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(54) ENDOSCOPE

(57) There is provided an endoscope in which the generation of heat at a front-end portion is reduced.
The endoscope includes an imaging system 104 and an illumination system 103, and the illumination system 103

includes light guides 102a and 102b, and at least one illumination lenses 101a and 101b, and the imaging system 104
includes an objective lens unit LU and an image pickup element 105, and when a direction along a long side of the image
pickup element 105 is let to be a first direction and a direction along a short side of the image pickup element 105 is let
to be a second direction, the illumination system 103 is disposed at a position shifted in the second direction with respect
to the imaging system 104, and the endoscope satisfies the following conditional expressions (1) and (2). 

where,
A denotes an aspect ratio of an area of the image pickup element corresponding to a display image range,
LH denotes a dimension corresponding to the first direction of an end surface on sides of the illumination lenses 101a
and 101b of the light guides 102a and 102b , and
LV denotes a dimension corresponding to the second direction of an end surface on sides of the illumination lenses 101a
and 101b of the light guides 102a and 102b.
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Description

Technical Field

[0001] The present invention relates to an endoscope.

Background Art

[0002] An endoscope is an apparatus that has been used widely in a medical field and an industrial field. In the medical
field, images of various sites inside a body cavity are achieved by an endoscope inserted into the body cavity. Diagnosis
of an observation site is carried out by using these images. Thus, an endoscope has been used for observation and
diagnosis of various sites inside the body cavity.
[0003] In recent years, as an endoscope for medical treatment, an electronic endoscope has been used in most cases,
and an imaging system and an illumination system have been built-in at a front end of an inserting portion that is to be
inserted into a body. The imaging system selects image information of a site to be observed which is illuminated, as a
video signal, and displays that image on a monitor. The illumination system illuminates a range to be observed.
[0004] In the inserting portion, a light guide is accommodated in an internal space running from a front-end portion
through a base-end portion. The light guide includes a multiple number of optical fibers in a bundled state. Illuminating
light that is incident on one end (incidence end) of the light guide from an external light-source unit is guided to the front-
end portion, and emerges from the other end of the light guide (emergence end). The illuminating light from the emergence
end is irradiated toward a site to be observed, through an illumination system.
[0005] Since an endoscope for medical treatment is to be used inside a body, it is necessary to make an arrangement
such that a temperature of an outer surface of the inserting portion does not become high. Among components forming
the front-end portion of the endoscope, an image pickup element and the illumination system can be cited as examples
of components that contribute to generation of heat at a front-end portion.
[0006] With regard to the image pickup element, in recent years, there has been an increase in power consumption
due to the large number of pixels and high-speed processing, and an amount of heat generated at the front-end portion
due to the rise in temperature has become large. The illumination system, for illuminating an observation range of an
object with uniform intensity of illumination, has an illumination lens that spreads a light beam, provided on an emergence-
end side of the light guide.
[0007] Light emerged from the light guide has an NA (numerical aperture) which is determined according to a material
of the light guide. Since the light emerged from the light guide is refracted according to a radius of curvature of the
illumination lens, light rays with a large angle, of the light emerged from an outer peripheral portion of the light guide are
incident on a side surface (an edge portion) of the illumination lens. In a case in which, the side surface of the illumination
lens has been processed to be a grained surface, the light rays are scattered and absorbed at the side surface of the
illumination lens. The light rays scattered contribute as energy to the rise in temperature. In a case in which, the side
surface of the illumination lens has been processed to be a mirror surface, the light rays being scattered and absorbed
at a frame of the lens, contribute similarly to the rise in temperature. When the radius of curvature of the illumination
lens is made small for spreading light distribution, since an amount of light falling on the side surface increases, an
amount of heat generated increases.
[0008] Such an arrangement for reducing the generation of heat at the front-end portion of endoscope is proposed in
Patent Literatures 1 and 2. In an arrangement in Patent Literature 1, a rod has been used as the illumination lens.
Accordingly, a lens diameter of the front-end portion is made large.
[0009] Moreover, in an arrangement in Patent Literature 2, a lens surface on an emergence side of the illumination
lens is let to be a shape having a positive power, or in other words, is let to be a shape having a convex surface directed
toward an object side.
[0010] Since the rod is used in the arrangement of Patent Literature 1, there is a problem of a cost becoming high. In
the arrangement of Patent Literature 2, a surface on the emergence side of the illumination lens being convex, foreign
matters are susceptible to be adhered, and removal of foreign matters adhered is also difficult. Moreover, when the
surface on the emergence side of the illumination lens is let to be a convex surface, the front-end portion of lens is
susceptible to be scratched. Therefore, by the illuminating light being scattered and absorbed due to the scratch, there
is a loss of illuminating light thereby leading to generation of heat at the front-end portion.
[0011] Thus, in the arrangements of Patent Literatures 1 and 2, when an attempt is made to reduce generation of
heat, various problems arise.
[0012] Moreover, with the widespread use of a full high-vision in recent years, a landscape-oriented screen with an
aspect ratio of 16:9 for a monitor screen has been used in most of the cases. Therefore, a screen shape of an endoscope
displayed on a monitor is also with an aspect ratio of 16:9 or a landscape-oriented screen close to the aspect ratio of
16:9. When the shape of the screen of endoscope is landscape-oriented, a difference in an angle of view in a vertical
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direction and an angle of view in a horizontal direction becomes large.
[0013] Therefore, when the angle of view of the vertical direction which is a short side is let to be equal in order to be
able to observe a range which could be observed conventionally, the angle of view of the horizontal direction becomes
wider than the angle of view so far.
[0014] On the other hand, in an endoscope, for observing without overlooking, it is necessary that a brightness of the
overall screen is even to some extent. However, when an illumination system with the same conventional aspect ratio
of 4:3 is used for an observation system of a landscape-oriented screen, a surrounding portion of the horizontal direction
with a wide angle of view becomes dark thereby posing a problem for observation.
[0015] When the overall brightness is made high by dimming for making the brightness of the surrounding portion
appropriate, a central portion becomes excessively bright in that case, thereby posing a problem for observation.
[0016] Therefore, in an endoscope with a landscape-oriented aspect ratio of screen, it is necessary to widen the light
distribution according to the angle of view of the horizontal direction.
[0017] In such manner, an arrangement for illuminating appropriately a landscape-oriented area has been proposed
in Patent Literatures 3 and 4. An illumination optical system for endoscope of Patent Literature 3 has two sets of
illumination systems decentering the illumination lens and the light guide in different directions. Accordingly, light distri-
bution characteristics of landscape-orientation are achieved.
[0018] Moreover, in another arrangement of Patent Literature 3, a radius of curvature of the illumination lens is let to
be anamorphic. A processing of a lens of such shape is sometimes difficult and the cost may become high. Moreover,
the shape being anamorphic, a structure for adjusting a direction of rotation at the time of assembling of lens is necessary.
[0019] In Patent Literature 4, an arrangement in which the light guide is made atypical for letting an imaging range of
an observation optical system to almost coincide with an illuminating range of the illumination optical system has been
proposed.
[0020] In Patent Literatures 3 and 4, there has been no mention at all about reducing the heat generation of the front-
end portion of endoscope.

