserted,
obliquely downward, into the recessed portion. As the
endoscopic observation unit, a lighting portion is provided,
in addition to the observation portion, and a light guide faces
the lighting portion. Then, the observation portion block
further comprises: a path having a semicircular cross section
at a portion whereat the observation portion block and the
distal end main body contact each other; and a light guide
mounted to the lighting portion, the light guide being
attached to the path. Therefore, when the location, the
direction and the width of the contact portion have been
appropriately determined, a path having an intricately
curved shape can be formed. As a result, the light guide can
be three-dimensionally arranged along the path so as to
detour around the portion whereat the elevator block is
mounted.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a diagram showing the overall structure
of a common ultrasonic endoscope;

[0030] FIG. 2 is a perspective view of the external appear-
ance of the hard distal portion of an ultrasonic endoscope
according to one embodiment of the invention;

[0031] FIG. 3 is a plan view of the ultrasonic endoscope
in FIG. 2;

[0032] FIG. 4 is a cross-sectional view taken along line
X-X in FIG. 3;

[0033] FIG. 5 is a cross-sectional view taken along line
Y-Y in FIG. 3;
[0034] FIG. 6 is a diagram for explaining the structure of

a lighting portion;

[0035] FIG. 7 is an exploded perspective view of a distal
end main body, an elevator block and an observation portion
block that constitutes the distal end portion; and

[0036] FIG. 8is an exploded perspective view of the distal
end main body, the elevator block and the observation
portion block, taken in a direction differing from that in FIG.
7.

DETAILED DESCRIPTION OF THE
INVENTION

[0037] One embodiment of the present invention will now
be explained while referring to the drawings. First, the
schematic structure of an ultrasonic endoscope is shown in
FIG. 1. In FIG. 1, the ultrasonic endoscope comprises: a
main control body 1; an insertion portion 2 to be inserted
into a coelom; and a universal cord 3. The insertion portion
2 is constituted by a flexible portion 2a, an angle portion 2b
and a hard distal portion 2c¢, arranged in order from a base
end. The flexible portion 2a is flexible so that it can be bent
in an arbitrary direction along an insertion path within a
coelom. An endoscopic observation unit 4 and an ultrasonic
test unit 5 are attached to the hard distal portion 2¢, and the
angle portion 2b is used to turn the hard distal portion 2¢ in
an arbitrary direction. The angle portion 2b is operated by an
angle control portion 6 provided for the main control portion

[0038] The external appearance of the hard distal portion
2¢ when separated from the angle portion 2b is shown in
FIGS. 2 and 3, and cross sections of the hard distal portion
2¢ taken along line X-X and Y-Y in FIG. 3 are shown in
FIGS. 4 and 5. As is apparent from these drawings, the
ultrasonic test unit 5 is attached to the hard distal portion 2¢
near its distal end, while the endoscopic observation unit 4
is attached nearer the base end than is the portion whereat
the ultrasonic test unit § is mounted.

[0039] The ultrasonic test unit 5 includes an ultrasonic
transducer 10 that performs electronic scanning, and mul-
tiple ultrasonic oscillators in an arrangement, within the
ultrasonic transducer 10, having a convex shape, so that the
portion substantially in the middle, between the base end and
the distal end, projects the most. Electrodes are formed on
the ultrasonic transmission/reception side and the opposite
side of each ultrasonic oscillator, and wires 12 are connected
to the individual electrodes formed on the ultrasonic trans-
mission/reception side and to a common electrode formed
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on the opposite side as shown in FIG. 4. The wires 12 led
from the ultrasonic transducer 10 are bundled on the way,
and the bundle of wires 12 is extended from the insertion
portion 2, through the main control portion 1, to the uni-
versal cord 3 and detachably connected to an ultrasonic
observation apparatus (not shown).

[0040] As is apparent from FIG. 2, the hard distal portion
2¢ has a tilted face that descends obliquely opposite an
attachment portion of the ultrasonic transducer 10 facing
toward the base end, and tilted faces 134 and 135 that rise
obliquely upward, from their lowest location, toward the
base end.

[0041] These tilted faces 132 and 13b are where the
endoscopic observation unit 4 is to be attached. The endo-
scopic observation unit 4 includes a lighting portion 14 and
an observation portion 15. In this embodiment, the lighting
portion 14 is provided on the tilted faces 13a and 13b, and
the observation portion 15 is provided on the tilted face 13b.
A nozzle 16 along which a cleaning fluid is supplied to the
observation portion 15 is also provided for the tilted face
13b. The portion whereat the endoscopic observation unit 4
is attached will be described later.

