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(54) INSERTION SECTION OF ENDOSCOPE
(57)  The present invention relates to an endoscope
insertion portion using an actuator unit and a heater unit
together for an imaging unit wherein a shape memory
member is used in the actuator unit in order to drive a
movable optical member of the imaging unit, which is
configured to deform according to the temperature and
a heating member is used in the heater unit, which is
configured to heat a distal end optical member of the
imaging unit.

An object of the present invention is to provide an
endoscope insertion portion wherein an actuator unit can
operate suitably.

An endoscope insertion portion is characterized in
that the endoscope insertion portion extends in an axial

direction and includes: an imaging unit (38) configured
to acquire an observation image and including a distal
end optical member (44) arranged at a distal end portion
of the imaging unit (38), a movable optical member (51)
configured to move relative to the distal end optical mem-
ber (44) and having an optical axis (O); an actuator unit
(56) configured to drive the movable optical member (51)
and including a shape memory member (58) configured
to deform according to temperature; and a heater unit
(62) including a heating member (63) configured to heat
the distal end optical member (44) wherein the heater
unit (62) is arranged on a side opposite to a side on which
the actuator unit (56) is arranged relative to the optical
axis (O) of the imaging unit (38) when viewing in the axial
direction of the insertion portion (21).
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Description
Technical Field

[0001] The presentinvention relates to an endoscope
insertion portion using an actuator unit and a heater unit
together for an imaging unit wherein a shape memory
member is used in the actuator unit in order to drive a
movable optical member of the imaging unit, which is
configured to deform according to the temperature and
a heating member is used in the heater unit, which is
configured to heat a distal end optical member of the
imaging unit.

Background Art

[0002] In Jpn. Pat. Appin. KOKAI Publication No.
2007-219155, one example of an actuator unit is dis-
closed. In an endoscope disclosed in Jpn. Pat. Applin.
KOKAI Publication No. 2007-219155, an imaging unit is
provided at the distal end portion of the endoscope. The
imaging unit includes a movable lens frame with a group
of objective lenses assembled therein and movable in an
optical axial direction. The movable lens frame is config-
ured to be driven by an actuator unit, and a shape memory
alloy (which is referred to as SMA, hereinafter) wire is
used in the actuator unit.

[0003] In Jpn. Pat. Appin. KOKAI Publication No.
11-47080, one example of a heater unit is disclosed. In
an endoscope disclosed in Jpn. Pat. Appln. KOKAI Pub-
lication No. 11-47080, a heating body is provided so as
to enclose the outer periphery of an objective optical sys-
tem in the distal end portion of the endoscope. Heat pro-
duced in the heating body is transmited to the objective
optical system, and the objective optical system rises in
the temperature, and therefore, the objective optical sys-
tem is prevented from being fogged.

Disclosure of Invention

[0004] When an actuator unit and a heater unit are
used together, a shape memory member of the actuator
unit is influenced by heat produced in a heating member
of the heater unit and the actuator unit may not suitably
operate.

[0005] The present invention has been made in view
of the above-mentioned problem, and an object of the
present invention is to provide an endoscope insertion
portion wherein an actuator unit can suitably operate.
[0006] In an aspect of the present invention, an endo-
scope insertion portion is characterized in that the endo-
scope insertion portion extends in an axial direction and
includes: an imaging unit configured to acquire an obser-
vation image and including a distal end optical member
arranged at a distal end portion of the imaging unit and
a movable optical member configured to be moved rel-
ative to the distal end optical member, and having an
optical axis; an actuator unit configured to drive the mov-
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able optical member and including a shape memory
member configured to deform according to temperature;
and a heater unit including a heating member configured
to heat the distal end optical member wherein the heater
unit is arranged on a side opposite to a side on which the
actuator unit is arranged relative to the optical axis of the
imaging unit when viewing in the axial direction of the
insertion portion.

[0007] In this aspect, the actuator unit and the heater
unit are arranged as apart as possible within permissible
limits for their functions when viewing in the axial direction
of the insertion portion.

Therefore, the shape memory member is hardly influ-
enced by heat produced inthe heatingmember, and then,
suitable operation of the actuator unit is ensured.
[0008] In a preferred aspect of the present invention,
the endoscope insertion portion is characterized in that
theimaging unitincludes a cylindrical supporting member
extending in the axial direction of the insertion portion,
the movable optical member and the distal end optical
member are arranged in an inner space of the supporting
member, the actuator unit is arranged at an outer periph-
eral surface portion of the supporting member, the heater
unit is arranged at an inner peripheral surface portion of
the supporting member, and the supporting member has
a heat-insulating function.