Citation List

Patent Literature

[0021]

Patent Literature 1: Japanese Patent Application Laid-open Publication No. 2012-200480 
Patent Literature 2: Japanese Patent Application Laid-open Publication No. 2011-215425 
Patent Literature 3: Japanese Patent Application Laid-open Publication No. Hei 11-326786 
Patent Literature 4: Japanese Patent Application Laid-open Publication No. Hei 8-254659 

SUMMARY OF THE INVENTION

Technical Problem

[0022] The present invention has been made in view of such problematic points, and an object of the present invention
is to provide an endoscope in which, the generation of heat at a front-end portion is reduced.

Solution to Problem

[0023] To solve the abovementioned problems, and to achieve the object, an endoscope according to the present
invention includes
an imaging system; and
an illumination system, wherein
the illumination system includes a light guide and at least one illumination lens, and
the imaging system includes an objective lens unit and an image pickup element, and
when a direction along a long side of the image pickup element is let to be a first direction, and
a direction along a short side of the image pickup element is let to be a second direction,
the illumination system is disposed at a position shifted in the second direction with respect to the imaging system, and
the endoscope satisfies the following conditional expressions (1) and (2) 
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where,

A denotes a value calculated by the following expression when an aspect ratio long side : short side of an area of
the image pickup element corresponding to a display image range is let to be H:V 

LH denotes a dimension corresponding to the first direction of an end surface on an illumination lens side of the light
guide, and
LV denotes a dimension corresponding to the second direction of the end surface on the illumination lens side of
the light guide.

Advantageous Effects of the Invention

[0024] According to the present invention, an effect is shown that it is possible to provide an endoscope in which the
generation of heat at the front-end portion is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Fig. 1 is a diagram showing a schematic arrangement of an endoscope system having an endoscope according to
an embodiment of the present invention;
Fig. 2 is a cross-sectional view showing an arrangement of a front-end portion of an endoscope according to a first
embodiment of the present invention;
Each of Fig. 3A, Fig. 3B, Fig. 3C, Fig. 3D, and Fig. 3E is a diagram illustrating the endoscope according to the first
embodiment of the present invention;
Each of Fig. 4A, Fig. 4B, Fig. 4C, and Fig. 4D is a diagram illustrating an endoscope according to a second embodiment
of the present invention;
Each of Fig. 5A, Fig. 5B, Fig. 5C, Fig. 5D, and Fig. 5E is a diagram illustrating an endoscope according to a third
embodiment of the present invention;
Each of Fig. 6A, Fig. 6B, Fig. 6C, Fig. 6D, and Fig. 6E is a diagram illustrating an endoscope according to a fourth
embodiment of the present invention;
Each of Fig. 7A and Fig. 7B is a diagram illustrating an endoscope according to a fifth embodiment of the present
invention; and
Each of Fig. 8A, Fig. 8B, Fig. 8C, and Fig. 8D is a diagram illustrating an endoscope according to a sixth embodiment
of the present invention.

Description of Embodiments

[0026] Reasons for and effects of adopting such arrangement for an endoscope according to embodiments of the
present invention will be described below by using the accompanying diagrams. However, the present invention is not
restricted to the embodiments described below.
[0027] An endoscope according to an aspect of the present invention has
an imaging system, and
an illumination system, wherein
the illumination system has a light guide and least one illumination lens, and
the imaging system has an objective lens unit and an image pickup element, and
when a direction along a long side of the image pickup element is let to be a first direction, and
a direction along a short side of the image pickup element is let to be a second direction,
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the illumination system is disposed at a position shifted in the second direction with respect to the imaging system, and
the endoscope satisfies the following conditional expressions (1) and (2) 

 where,

A denotes a value calculated by the following expression when an aspect ratio long side : short side of an area of
the image pickup element corresponding to a display image range is let to be H:V 

LH denotes a dimension corresponding to the first direction of an end surface on an illumination lens side of the light
guide, and
LV denotes a dimension corresponding to the second direction of the end surface on the illumination lens side of
the light guide.

[0028] Conditional expression (1) regulates an appropriate aspect ratio of the area of the image pickup element
corresponding to the display image range.
[0029] An image picked up by the image pickup element is displayed on an image display unit via an image processing
section. The image displayed on the image display unit is referred to as a ’display image’.
[0030] The ’aspect ratio of the area of the image pickup element corresponding to the display image range’ refers to
the value calculated by A = H / V when the ratio of the long side : short side is let to be H : V. More specifically, it refers
to (1), (2), and (3) below.

(1) In a case of displaying as it is, an image achieved from an effective image pickup area of the image pickup
element, on the image display unit, it is called as an ’aspect ratio of the effective image pickup area’.
(2) In a case of selecting a rectangular-shaped image electrically from the effective image pickup area of the image
pickup element, when an image from the area selected is to be displayed on the image display unit, it is called an
’aspect ratio of the image area selected’.
(3) In a case of limiting a light receiving area by disposing a mask member having an opening portion, in the effective
image pickup area of the image pickup element, when an image from the area limited is to be displayed on the
image display unit, it is called as an ’aspect ratio of the area limited’ .