[0042] As is shown in FIG. 6, a lighting unit 17, which is
provided for the lighting portion 14 of the endoscopic
observation unit 4, includes a light lens 18 and a light guide
19, which is means for transmitting light. Light is emitted
from the distal end of the light guide 19, and is spread by the
light lens 18, within a designated range, to irradiate a target
portion to be observed.

[0043] An observation unit 20 is attached to the observa-
tion portion 15. The observation unit 20 is basically consti-
tuted by an object optical system and a solid-state imaging
unit, and in this embodiment, the structure shown in FIG. 5
is employed for the observation portion 15. As is apparent
from FIG. 5, for the observation unit 20, an object lens 21
is assembled in a lens barrel 22, a prism 23 is glued at the
end of the lens barrel 22 to bend the light path of the object
lens 21 90°, and a solid-state imaging device 24, mounted on
a substrate 24q, is bonded to the prism 23. These compo-
nents are integrally formed as the observation unit 20.

[0044] A treatment equipment derivation portion is pro-
vided for the hard distal portion 2¢. A treatment equipment
led out by this treatment equipment derivation portion must
be captured in the view field of the endoscopic observation
unit 4, and when a puncture treatment equipment is
employed and inserted into body tissue, supervision of the
puncture treatment equipment using the ultrasonic test unit
5 must be enabled. Therefore, as is shown in FIG. 3, a head
portion 54a of the treatment equipment guide 54 is located
in front of the endoscopic observation unit 4, and behind the
ultrasonic test unit 5. As is shown in FIG. 4, a treatment
equipment insertion channel is formed by a treatment equip-
ment insertion pipe 26 to be inserted into the distal end of a
flexible treatment equipment insertion tube 25, and the distal
end of the treatment equipment insertion channel is con-
nected to a path that communicates with the treatment
equipment derivation portion. A treatment equipment guide
54 is provided at the distal end of the treatment equipment
insertion pipe 26, and constitutes a treatment equipment
elevator that will be described later. A treatment equipment
that is inserted along the treatment equipment insertion
channel can be elevated by the treatment equipment guide
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54, so that the direction in which the treatment equipment is
guided can be controlled. Therefore, the endoscopic obser-
vation unit 4 is located rearward of the distal end of the
treatment equipment guide 54, so that the treatment equip-
ment guide 54, at least, can be captured in the observation
view field, and even when the treatment equipment guide 54
is upright, the distal end of the treatment equipment guide 54
can be captured in the view field of the observation unit 20
that is provided for the observation portion 15 constituting
the endoscopic observation unit 4.

[0045] The individual members attached to the hard distal
portion 2¢ have been roughly described. In order to easily
perform maintenance, such as the assembly, repair and
inspection of these members, and the replacement of dam-
aged or malfunctioning parts, the hard distal portion 2¢ is not
produced as a single structure, but is constituted by the
coupling of three separate blocks. That is, as is shown in
FIGS. 7 and 8, the hard distal portion 2¢ can be separated
into three members: a distal end main body 40, an elevator
block 50 and an observation portion block 60.

[0046] An ultrasonic attachment portion 41 to which the
ultrasonic transducer 10 is to be attached is located at the
distal end of the distal end main body 40, and a coupling
portion 42 is extended from the ultrasonic attachment por-
tion 41 toward the base end. The coupling portion 42 serves
as almost the entire lower half of the hard distal portion 2¢,
and the right and left portions serve as lighting unit attach-
ment portions 43 and 44, as is apparent from FIGS. 7 and
8. Through holes 43z and 44a having circular shapes are
formed in the distal ends of the lighting unit attachment
portions 43 and 44, and constitute the lighting portion 14. A
through hole 45 (see FIG. 4) is also formed across the
coupling portion 42, so that the wires 12 leading from the
ultrasonic transducer 10 can be passed through. Between the
right and left lighting unit attachment portions 43 and 44, a
stopper wall 46 is formed in the front and a stopper block 47
is formed in the rear. Therefore, an engagement portion 52¢
of the elevator block 50 and a bridge portion 62¢ of the
observation portion block 60, which will be described later,
are fitted into a space 48 that is defined by the stopper wall
46, the lighting unit attachment portions 43 and 44 and the
stopper block 47. As a result, the elevator block 50 and the
observation portion block 60 are engaged.