[0009] In this aspect, the supporting member having
the heat-insulating function is provided between the ac-
tuator unit and the heater unit. Therefore, the shape
memory member is more hardly influenced by the heat
produced in the heating member.

[0010] In a preferred aspect of the present invention,
the endoscope insertion portion is characterized in that
the imaging unit includes two imaging substrates, and a
straight line connecting the actuator unit and the heater
unit with each other is substantially a perpendicular bi-
sector of a line segment connecting the two imaging sub-
strates with each other, when viewing in the axial direc-
tion of the insertion portion.

[0011] In this aspect, the actuator unit and the two im-
aging substrates, and the heater unit and the two imaging
substrates are arranged as apart as possible within per-
missible limits for their functions, respectively, when
viewing in the axial direction of the insertion portion.
Therefore, the shape memory member is hardly influ-
enced by heat produced in the two imaging substrates,
and the two imaging substrates are hardly influenced by
heat produced in the shape memory member and the
heating member, and then, suitable operation of the ac-
tuator unit and the imaging unit is ensured.

[0012] In a preferred aspect of the present invention,
the endoscope insertion portion is characterized in that
the endoscope insertion portion further comprising two
illumination units configured to supply illumination light
to an object of observation, and a straight line connecting
the two imaging substrates with each other is substan-
tially a perpendicular bisector of a line segment connect-
ing the two illumination units with each other, when view-
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ing in the axial direction of the insertion portion.

[0013] In this aspect, the actuator unit and the two il-
lumination units, and the two imaging substrates and the
two illumination units are arranged as apart as possible
within permissible limits for their functions, respectively,
when viewing in the axial direction of the insertion portion.
The shape memory member and the two imaging sub-
strates are hardly influenced by heat produced in the two
illumination units, and then, suitable operation of the ac-
tuator unit and the imaging unit is ensured.

[0014] In a preferred aspect of the present invention,
the endoscope insertion portion is characterized in that
the shape memory member and the heating member are
arranged in positions different from each other with re-
spect to the axial direction of the insertion portion, re-
spectively.

[0015] In this aspect, the shape memory member and
the heating member are arranged in the positions differ-
ent from each other with respect to the axial direction.
Therefore, the shape memory member is hardly influ-
enced by heat produced inthe heatingmember, and then,
suitable operation of the actuator unit is ensured certain-
ly.

[0016] In a preferred aspect of the present invention,
the endoscope insertion portion is characterized in that
the imaging unit includes an imaging device and an im-
aging substrate, and the shape memory member, the
heating member, and the imaging device and the imaging
substrate are arranged in positions different from one
another with respect to the axial direction of the insertion
portion, respectively.

[0017] In this aspect, the shape memory member, the
heating member, and the imaging device and the imaging
substrate are arranged in the positions different from
each other with respect to the axial direction. Therefore,
the shape memory member is hardly influenced by heat
produced in the imaging device and the imaging sub-
strate, and the imaging device and the imaging substrate
are hardly influenced by heat produced in the shape
memory member and the heating member. Therefore,
suitable operation of the actuator unit and the imaging
unit is ensured more certainly.

[0018] In a preferred aspect of the present invention,
the endoscope insertion portion is characterized in that
the endoscope insertion portion further comprising an
illumination unit configured to supply illumination light to
an object of observation, the illumination unit includes: a
transmitting member configured to transmit the illumina-
tion light; and an emitting member connected with an end
portion of the transmitting member and configured to emit
theillumination light transmitted by the transmitting mem-
ber to the object of observation, and the shape memory
member, the imaging device and the imaging substrate,
and a connecting portion of the transmitting member and
the emitting member are arranged in positions different
from one another with respect to the axial direction of the
insertion portion, respectively.

[0019] In this aspect, the shape memory member, the
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imaging device and the imaging substrate, and the con-
necting portion of the transmitting member and the emit-
ting member are arranged in the positions different from
each other with respect to the axial direction. Therefore,
the shape memory member, and the imaging device and
the imaging substrate are hardly influenced by heat pro-
ducedintheillumination unit, and then, suitable operation
of the actuator unit and the imaging unit is ensured more
certainly.

