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Description

TECHNICAL FIELD

[0001] The present invention relates to an optical fiber
structure suitable for used in an illumination unit, an en-
doscope and the like, an illumination unit and an endo-
scope both having the optical fiber structure, and a meth-
od of manufacturing an optical fiber structure.

BACKGROUND ART

[0002] Conventionally, using an optical fiber made of
multicomponent glasses (multicomponent fiber) as a light
guide to transmit illumination light in an endoscope and
other illumination units is known.
[0003] Also, Patent Document 1 discloses a cylindrical
optical fiber structure (hereinafter, simply referred to as
the "structure") where a plurality of circumferential arrays
of bare optical fibers are coated with a light transmittable
resin so that light is illuminated from its side with a lesser
chance of uneven light distribution.
[0004] Patent Document 2 discloses an optical fiber
structure with the features of the preamble of claim 1.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0005]

[Patent Document 1] Japanese Unexamined Patent
Application, First Publication No. H5-288935
[Patent Document 2] JP H06 186445

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] A conventional multicomponent fiber light guide
is composed of a bundle of multicomponent fibers; there-
fore, it is relatively easy to change the shape of the bundle
when the bundle is bent or split so as to incorporate the
light guide into an endoscope. However, such a conven-
tional multicomponent fiber light guide is relatively ex-
pensive to manufacture since the multicomponent fibers
need to be bundled.
[0007] The structure as described in Patent Document
1 is inexpensive to manufacture since the structure can
be made in its entirety by extrusion. The structure is, how-
ever, intended for side illumination (light is emitted from
the cylindrical outer surface), and Patent Document 1 is
silent on the use of the structure as a light guide with
axial illumination.
[0008] In view of the foregoing problems, the present
invention provides an optical fiber structure serving as
an economical light guide suitable for use in an endo-
scope, an illumination unit and an endoscope both having

the optical fiber structure, and a method of manufacturing
an optical fiber structure.

MEANS FOR SOLVING THE PROBLEM

[0009] In order to solve the aforementioned problems,
the present invention provides the optical fiber structure
defined in claim 1.
[0010] Some of the following aspects and embodi-
ments do not fall under the scope of claim 1, but are
helpful for understanding the invention.
[0011] In the first aspect, an optical fiber structure in-
cludes a cylindrical resin body, and a plurality of circum-
ferential arrays of optical fiber bare wires disposed within
the cylindrical resin body and extending along a longitu-
dinal direction of the resin body. The resin body includes
a linear slit provided at a location intermediate the length
of the resin body. The linear slit extends from an outer
surface to an inner bore of the resin body and extends
substantially parallel to the bare wires.
In the second aspect, the resin body includes a plurality
of the slits arranged at regular intervals in a circumfer-
ential direction, and elongated portions each sandwiched
between the two adjacent slits in the resin body. The
elongated portions are overlapped so that the resin body
has a narrower outer circumference.
[0012] In the third aspect, the slits are provided in the
resin body at opposed positions as viewed from a longi-
tudinal direction of the resin body, and elongated portions
each sandwiched between the slits are deformed to a flat
shape as viewed from a longitudinal direction of the resin
body.
[0013] In the fourth aspect, an illumination unit includes
the optical fiber structure of any one of the first to third
aspects, and a light source arranged at one end of the
optical fiber structure.
[0014] In the fifth aspect, an endoscope includes the
optical fiber structure of any one of the first to third as-
pects, and an image transmission unit which transmits
an image of a target portion under inspection is disposed
in the inner bore of the resin body so as to face an end
portion of the optical fiber structure.
[0015] In the sixth aspect, in the endoscope of the fifth
aspect, the image transmission unit transmits the image
captured by an imaging sensor.
[0016] In the seventh aspect, in the endoscope of the
fifth aspect, the image transmission unit is an image fiber.
[0017] In the eighth aspect, in the endoscope of the
fifth aspect, the image transmission unit is inserted
through the slit provided at a location intermediate the
length of the resin body.
[0018] In a ninth aspect, an optical fiber structure in-
cludes a ring fiber having a cylindrical resin body, a plu-
rality of circumferential arrays of optical fiber bare wires
disposed within the cylindrical resin body and extending
in a longitudinal direction of the resin body.
The ring fiber includes a processed end formed by cutting
at least one longitudinal end of the ring fiber along a lon-
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gitudinal direction of the bare wires and overlapping sep-
arated portions in a circumferential direction of the ring
fiber so that the processed end is narrower than a cylin-
drical section of the ring fiber.
[0019] In the tenth aspect, in the optical fiber structure
of the ninth aspect, the processed end is inserted into a
fitting which tightens the processed end.
[0020] In the eleventh aspect, in the optical fiber struc-
ture of the ninth or tenth aspect, the processed end is
formed by twisting the end of the ring fiber.
[0021] In the twelfth aspect, in the optical fiber structure
of any one of the ninth to eleventh aspects, a light entry
projection is formed at the tip of the processed end, the
light entry projection includes a curved and convexed
surface and formed by transparent adhesive with a re-
fractive index lower than that of the bare wires.
[0022] In the thirteenth aspect, in the optical fiber struc-
ture of any one of the ninth to twelfth aspects, the proc-
essed end includes a plurality of discrete portions divid-
edly formed during the cutting of the end of the ring fiber
and collected together.
[0023] In the fourteenth aspect, in the optical fiber
structure of the tenth aspect, the fitting includes a taper
hole.
[0024] In the fifteenth aspect, a method of manufactur-
ing an optical fiber structure includes a ring fiber having
a cylindrical resin body, and a plurality of circumferential
arrays of optical fiber bare wires disposed within the cy-
lindrical resin body and extending along a longitudinal
direction of the resin body. The method includes cutting
at least one longitudinal end of the ring fiber in along a
longitudinal direction of the bare wires, overlapping sep-
arated portions in a circumferential direction of the ring
fiber, and forming a processed end so as to be narrower
than a cylindrical section of the ring fiber.
[0025] In the sixteenth aspect, the method of manu-
facturing an optical fiber structure of the fifteenth aspect
further includes inserting the end subjected to the cutting
process of the ring fiber into a fitting which tightens the
end.
[0026] In the seventeenth aspect, the method of man-
ufacturing an optical fiber structure of the fifteenth or six-
teenth aspect further includes twisting the end subjected
to the cutting process of the ring fiber.
[0027] In the eighteenth aspect, the method of manu-
facturing an optical fiber structure of any one of the fif-
teenth to seventeenth aspects includes forming a light
entry projection including a curved and convexed surface
at a tip of the processed end by using transparent adhe-
sive with a refractive index lower than that of the bare
wires.
[0028] In the nineteenth aspect, the method of manu-
facturing an optical fiber structure of any one of the fif-
teenth to eighteenth aspects includes collecting a plural-
ity of discrete portions as dividedly formed during the
cutting of the end of the ring fiber.
[0029] In the twentieth aspect, an optical fiber structure
includes a ring fiber having a cylindrical resin body, a