[0031] By satisfying conditional expression (1), an observer can view a screen displayed on an entire area or a wide
area close to that of a screen of a monitor.
[0032] With regard to specification values of each embodiment that will be described later, values of H and V are
mentioned as parameters limiting the ’screen aspect ratio’. In specification values and diagrams from Fig. 3 to Fig. 8 of
embodiments from a first embodiment to a sixth embodiment, reference numerals H and V indicate relative values (unit:
nil) of an area of the image pickup element corresponding to the display image range in the first direction (long-side
direction) and the second direction (short-side direction) respectively.
[0033] Conditional expression (2) regulates an appropriate shape of an end surface toward the illumination lens of the
light guide. By satisfying conditional expression (2), in a cross-sectional shape perpendicular to a central axis of the light
guide, a dimension of the light guide becomes smaller in the second direction (short-side direction) as compared to a
dimension in the first direction (long-side direction). Consequently, a light ray is not incident on the side surface of the
illumination lens in the second direction (short-side direction) . As a result of this, it is possible not to let the light to be
incident, or to reduce an amount of light incident on the side surface in an approximately 2/3rd portion of an outer
peripheral portion of the illumination lens for example, including the second direction (short-side direction) of the light
guide. Therefore, it is possible to reduce the generation of heat at the front-end portion of the endoscope.
[0034] Moreover, it is desirable that the illumination system is disposed at the position shifted in the second direction
with respect to the imaging system.
[0035] More preferably, it is desirable that a position of the illumination lens of the illumination system is shifted in the
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second direction with respect to a position of the objective lens unit of the imaging system.
[0036] In other words, when the endoscope is viewed from a front-end direction, if the number of illumination systems
is one set, the illumination system is disposed at one of the positions in the second direction with respect to the imaging
system. Moreover, in a case in which the number of illumination systems is two sets, it is desirable that the illumination
system is disposed only at any one of a first position with respect to the imaging system and a second position on an
opposite side with respect to the imaging system, of the first position in the second direction, or that the illumination
system is disposed at both of the first position and the second position.
[0037] The front-end portion of the endoscope generally includes a frame made of a material such as a metal. The
illumination system being disposed in the second direction which is a direction along the short-side direction of the image
display range, with respect to the imaging system, a thickness of the frame in the second direction with respect to the
illumination system becomes thin. In the present aspect, it is possible to make small the generation of heat in the second
direction which is the short-side direction with respect to the screen of the imaging system. Consequently, in the second
direction, an amount of heat generated being small even when the frame is thin, the temperature is not susceptible to
rise, and as a result, it is possible to reduce the rise in temperature of an outer surface of the endoscope.
[0038] Moreover, in endoscopes, an organ is to be disposed at a lower side of the screen and to be observed from
an upper inclined side in many cases. By disposing the illumination system at the upper side of the screen, at the first
position for example, with respect to the imaging system, the illumination system is susceptible to be away from an
object. Accordingly, inadequacy of brightness due to halation and dimming is not susceptible to occur.
[0039] Moreover, according to a preferable aspect of the present invention, it is desirable to satisfy the following
conditional expression (3). 

where,

LH denotes the dimension corresponding to the first direction of the end surface on the illumination lens side of the
light guide,
LV denotes the dimension corresponding to the second direction of the end surface on the illumination lens side of
the light guide,
rH denotes an outer-diameter dimension corresponding to the first direction of the illumination lens, and
rV denotes an outer-diameter dimension corresponding to the second direction of the illumination lens.

[0040] Conditional expression (3) regulates an appropriate ratio of a difference in an outer-diameter dimension of the
illumination lens and a cross-sectional dimension of the light guide in the first direction and a difference in an outer-
diameter dimension of the illumination lens and a cross-sectional dimension of the light guide in the second direction.
When the endoscope satisfies conditional expression (3), it is possible to reduce the light incident on the side surface
of the illumination lens and to reduce effectively the amount of heat generated.
[0041] When the illumination lens includes a plurality of lenses, an outer dimension of the illumination lens signifies
an outer dimension of a lens nearest to object (object to be observed) .
[0042] Moreover, according to a preferable aspect of the present invention, it is desirable to satisfy the following
conditional expression (4). 

 where,

LH denotes the dimension corresponding to the first direction of the end surface on the illumination lens side of the
light guide, and
LV denotes the dimension corresponding to the second direction of the end surface on the illumination lens side of
the light guide.

[0043] Light rays emerged from a peripheral portion of the light guide are directed toward an outer peripheral side of
the light guide and toward a central direction of the light guide. The light rays directed toward the central direction of the
light guide are refracted by the illumination lens and illuminate a vicinity of a center of the screen. Therefore, when the
dimension in the second direction is excessively small, an amount of light at a central portion decreases and the overall
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brightness is degraded. When an upper limit value of conditional expression (4) is exceeded, the degradation of the
amount of light at the center becomes remarkable, and since the overall brightness is degraded, an observation per-
formance is degraded.

(Description of overall system)

[0044] Fig. 1 is a diagram showing a schematic arrangement of an electronic endoscope system 10 having the endo-
scope according to the embodiment of the present invention. The electronic endoscope system 10 includes an electronic
endoscope 4 and an apparatus outside the body 7. The electronic endoscope 4 includes an inserting portion 3, an
operating unit 2, a connecting cord portion 5, and a connector portion 6. Moreover, the apparatus outside the body 7
has a video processor (not shown in the diagram) which carries out processing of a video signal from the electronic
endoscope 4 and a display unit 8 which displays on a monitor a video signal from the video processor.
[0045] The inserting portion 3 includes a long and slender member having flexibility that can be inserted into a body
cavity of a patient, and a front end is a front-end hard portion 1 which is hard. A user (not shown in the diagram) can
carry out various operations by an angle knob etc. provided to the operating unit 2.
[0046] Moreover, the connecting cord portion 5 is extended from the operating unit 2. The connecting cord portion 5
is connected to the apparatus outside the body 7 via the connector portion 6.
[0047] Moreover, the connecting cord portion 5 communicates a power-supply voltage signal from a power-supply
unit and the video processor, and a drive signal from the image pickup element to an image pickup system which is
built-in in the front-end hard portion 1, and also communicates a video signal from an imaging system to the video
processor. The video processor of the apparatus outside the body 7 is connectible to peripheral equipment such as a
video printer and a recording apparatus not shown in the diagram. The video processor carries out a predetermined
signal processing on the video signal from the imaging system, and is capable of displaying an endoscope image on a
display screen (monitor) of the display unit 8.
[0048] The electronic endoscope 4 of the present embodiment is not limited to an arrangement in which the inserting
portion 3 is flexible. The inserting portion 3 may be a hard endoscope which does not bend.

(First embodiment)

[0049] Fig. 2 is a cross-sectional view showing an arrangement in a direction (z-direction) along an optical axis of a
front-end portion of an endoscope 100 according to a first embodiment. The present embodiment is a preferred example
of a hard endoscope.
[0050] The endoscope 100 has an imaging system 104 and an illumination system 103.
[0051] The present embodiment has two sets of the illumination system 103. A first illumination system has a light
guide 102a and one illumination lens 101a. A second illumination system has a light guide 102b and one illumination
lens 101b. The imaging system 104 has an objective lens unit LU and an image pickup element 105. The objective lens
unit LU has four lenses LS1, LS2, LS3, and LS4.
[0052] The image pickup element 105 is a CCD (charge coupled device) for example. A signal that drives the image
pickup element and a signal that is output from the image pickup element are input and output by a signal cable 106.
[0053] Fig. 3A shows an arrangement of the endoscope 100 viewed from the front-end direction (z-direction). Fig. 3B
shows an arrangement of the light guide 102a and the illumination lens 101a viewed from the front-end direction (z-
direction). Fig. 3C and Fig. 3D show a cross-sectional view of an arrangement in two different directions respectively,
along a central axis AX of the light guide 102a and the illumination lens 101a.
[0054] The endoscope 100 satisfies the following conditional expressions (1) and (2).
[0055] Here, a direction along a long side of the image pickup element 105 is let to be a first direction, and
a direction along a short side of the image pickup element 105 is let to be a second direction. 

where,

A denotes a value calculated by the following expression when an aspect ratio long side: short side of an area of
the image pickup element corresponding to a display image range is let to be H:V 
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LH denotes a dimension corresponding to the first direction (x-direction) of an end surface toward an illumination
lens 101a (101b) of the light guide 102a (102b), and
LV denotes a dimension corresponding to the second direction of the end surface toward the illumination lens 101a
(101b) of the light guide 102a (102b).