Brief Description of Drawings
[0020]

FIG. 1 is a side view showing an endoscope accord-
ing to an embodiment of the present invention;
FIG. 2 is a longitudinally cross-sectional view show-
ing the distal end portion of an insertion portion ac-
cording to the embodiment of the present invention;
FIG. 3 is a transversally cross-sectional view show-
ing the distal end portion of the insertion portion ac-
cording to the embodiment of the present invention
along llI-lll line in FIG. 2;

FIG. 4 is a front view showing the distal end portion
of the insertion portion according to the embodiment
of the present invention;

FIG. 5 is a schematic view showing the distal end
portion of the insertion portion according to the em-
bodiment of the present invention when viewing in
the axial direction;

FIG. 6 is a schematic longitudinally cross-sectional
view showing the distal end portion of the insertion
portion according to the embodiment of the present
invention when viewing in the left and right direction;
FIG. 7 is a schematic longitudinally cross-sectional
view showing the distal end portion of the insertion
portion according to the embodiment of the present
invention when viewing in the up and down direction;
and

FIG. 8 is a schematic transversally cross-sectional
view showing a bending portion according to the em-
bodiment of the present invention when viewing in
the axial direction.

Best Mode for Carrying Out the Invention

[0021] An embodiment of the present invention will be
explained referring to the drawings.

[0022] Referring to FIG. 1, an endoscope 20 includes
an insertion portion 21 configured to be inserted into a
body. In the insertion portion 21, a distal end rigid portion
22 being rigid, a bending portion 23 operated to be bent,
and a flexible tube portion 24 being long and flexible are
provided from the distal end side to the proximal end side.
An operation portion 25 is coupled to the proximal end
portion of the insertion portion 21 and is configured to be
held and operated by an operator. Various switches 26
and a bending operation lever 27 are provided in the op-
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eration portion 25 and the bending operation lever 27 is
configured to operate the bending portion 23 to be bent.
A universal cable 28 extends from the operation portion
25, and a light source connector 29 is provided at the
extending end portion of the universal cable 28. Moreo-
ver, an electrical cable 31 extends from the light source
connector 29, and an electrical connecter 32 is provided
at the extending end portion of the electrical cable 31.
The light source connector 29 and the electrical connect-
er 32 are connected with a light source apparatus and a
video processor, respectively.

[0023] Hereinafter, various units of the insertion por-
tion 21 will be explained in detail.

[0024] Here, the insertion portion 21 extends in the ax-
ial direction, two directions which are orthogonal to the
axial direction of the insertion portion 21 and each other
are referred to as up and down direction, and left and
right direction, respectively. In FIGS. 2 to 8, up, down,
leftandrightare referredtoas U, D, L and R, respectively.
[0025] Referring to FIGS. 2 to 4, an exterior unit 33 is
provided in the distal end rigid portion 22 and forms an
outer frame of the distal end rigid portion 22. The exterior
unit 33 is formed by a distal end side exterior member
34 and a proximal end side exterior member 35, the distal
end side exterior member 34 has a shape of a short cir-
cular column and the proximal end side exterior member
35 has a shape of a circular cylinder, and the distal end
portion of the proximal end side exterior member 35 is
coaxially fitted on the outside of and fixed to the proximal
end side part of the distal end side exterior member 34.
Animaging bore 36 and anillumination bore 37 penetrate
the distal end side exterior member 34 in the axial direc-
tion.

[0026] Referring to FIGS. 2 to 7, an imaging unit 38 is
provided within the exterior unit 33 and configured to ac-
quire an observation image. The imaging unit 38 extends
in the axial direction of the insertion portion 21. The cen-
tral axis of the imaging unit 38 agrees with an optical axis
O of the imaging unit 38 and arranged a little lower with
respect to the up and down direction and on the right side
with respect to the left and right direction relative to the
central axis of the insertion portion 21. The imaging unit
38 is formed by an objective optical unit 39 on the distal
end side and an image pick-up optical unit 41 on the
proximal end side.