plurality of circumferential arrays of optical fiber bare
wires disposed within the cylindrical resin body and ex-
tending in a longitudinal direction of the resin body. The
ring fiber includes a plurality of discrete portions formed
by cutting at least one longitudinal end of the ring fiber
along a longitudinal direction of the bare wires. The dis-
crete portions are separated away from each other.
[0030] In the twenty-first aspect, a method of manu-
facturing an optical fiber structure includes a ring fiber
having a cylindrical resin body, a plurality of circumfer-
ential arrays of optical fiber bare wires is disposed within
the cylindrical resin body and extends in a longitudinal
direction of the resin body. The method includes cutting
at least one longitudinal end of the ring fiber along a lon-
gitudinal direction of the bare wires and forming a plurality
of discrete portions, and separating the discrete portions
away from each other.
[0031] In the twenty-second aspect, in an illumination
unit includes the optical fiber structure of the twentieth
aspect, a plurality of light sources arranged at the input
end of the optical fiber structure so that the light sources
correspond to the discrete portions.
[0032] In the twenty-third aspect, an optical fiber struc-
ture includes a cylindrical resin body, and a plurality of
circumferential arrays of optical fiber bare wires disposed
within the cylindrical resin body and extending in a lon-
gitudinal direction of the resin body. The resin body in-
cludes at least one longitudinal end, and the bare wires
include inclined end faces at the end of the resin body.
[0033] In the twenty-fourth aspect, in the optical fiber
structure of the twenty-third aspect, at the end, the end
faces of the bare wires are inclined together with an end
face of the resin body around the end faces of the bare
wires.
[0034] In the twenty-fifth aspect, in the optical fiber
structure of the twenty-third aspect, the output end in-
cludes an outer periphery and an inner periphery. The
outer periphery is shaped to project beyond the inner
periphery along the entire circumference of the output
end.
[0035] In the twenty-sixth aspect, in the optical fiber
structure of the twenty-third aspect, the output end in-
cludes an outer periphery and an inner periphery. The
inner periphery is shaped to project beyond the outer
periphery along the entire circumference of the output
end.
[0036] In the twenty-seventh aspect, in the optical fiber
structure of the twenty-fourth aspect, the output end in
its entirety is inclined along a single plane.
[0037] In the twenty-eighth aspect, in an illumination
unit includes the optical fiber structure of any one of the
ninth to fourteenth aspects and the twenty-third to twenty-
seventh aspects, a light source is arranged at the input
end of the optical fiber structure.
[0038] In the twenty-ninth aspect, an endoscope in-
cludes the optical fiber structure of any one of the nine-
teenth to fourteenth aspects, the twentieth aspect, and
the twenty-third to twenty-seventh aspects, an image
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transmission unit is disposed within the optical fiber struc-
ture that transmits an image of a target portion under
inspection that opposes the output end faces.
[0039] In the thirtieth aspect, in the endoscope of the
twenty-ninth aspect, an imaging sensor is provided at a
distal end of the image transmission unit
[0040] In the thirty-first aspect, in the endoscope of the
twenty-ninth aspect, the image transmission unit is an
image fiber.
[0041] According to the ninth aspect, the optical fiber
structure enhances the efficiency of inputting light to the
optical fiber structure from the light source. It is therefore
possible to readily increase the amount of outgoing light
from one end of the optical fiber structure at a location
longitudinally opposite to the other end where light from
the light source enters.
[0042] In the ring fiber used to manufacture the optical
fiber structure, a plurality of circumferential arrays of op-
tical fiber bare wires are disposed within the cylindrical
resin body and extend in a longitudinal direction of the
resin body. This construction enables the optical fiber
structure to be readily manufactured at a low cost, for
example, by drawing. The use of the ring fiber also brings
about a decrease in the cost of the optical fiber structure.
[0043] According to the twenty-third aspect, the shape
of the output end is changed in such a manner that out-
going light can be collected at the center, can be diffused
in an outward direction, or can be applied to a lateral
direction substantially transverse to the longitudinal di-
rection of the optical fiber structure.

EFFECTS OF THE INVENTION

[0044] According to the present invention, there is pro-
vided an inexpensive light guide suitable for use in an
endoscope.

BRIEF DESCRIPTION OF DRAWINGS

[0045]

Fig. 1 is a side view, partly broken away, of an en-
doscope according to the first embodiment.
Fig. 2 is a view of the endoscope as viewed in a
direction shown by arrow B1 in Fig. 1.
Fig. 3 is a cross-sectional view of one example of a
section perpendicular to a longitudinal direction of a
structure used in the endoscope.
Fig. 4 is a sectional view taken on the line A1-A1 in
Fig. 3.
Fig. 5 is a view of the endoscope as viewed in a
direction shown by arrow B2 in Fig. 1.
Fig. 6 is a sectional view showing the shape of an-
other example of the structure used in the first em-
bodiment.
Fig. 7 is a sectional view showing the shape of a
different example of the structure used in the first
embodiment.

Fig. 8A illustrates the second embodiment and is a
perspective view showing the manner in which one
end of a ring fiber is cut in a longitudinal direction of
bare wires.
Fig. 8B illustrates the second embodiment and is a
perspective view showing the construction of a proc-
essed end of the ring fiber.
Fig. 9A illustrates the second embodiment and is a
perspective view showing the manner in which one
end of the ring fiber is cut in a longitudinal direction
of the bare wires.
Fig. 9B illustrates the second embodiment and is a
perspective view showing the construction of a proc-
essed end of the ring fiber.
Fig. 10 is a cross-sectional view showing one exam-
ple of a section perpendicular to a longitudinal direc-
tion of a cylindrical section of the optical fiber struc-
ture.
Fig. 11 is a longitudinal sectional view showing one
example of the ring fiber before one end of the ring
fiber is processed.
Fig. 12 is a sectional view of one end of the ring fiber
shown in Fig. 11.
Fig. 13 is a schematic view showing the manner in
which a light source (illumination unit) is arranged at
an input end of the optical fiber structure.
Fig. 14A is a view showing the manner in which the
processed end is fit into a fitting.
Fig. 14B is a view showing the manner in which the
processed end is fit into a fitting.
Fig. 15 is a perspective view of one example of the
fitting (C-shaped fitting) shown in Fig. 14.
Fig. 16 is a view showing the manner in which a light
entry projection extends from the processed end of
the optical fiber structure.
Fig. 17A is a view showing the manner in which the
processed end is twisted and fit into the fitting.
Fig. 17B is a view showing the manner in which the
processed end is twisted and used in an exposed
state without being inserted into a fitting.
Fig. 18 illustrates a third embodiment
Fig. 19 is a view showing the manner in which an
image capture unit and an image transmission unit
(endoscope) are disposed in the optical fiber struc-
ture shown in Figs. 8A and 8B.
Fig. 20 is a view showing the manner in which an
image capture unit and an image transmission unit
(endoscope) are disposed in the optical fiber struc-
ture shown in Fig. 19.
Fig. 21A is a longitudinal sectional view of the first
example of the optical fiber structure according to
the third embodiment with the shape of an output
end of the optical fiber structure shown.
Fig. 21B is a longitudinal sectional view of the second
example of the optical fiber structure according to
the third embodiment with the shape of an output
end of the optical fiber structure shown.
Fig. 21C is a longitudinal sectional view of a third
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example of the optical fiber structure according to
the third embodiment with the shape of an output
end of the optical fiber structure shown.
Fig. 22A is a longitudinal sectional view of the first
example of the optical fiber structure according to
the third embodiment with the distal end of an image
transmission unit is arranged in the output end.
Fig. 22B is a longitudinal sectional view of the second
example of the optical fiber structure according to
the third embodiment with the distal end of an image
transmission unit is arranged in the output end.
Fig. 22C is a longitudinal sectional view of a third
example of the optical fiber structure according to
the third embodiment with the distal end of an image
transmission unit is arranged in the output end.
Fig. 23 is a cross-sectional view of one example of
a section perpendicular to a longitudinal direction of
a plastic optical fiber structure.
Fig. 24 is a sectional view showing one example of
the vicinity of the shape of the input end of the optical
fiber structure.
Fig. 25 is a longitudinal sectional view of one exam-
ple of the optical fiber structure before the end is
processed.
Fig. 26 is a schematic view showing the manner in
which a light source is arranged at the input end of
the optical fiber structure.