[0047] The elevator block 50 includes a main body 52
wherein a treatment equipment insertion path 51 is formed
along which the treatment equipment insertion pipe 26 is
inserted. A rotation shaft 53 is attached to the main body 52,
and is connected to the treatment equipment guide 54, which
has a substantially arced shape, that guides a treatment
equipment received from the treatment equipment insertion
path 51. The rotation shaft 53 and the treatment equipment
guide 54 are not rotated with each other. The treatment
equipment guide 54 normally contacts a stopper wall 524,
formed for the main body 52, and when the rotation shaft 53
is rotated, the distal end of the treatment equipment guide 54
is elevated and displaced in the direction in which the
treatment equipment guided by the treatment equipment
guide 54 is raised from the axial line of the insertion portion

2.

[0048] Further, as is apparent from FIG. 8, a side panel
52b is integrally formed with the main body 52, and a
control lever 55 is arranged on the face of the side panel 52b
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opposite the treatment equipment guide 54. The lower end of
the control lever 55 is coupled with the rotation shaft 53, and
an operation wire 36 is coupled to the portion of the control
lever 55 nearer the upper end. The operation wire 56 is
inserted into a sleeve 57 that is fixed to the main body 52,
and extends from the insertion portion 2 to the inside of the
main control portion 1. Therefore, the treatment equipment
guide 54 is stood up by pulling or pushing the operation wire
56. Further, the engagement portion 52¢ to be fitted into the
space 48 of the distal end main body 40 is formed in the
lower portion of the main body 52, where the rotation shaft
53 is attached. In addition, although not shown in the
drawings, a space wherein the control lever 55 serving as the
elevation operating unit is accommodated is tightly sealed
by a lid member.

[0049] The observation portion block 60 includes a main
body 61 having an arced shape, and when the main body 61
is brought into contact with the coupling portion 42 of the
distal end main body 40, a cylindrical shape having a
predetermined length is obtained. Further, the main body 61
is recessed, from the distal end, a predetermined distance to
obtain a notch 61a, which is sightly wider than the treatment
equipment guide 54. Therefore, when the treatment equip-
ment guide 54 is elevated, the treatment equipment guide 54
is moved into and is guided from the notch 61a.

[0050] In the distal end of the main body 61, tilted faces
62a and 62b arc formed on either side of the notch 614, and
constitute part of the tilted faces 13a and 13b that form the
portion wherein the endoscopic observation unit 4 is
attached. The lighting unit attachment portion 63 having a
semi-circular shape is arranged from the lower end of the
tilted face 62a to the rear end. An observation window 64
that constitutes the observation unit 15 is formed in the tilted
face 62b, which is larger than the tilted face 624, and a
nozzle 65 is provided to supply a cleaning fluid to the
observation window 64. Furthermore, the lighting unit
attachment unit 66 having a semi-circular shape is arranged
at the lower end of the tilted face 62b. Therefore, when the
lighting unit attachment portions 63 and 66 of the observa-
tion portion block 60 are brought into contact with the
lighting unit attachment portions 43 and 44 of the distal end
main body 40, a circular cross section is obtained, and as a
result, a light guide path is provided along which the light
guide 19 is passed.

[0051] The bridge portion 62c is extended between the
tilted faces 62a and 62b, and is fitted forward into the space
48 of the distal end main body 40, while the engagement
portion 52¢ of the elevator block 50 is fitted rearward into
the space 48. As is apparent from FIG. 4, when the bridge
portion 62¢ and the engagement portion 52¢ are fitted into
the space 48, the space 48 is almost filled. Further, since the
front end face of the bridge portion 62¢ is inclined slightly
forward, after the engagement portion 52¢ and the bridge
portion 62¢ have been fitted into the space 48, the elevator
block 50 and the observation portion block 60 are stably
coupled with and held by the distal end main body 40. It
should be noted, however, that the observation portion block
60 can be removed from the distal end main body 40 by
strongly pulling the block 60 away from the main body 40,
and that, after the observation portion block 60 has been
removed from the distal end main body 40, the elevator
block 50 can be easily separated from the main body 40.
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[0052] Aspace 67 in which an observation portion is to be
attached is defined in the lower portion of the main body 61,
and is open at the lower end of the main body 61. The
observation unit 20 is attached in the space 67, and the lens
barrel 22 of the object lens 21, the prism 23, the solid-state
imaging device 24 and its substrate 244, all of which are
constituents of the observation unit 20, are integrally
assembled, forming a single unit. To fix the observation unit
20 to the observation portion block 60, a stopper screw 69
engages a screw hole formed in the observation portion
block 60, and the distal end of the stopper screw 69 is
pressed against the cylindrical portion of the lens barrel 71.
For the observation portion block, since the observation
window 40 is formed in the tilted face 625, the light axis of
the object lens 21 is tilted relative to the axial line of the hard
distal portion 2c. Therefore, the lens barrel 22 is attached
obliquely, and since at the lower face of the observation
portion block 60 the space 67 flares outward forming a wide
opening, the observation unit 20 is attached to and detached
from the observation portion block 60 from obliquely below.