[0027] Referring to FIGS. 2 to 4, the objective optical
unit 39 includes a circular cylindrical outer lens frame 42
as asupporting member. The outer lens frame 42 is made
of a material having low thermal conductivity, for exam-
ple, polyphenylsulfone, PEEK, polysulfone, polyethyl-
ene, stainless steel and has a heat-insulating function.
The outer lens frame 42 is fitted on the inside of the im-
aging bore 36 of the distal end side exterior member 34
and fixed to the distal end side exterior member 34 with
a fixing screw 43. An objective cover lens 44 as a distal
end optical member is fitted on the inside of and fixed to
the distal end portion of the outer lens frame 42. The
distal end surface of the objective cover lens 44 is sub-
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stantially coplanar with the distal end surface of the distal
end side exterior member 34 and exposed outside. The
distal end surface of the objective cover lens 44 may be
fogged when the insertion portion 21 is inserted into the
body because body temperature is generally higher than
room temperature. An interior lens frame 45 is fitted on
the inside of and fixed to the proximal end side part of
the outer lens frame 42. A movable lens frame 46 is in-
serted into the distal end side part of the interior lens
frame 45 so as to be movable in the axial direction relative
totheinteriorlensframe 45. Thatis, a penetrating groove-
shaped guide groove 47 extends in the axial direction on
the upper position in the distal end side part of the interior
lens frame 45, a guide pin 48 protrudes upward from the
upper end portion of the outer peripheral portion of the
movable lens frame 46, and the guide pin 48 of the mov-
able lens frame 46 is inserted into the guide groove 47
of the interior lens frame 45 so as to be slidable in the
axial direction. In order to drive the movable lens frame
46, the guide pin 48 is made of a magnetic material such
as ametal, and a concave groove-shaped driving groove
49 extends in the axial direction on the upper position of
the outer peripheral portion of the distal end side part of
the outer lens frame 42. A distal end side group of ob-
jective lenses 51 as a movable optical member is fitted
on the inside of and fixed to the movable lens frame 46.
A proximal end side group of objective lenses 52 is fitted
on the inside of and fixed to the proximal end side part
of the interior lens frame 45.

[0028] Animage formation of an observation image is
performed by the objective cover lens 44, the distal end
side group of objective lenses 51 and the proximal end
side group of objective lenses 52 in the objective optical
unit 39. Here, itis possible to perform focusing by moving
the movable lens frame 46 in the optical axial direction
to move the distal end side group of objective lenses 51
in the optical axial direction.

[0029] Referring to FIGS. 5 to 7, in the image pick-up
optical unit 41 according to the present embodiment, a
CCD for red and blue and a CCD for green with a large
number of picture elements are used as an imaging de-
viceinorder to obtain a high-definitionimage and improve
a color reproduction quality. The one CCD 53a is ar-
ranged on the left side part of the image pick-up optical
unit 41 and orthogonal to the left and right direction, and
the other CCD 53b is arranged on the proximal end side
of the one CCD 53a and orthogonal to the axial direction.
A CCD substrate 54a, 54b as an imaging substrate is
coupled to each CCD 53a, 53b. Both the CCD substrates
54a and 54b are inclined relative to the central axis of
the imaging unit 38 and arranged on the left side and the
right side, respectively, symmetrically with each other rel-
ative to the central axis. Regarding an opposite surface
arranged on the side opposite to the central axis of the
imaging unit 38, the opposite surface of the one CCD
substrate 54a is directed leftward and proximally and the
opposite surface of the other CCD substrate 54b is di-
rected rightward and proximally. Here, various signal
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lines extend from the CCD substrates 54a and 54b, and
the various signal lines are integrated into the image pick-
up cables 55a and 55b. Two image pick-up cables 55a
and 55b are used for the two CCDs 53a and 53b and
CCD substrates 54a and 54b, respectively.

[0030] When the electrical connecter 32 of the endo-
scope 20 is connected to the video processor and the
CCDs 53a and 53b and the CCD substrates 54a and 54b
are operated by the video processor, the CCDs 53a and
53b and the CCD substrates 54a and 54b acquire an
observation image and produce an image signal. The
produced image signal is output to the video processor,
and an observation image is displayed on the video proc-
essor. When the imaging unit 38 is operated, the CCDs
53a and 53b and the CCD substrates 54a and 54b pro-
duce heat. On the one hand, the operation of the CCDs
53a and 53b and the CCD substrates 54a and 54b may
be easily influenced by heat from the outside, and an
image is degraded because of the influence of the heat
from the outside. Moreover, the operation of the CCD
substrates 54a and 54b may be easily influenced by elec-
tric noise from the outside, and an image is degraded
because of the influence of the electrical noise.

[0031] Referring to FIGS. 2 to 4, an actuator unit 56 is
provided within the exterior unit 33 and configured to drive
the distal end side group of objective lenses 51 of the
imaging unit 38. That is, the actuator unit 56 extends in
the axial direction on the upper side of the imaging unit
38 along the imaging unit 38. The actuator unit 56 in-
cludes a driving magnet 57. The driving magnet 57 is
arranged in the driving groove 49 of the outer lens frame
42 of the objective optical unit 39 so as to be slidable in
the axial direction. The driving magnet 57 is magnetically
coupled to the guide pin 48 of the movable lens frame
46 of the objective optical unit 39. When the driving mag-
net 57 is moved in the axial direction, the guide pin 48 is
moved in the axial direction, and then, the movable lens
frame 46 is moved in the optical axial direction. A reset
spring 60 always distally urges the driving magnet 57.
Moreover, the distal end portion of a SMA wire 58 as a
shape memory member is coupled to the driving magnet
57. The SMA wire 58 extends in the axial direction. The
distal end portion of a current line 59 is connected to the
proximal end portion of the SMA wire 58, and the proximal
end portion of the SMA wire 58 is held so as to be un-
movable in the axial direction. Here, the current line 59
is put into an actuator cable 61, and the actuator cable
61 isinserted through the bending portion 23 and extends
to the electrical connecter 32.