EMBODIMENTS FOR CARRYING OUT THE INVEN-
TION

First Embodiment

[0046] An endoscope according to the first embodi-
ment will hereinafter be described with reference to Figs.
1 to 7.
[0047] As shown in Figs. 1 and 2, an endoscope 100
includes an illumination unit 4 having a cylindrical struc-
ture 1A of the present invention and a light source 3 ar-
ranged at an input end (one end) 2a of the structure 1A,
a tubular body 5 having a distal end inserted into the
structure 1A, an image fiber (image transmission unit) 6
disposed in an inner bore 2b of the structure 1A, and an
objective lens 7 disposed at a distal end of the image
fiber 6.
[0048] As shown in Figs. 3 and 4, the structure 1A in-
cludes a cylindrical resin body 9 and a plurality of circum-
ferential arrays of optical fiber bare wires 10 disposed
within the resin body 9 and extending in the longitudinal
direction X of the resin body 9. These optical fiber bare
wires 10 disposed within the cylindrical resin body 9 will
hereinafter be referred to as a "ring fiber".
[0049] The structure 1A has a ring-shaped section, as
viewed in a direction transverse to the longitudinal direc-
tion X. The inner bore 2b is centrally formed in the ring-
shaped structure 1A and extends in the longitudinal di-
rection X.
[0050] The plurality of bare wires 10 disposed within

the resin body 9 extends in the longitudinal direction X.
[0051] The bare wires 10 are composed of plastic op-
tical fibers (POF) each having a core surrounded by a
resin sheath (both not shown). The resin sheath has a
refractive index lower than that of the core. Each of the
bare wires 10 utilizes the refractive index difference be-
tween the core and the sheath and serves as an optical
waveguide. The core and the sheath are both made of
plastic capable of transmitting light through the structure
1A. Illustratively, a few to a few hundreds of bare wires
10 are disposed within the resin body 9.
[0052] The plastic material of which the core of each
of the bare wires 10 is made is not limited to the specific
plastic material. Any of those core plastic materials used
in a conventional plastic optical fiber may be used. For
example, plastic materials for the bare wires can include
methyl methacrylate homopolymer (polymethyl methacr-
ylate; PMMA), methyl methacrylate-acrylic acid ether co-
polymer, methyl methacrylate-styrene copolymer, poly-
carbonate, a styrene-based resin, or the like.
[0053] The plastic material of which the resin sheath
of each of the bare wires 10 is made is not limited to the
specific plastic material. Any of those sheath plastic ma-
terials used in a conventional plastic optical fiber may be
used. For example, the sheath plastic materials can in-
clude vinylidene fluoride-tetrafluoroethylene copolymer,
vinylidene fluoride-hexafluoropropene copolymer, vinyli-
dene fluoride-tetrafluoroethylene-hexafluoropropene
copolymer, vinylidene fluoride-trifluoroethylene-hex-
afluoroacetone copolymer, a fluoroalkyl methacrylate
resin, ethylene vinyl acetate copolymer, or the like.
[0054] The resins of which the resin body 9 is made
can include polyethylene, ethylene vinyl acetate copoly-
mer, ethylene-ethylene acrylate copolymer, polyvinyl
chloride, thermoplastic polyurethane, an elastomer
made from styrene butadiene block copolymer or a dou-
ble bond between the copolymers, most of which is hy-
drogenated, vinylidene fluoride-hexafluoropropene co-
polymer, vinylidene fluoride-hexafluoropropene-
tetrafluoroethylene copolymer, vinylidene fluoride-chlo-
rotrifluoroethylene copolymer silicone resins, and the
like.
[0055] The bare wires 10 and the resin body 9 made
of the materials such as the above-described plastic are
deformable without breakage and crack when the struc-
ture 1A is bent to a predetermined radius of curvature.
That is, the bare wires 10 and the resin body 9 are made
of a substantially soft material.
[0056] As shown in Figs. 1 to 4, a slit 11 is formed in
the resin body 9 of the structure 1A at a location inter-
mediate its length along the longitudinal direction X. The
slit 11 extends along a straight line and substantially par-
allel to the bare wires 10. The slit 11 is made by cutting
the resin body 9. The slit 11 extends from an outer surface
9a of the resin body 9 to the inner bore 2b.
[0057] As shown in Fig. 1, the light source 3 includes,
for example, LEDs and emits light toward an input end
2a of the structure 1A.
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[0058] Optical coupling between the input end 2a of
the structure 1A and the light source 3 is not limited to
the specific form. The input end 2a may be processed in
such a manner that light is inputted to the bare wires 10
from the light source 3. Alternatively, the input end 2a
may not be processed as far as light is inputted to the
bare wires 10 from the light source 3.
[0059] The tubular body 5 is made, but not limited to,
of stainless steel. The tubular body 5 may also be made
of aluminum, resin, or the like.
[0060] Fig. 5 is a view of the structure as seen in the
direction of the arrow B2 in Fig. 1. For purposes of illus-
tration, only the structure 1A is shown in Fig. 5, with the
resin body 9 shown by double-dotted line.
[0061] As shown in Figs. 1 to 5, the structure 1A is bent
at a region corresponding to the slit 11. At this time, the
slit 11 is outwardly bent from the structure 1A. Also, op-
posite inner walls 11a, 11b of the slit 11 are centrally
deformed so that the inner walls 11a, 11b are moved
away from each other.
[0062] A portion of the bare wires 10 located adjacent
to the inner wall 11a is bent along the inner wall 11a
without breakage. Likewise, a portion of the bare wires
10 located adjacent to the inner wall 11b is bent along
the inner wall 11b without breakage.
[0063] The distal end of the tubular body 5 is inserted
into the structure 1A through the slit 11 and extends to a
position in between the output end (distal end) 2c of the
structure 1A and the slit 11.
[0064] Insertion of the distal end of the tubular body 5
through the slit 11 holds the shape of the structure 1A,
as bent in a region corresponding to the slit 11, and also,
the shape of the inner walls 11a, 11b of the slit 11, as
centrally deformed and separated away from each other.
[0065] The tubular body 5 is inserted through the slit
11 of the structure 1A. Alternatively, the slit 11 and the
tubular body 5 may be bonded together by using such
as an adhesive.
[0066] The objective lens 7 is disposed in the inner
bore 2b and located at the output end 2c of the structure
1A.
[0067] The objective lens 7 collects light as reflected
back from a target portion under inspection against which
the output end 2c of the structure 1A is positioned and
provides a corresponding optical image. The image fiber
6 transmits the optical image to the proximal end of the
structure.
[0068] Reference will now be made to a method of
manufacturing the structure 1A according to the present
embodiment and incorporated into the endoscope 1 con-
structed as described above.
[0069] A method of manufacturing the structure 1A in-
cludes a forming step of arranging a plurality of bare wires
10 within the resin body 9 and a cutting step of defining
the slit 11 in the structure 1A.
[0070] First, in the forming step, the bare wire 10 is
made beforehand by providing a sheath on the outer sur-
face of a core. The plurality of bare wires 10 and resin