[0056] As shown in Fig. 3A, an area of the image pickup element 105 corresponding to a display image range has a
rectangular shape. Moreover, an aspect ratio of the area of the image pickup element 105 corresponding to the display
image range satisfies conditional expression (1). Accordingly, it is possible to carry out imaging of a landscape-orientation
equivalent to an aspect ratio of a screen of a monitor which is the display unit 8 (Fig. 1).
[0057] As shown in Fig. 3B, the light guide 102a and the light guide 102b satisfy conditional expression (2). A shape
of end surfaces of the light guide 102a and the light guide 102b toward the illumination lens 101a and the illumination
lens 101b respectively becomes an oblong shape.
[0058] Fig. 3E indicates an observation area 107a and a range to be illuminated (range of light distribution character-
istics) 108. By satisfying conditional expressions (1) and (2), it is possible to achieve the range (range of light distribution
characteristics) illuminated having an oblong (horizontally long) shape with respect to the observation area 107a which
is rectangular with oblong shape. Moreover, dimensions H’ and V’ of the observation area 107a are substantially pro-
portional to relative dimensions H and V of the area of the image pickup element 105.
[0059] Here, as shown in Fig. 3C, light A emerged from the light guide 102a (102b) in the second direction (y-direction)
does not hit a side surface or in other words, an edge portion of the illumination lens 101a (101b). Consequently, it is
possible to reduce a generation of heat energy at the side surface of the illumination lens, and to prevent the rise in
temperature.
[0060] The endoscope 100 will be described further by referring to Fig. 3A.
[0061] In the present embodiment, the endoscope has two sets of illumination systems namely the first illumination
system and the second illumination system.
[0062] When the endoscope 100 is viewed from the front-end direction, each of the illumination lens 101a and the
illumination lens 101b is disposed at a position P1 shifted in the second direction (y-direction) with respect to the imaging
system 104. In other words, the illumination lens 101a and the illumination lens 101b are disposed at any one position
P1 only, out of a first position P1 with respect to the imaging system 104 and a second position P2 (not shown in the
diagram) on an opposite side of the first position P1, in the second direction (y-direction) with respect to the imaging
system 104.
[0063] In such manner, in the present embodiment, each of the two illumination lenses 101a and 101b is disposed at
only the first position P1. The first position P1 being an upper side of the screen of the imaging system 104, it is possible
to illuminate the observation area from the upper side of the screen.
[0064] A shape of a cross-section perpendicular to the central axis AX of the light guides 102a and 102b is an oval
shape in a circular shape, with two locations of the oval shape in the second direction (y-direction) cut linearly. Moreover,
one of the sides cut is facing a peripheral portion of the endoscope 100.
[0065] The illumination lenses 101a and 101b are planoconcave lenses of which an outer diameter has a circular
shape and an object-side surface is a flat surface. Here, a concave surface has a rotationally symmetrical shape.
[0066] As mentioned above, a front-end layout of the endoscope 100 of the present embodiment has two sets of
illumination systems disposed at the upper side (in second direction, y-direction) of the screen of the imaging system 104.
[0067] Here, as mentioned above, in the cross-section shown in Fig. 3C, the dimension of the light guide in the short-
side direction (second direction, y-direction) is smaller as compared to the dimension of the light guide in the long-side
direction (first direction, x-direction).
[0068] In the cross-section shown in Fig. 3D, light rays hit the side surface of the illumination lens similarly as in the
conventional technology.
[0069] In the present embodiment, in approximately 2/3rd area in the short-side direction (second direction, y-direction),
of an outer peripheral portion of the illumination lens, light rays are not incident on the side surface of the illumination
lenses 101a and 101b. Or, since an amount of light incident is reduced, it is possible to make small the amount of heat
generated at the front end.
[0070] A front-end portion of the endoscope includes a metal frame. The illumination lenses being disposed at an
upper side of a screen of an imaging system, a thickness of the metal frame at an upper side of an illumination system
becomes thin. In the present embodiment, it is possible to make small the amount of heat generated at the upper and
lower sides (second direction) of the screen of the illumination system. Therefore, the temperature of the metal frame
is not susceptible to increase, and it is possible to reduce the rise in temperature of an outer surface of the endoscope.
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[0071] Moreover, in endoscopes, an organ to be observed is to be disposed at a lower side of a screen, and to be
observed from an upper inclined side in many cases. By disposing the illumination system 103 at an upper side (first
position P1) with respect to the imaging system, the illumination system 103 is away from an object in many cases.
Accordingly, it is possible to prevent an inadequacy of brightness due to halation and dimming.
[0072] Moreover, since the illumination lens 101a and the illumination lens 101b are circular-shaped, workability is
favorable. The illumination lens 101a and the illumination lens 101b are made of sapphire. Accordingly, an autoclave
(high-temperature and high-humidity sterilization) is possible. In addition, since a curved surface of the illumination lens
has a symmetrical spherical shape and an outer diameter thereof has a circular shape, processing of even a hard glass
material such as sapphire is possible.
[0073] As mentioned above, in the present embodiment, since the amount of heat generated at the upper and the
lower side (in second direction, y-direction) of the screen becomes small, it is possible to prevent the rise in temperature
of a side surface of the front-end hard portion of the endoscope. Here, although there is a generation of heat at left and
right sides (first direction, x-direction) of the screen, the metal frame being thick, since the temperature is not susceptible
to be transmitted to an outer side, it does not pose a problem.
[0074] Various specification values and values corresponding to conditional expressions for the present embodiment
are shown below. Here, the first illumination system includes the illumination lens 101a and the light guide 102a. The
second illumination system includes the illumination lens 101b and the light guide 102b. Dimensions in the first direction
and the second direction of the illumination lens 101a and the illumination lens 101b being same, are mentioned as an
outer-diameter dimension.