[0032] When an electric current flows through the SMA
wire 58 via the current line 59 and the temperature of the
SMA wire 58 becomes higher than the transformation
temperature, the SMA wire 58 is deformed to shrink in
the axial direction against the urging force of the reset
spring 60 to move the driving magnet 57 proximally. On
the other hand, when the electric current is stopped from
flowing through the SMA wire 58 and the temperature of
the SMA wire 58 become lower than the transformation
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temperature, the SMA wire 58 is deformed to expand in
the axial direction and the driving magnet 57 is moved
distally by the urging force of the reset spring 60. That
is, when the actuator unit 56 is operated, the SMA wire
58 produces heat. On the other hand, the operation of
the SMA wire 58 is influenced by heat from the outside,
and the SMA wire 58 may not suitably operate because
of the influence of the heat from the outside. In this case,
the driving magnet 57 and the movable lens frame 46
are not suitably moved, and then, an obtained observa-
tion image may be out of focus.

[0033] Referring to FIGS. 2 to 4, a heater unit 62 is
provided within the exterior unit 33 and configured to heat
the objective cover lens 44 of the imaging unit 38. That
is, the heater unit 62 extends in the axial direction along
the imaging unit 38 on the lower end part of the imaging
unit 38. The heater unit 62 includes a heating element
63 as a heating member. The heating element 63 is pro-
vided on the lower end part of the proximal end side of
the objective cover lens 44. In the present embodiment,
the heating element 63 is in contact with the proximal
end surface of the objective cover lens 44 and has a
shape of a belt extending along the periphery and over
substantially half the circumference in the lower semicir-
cular part of the proximal end surface. Here, the heating
element 63 may not be in contact with the objective cover
lens 44, and the shape of the heating element 63 may
be set on any shape such as a shape of a semicircle or
a crescent. The heating element 63 is connected to the
one end portion of a heater substrate 64 being a flexible
substrate. The heater substrate 64 is arranged between
the interior lens frame 45 and the outer lens frame 42
and extends in the axial direction on the lower position
of the inner peripheral portion of the outer lens frame 42.
The distal end portion of a power line 65 is connected to
the proximal end portion of the heater substrate 64. Here,
the power line 65 is integrated into a heater cable 66,
and the heater cable 66 is inserted through the bending
portion 23 and extends to the electrical connecter 32.
[0034] When the heater substrate 64 and the heating
element 63 are supplied with electrical power via the pow-
er line 65 and the heating element 63 is heated, the ob-
jective cover lens 44 rises in the temperature and is pre-
vented from being fogged. When the heater unit 62 is
operated, the heating element 63 produces heat, and
further, the heater substrate 64 produces heat. Here,
noise may be produced in an electric signal transmitted
through the power line 65 because of influence of electric
noise from the outside.

[0035] Referring to FIGS. 3, 4 and 7, an illumination
unit 67 is provided within the insertion portion 21 and
configured to illuminate an object of observation. That s,
anillumination lens 68 as an emitting member is provided
at the distal end portion of the illumination bore 37 of the
distal end side exterior member 34. Moreover, the distal
end portion of a light guide 69 as a transmitting member
is inserted through and fixed to the illumination bore 37.
The distal end surface of the light guide 69 is joined to
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the proximal end surface of the illumination lens 68. In
the present embodiment, two illumination units 67 are
used, and the two illumination units 67 are arranged on
the upper side with respect to the up and down direction
and on the left side and the right side with respect to the
left and right direction, respectively, symmetrically with
each other relative to the central axis of the insertion por-
tion 21 within the exterior unit 33. The light guide 69 ex-
tends from the distal end side exterior member 34, is
inserted through the bending portion 23, and extends to
the light source connecter 29.