as a raw material for the resin body 9 are supplied to a
coating die in an extruder, not shown. The coating die
includes orifices corresponding to the bare wires 10. The
plurality of bare wires 10 are placed along a predeter-
mined reference axis and arranged around the reference
axis.
[0071] When the bare wires 10 and molten resin are
extruded from the coating die, gas is centrally supplied
from the coating die to define a bore of the desired shape
in the center of the molten resin.
[0072] After the plurality of bare wires 10 and the mol-
ten resin are extruded along the reference axis, cooling
takes place to form the cylindrical resin body 9 within
which the plurality of bare wires 10 are placed.
[0073] Next, in the cutting step, the resin body 9 is cut
along a straight line parallel to the bear wires 10 so that
the resulting slit 11 extends from the outer surface 9a of
the resin body to the inner bore 2b. The worker can readily
define the slit 11 by the use of a knife as the structure 1A
is made of plastic.
[0074] Some of the bare wires 10 may accidentally be
cut while the slit 11 is provided in the structure 1A. It will
not pose a problem if the number of the bare wires 10 as
cut is negligible as compared to the total number of the
bare wires 10.
[0075] Reference will next be made to one example of
how the endoscope 1 constructed as described above is
used.
[0076] When light is emitted from the light source 3,
the light then enters the input end 2a of the structure 1A.
The light is transmitted to the output end 2c while being
guided by the bare wires 10. The light illuminates in a
direction forwardly of the structure 1A. The user inserts
the distal end of the structure 1A into a narrow body cavity
while at the same time, viewing before the structure 1A
by means of the image fiber 6. When the distal end of
the structure 1A approaches a target portion under in-
spection, light is emitted from the structure 1A. The light
is then reflected back from the target portion under in-
spection. The reflected light is collected by the objective
lens 7 and the image fiber 6 so as to allow observation
of the target portion in inspection.
[0077] As described above, in the endoscope 1 of the
present embodiment, the structure 1A includes the slit
11, and the slit 11 enables the image fiber 6 and the like
to be readily inserted into the inner bore 2b of the structure
1A. Also, the slit 11 is formed so as to extend parallel to
the bare wires 10. This arrangement prevents cutting of
the bare wires 10 and thus, suppresses a decrease in
the amount of light as transmitted through the bare wires
10.
[0078] The bare wires 10 and the resin body 9 of the
structure 1A are made of substantially soft material, as
mentioned above. This allows the bare wires 10 and the
resin body 9 to be bent along the inner walls 11a, 11b
without breakage when the structure 1A is bent in a region
corresponding to the slit 11, and the opposite inner walls
11a, 11b of the slit 11 are centrally deformed and sepa-
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rated away from each other. As such, a sufficient space
can be provided between the inner walls 11a, 11b to re-
ceive the image fiber 6 or the like.
[0079] The tubular body 5 is inserted into the structure
1A through the slit 11. This arrangement prevents dam-
ages to the slit 11 due to for example, rubbing which may
occur when the image fiber 6 or the like is inserted through
the slit 11.
[0080] The light source 3 is provided at the input end
2a of the structure 1A. The structure 1A and the light
source 3 form the illumination unit 4. This construction
enables light from the light source 3 to be transmitted
through each of the bare wires 10 and then, emitted out
of the output end 2c. Therefore, the structure 1A of the
present embodiment is suitable for use in the endoscope
1.
[0081] Additionally, the image fiber 6 is positioned with-
in the inner bore 2b of the structure 1A. The image fiber
6 is capable of transmitting light from its distal to proximal
end.
[0082] The image fiber 6 acts as an image transmission
unit. Thus, transmission of light from its distal to proximal
end of the image fiber 6 can be made with a simple con-
struction.
[0083] The structure 1A can be manufactured at a low
cost, by extruding the entire structure 1A.
[0084] In the present embodiment, where insertion of
the image fiber 6 or the like through the slit 11 is required
only a small number of times, the tubular body 5 may be
omitted because there is a less chance of the slit 11 suf-
fering from damages.
[0085] In the embodiment, the structure 1A is used in
an exposed condition. Alternatively, the structure 1A may
be surrounded by a separate jacket, tube or the like.
[0086] Also, in the embodiment, the image fiber 6 is
used as an image transmission unit. Alternatively, an
electrically conductive wire may be used as an image
transmission unit. In this case, an imaging sensor (imag-
ing unit) such as a CCD is connected to the distal end of
the electrically conductive wire. Images are captured by
the imaging sensor and converted to an electrical signal
which is transmitted through the electrically conductive
wire. This alternative arrangement can make the outer
diameter of the image transmission unit and the structure
1A smaller.
[0087] In the embodiment, one slit 11 is provided in the
circumferential direction of the structure. No limitation is
imposed on the number of the slit 11. A plurality of slits
11 may be provided in the circumferential direction of the
structure. Also, in the embodiment, the slit 11 is provided
at a location intermediate the length of the resin body
along the longitudinal direction X. No limitation is im-
posed on where the slit 11 is provided, unless the slit 11
extends through the whole length of the resin body 9 in
the longitudinal direction X. For example, the slit 11 may
be provided at a portion of the resin body 9 other than
the distal end of the resin body 9. Specifically, the slit 11
may extend from the middle portion of the resin body 9

to the proximal end of the resin body 9.
[0088] In a structure 1B as shown in Fig. 6, a plurality
of slits 11 are provided in the resin body 9 in a circum-
ferentially spaced relationship. In the present modified
example, four slits 11 are provided in the resin body 9 at
regular intervals in a circumferential direction. No limita-
tion is imposed on the number of the slits 11 to be pro-
vided in the resin body 9. Two or more slits 11 may be
provided therein.
[0089] Two adjacent slits 11 of the resin body 9 collec-
tively form an elongated portion 12 circumferentially
sandwiched therebetween, as part of the structure 1B.
In the present modified example, four elongated portions
12 are provided.
[0090] The elongated portions 12 adjacent in the cir-
cumference direction are overlapped with each other so
as to narrow the outer circumference of a portion of the
resin body 9 where the slits 11 are provided in the longi-
tudinal direction X.
[0091] The structure 1B thus constructed can be more
easily inserted into a narrower body cavity or the like.
[0092] In the embodiment, in a structure 1C as shown
in Fig. 7, slits 11 are each provided in the resin body 9
in an opposed position as viewed in the longitudinal di-
rection X. Two elongated portions 13 are sandwiched
between these slits 11. The two elongated portions 13
are made flat as viewed in the longitudinal direction X.
Specifically, each of the elongated portions 13 has a mid-
dle portion 13a at a location intermediate the width of the
resin body 9. The two middle portions 13a of the elon-
gated portions 13 are moved toward each other so as to
make the structure flat.
[0093] The structure 1C thus constructed can be easily
inserted into an elongated portion such as a channel,
since the structure 1C made flat.
[0094] When the structure is sufficiently soft, for exam-
ple, the structure may be made flat at a portion where
the slit 11 is not formed.
[0095] In the embodiment, the resin body 9 has a cy-
lindrical shape. However, the shape of the resin body is
not limited to a cylindrical shape. The resin body may
have an ellipsoidal or polygonal shape, as viewed in the
longitudinal direction X

Second Embodiment

[0096] An endoscope according to the second embod-
iment will now be described with reference to Figs. 21A
to 25.
[0097] Figs. 8B and 9B show the first and second ex-
amples of an optical fiber structure 30 made according
to the second embodiment and illustrate the shape of an
input end (processed end 31 as will later be described)
of the optical fiber structure 30.
[0098] As shown in Figs. 10 and 11, the optical fiber
structure 30 is composed of a ring fiber 29 where a plu-
rality of circumferential arrays of the bare wires 32 of an
optical fiber along with a longitudinal direction of a resin
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body 33 are disposed within a cylindrical resin body 33.
In this optical fiber structure 30, one longitudinal end of
the ring fiber 29 is narrower than the cylindrical portion
of the ring fiber 29. The narrowed end is hereinafter re-
ferred to as "processed end 31".
[0099] In the ring fiber 29, a section which is vertical
to the longitudinal direction thereof has a ring-shaped
section. The resin body 33 has a hollow portion 34. The
plurality of bare wires 32 is disposed within the resin body
33. These bare wires 32 extend in the longitudinal direc-
tion (or lateral direction in Figs. 8A and 8B) of the ring
fiber 29. The bare wires 32 are each composed of a plas-
tic optical fiber (POF) with a core surrounded by a resin
sheath having a refractive index lower than that of the
core. Each of the bare wires 32 utilizes the refractive
index difference between the core and the resin sheath
and serves as an optical waveguide. The core and the
resin sheath are both made of plastic capable of trans-
mitting light through the optical fiber structure 30.
[0100] The plastic material of which the core of the bear
wire 32 is made is the same as the plastic material used
in the first embodiment.
[0101] The plastic material of which the resin sheath
of the bear wire 32 is made is the same as the plastic
material used in the first embodiment.
[0102] The resin of which the resin body 33 is made is
the same as the resin used in the first embodiment.
[0103] The ring fiber 29 can be economically made, for
example, by extrusion. The ring fiber 29 is flexible to the
extent that the user can easily bend the ring fiber 29 by
hand.
[0104] Also, the ring fiber 29 can easily be cut with a
knife. For example, one longitudinal end of the ring fiber
29 can be cut along the length of the bare wires so as to
split the ring fiber 29 into a plurality of sections.
[0105] As shown in Fig. 13, the optical fiber structure
30 has one longitudinal or input end 37 and the other
longitudinal or output end 25 opposite the input end 37.
The bare wires 32 and the resin body 33 extend from the
input end 37 to the output end 25 along the length of the
optical fiber structure 30. The hollow portion 34 also ex-
tends along the length of the optical fiber structure 30
and is open at the opposite ends (that is, the input end
37 and the output end 25).
[0106] A light source 38 is arranged at the input end
37 of the optical fiber structure 30 as shown in Fig. 13 so
that light emitted from the light source 38 can be trans-
mitted through each of the bare wires 32 and outputted
from the output end 25.
[0107] As shown in Fig. 12, in a conventional plastic
optical fiber structure, one end of the cylindrical ring fiber
29 in the longitudinal direction is left unprocessed and
used as an input end. When an LED (Light Emitting Di-
ode) is used as the light source 38 to emit light to the
optical fiber structure, a central emitting face 38a of the
LED is aligned with the central axis of the input end of
the optical fiber structure (ring fiber 29) as shown by
phantom line in Fig. 12. In this way, light can be uniformly