(Unit: mm)

Outer diameter of front end of endoscope 5.4

Imaging system
Diameter of objective lens 2.5
Number of pixels of image pickup element approximately 1 million

Aspect ratio of screen H : V 16 : 10

Illumination system
Light guide of first illumination system
Dimension in first direction LH 0.77
Dimension in second direction LV 0.6

Outer-diameter dimension of first illumination lens r1H = r1V 1.1
Material of first illumination lens sapphire

Light guide of second illumination system
Dimension in first direction LH 0.77
Dimension in second direction LV 0.6

Outer-diameter dimension of second illumination lens r2H = r2V 1.1
Material of second illumination lens sapphire

Layout
Distance between centers of imaging system and first illumination system 2.2
Distance between centers of imaging system and second illumination system 2.2

(Values corresponding to conditional expressions)
(1) A 1.60
(2) First illumination system: LH / LV 1.28
Second illumination system: LH / LV 1.28
(3) First illumination system: (r1V - LV) / (r1H - LH) 1.52

Second illumination system: (r2V - LV) / (r2H - LH) 1.52
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(Second embodiment)

[0075] Fig. 4A, Fig. 4B, Fig. 4C, and Fig. 4D are cross-sectional views showing an arrangement viewed from a direction
(z-direction) along an optical axis of a front-end portion of an endoscope 200 according to a second embodiment. The
present embodiment is a preferred example of a flexible endoscope. Same reference numerals are assigned to com-
ponents that are same as in the first embodiment, and repetitive description is omitted.
[0076] The endoscope 200 has an imaging system 104 and an illumination system 103 (refer to Fig. 2).
[0077] The present embodiment has two sets of the illumination system 103. A first illumination system has a light
guide 202a and one illumination lens 201a. A second illumination system has a light guide 202b and one illumination
lens 201b. The imaging system 104 has an objective lens unit LU and an image pickup element 105. Moreover, although
it is not shown in Fig. 2, a channel for inserting a treatment tool passes through the endoscope from the front-end hard
portion 1 up to the operating unit 2.
[0078] Fig. 4A shows an arrangement of the endoscope 200 viewed from the front-end direction (z-direction) . Fig. 4B
shows an arrangement of the light guide 202a and the illumination lens 201a viewed from the front-end direction (z-
direction). Fig. 4C and Fig. 4D show a cross-sectional view of an arrangement in two different directions respectively
along a central axis AX of the light guide 202a and the illumination lens 201a.
[0079] As shown in Fig. 4B, the light guide 202a and the light guide 202b satisfy conditional expression (2). Accordingly,
a shape of end surfaces of the light guide 202a and the light 202b toward the illumination lens 201a and the illumination
lens 201b respectively becomes an oblong rectangular shape.
[0080] The endoscope 200 will be described further by referring to Fig. 4A.
[0081] In the present embodiment, the endoscope has two sets of illumination systems namely the first illumination
system and the second illumination system.
[0082] When the endoscope 200 is viewed from the front-end direction, the illumination lens 201a and the illumination
lens 201b are disposed at a position shifted in the second direction (y-direction) with respect to the imaging system 104.
In other words, the illumination lens 201a and the illumination lens 201b are disposed at both of a first position P1 with
respect to the imaging system 104 and a second position P2 (not shown in the diagram) on an opposite side of the first
position P1, in the second direction (y-direction) with respect to the imaging system 104.
[0083] In the present embodiment, the endoscope has two sets of illumination systems as mentioned above. The
illumination lens 201a and the illumination lens 201b are disposed at the first position P1 and the second position P2
respectively. According to this arrangement, at the time of observation, it is possible to illuminate an observation area
from an upper side and a lower side of the screen.
[0084] A shape of a cross-section perpendicular to the central axis AX of the light guides 202a and 202b is a rectangular
shape.
[0085] An outer diameter of the illumination lenses 201a and 201b has a circular shape. An object-side surface of the
illumination lenses 201a and 201b is a planoconvex lens. Here, a convex surface has a rotationally symmetrical shape.
[0086] As mentioned above, a front-end layout of the endoscope 200 of the present embodiment has two sets of
illumination systems namely the first illumination system and the second illumination system disposed at the upper side
and the lower side (in second direction, y-direction) of the screen of the imaging system 104.
[0087] In the cross-section shown in Fig. 4C, a dimension of the light guide in a short-side direction (second direction,
y-direction) is smaller as compared to a dimension of the light guide in the long-side direction (first direction, x-direction) .
Therefore, light rays are not incident on side surfaces of the illumination lens 201a and the illumination lens 201b. As a
result, it is possible to reduce an amount of heat generated.
[0088] In the cross-section shown in Fig. 4D, light rays hit the side surfaces of the illumination lenses similarly as in
the conventional technology.
[0089] A front-end portion of the endoscope includes a metal frame. The illumination lenses being disposed at the
upper side and the lower side (in second direction, y-direction) of the screen, a thickness of the metal frame at an upper
side of the illumination lens 201a and at a lower side of the illumination lens 201b becomes thin. In the present embodiment,
it is possible to make small the amount of heat generated at the upper side and the lower side of the screen of the
illumination system. Therefore, the temperature of the metal frame is not susceptible to rise, and it is possible to reduce
the rise in temperature of an outer surface of the endoscope.
[0090] Although there is a generation of heat at a left side and a right side (in first direction, x-direction) of the screen,
the metal frame being thick, since the temperature is not susceptible to be transmitted to an outer side, it does not pose
a problem.
[0091] Various specification values and values corresponding to conditional expressions for the present embodiment
are shown below. Here, the first illumination system includes the illumination lens 201a and the light guide 202b. The
second illumination system includes the illumination lens 201b and the light guide 202b. Dimensions in the first direction
and the second direction of the illumination lens 201a and the illumination lens 201b being same, are mentioned as an
outer-diameter dimension.



EP 3 257 426 A1

12

5

10

15

20

25

30

35

40

45

50

55

(Third embodiment)

[0092] Fig. 5A, Fig. 5B, Fig. 5C, Fig. 5D, and Fig. 5E are cross-sectional views showing an arrangement viewed from
a direction (z-direction) along an optical axis of a front-end portion of an endoscope 300 according to a third embodiment.
The present embodiment is a preferred example of a flexible endoscope. Same reference numerals are assigned to
components that are same as in the first embodiment, and repetitive description is omitted.
[0093] The endoscope 300 has an imaging system 104 and an illumination system 103 (refer to Fig. 2).
[0094] The present embodiment has two sets of the illumination system 103. A first illumination system has a light
guide 302a and an illumination lens 301a which includes three lenses. A second illumination system has a light guide
302b and an illumination lens 301b which includes three lenses. An arrangement of the illumination lens 301b including
the three lenses is same as an arrangement of the illumination lens 301a, and is omitted to avoid repetition.
[0095] The imaging system 104 has an objective lens unit LU (refer to Fig. 2) and an image pickup element 105.
Moreover, although it is not shown in Fig. 5A, a channel for inserting a treatment tool passes through the endoscope
from the front-end hard portion 1 up to the operating unit 2, and a tube for supplying air and water passes through the
endoscope from the front-end hard portion up to the connector portion 6.
[0096] Fig. 5A shows an arrangement of the endoscope 300 viewed from the front-end direction (z-direction). Fig. 5B
shows an arrangement of the light guide 302a and the illumination lens 301a viewed from the front-end direction (z-
direction). Fig. 5D and Fig. 5E show a cross-sectional view of an arrangement in two different directions respectively,
along a central axis AX of the light guide 302a and the illumination lens 301a.