[0036] The lightsource connecter 29 of the endoscope
20 is connected to the light source apparatus, and illu-
mination light produced in the light source apparatus is
transmitted through the light guide 69, supplied to the
illumination lens 68, and emitted from the illumination
lens 68 to an object of observation. When the illumination
light is transmitted through the illumination unit 67, a loss
of an amount of light is caused and the illumination unit
67 produces heat. In particular, in the interface between
the distal end surface of the light guide 69 and the prox-
imal end surface of the illumination lens 68, a large loss
of an amount of light, and then, a large amount of heat
are caused. Moreover, in the present embodiment, an
amount of light for the illumination light is increased be-
cause the two CCDs 53a and 53b with a large number
of picture elements are used for acquiring an observation
image, and then, the CCDs 53a, 53b lower in sensitivity
and an image become dark. Therefore, an amount of
heat in the illumination unit 67 becomes large.

[0037] As is described in detail below, in the present
embodiment, the various units are arranged in the inser-
tion portion 21 so as to minimize relative influence of
heat, and therefore, suitable operation of the various
units is ensured.

[0038] Referring to FIGS. 2 to 4, during operation of
the heater unit 62, the heating element 63 and the heater
substrate 64 produce heat, and therefore, the SMA wire
58 of the actuator unit 56 is influenced by the heat pro-
duced in the heating element 63 and the heater substrate
64 and may not suitably operate. In the present embod-
iment, the actuator unit 56 is arranged on the upper po-
sition and the heater unit 62 is arranged on the lower
position relative to the optical axis O of the imaging unit
38, namely, the actuator unit 56 and the heater unit 62
are arranged opposite to each other relative to the optical
axis O of the imaging unit 38, when viewing in the axial
direction of the insertion portion 21. That is, the actuator
unit 56 and the heater unit 62 are arranged as apart as
possible within permissible limits for their functions when
viewing in the axial direction of the insertion portion 21.
Therefore, the SMA wire 58 is hardly influenced by the
heat produced in the heating element 63 and the heater
substrate 64. Moreover, the actuator unit 56 is arranged
on the outside of the outer lens frame 42 and the heater
unit 62 is arranged on the inside of the outer lens frame
42, namely, the outer lens frame 42 having the heat-in-
sulating function is arranged between the actuator unit
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56 and the heater unit 62. Therefore, the SMA wire 58 is
more hardly influenced by the heat produced in the heat-
ing element 63 and the heater substrate 64, and then,
suitable operation of the actuator unit 56 is ensured.
[0039] Here, the heater unit 62 is arranged on the in-
side of the outer lens frame 42 and the outer lens frame
42 is fitted on the inside of and fixed to the imaging bore
36 of the distal end side exterior member 34, namely, the
outer lens frame 42 having the heat-insulating function
is arranged between the heater unit 62 and the exterior
unit 33. Therefore, during operation of the heater unit 62,
the exterior unit 33 is prevented from rising in the tem-
perature by the heat produced in the heating element 63
and the heater substrate 64.

[0040] Referring to FIG. 5, during operation of the im-
aging unit 38, the CCD substrates 54a and 54b produces
heat, and therefore, the SMA wire 58 of the actuator unit
56 is influenced by the heat produced in the CCD sub-
strates 54a and 54b and may not suitably operate. On
the other hand, during operation of the heater unit 62 and
the actuator unit 56, the heating element 63 and the heat-
er substrate 64, and the SMA wire 58 produce heat, and
therefore, the CCD substrates 54a and 54b of the imaging
unit 38 is influenced by the heat produced in the heating
element 63 and the heater substrate 64, and the SMA
wire 58 and may not suitably operate. In the present em-
bodiment, the two CCD substrates 54a and 54b are ar-
ranged on the left side and the right side symmetrically
with each other relative to the central axis of the imaging
unit 38, and the straight line L1 connecting the centers
of heating of the actuator unit 56 and the heater unit 62
with each other is a perpendicular bisector of line seg-
ment L2 connecting the centers of heating of the two
CCD substrates 54a and 54b, when viewing in the axial
direction of the insertion portion 21. That is, the actuator
unit 56 and the two CCD substrates 54a and 54b, and
the heater unit 62 and the two CCD substrates 54a and
54b are arranged as apart as possible within permissible
limits for their functions, when viewing in the axial direc-
tion of the insertion portion 21. Therefore, the SMA wire
58 is hardly influenced by the heat produced in the two
CCD substrates 54a and 54b and the two CCD substrates
54a and 54b is hardly influenced by the heat produced
inthe SMA wire 58, the heating element 63 and the heater
substrate 64, and therefore, suitable operation of the ac-
tuator unit 56 and the imaging unit 38 is ensured.
[0041] Here, when a high-frequency treatment instru-
ment configured to treat a living tissue with a high-fre-
quency current together with the endoscope, noise may
be caused in an electrical signal transmitting through the
power line 65 of the heater cable 66 because of the high-
frequency current and influence the CCD substrates 54a
and 54b, and then, an image may be degraded. As is
described above, in the present embodiment, the heater
unit 62 and the two CCD substrates 54a and 54b are
arranged as apart as possible within permissible limits
for their functions when viewing in the axial direction of
the insertion portion 21, and the heater cable 66 extend-
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ing from the heater unit 62 in the axial direction is also
arranged as apart as possible within permissible limits
for their functions relative to the two CCD substrates 54a
and 54b, when viewing in the axial direction of the inser-
tion portion 21. Therefore, the CCD substrates 54a and
54b are hardly influenced by the noise of the electric sig-
nal transmitting through the power line 65 of the heater
cable 66, and suitable operation of the imaging unit 38
is ensured.