inputted to the optical fiber structure.
[0108] In contrast, at least one longitudinal end, proc-
essed end 31, of the optical fiber structure 30 is narrower
than a cylindrical portion of the optical fiber structure 30
as shown in Fig. 13. A typical LED has a light emitting
profile such that the intensity of light emitted from the
outer periphery of the light emitting face is lower than that
of light emitted from the center portion of the light emitting
face. To this end, the center portion of the light emitting
face 38a of the light source (LED) 38 is aligned with the
central axis of the processed end 31 where the light
source 38 (LED) is arranged at the processed end 31 of
the optical fiber structure 30, and the processed end 31
is used as the input end 37 to receive light from the light
source 38, as shown in Fig. 13. This arrangement
achieves high optical coupling efficiency between the
light source 38 and the optical fiber structure.
[0109] In contrast to the optical fiber structure with the
cylindrical input end as shown in Fig. 12, the optical fiber
structure 30 enables the end face of each of the bare
wires 32 located at the input end 37 to be placed closer
to the axis of light from the light source 38. This arrange-
ment achieves high optical coupling efficiency between
the light source 38 and the optical fiber structure. Accord-
ingly, the optical fiber structure 30 can receive a greater
amount of light (or achieve high light entry efficiency)
from the light source 38 than the optical fiber structure
shown in Fig. 12. Also, the optical fiber structure 30 can
provide a greater amount of light from the output end
than the optical fiber structure shown in Fig. 12.
[0110] The LED is a light source which dissipates heat
substantially less than incandescent bulbs and the like
during light emission. Heat generated by a light source
can deform the optical fiber structure, deteriorate the me-
chanical properties and increase light loss. Therefore, it
is preferable to use an LED as the light source 38.
[0111] An LED may be used as the light source 38 in
all the embodiments of the present invention.
[0112] In the optical fiber structure 30 of the present
invention, a method of forming the processed end 31
includes cutting one longitudinal end (simply, referred to
as "an end" in the present Description) of the ring fiber
29 in the longitudinal direction of the bare wires 32 (a
cutting step), and overlapping adjacent portions as sep-
arated from each other in the circumferential direction of
the ring fiber 29 so that the one end of the ring fiber is
narrower than a cylindrical portion 36 of the ring fiber 29
(an end forming step).
[0113] The optical fiber structure 30 is manufactured
by processing the ring fiber 29 which is easy and eco-
nomical to manufacture. The optical fiber structure 30
can therefore be manufactured at a low cost.
[0114] The shape of the processed end 31 is fixed, for
example, by an adhesive. The end forming step includes
a step of fixing the shape of the processed end 31.
[0115] The overlapped portion is bonded and fixed by
an adhesive. The portions where adjacent portions as
separated from each other in the circumferential direction
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of the ring fiber 29 are overlapped, effectively aids in
shape fixity and shape stability of the processed end 31.
[0116] In Figs. 8A and 9A, reference numeral 24 de-
notes a slit provided by cutting one end of the ring fiber
29. In Figs. 8A and 9A, the slit 24 starts from an end face
29a of the ring fiber 29 and extends along the length of
the bare wires 32. Cutting of the end of the ring fiber 29
(cutting step) is a procedure to circumferentially separate
the end of the ring fiber 29 into one or a plurality of portions
and make the end of the ring fiber 29 discrete. Cutting of
the end of the ring fiber 29 along the length of the bare
wires 32 reduces the number of the bare wires 32 cut
and thus, effectively increases the amount of light emitted
out of the output end of the optical fiber structure 30.
[0117] The end of the ring fiber 29 is cut, for example,
by a knife. Laser cutting or any other known techniques
which are employed to cut plastic materials may alterna-
tively be used.
[0118] As the ring fiber 29 is made of plastic, the ring
fiber 29 can readily be cut with a knife.
[0119] As shown in Figs. 8A and 9A, the processed
end 31 (reference numeral 31A is added to the drawings)
of the first example is formed by cutting the end of the
ring fiber 29 along the length of the bare wires 32, with
only one cut in its circumferential direction, and winding
the end around the axis (axis of cylindrical section 36) of
the ring fiber 29 to form the end with a taper shape (frus-
toconically wound section) extending from the cylindrical
section 36. The shape of the processed end 31A is fixed,
for example, with an adhesive. Different portions of the
processed end 31A are overlapped with each other in a
circumferential direction of the ring fiber 29.
[0120] A pair of cut edges is formed when the end of
the ring fiber 29 is cut. In the processed end 31A shown
in Fig. 8B, one of the two cut edges of the ring fiber 29
is wound inwardly of the other cut edge along approxi-
mately one third of the circumference of the ring fiber 29.
[0121] In the processed end 31A, one of the cut edges
(overlapped portion) of the ring fiber 29 is inserted in-
wardly of the other cut edge on an end in a circumferential
direction (outer winding cut edge) so that the both cut
edges are overlapped with each other (overlapped area).
It should be noted that in the processed end 31A, the
size of the overlapped portion at the end of the ring fiber
20 may vary appropriately.
[0122] In the second example shown in Figs. 9A and
9B, the processed end 31 (reference numeral 31B is add-
ed to the drawings) is formed by cutting the end of the
ring fiber 29 along the length of the bare wires 32, with
a plurality of cuts in its circumferential direction, so as to
divide the end into a plurality of (illustratively, four) dis-
crete portions 23 (cutting step), moving the four discrete
portions 23 toward each other and fixing the shape of the
four discrete portions 23 with an adhesive. The end faces
of the bare wires 32 are exposed from the end faces of
the discrete portions 23.
[0123] The processed end 31B (discrete portion col-
lection end) also extends convergingly from the cylindri-

cal section 36 and has a convergingly tapered shape. In
the processed end 31B adjacent discrete portions 23
formed as a result of cutting the end of the ring fiber 29
are overlapped with each other.
[0124] The shape of the processed end 31 may be fixed
by means other than an adhesive.
[0125] For example, after the cutting step, heat may
be applied to a plurality of portions of the end or to the
entire end of the ring fiber 29 so as to fuse the overlapped
portions of the end of the ring fiber 29 together.
[0126] Alternatively, after the end of the ring fiber 29
is cut, the cylindrical section 36 of the ring fiber 29 may
be snugly fit into a ring-shaped fitting 28 having an inner
diameter less than the outer diameter of the cylindrical
section 36, so as to fix the shape of the processed end
31. The fitting 28 may have a C-shape as at 28a in Fig.
15. As an alternative, the fitting may be free of circum-
ferential discontinuity.
[0127] As shown in Fig. 14A, the fitting 28a has a
through-hole 28c. The through-hole 28c has a fixed di-
ameter throughout its length. However, the fitting 28 may
have a taper hole as shown in Fig. 14B. In Fig. 14B, the
fitting 28 is accompanied by reference numeral 28b.
[0128] As shown in Fig. 14B, the fitting 28b has a
through-hole 28c. The through-hole 28c includes a
straight opening or hole section 28d at its one axial end,
and a taper hole section 28e convergingly extending from
the straight hole section 28d. The straight hole section
28d has an inner diameter slightly less than the outer
diameter of the cylindrical section 36 of the ring fiber 29.
After the end of the ring fiber 29 is cut, the end of the ring
fiber 29 is snugly fit into the straight hole section28d of
the through hole 28c so as to tighten the end of the ring
fiber 29 and thus, fix the shape of the processed end 31.
[0129] The fitting 28b with the taper hole may have a
C-shape or may be free of circumferential discontinuity.
Also, the fitting 28b may have a taper hole throughout its
length. As an alternative, the fitting 28b may have a hole
with an inner diameter equal to or slightly greater than
the outer diameter of the cylindrical section 36 of the ring
fiber 29. This hole has no effect on the tightening of the
processed end 31.
[0130] In the examples shown in Figs. 14A and 14B,
the slit end of the ring fiber 29 is snugly fit into and tight-
ened by the fitting 28 (fitting step). As such, the end of
the ring fiber 29 is held in position within the fitting 28.
The fitting 28 serves to fix the shape of the end 31 and
also, functions to retain the fixed shape
[0131] When the slit end of the ring fiber 29 is snugly
fit into the fitting 28 before the shape of the end of the
ring fiber 29 is fixed, the fitting 28 tightens the end of the
ring fiber 29 so that the processed end 31 can have a
desired shape. The fitting 28 also functions to retain the
fixed shape of the processed end 31.
[0132] In this case, the processed end 31 has a (outer)
shape corresponding to the inner surface of a portion of
the fitting hole (hereinafter, referred to as "tightening hole
section") by which the processed end is tightened.