[0053] When the distal end main body 40 and the obser-
vation portion block 60 are joined while the elevator block
50 is accommodated internally, as is apparent from FIGS. 2,
3 and 4, the coupling portion 42 of the distal end main body
40 and the main body 61 of the observation portion block 60
form a cylindrical structure, at the base end of which two
steps are formed. A coupling ring 70 is fitted into a small
diameter portion S located at the steps, and is fixed, by a
screw 71, to the distal end main body 40 and to the
observation portion block 60. The coupling ring 70 is
projected a predetermined distance from the hard distal
portion 2¢ to the angle portion 2b, and the projected portion
is coupled and secured to a distal end ring 72 that constitutes
the angle portion 2b. An outer layer 73, which covers the
outer wall of the angle portion 2b and the coupling ring 70,
is extended to a position whereat it covers a middle diameter
portion M, located at the two steps, and is fixed by using a
spool and an adhesive.

[0054] A coat of sealing material is applied to the joints
whereat the three blocks of the hard distal portion 2¢ contact
each other, so that an internal, airtight seal can be obtained.
Further, since a step is formed on either side of the distal end
main body 40 and the observation portion block 60 joint,
these two components can be fixed more securely.

[0055] With this arrangement, an operation, such as the
repair, the inspection or the replacement of parts provided in
the insertion portion 2, can be easily performed. For this
operation, first, the adhesive and the spool used to secure the
outer layer 73 are removed, and then, the outer layer 73 is
moved closer to the angle portion 2b to expose the coupling
ring 70. In this state, the screw 71 is disengaged to separate
the hard distal portion 2¢ from the angle portion 2b. The
procedures up to this state are the same as those in the
conventional example.

[0056] The screw 71 is removed, and the entire hard distal
portion 2¢ is pulled forward to release, from the coupling
ring 70, the assembly of the distal end main body 40 and the
observation portion block 60 in the hard distal portion 2c.
Then, the observation portion block 60 is separated from the
distal end main body 40, so that the individual blocks of the
hard distal portion 2¢ can be disassembled.

[0057] In this state, the individual members mounted in
the hard distal portion 2¢ are still assembled with the distal
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end main body 40, the elevator block 50 and the observation
portion block 60; however, these members can be easily
separated from the blocks. As a result, the assembly and
disassembly of the constituents to be mounted in the hard
distal portion 2¢ can be easily performed, and superior
maintenance procedures, such as the inspection, repair and
replacement of parts, can be provided.

[0058] According to the ultrasonic endoscope of this
invention, since a puncture treatment equipment is inserted
into the treatment equipment insertion channel, and since the
flexible treatment equipment insertion tube 25 is employed
for the portion from the angle portion 2b to the main control
portion 1, the treatment equipment insertion tube 25 will
most likely suffer damage. In this embodiment, since the
elevator block 50 wherein the treatment equipment insertion
tube 25 is provided can be easily separated from both the
distal end main body 40 and the observation portion block
60, the treatment equipment insertion tube 25 can be easily
removed from the treatment equipment insertion pipe 26 and
replaced. Furthermore, since multiple movable members,
such as the treatment equipment guide 54 and the rotation
shaft 53, and the control lever 55 and the connected opera-
tion wire 56, are provided for the elevator block 50, these
members are the ones that most likely would be damaged,
deformed or worn out. Since the elevator block 50 is a single
unit, the repair or replacement of damaged parts, or an
exchange of the entire elevator block 50, can be easily
performed.

[0059] Maintenance of the individual constituents of the
observation unit 20 in the observation portion is also
required. Since the space 67 is defined in the observation
portion block 60 of the hard distal portion 2¢, and since the
observation unit 20 can be separated by being pulled
obliquely downward from the space 67, the repair or the
replacement of the parts of the observation unit 20, and the
exchange of the entire observation unit 20 can easily be
performed.

[0060] The light lens 18 of the lighting portion 14, and the
light guide 19 facing the light lens 18 may also be damaged.
However, in this embodiment, since the light lens 18 is
attached to the lighting windows 43¢ and 44 formed in the
distal end main body 40, the light lens 18 can be easily
removed, since the distal end main body 40 is separated
from the observation portion block 60. Further, since the
semi-circular shaped lighting unit attachment portions 43
and 44 in the distal end main body 40 are also separated from
the lighting unit attachment portions 63 and 66 of the
observation portion block 60, the attachment and detach-
ment of the light guide 19 can also be easily performed.
Therefore, when the breaking of an optical fiber constituting
the light guide 19 has occurred, the light guide 19 can be
exchanged.