[0042] Referring to FIG. 5, during operation of the illu-
mination units 67, the illumination units 67 produce heat,
and therefore, the SMA wire 58 of the actuator unit 56
and the CCD substrates 54a and 54b of the imaging unit
38 are influenced and may not suitably operate. In the
present embodiment, the two illumination units 67 are
arranged on the left side with respect to the left and right
direction and on the upper side and the lower side with
respect to the up and down direction, respectively, sym-
metrically with each other relative to the central axis of
the insertion portion 21 within the exterior unit 33, and
the straight line L2 connecting the centers of heating of
the two CCD substrates 54a and 54b is a perpendicular
bisector of line segment L3 connecting the centers of
heating of the two illumination units 67 when viewing in
the axial direction of the insertion portion 21. That s, the
actuator unit 56 and the two illumination units 67, and
the two CCD substrates 54a and 54b and the two illumi-
nation units 67 are arranged as apart as possible within
permissible limits for their functions, respectively, when
viewing in the axial direction of the insertion portion 21.
Therefore, the SMA wire 58 and the two CCD substrates
54a and 54b are hardly influenced by heat produced in
the two illumination units 67, and therefore, suitable op-
eration of the actuator unit 56 and the imaging unit 38 is
ensured.

[0043] Referring to FIGS. 6 and 7, during operation of
the actuator unit 56, the SMA wire 58 produces heat,
during operation of the heater unit 62, in particular, the
heating element 63 produces heat, during operation of
the imaging unit 38, the CCDs 53a and 53b and the CCD
substrates 54a and 54b produces heat, and during op-
eration of the illumination unit 67, in particular, the inter-
face between the illumination lens 68 and the light guide
69 produces heat. The SMA wire 58, the CCDs 53a and
53b, and the CCD substrates 54a and 54b may not suit-
ably operate because of the influence of the heat pro-
duced in the other heating portion. In the present embod-
iment, the interface between the illumination lens 68 and
the light guide 69, the heating element 63, the SMA wire
58, the CCDs 53a and 53b and the CCD substrates 54a
and 54b are arranged in order from the distal end side
to the proximal end side on the positions different from
one another, respectively, with respect to the axial direc-
tion of the insertion portion 21. Therefore, the SMA wire
58, the CCDs 53a and 53b and the CCD substrates 54a
and 54b are hardly influenced by the heat produced in
the other heating portion, and then, suitable operation of
the actuator unit 56 and the imaging unit 38 is ensured.
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[0044] Here, the SMA wire 58, the CCDs 53a and 53b
and the CCD substrates 54a and 54b, the heating ele-
ment 63 and the heater substrate 64, and the illumination
units 67 may be increased in an amount of heat because
of the influence of the other heating portion and, as a
result, the whole distal end rigid portion 22 and then the
exterior unit 33 may rise in the temperature. In the present
embodiment, as is described above, the SMA wire 58,
the CCDs 53a and 53b and the CCD substrates 54a and
54b, the heating element 63 and the heater substrate 64,
and the illumination units 67 are arranged so as to be
influenced by the heat produced in the other heating por-
tion as less as possible, and therefore, the exterior unit
33 is prevented from rising in the temperature.

[0045] As is mentioned above, in the present embod-
iment, the various units are arranged so as to minimize
the relative influence of the heating. As a result, as is
shown in FIG. 5, the two light guides 69, and the actuator
unit 56 and the heater unit 62 are arranged side by side
inthe leftand right direction, respectively, and the straight
line L3 connecting the centers of the two light guides 69
with each other and the straight line L1 connecting the
centers of the actuator unit 56 and the heater unit 62 with
each other are parallel to each other, when viewing in
the axial direction of the insertion portion 21. Therefore,
the space within the exterior unit 33 is made maximally
efficient use of. Moreover, during bending operation in
the up and down direction, the actuator unit 56 and the
heater unit 62 are prevented from applying unnecessary
load to the light guide 69. Furthermore, as is shown in
FIG. 8, the light guide 69 of the illumination unit 67 and
the various cables 55a, 55b, 61 and 66 extending from
the various units 38, 56 and 62 are arranged evenly on
the upper side, the lower side, the left side and the right
side relative to the central axis of the bending portion 23
within the bending portion 23. Therefore, during bending
operation of the bending portion 23, it is prevented that
the bending portion 23 meanders because of uneven-
ness of the built-in members.