15 16 



EP 2 743 743 B1

10

5

10

15

20

25

30

35

40

45

50

55

[0133] For example, when the fitting 28a shown in Fig.
14A is employed, where a tightening hole section of the
hole has a fixed inner diameter throughout the axial
length of the fitting 28, the processed end 31 has a fixed
section throughout its axial length.
[0134] When the fitting 28b with the straight hole sec-
tion 28d as a tightening hole section and the taper hole
section 28e as shown in Fig. 18B is employed, a portion
of the processed end 31 fit within the straight hole section
28d has a fixed section, whereas a portion of the proc-
essed end 31 fit within the taper hole section 28e has a
convergingly tapered section.
[0135] The end of the ring fiber 29 or the processed
end 31 may be snugly fitted into the fitting 28 after the
shape of the slit end of the ring fiber 29 is fixed.
[0136] The fitting step where the slit end of the ring
fiber 29 is snugly fit into the fitting 28 corresponds to a
step of snugly fitting the processed end into the fitting for
tightening.
[0137] Referring to Fig, 16, an adhesive is applied to
the end face of the processed end 31 to form a dome-
shaped light entry projection 35. The light entry projection
35 has an accurately convexed surface.
The adhesive has a refractive index lower than that of
the bare wires 32 of the ring fiber 29 and is transparent
when cured. The light entry projection 35 enhances op-
tical coupling efficiency between the light source 38 and
the processed end 31. Accordingly, the light entry pro-
jections 35 of the processed end 31 can readily increase
the amount of light inputted to the optical fiber structure
from the light source 38.
[0138] The light entry projection 35 is formed by de-
positing an adhesive such as used to fix the shape of the
processed end 31.
[0139] In Fig. 16, the processed end 31 of the optical
fiber structure is inserted into the fitting 28, and then, the
fitting 28 and the processed end 31 are secured together
with an adhesive. The light entry projection 35 may be
formed by depositing an adhesive such as used to secure
the fitting 28 and the processed end 31 together. The
adhesive used to secure the fitting 28 and the processed
end 31 together may be the same as the adhesive used
to fix the shape of the processed end 31.
[0140] The fitting may be omitted. The present inven-
tion is also applicable to a structure where the fitting is
omitted from the optical fiber structure shown in Fig. 16.
[0141] As mentioned above, the light source 38 is ar-
ranged at the input end 37 (processed end 31) of the
optical fiber structure 30. The bare wires 32 are construct-
ed so as to receive light from the light source 38. Thus,
the optical fiber structure 30 can be used as the illumi-
nation unit 39 (see Fig. 13).
[0142] The light source 38 is arranged so that the light
emitting surface 38a is oriented in a face-to-face relation
to the end face of the processed end 31. Also, the center
of the light emitting surface 38a is aligned with the axis
of the processed end 31 of the optical fiber structure 30
so that the optical axis of light emitted from the light

source 38 is substantially coincident with the axis of the
processed end 31. By this arrangement, the illumination
unit achieves high optical coupling efficiency between
light emitted from the light source 3 and the processed
end 31 and can readily increase the amount of light in-
putted to the input end of the optical fiber structure 30
and the amount of light outputted from the output end.
[0143] As shown in Figs. 17A and 17B, the processed
end 31 of the optical fiber structure 30 may be twisted
about the axis of the optical fiber structure 30. The proc-
essed end 31 shown in Figs. 17A and 17B is accompa-
nied by reference numeral 31C. The processed end 31C
is formed by twisting the end of the ring fiber 29 after the
cutting step is carried out to make the processed end
narrower than the cylindrical section 36 of the ring fiber
29 and fixing the shape of the processed end with an
adhesive. Twisting of the end of the ring fiber 29 makes
it easier to narrow the processed end 31 as compared
to the cylindrical section 36 of the ring fiber 29.
[0144] Fig. 17A shows that the processed end 31c is
inserted into the fitting 28. Fig. 17B shows that the proc-
essed end 31C is used in an exposed condition, but not
inserted into the fitting 28.
[0145] Fig. 17A shows the use of the C-shaped fitting
28a as used in the example shown in Fig. 15. The fitting
is not limited thereto, but any of the fittings as previously
mentioned in the description may be employed.
[0146] In Figs. 17A and 17B, the light entry projection
35 extends from the end of the processed end 31C. How-
ever, the above is applicable to a structure where the
light entry projection 35 is omitted from the processed
end 31C.
[0147] Fig. 18 shows the shape of an input end 37 of
an optical fiber structure 30A made, by way of a third
example, according the second embodiment.
[0148] In the input end 37A of the optical fiber structure
30A, the end of the ring fiber 29 is circumferentially di-
vided into a plurality of portions and arranged in a sepa-
rate fashion.
[0149] The input end 37A is formed by cutting the end
of the ring fiber 29 along the length of the bare wires 32,
as shown, for example, in Fig. 9A, into a plurality of (il-
lustratively, four) circumferentially discrete portions 23
(cutting step) and separating the plurality of discrete por-
tions away from each other. The plurality of discrete por-
tions 23 radially extend from the cylindrical section 36 of
the ring fiber 29 with the tips of the discrete portions 23
separated away from each other. The end face of the
bare wires 32 are exposed from each end of the end
faces of the discrete portions 23.
[0150] As shown in Fig. 18, in the input end 37A, each
of the discrete portions 23 may be secured to a shape
fixing member provided in the input end 37A by an ad-
hesive or the like so that the tips of the discrete portions
23 are held in a separate fashion.
[0151] As a method of fixing the tips of the plurality of
discrete portions 23 of the input end 37A and holding the
tips of the discrete portions 23 in a separate fashion (a
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discrete portions fixing method), it is not limited to a meth-
od of fixing the discrete portions 23 to the shape fixing
member. For example, a molded resin section may be
formed to enclose all the discrete portions 23 of the input
end 37A together.
[0152] As shown in Fig. 18, a plurality of light sources
38 are provided for a plurality of corresponding discrete
portions 23 in such a manner that light from the light
sources 38 is inputted to the bare wires 32. This arrange-
ment enables the optical fiber structure 30A to be used
as the illumination unit 39A.
[0153] The light sources 38 have light emitting faces
38a oriented so as to face the tips of the discrete portions
23. The center of each of the light emitting face 38a is
aligned with the center of the tip of the discrete portion 23.
[0154] This illumination unit thus achieves high optical
coupling efficiency between light from the light sources
38 and the discrete portions 23 and thus, increases the
amount of light inputted to the input end of the optical
fiber structure 30A and also, the amount of light outputted
from the output end.
[0155] In the optical fiber structure 30A, a dome-
shaped light entry projection may be formed on the end
faces of the respective discrete portions 23 by a trans-
parent resin (adhesive and the like) in order to enhance
optical coupling efficiency between output light from the
light source 38 arranged so as to correspond to each of
the discrete portions 23 and the bare wires 32 of the
plastic optical fiber exposed from the end faces of the
discrete portions 23.
[0156] The optical fiber structures used in the foregoing
examples may include an image transmission unit for
transmitting an image from a target portion under inspec-
tion when the input end 25 is positioned against the target
portion and can be used as an endoscope and other ob-
servation devices.
[0157] In the endoscope of the present example, the
image transmission unit is disposed in the cylindrical sec-
tion 36 of the optical fiber structure so that light is emitted
to a target portion under inspection from each of the bare
wires 32 disposed around the image transmission unit.
An image as captured may be transmitted to the operative
side of the endoscope through the image transmission
unit. As such, the endoscope of this example is prefera-
ble.
[0158] Fig. 19 is an example of a configuration (an ob-
servation device) showing the manner in which an image
transmission unit is disposed at the input end 25 of the
optical fiber structure 30 of the illumination unit 39 illus-
trated in Fig. 13.
[0159] Fig. 20 is an example of a configuration (an ob-
servation device) showing the manner in which an image
transmission unit is disposed at the input end 25 of the
optical fiber structure 30A of the illumination unit 39A
illustrated in Fig. 18.
[0160] In Figs. 19 and 20, the light source(s) 8 is pro-
vided at the input end 37, 37A of the optical fiber structure
30A.