[0061] As is described above, since the hard distal portion
2¢ is constituted by three separate members, maintenance
can be easily performed, and when a specific component or
part is to be repaired or replaced, other members will not be
damaged. And when the maintenance process has been
completed, the elevator block 50 and the observation portion
block 60 need only be coupled with the distal end main body
40, and the assembly engaged with the coupling ring 70. In
this manner, the hard distal portion 2¢ can be assembled and
coupled with the angle portion 2b.
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[0062] In this embodiment, the lighting windows 43« and
444 are formed in the tilted faces of the distal end main body
40, and accordingly, the light guide is pointed obliquely
downward, towards the base end, a predetermined distance.
Further, the elevator block 50 is located at a position
between the two lighting unit attachment portions 43 and 44,
as is the observation unit 20. Therefore, the light guide 19 is
bent outward to avoid these components, so that the indi-
vidual members can be arranged compactly and the diameter
of the hard distal portion 2¢ can be reduced. Furthermore,
since the lighting unit attachment portions 43 and 44, and 63
and 66 form semi-circular grooves in the portions whereat
the distal end main body 40 and the observation portion
block 60 come into contact, the accuracy at which these
grooves are formed can be increased. Thus, as is described
above, in the hard distal portion 2¢, the insertion path for the
light guide 19 can be displaced three-dimensionally, so that
it can be guided to a portion within a dead space.

[0063] According to the invention with the thus described
arrangement, the members mounted within the hard distal
portion can easily be disassembled and re-assembled, and
the performance of maintenance, such as the repair, exami-
nation and replacement of parts, is superior. Further, the
members can be arranged logically within the hard distal
portion, so that the size of the hard distal portion and the
diameter thereof can be reduced.

[0064] 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.

What is claimed is:
1. An ultrasonic endoscope, which comprises

an insertion portion including:
an angle portion,
a hard distal portion coupled to the angle portion;

an endoscopic observation unit comprising a lighting
portion and an observation portion, the endoscopic
observation unit being located at the hard distal
portion; and

an ultrasonic test unit comprising an ultrasonic trans-
ducer constituting an ultrasonic test unit, the ultra-
sonic test unit being located at the hard distal portion,

wherein the ultrasonic transducer is located at a tip end
of the hard distal portion, the hard distal portion
comprises a sloping face that is obliquely tilted from
a portion whereat the ultrasonic transducer is
attached to a base end of the hard distal portion, and
the endoscopic observation unit is attached to the
sloping face; and

wherein the hard distal portion further comprises

an elevator including an elevation operating unit for
a treatment equipment and a treatment equipment
guide to be elevated by the elevation operating
unit, the treatment equipment guide having a head
portion located at position preceding the endo-
scopic observation unit and behind the ultrasonic
transducer,
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wherein the hard distal portion includes:

adistal end main body including an entire portion whereat
the ultrasonic transducer is attached;

an observation portion block that includes a portion
whereat the observation portion is attached and that is
separably coupled with the distal end main body; and

an elevator block that is securely held between the distal
end main body and the observation portion block by
engaging the distal end main body and the observation
portion block, and that comprises the elevator, and

wherein the distal end main body, the observation portion
block and the elevator block of the hard distal portion
are assembled so as to be capable of being disas-
sembled.

2. An ultrasonic endoscope according to claim 1,

wherein a coupling ring is fitted to a portion, adjacent to
the base end of the hard distal portion, whereto the
distal end main body and the observation unit are
joined.
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3. An ultrasonic endoscope according to claim 1,

wherein the observation portion block further comprises a
first engagement portion, and the elevator block further
comprises a second engagement portion, and

wherein the distal end main body further comprises a
recessed portion into which the first and second
engagement portions are substantially tightly fitted.

4. An ultrasonic endoscope according to claim 1,

wherein the observation portion comprises an observation
unit that includes an object optical system, a prism and
a solid-state imaging device,

wherein the observation portion block further comprises a
recessed portion that is open on the side contact with
the distal end main body, and the observation unit is
detachably fitted in the recessed portion, and

wherein the observation portion block further comprises:
a path having a semicircular cross section at a portion
whereat the observation portion block and the distal
end main body contact each other; and a light guide
mounted to the lighting portion, the light guide being
attached to the path.
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