(Unit: mm)
Outer diameter of front end of endoscope 5

Imaging system
Diameter of objective lens 1.2
Number of pixels of image pickup element approximately 500,000
Aspect ratio of screen H : V 16 : 9

Illumination system
Light guide of first illumination system
Dimension in first direction LH 0.8
Dimension in second direction LV 0.55
Outer-diameter dimension of first illumination lens r1H = r1V 1.1
Material of first illumination lens glass Nd = 1.883

Light guide of second illumination system
Dimension in first direction LH 0.8
Dimension in second direction LV 0.55
Outer-diameter dimension of second illumination lens r2H = r2V 1.1

Material of second illumination lens glass Nd = 1.883

Layout
Distance between centers of imaging system and first
illumination system 1.7
Distance between centers of imaging system and second

illumination system 2.2

(Values corresponding to conditional expressions)
(1) A 1.78
(2) First illumination system: LH / LV 1.45
Second illumination system: LH / LV 1.45

(3) First illumination system: 1.83 (r1V - LV) / (r1H - LH)
Second illumination system: (r2V - LV) / (r2H - LH) 1.83
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[0097] As shown in Fig. 5B, the light guide 302a satisfies conditional expression (2). As shown in the diagram, a shape
of an end surface of the light guide 302a toward the illumination lens 301a becomes an oblong shape.
[0098] Moreover, as shown in Fig. 5C, a shape of the light guide 302b toward the illumination lens 301b is a circular
shape.
[0099] The endoscope 300 has a nozzle 303 for supplying air and water.
[0100] The endoscope 300 will be described further by referring to Fig. 5A.
[0101] In the present embodiment, the endoscope has two sets of illumination systems namely, the first illumination
system and the second illumination system.
[0102] When the endoscope 300 is viewed from the front-end direction, the illumination lens 301a is disposed at a
position P2 shifted in the second direction (y-direction) with respect to the imaging system 104.
[0103] A shape of a cross-section perpendicular to the central axis AX of the light guide 302a is an oval shape in a
circular shape, with two locations of the oval shape in the second direction (y-direction) cut linearly. One of the sides
cut is facing a periphery of the endoscope 300.
[0104] An outer diameter of each of the illumination lens 301a and the illumination lens 301b has a circular shape.
The illumination lens 301a includes in order from an object side three lenses namely, a planoconvex positive lens, a
biconvex positive lens, and a convexoplane positive lens. Here, a convex surface has a rotationally symmetrical shape.
The illumination lens 301b also has a lens arrangement same as the lens arrangement of the illumination lens 301a.
[0105] As mentioned above, in a front-end layout of the endoscope 300 of the present embodiment, the first illumination
system including the light guide 302a is disposed at a lower side of the screen of the imaging system 104, and the
second illumination system including the light guide 302b is disposed at an upper side of the screen.
[0106] Here, in the cross-section shown in Fig. 5D, a dimension of the light guide 302a in a short-side direction (second
direction, y-direction) is smaller as compared to a dimension of the light guide 302a in a long-side direction (first direction,
x-direction). Therefore, light rays are not incident on a side surface of the illumination lens 301a. As a result, it is possible
to reduce generation of heat in this direction.
[0107] In the cross-section shown in Fig. 5E, light rays hit the side surface of the illumination lens similarly as in the
conventional technology.
[0108] The front-end portion of the endoscope includes a metal frame. The illumination lens 301a being disposed at
the lower side of the screen of the imaging system, a thickness of the metal frame at a lower side of the illumination
system becomes thin. In the present embodiment, it is possible to make small the amount of heat generated at the upper
side and the lower side (in second direction) of the screen of the illumination system. Therefore, the temperature of the
metal frame is not susceptible to increase, and it is possible to reduce the rise in temperature of an outer surface of the
endoscope.
[0109] Although there is a generation of heat at a left side and a right side (in first direction, x-direction) of the screen,
the metal frame being thick, since the temperature is not susceptible to be transmitted to an outer side, it does not pose
a problem.
[0110] In the present embodiment, out of the two sets of illumination systems, only in the first illumination system in
which the number of optical fibers in the light guide 302a is large, a dimension in the short-side direction (second direction,
y-direction) is let to be smaller as compared to a dimension in the long-side direction (first direction, x-direction) in a
cross-section of the light guide 302a.
[0111] The light guide 302a having a diameter larger as compared to the diameter of the light guide 302b has a higher
influence on heat generation. Therefore, by making the diameter of the light guide 302a oval-shaped, it is possible to
reduce the heat generation effectively.
[0112] A cross-sectional shape of the light guide 302b with a small number of optical fibers is circular. The diameter
of the light guide 302b being small, an amount of heat generated is also small.
[0113] Various specification values and values corresponding to conditional expressions for the present embodiment
are shown below. Here, the first illumination system includes the illumination lens 301a and the light guide 302a. The
second illumination system includes the illumination lens 301b and the light guide 302b. Dimensions in the first direction
and the second direction of the illumination lens 301a and the illumination lens 301b being same, are mentioned as an
outer-diameter dimension.

(Unit: mm)
Outer diameter of front end of endoscope 10

Imaging system
Diameter of objective lens 2.3
Number of pixels of image pickup element approximately 500,000

Aspect ratio of screen H : V 16 : 9
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(Fourth embodiment)

[0114] Fig. 6A, Fig. 6B, Fig. 6C, Fig. 6D, and Fig. 6E are cross-sectional views showing an arrangement viewed from
a direction (z-direction) along an optical axis of a front-end portion of an endoscope 400 according to a fourth embodiment.
Same reference numerals are assigned to components that are same as in the first embodiment, and repetitive description
is omitted.
[0115] The endoscope 400 has an imaging system 104 and an illumination system 103 (refer to Fig. 2).
[0116] The present embodiment has two sets of the illumination system 103. A first illumination system has a light
guide 402a, and an illumination lens 401a which includes three lenses. A second illumination system has a light guide
402b, and an illumination lens 401b which includes three lenses.
[0117] Fig. 6A shows an arrangement of the endoscope 400 viewed from the front-end direction (z-direction). Fig. 6B
shows an arrangement of the light guide 402a and the illumination lens 401a viewed from the front-end direction (z-
direction). Fig. 6C shows an arrangement of the light guide 402b and the illumination lens 401b viewed from the front-
end direction (z-direction). Fig. 6D and Fig. 6E show a cross-sectional view of an arrangement in two different directions
respectively, along a central axis AX of the light guide 402a and the illumination lens 401a.
[0118] As shown in Fig. 6B and Fig. 6C, the light guide 402a and the light guide 402b satisfy conditional expression
(2). A shape of end surfaces of the light guide 402a and the light guide 402b toward the illumination lens 401a and the
illumination lens 401b respectively is so-called D-cut shape with a part of a circular shape cut out. A direction of cutting
is facing a periphery of the endoscope 400.
[0119] Moreover, the endoscope 400 of the present embodiment has a nozzle 303 for supplying air and water.
[0120] The endoscope 400 will be described further by referring to Fig. 6A.
[0121] In the present embodiment, the endoscope has two sets of illumination systems namely, the first illumination
system and the second illumination system.
[0122] When the endoscope is viewed from a front-end direction, the illumination lens 401a and the illumination lens
401b are disposed at positions P2 and P1 respectively, shifted in a second direction (y-direction) with respect to the
imaging system 104. In other words, the illumination lens 401a and the illumination lens 401b are disposed at both of a
first position P1 (not shown in the diagram) with respect to the imaging system 104, and a second position P2 (not shown