[0161] In the example shown in Figs. 19 and 20, an
image capture unit 22 is mounted to the distal end of the
image transmission unit 21 and has an end face 23 con-
structed to face against a target portion under inspection.
[0162] The endoscope and other observation devices
of the present example is not limited to the specific forms,
as far as the image capture unit 22 is so constructed as
to capture an image of a target portion under inspection,
and the image transmission unit is constructed so as to
transmit the image thus captured. For example, an ob-
jective lens may be used as the image capture unit 22
where the image transmission unit 21 is an image fiber.
Alternatively, when the image transmission unit 21 is an
electrically conductive wire, an imaging sensor 22 such
as a CCD may be disposed at the distal end of the optical
fiber structure to convert the image to an electrical signal
and transmit the electrical signal through the electrically
conductive wire.
[0163] The optical fiber structure 30 may also be used
to allow a means for injecting medicine such as in gas-
eous or liquid form through the hollow portion 34 (see
Fig. 10), a mechanical means and the like for manipulat-
ing a target portion under inspection and other means to
have access to the target portion.
[0164] In Figs. 19 and 20, an aperture 26 is formed in
the optical fiber structure 30 and located between the
output end 25 and the input end 7. The linear image trans-
mission unit 21 such as the image fiber and the electri-
cally conductive wire is inserted through the aperture 26
into the cylindrical section 36 of the optical fiber structure
30 and extends out of the cylindrical section 36.
[0165] The aperture 26 is formed by cutting the cylin-
drical section 36 of the optical fiber structure 30 along
the length of the bare wires 32. It is preferable to form
the aperture 26 since there is a less chance of the bare
wires 32 being cut. This brings about an increase in the
amount of light emitted from the output end.
[0166] In the optical fiber structure of the present em-
bodiment, the rein body 33 may be used in an exposed
condition. The resin body may be surrounded by a sep-
arate jacket, tube or the like.
[0167] Also, both longitudinal ends of the optical fiber
structure may form the processed ends 31. If the optical
fiber structure has a processed end at its output end, the
optical fiber structure can be smoothly inserted into a
narrow channel.

Third Embodiment

[0168] An endoscope according to a third embodiment
will now be described with reference to Figs. 21A to 26.
[0169] Figs. 21A to 21C show the shape of the vicinity
of an output end of an optical fiber structure 41 in first to
third examples.
[0170] The optical fiber structure 41 of the present em-
bodiment includes a cylindrical resin body 43 and a plu-
rality of circumferential arrays of plastic optical fiber bare
wires 42 extending along the length of the resin body 43.
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[0171] As shown in Fig. 23, the optical fiber structure
41 has a ring-shaped section. The ring-shaped resin
body 43 has a hollow portion 44.
[0172] The plurality of bare wires 42 are embedded in
the ring-shaped resin body 43. The bare wires 42 extend
along the length of the optical fiber structure 41 (lateral
direction in Fig. 1). The bare wires 42 are plastic optical
fibers (POF) and each include a core surrounded by a
resin sheath having a refractive index lower than that of
the core. Each of the bare wires 42 utilizes the refractive
index difference between the core and the sheath and
functions as an optical waveguide. The core and the
sheath are both made of plastic capable of transmitting
light through the optical fiber structure 41.
[0173] The plastic material of which the core of the bear
wire 42 is made is the same as the plastic material used
in the first embodiment.
[0174] The plastic material of which the sheath of the
bear wire 42 is made is the same as the plastic material
used in the first embodiment.
[0175] The resin of which the resin body 43 is made is
the same as the resin used in the first embodiment.
[0176] As shown in Fig. 25, the optical fiber structure
41 has a longitudinal input end 47 and an opposite output
end 45. The bare wires 42 and the resin body 43 both
extend from the input end 47 to the output end 45 along
the length of the optical fiber structure 41.
[0177] The hollow portion 44 also extends along the
length of the optical fiber structure 41 and is open at the
opposite ends (that is, the input end 47 and the output
end 45).
[0178] As shown in Fig. 26, a light source 48 is ar-
ranged at the input end 47. Light is emitted from the light
source 48, is transmitted through each of the bare wires
42, and is emitted out of the output end 45.
[0179] As shown in Fig. 24, in a conventional plastic
optical fiber structure, the output end 45 is a surface
which is perpendicular to the longitudinal direction (lateral
direction in Fig. 24) of the optical fiber structure. Each of
the bare wires 42 has an end face 46 oriented in a direc-
tion perpendicular to the longitudinal direction of the resin
body 43 such that ring-shaped illumination is obtained.
[0180] By contrast, the end faces 46 of the plurality of
bare wires 42 are inclined in at least one longitudinal end
45A, 45B, 45C of the resin body 43 of the optical fiber
structure 41. By this arrangement, light as transmitted
through the bare wires 42 is emitted in a direction corre-
sponding to the angle of inclination of the end face 46 of
the bare wires 42. The angle of inclination may range
from 30 to 60 degrees.
[0181] In the ends 45A, 45B, 45C, the end 46 of the
bare wires 42 may be inclined as in the end face of the
resin body 43. In this case, no step is formed between
the end faces 46 of the bare wires 42 and the end face
of the resin body 43, thereby allowing for easy process-
ing.
[0182] The resin body 43 may have a round end face.
[0183] Referring to Fig. 21A, the end 45A of the optical