[0046] In the above embodiment, although the actua-
tor unit 56 and the heater unit 62 are arranged opposite
to each other relative to the optical axis O of the imaging
unit 38, the actuator unit and the heater unit may be ar-
ranged simply on the sides opposite to each other, re-
spectively, relative to the central axis of the imaging unit
38, when viewing in the axial direction of the insertion
portion 21. Furthermore, one or more actuator unit 56
and one or more heater unit 62 may be arranged on the
sides opposite to each other, respectively, relative to the
optical axis O of the imaging unit 38 when viewing in the
axial direction of the insertion portion 21.

Claims
1. An endoscope insertion portion characterized in

that
the endoscope insertion portion extends in an axial
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direction and comprises:

an imaging unit (38) configured to acquire an
observationimage and including a distal end op-
tical member (44) arranged at a distal end por-
tion of the imaging unit (38) and a movable op-
tical member (51) configured to be moved rela-
tive to the distal end optical member (44), and
having an optical axis (O);

an actuator unit (56) configured to drive the mov-
able optical member (51) and including a shape
memory member (58) configured to deform ac-
cording to temperature; and

a heater unit (62) including a heating member
(63) configured to heat the distal end optical
member (44) wherein the heater unit (62) is ar-
ranged on a side opposite to a side on which the
actuator unit (56) is arranged relative to the op-
tical axis (O) of the imaging unit (38) when view-
ing in the axial direction of the insertion portion
(21).

The endoscope insertion portion according to claim
1, characterized in that

the imaging unit (38) includes a cylindrical supporting
member (42) extending in the axial direction of the
insertion portion (21),

the movable optical member (51) and the distal end
optical member (44) are arranged in an inner space
of the supporting member (42),

the actuator unit (56) is arranged at an outer periph-
eral surface portion of the supporting member (42),
the heater unit (62) is arranged at an inner peripheral
surface portion of the supporting member (42), and
the supporting member (42) has a heat-insulating
function.

The endoscope insertion portion according to claim
1, characterized in that

the imaging unit (38) includes two imaging sub-
strates (54a, 54b), and

a straight line (L1) connecting the actuator unit (56)
and the heater unit (62) with each other is substan-
tially a perpendicular bisector of a line segment (L2)
connecting the two imaging substrates (54a, 54b)
with each other, when viewing in the axial direction
of the insertion portion (21).

The endoscope insertion portion according to claim
3, characterized in that

the endoscope insertion portion further comprising
two illumination units (67) configured to supply illu-
mination light to an object of observation, and

a straight line (L2) connecting the two imaging sub-
strates (54a, 54b) with each other is substantially a
perpendicular bisector of a line segment (L3) con-
necting the two illumination units (67) with each oth-
er, when viewing in the axial direction of the insertion
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portion (21).

The endoscope insertion portion according to claim
1, characterized in that

the shape memory member (58) and the heating
member (63) are arranged in positions different from
each other with respect to the axial direction of the
insertion portion (21), respectively.

The endoscope insertion portion according to claim
5, characterized in that

the imaging unit (38) includes an imaging device
(53a, 53b) and an imaging substrate (54a, 54b), and
the shape memory member (58), the heating mem-
ber (63), and the imaging device (53a, 53b) and the
imaging substrate (54a, 54b) are arranged in posi-
tions different from one another with respect to the
axial direction of the insertion portion (21), respec-
tively.

The endoscope insertion portion according to claim
6, characterized in that

the endoscope insertion portion further comprising
an illumination unit (67) configured to supply illumi-
nation light to an object of observation,

the illumination unit (67) includes: a transmitting
member (69) configured to transmit the illumination
light; and an emitting member (68) connected with
an end portion of the transmitting member (69) and
configured to emit the illumination light transmitted
by the transmitting member (69) to the object of ob-
servation, and

the shape memory member (58), the imaging device
(53a, 53b) and the imaging substrate (54a, 54b), and
a connecting portion of the transmitting member (69)
and the emitting member (68) are arranged in posi-
tions different from one another with respect to the
axial direction of the insertion portion (21), respec-
tively.
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