(continued)

Illumination system
Light guide of first illumination system
Dimension in first direction LH 2
Dimension in second direction LV 1.35
Outer-diameter dimension of first illumination lens r1H = r1V 2.3

Material of first illumination lens glass

Light guide of second illumination system
Dimension in first direction LH 1.1
Dimension in second direction LV 1.1
Outer-diameter dimension of second illumination lens r2H = r2V 1.3

Material of second illumination lens glass

Layout
Distance between imaging system and first illumination system 4
Distance between imaging system and second illumination system 4.8

(Values corresponding to conditional expressions)
(1) A 1.67
(2) First illumination system: LH / LV 1.48
Second illumination system: LH / LV --
(3) First illumination system: (r1V - LV) / (r1H - LH) 3.17

Second illumination system: (r2V - LV) / (r2H - LH) --

Here, ’--’ indicates that conditional expression is not satisfied.
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in the diagram) on an opposite side of the first position P1, in the second direction (y-direction) with respect to the imaging
system 104.
[0123] A shape of a cross-section perpendicular to the central axis AX of the light guide 402a is a D-cut shape in a
circular shape, with a lower side of the second direction (y-direction) with respect to the screen of the imaging system,
cut linearly.
[0124] A shape of a cross-section perpendicular to the central axis AX of the light guide 402b is a D-cut shape in a
circular shape, with an upper side of the second direction (y-direction) with respect to the screen of the imaging system,
cut linearly.
[0125] In such manner, in the present embodiment, a dimension of only a portion of the light guide near an outer
surface of the endoscope 400 is to be made small, or in other words, to be made D-cut. Consequently, since it is possible
to make small the degradation in an amount of overall light while reducing the heat generation, an arrangement is
advantageous for brightness.
[0126] An outer diameter of each of the illumination lens 401a and the illumination lens 401b has a circular shape.
For instance, the illumination lens 401a includes in order from an object side, three lenses namely, a planoconvex positive
lens, a biconvex positive lens, and a convexoplane positive lens. Here, a convex surface has a rotationally symmetrical
shape. The illumination lens 401b also has a lens arrangement same as the lens arrangement of the illumination lens 401a.
[0127] As mentioned above, in a front-end layout of the endoscope 400 of the present embodiment, two sets of
illumination systems are disposed at an upper side and a lower side (in second direction, y-direction) of the screen of
the imaging system 104.
[0128] Here, in the cross-section shown in Fig. 6D, a dimension of the light guide 402a in a short-side direction (second
direction, y-direction) is smaller as compared to a dimension of the light guide 402a in a long-side direction (first direction,
x-direction). Therefore, light rays are not incident on a lower side of Fig. 6D, of a side surface of the illumination lens
401a. As a result, it is possible to reduce an amount of heat generated.
[0129] On the upper side of Fig. 6D and in the cross-section shown in Fig. 6E, light rays hit the side surface of the
illumination lens 401a similarly as in the conventional technology.
[0130] The front-end portion of the endoscope includes a metal frame. The illumination lens 401a being disposed at
the upper side and the lower side of the screen of the imaging system of the imaging system, a thickness of the metal
frame at an upper side of the illumination lens 401a and at a lower side of the illumination lens 401b becomes thin. In
the imaging system of the present embodiment, it is possible to make small the amount of heat generated at the lower
side of the illumination lens 401a and at the upper side (in second direction) of the illumination lens 401b, letting the
screen as a reference. Therefore, the temperature of the metal frame is not susceptible to increase, and it is possible
to reduce the rise in temperature of an outer surface of the endoscope.
[0131] Although there is a generation of heat in side surface of lens at the left side and the right side (in first direction,
x-direction) of the screen and on a side where the light guide is not D-cut, the metal frame being thick, since temperature
is not susceptible to be transmitted to an outer side, it does not pose a problem.

(Other arrangements)

[0132] The cross-section of the light guides 402a and 402b may have any shape such as a rectangular shape, a
circular shape with an upper side and a lower side of the circle cut or a circular shape with one of the upper side and
the lower side of the circle cut, an oblong elliptical shape, and an oblong polygonal shape.
[0133] Moreover, in this case, an outer-diameter shape of the illumination lens can also be let to be an elliptical shape
or a rectangular shape according to the layout of cross-section of the endoscope 400.
[0134] Various specification values and values corresponding to conditional expressions for the present embodiment
are shown below. Here, the first illumination system includes the illumination lens 401a and the light guide 402a. The
second illumination system includes the illumination lens 401b and the light guide 402b. Dimensions in the first direction
and the second direction of the illumination lens 401a and the illumination lens 401b being same, are mentioned as an
outer-diameter dimension.

(Unit: mm)

Outer diameter of front end of endoscope 9.8

Imaging system
Diameter of objective lens 2.8
Number of pixels of image pickup element approximately 1 million
Aspect ratio of screen H : V 16 : 9
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(Fifth embodiment)

[0135] Fig. 7A and Fig. 7B are cross-sectional views showing an arrangement viewed from a direction (z-direction)
along an optical axis of a front-end portion of an endoscope 500 according to a fifth embodiment. The endoscope 500
is a preferred example of a flexible endoscope. Same reference numerals are assigned to components that are same
as in the fourth embodiment, and repetitive description is omitted.
[0136] A portion of a light guide 502b, facing an outer peripheral direction of the front end of the endoscope 500 is cut
at an angle at two locations. Fig. 7B shows a cross-sectional shape of an end surface of the light guide 502b. The
endoscope 500 has the same arrangement as the endoscope 400 of the fourth embodiment except for a point that a
shape of the light guide 502b is different.
[0137] In the present embodiment, the portion of the light guide 502b facing the outer peripheral direction of the front
end of the endoscope 500 is cut at an angle. Consequently, an amount of heat generated in an outer-diameter direction
becomes small, and it is possible to reduce further the rise in temperature of the front-end portion of the endoscope 500.
[0138] An upper side (in second direction, y-direction) of the screen of the light guide 402a of the first illumination
system has not been cut. Therefore, the upper side (in second direction, y-direction) of the screen is illuminated by
illumination light from the light guide 402a. Consequently, as light distribution characteristics of the present embodiment,
desirable characteristics are achieved without any problem at the time of observation by the endoscope.
[0139] Various specification values are shown below. Numerical values overlapping with the fourth embodiment are
omitted. Here, a second illumination system includes the illumination lens 501b and the light guide 502b. Dimensions
in the first direction and the second direction of the illumination lens 501b being same, are mentioned as an outer-
diameter dimension.

(Unit: mm)

Illumination system

[0140]

(continued)

Illumination system
Light guide of first illumination system
Dimension in first direction LH 1.4
Dimension in second direction LV 1.1
Outer-diameter dimension of first illumination lens r1H = r1V 1.7
Material of first illumination lens glass

Light guide of second illumination system
Dimension in first direction LH 2.5
Dimension in second direction LV 2.1
Outer-diameter dimension of second illumination lens r2H = r2V 2.8
Material of second illumination lens glass

Layout
Distance between imaging system and first illumination system 3.7
Distance between imaging system and second illumination system 4.3

(Values corresponding to conditional expressions)

(1) A 1.78
(2) First illumination system: LH / LV 1.27
Second illumination system: LH / LV 1.19
(3) First illumination system: (r1V - LV) / (r1H - LH) 2.00
Second illumination system: (r2V - LV) / (r2H - LH) 2.33
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(Sixth embodiment)

[0141] Fig. 8A, Fig. 8B, Fig. 8C, and Fig. 8D are cross-sectional views showing an arrangement viewed from a direction
(z-direction) along an optical axis of a front-end portion of an endoscope 600 according to a sixth embodiment. The
endoscope 600 is a preferred example of a flexible endoscope. Same reference numerals are assigned to components
that are same as in the abovementioned embodiments, and repetitive description is omitted.
[0142] The endoscope 600 has an imaging system 104 and an illumination system 103 (Fig. 2).
[0143] The present embodiment has one set of illumination system 103. The one set of illumination system has a light
guide 602 and one illumination lens 601.
[0144] A shape of a cross-section perpendicular to a central axis AX of the light guide 602 is an oval shape in a circular
shape, with two locations of the oval shape in the second direction (y-direction) cut linearly. Moreover, one of the directions
of cutting is facing a circumferential portion of the endoscope 600.
[0145] An outer diameter of the illumination lens 601 has a circular shape, and an object-side surface thereof is a
planoconvex lens of which an object-side surface is a flat surface. Here, a convex surface has a rotationally symmetrical
shape.
[0146] In the present embodiment, a portion of the light guide 601 facing an outer circumferential direction of a front
end of the endoscope 600 is cut linearly. Therefore, an amount of heat generated in an outer circumferential direction
becomes small, and it is possible to reduce a rise in temperature of the front-end portion of the endoscope 600. Moreover,
although there is a generation of heat at a left side and a right side (in first direction, x-direction) the metal frame being
thick, since the temperature is not susceptible to be transmitted to an outer side of the scope, it does not pose a problem.
[0147] Various specification values and values corresponding to conditional expressions for the present embodiment
are shown below. Dimensions in the first direction and the second direction of the illumination lens 601 being same, are
mentioned as an outer-diameter dimension.

Light guide of second illumination system
Dimension in first direction LH 2.5
Dimension in second direction LV 2.1
Diameter of second illumination lens r2H = r2V 2.8
Material of second illumination lens glass

(Unit: mm)
Outer diameter of front end of endoscope 5.2

Imaging system
Diameter of objective lens 1.3

Number of pixels of image pickup element approximately 500,000
Aspect ratio of screen H : V 1.36 : 1

Illumination system
Light guide of illumination system
Dimension in first direction LH 0.9

Dimension in second direction LV 0.8
Outer-diameter dimension of first illumination lens r1H = r1V 1
Material of first illumination lens glass

Layout
Distance between centers of imaging system and illumination

system 1.7

(Values corresponding to conditional expressions)
(1) A 1.36
(2) Illumination system: LH / LV 1.13
(3) Illumination system: (r1V - LV) / (r1H - LH) 2.00
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[0148] In each of the embodiments, the number of illumination systems is one set or two sets. However, without
restricting to this, the number of illumination systems may be three or more than three.
[0149] Various embodiments of the present invention have been described above. However, the present invention is
not limited to these embodiments, and embodiments in which arrangements of these embodiments are combined without
departing from the scope of the present invention, also fall under the category of the present invention.

Industrial Applicability

[0150] As described above, the present invention is useful for an endoscope in which a heat generation at a front-end
portion is reduced.

Reference Signs List

[0151]

1 front-end hard portion
2 operating unit
3 inserting portion
4 electronic endoscope
5 connecting cord portion
6 connector portion
7 apparatus outside the body
8 display unit
10 electronic endoscope system
100, 200, 300, 400, 500, 600 endoscope
101a, 101b illumination lens
102a, 102b light guide
103 illumination system
104 imaging system
105 image pickup apparatus
106 signal cable
LU objective lens unit
LS1, LS2, LS3, LS4 lens

Claims

1. An endoscope comprising:

an imaging system; and
an illumination system, wherein
the illumination system includes a light guide and at least one illumination lens, and
the imaging system includes an objective lens unit and an image pickup element, and
when a direction along a long side of the image pickup element is let to be a first direction, and
a direction along a short side of the image pickup element is let to be a second direction,
the illumination system is disposed at a position shifted in the second direction with respect to the imaging
system, and
the endoscope satisfies the following conditional expressions (1) and (2) 

where,
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A denotes a value calculated by the following expression when an aspect ratio long side: short side of an
area of the image pickup element corresponding to a display image range is let to be H:V 

LH denotes a dimension corresponding to the first direction of an end surface on an illumination lens side
of the light guide, and
LV denotes a dimension corresponding to the second direction of the end surface on the illumination lens
side of the light guide.

2. The endoscope according to claim 1, wherein the endoscope satisfies the following conditional expression (3) 

where,

LH denotes the dimension corresponding to the first direction of the end surface on the illumination lens side of
the light guide,
LV denotes the dimension corresponding to the second direction of the end surface on the illumination lens side
of the light guide,
rH denotes an outer-diameter dimension corresponding to the first direction of the illumination lens, and
rV denotes an outer-diameter dimension corresponding to the second direction of the illumination lens.

3. The endoscope according to one of claims 1 and 2, where the endoscope satisfies the following conditional expression
(4) 

 where,

LH denotes the dimension corresponding to the first direction of the end surface on the illumination lens side of
the light guide, and
LV denotes the dimension corresponding to the second direction of the end surface on the illumination lens side
of the light guide.
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