fiber structure 41 is inclined so that an outer periphery
41b extends beyond an inner periphery 41a. The end
45B thus configured enables light L emitted from the plu-
rality of bare wires 42 to be directed toward the inner
periphery 41a of the optical fiber structure 41. That is, all
the light is collected at the center of the optical fiber struc-
ture.
[0184] Referring to Fig. 21B, the end 45B of the optical
fiber structure 41 is inclined so that the inner periphery
41a extends beyond the outer periphery 41b. The end
45A thus configured enables light L emitted from the plu-
rality of bare wires 42 to be outwardly directed and ex-
panded toward the outer periphery 41b of the optical fiber
structure 41.
[0185] Referring to Fig. 21C, the end 45C of the optical
fiber structure 41 is inclined in its entirety. The end 45C
thus configured enables light L emitted from the plurality
of bare wires 42 to be applied to a lateral direction sub-
stantially perpendicular (downward direction in Fig. 22C)
to the longitudinal direction of the optical fiber structure
41.
[0186] In the present examples, a method of process-
ing the ends 45A, 45B, and 45C of the optical fiber struc-
ture 41 is not limited to the specific method. The ends
may be cut with such as a knife or may be abraded. Al-
ternatively, there may be employed a mold and the like
having a shape which compliments the shape of each of
the ends of the optical fiber structure 41. The mold, after
heated, is pressed against the end of the optical fiber
structure 41. As a result, the end of the optical fiber struc-
ture 41 is thermally deformed in such a manner as to
correspond to the molding surface of the mold.
[0187] As the optical fiber structure 41 is made of plas-
tic, it can readily be processed using a knife. The use of
the thermal deformation is preferable since it produces
no debris.
[0188] As described above, the optical fiber structure
41 can be used as an illumination unit if the light source
48 is provided at the input end 47. A method of optically
coupling between the input end 47 and the light source
48 is not limited to the specific method. The input end 47
may be processed in such a manner that light from the
light source 48 is inputted to the bare wires 42 at the input
end 47. The input end 47 may not even be processed as
far as light is inputted to the bare wires 42.
[0189] In the optical fiber structure 41, the end faces
46 of the both ends of the bare wires 42 may be inclined.
In this case, either end can be used as an output end. If
a plastic optical fiber structure has opposite ends of dif-
ferent shape, then there is no need to provide two plastic
optical fiber structures. One of the ends may be selec-
tively used as an output end. For example, one end may
be so shaped as to collect light as in the end 45A shown
in Fig. 21A, whereas the other end may be so shaped as
to diffuse light as in the end 45B shown in Fig. 21B. One
of the ends may be selectively used as an output end,
depending on the intended use.
[0190] The optical fiber structure of the present exam-
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ples may be provided with the image transmission unit
to transmit an image when the output end 45 is positioned
against a target portion under inspection. The optical fiber
structure can thus be used as an endoscope and other
observation devices. To use the optical fiber structure 41
as the illumination unit 49, the light source 48 may be
arranged at the input end 47, as mentioned above.
[0191] In the present examples, the optical fiber struc-
ture 41 has the hollow portion 44, and the end faces 46
of the bare wires 42 are disposed at the output end 45
and extend around the hollow portion 44. The image
transmission unit is disposed within the optical fiber struc-
ture 41. The bare wires 42 are disposed around the image
transmission unit and emanate light to illuminate a target
portion under inspection. An image as captured is trans-
mitted to the operative end of the endoscope by the image
transmission unit. The use of this endoscope is therefore
preferred.
[0192] Figs. 22A to 22C show one example of which
the image transmission unit is provided at the output ends
45A, 45B, and 45C of the optical fiber structure 41 shown
in Figs. 21A to 21C.
[0193] In the examples shown in Figs. 22A and 22B,
an image capture unit 50 is disposed at the tip of an image
transmission unit 49 so that an end face 51 of the image
capture unit 50 can be oriented to face against a target
portion under inspection.
[0194] The use of these examples is preferred when it
is necessary to observe the wall of a stomach or the like
located longitudinally forwardly of the optical fiber struc-
ture 41.
[0195] In Fig. 22A, the outer periphery 41b extends
beyond the inner periphery 41a along the circumference
of the output end 45A of the optical fiber structure 41. As
such, all the lights L emanated from the plurality of bare
wires 42 are collected at the center to more brightly illu-
minate a target portion.
[0196] In Fig. 22B, the inner periphery 41a extends be-
yond the outer periphery 41b along the circumference of
the output end 45B of the optical fiber structure 41. As
such, the lights L emanated from the plurality of bare
wires 42 are outwardly directed to more widely illuminate
a target portion.
[0197] In the example shown in Fig. 22C, the image
transmission unit 49 is provided at its tip with the image
capture unit 50. A unit 52 is mounted to the end face 51
of the image capture unit 50 so as to change the direction
of observation. The unit 52 has an end face 53 extending
in a direction perpendicular to the end face 51 of the
image capture unit 50 and oriented to face against a tar-
get portion under inspection.
[0198] In the present embodiment, the unit for chang-
ing the direction of observation includes a prism 52. The
prism 52 has a substantially triangular section and is sup-
ported by a holder 54. The prism 52 and the holder 54
are secured, for example, by an adhesive. The prism 52
and the holder 54 collectively form a substantially rec-
tangular section so that no sharp corner is present at the

front end of the prism 52.
[0199] In Fig. 22, the entire face of the output end 45C
of the optical fiber structure 41 is inclined. Upon insertion
of the optical fiber structure 41 into a narrow duct such
as a blood vessel, it is capable of directing light L, as
emanated from the plurality of bare wires 42, toward a
target portion located at lateral side of the optical fiber
structure 41 and observing the inner surface of the duct.
[0200] This example is preferable when observing a
lateral direction with respect to a longitudinal direction of
the optical fiber structure 41 (so called, "sideward view-
ing"), for example, the wall of a blood vessel and the like.
[0201] The endoscope and other observation devices
of the present example is not limited to the specific forms,
as far as the image capture unit 50 is so constructed as
to capture an image of a target portion under inspection,
and the image transmission unit 49 is so constructed as
to transmit the image. For example, an objective lens
may be used as the image capture unit 50 where the
image transmission unit 49 is an image fiber. Alternative-
ly, where the image transmission unit 49 is an electrically
conductive wire, a CCD or similar imaging sensor 50 may
be disposed at the distal end of the optical fiber structure
to convert the image to an electrical signal and transmit
the electrical signal through the electrically conductive
wire.
[0202] The optical fiber structure 41 may also be used
to allow a means for injecting medicine such as in gas-
eous or liquid form through the hollow portion 44, a me-
chanical means and the like for manipulating a target
portion under inspection and other means to have access
to the target portion.
[0203] The optical fiber structure 41 of the present in-
vention can be left exposed to the external surroundings
during use. As an alternative, the optical fiber structure
41 may be surrounded by a separate jacket, tube or the
like.
[0204] The input end of the optical fiber structure may
diverge from its distal end (or output end of the optical
fiber structure) in a tapered manner. The input end is
hereinafter referred to as "tapered input end". The ta-
pered input end may be circumferentially separated by
at least on one or more slit. Also, the tapered input end
may not have a slit.
[0205] The maximum outer diameter of the tapered in-
put end, that is, the outer diameter of the input end of the
optical fiber structure is in the order, for example, of ap-
proximately 100 mm. However, it is not limited to thereto
and may have any suitable diameter.

DESCRIPTION OF THE REFERENCE SYMBOLS

[0206]

1 Endoscope
1A, 1B, 1C Structure (optical fiber structure)
2a, 37, 47 Input end (one end)
2b Inner bore
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34, 44 Hollow portion
3, 38, 48 Light source
4, 39 Illumination unit
5 Tubular body
6, 21, 49 Image fiber (image transmission unit)
9, 33, 43 Resin body
10, 32, 42 Bare wire
11 Slit

Claims

1. An optical fiber structure (30) comprising a cylindrical
resin body (9), and a plurality of circumferential ar-
rays of optical fiber bare wires (10) disposed within
the cylindrical resin body and extending along a lon-
gitudinal direction (X) of the resin body, character-
ized in that
the resin body comprises:

a plurality of linear slits (11) arranged at regular
intervals in a circumferential direction, each of
the liner slits provided at a location intermediate
a length of the resin body, wherein each of the
linear slits extends from an outer surface to an
inner bore of the resin body, and extends sub-
stantially parallel to the bare wires;
and
elongated portions (12) each sandwiched be-
tween two adjacent linear slits of the plurality of
linear slits in the resin body, the elongated por-
tions being overlapped so that the resin body
has a narrower outer circumference.

2. The optical fiber structure according to claim 1,
wherein the plurality of linear slits are provided in the
resin body at opposed positions as viewed from a
longitudinal direction of the resin body, and elongat-
ed portions each sandwiched between the two ad-
jacent linear slits are deformed to a flat shape as
viewed from a longitudinal direction of the resin body.

3. An illumination unit (39A) comprising an optical fiber
structure according to claim 1 or 2, and a light source
(38) arranged at one end of the optical fiber structure.

4. An endoscope (1) comprising an optical fiber struc-
ture (30) according to claim 1 or 2, wherein an image
transmission unit (21) which transmits an image of
a target portion under inspection is disposed in an
inner bore (2b) of the resin body so as to face an end
portion of the optical fiber structure.

5. The endoscope according to claim 4, wherein the
image transmission unit transmits the image cap-
tured by an imaging sensor (50).

6. The endoscope according to claim 4, wherein the

image transmission unit is an image fiber.

7. The endoscope according to claim 4, wherein the
image transmission unit is inserted through the linear
slit provided at a location intermediate the length of
the resin body.

Patentansprüche

1. Lichtwellenleiter (30) aufweisend einen zylindri-
schen Kunstharzkörper (9) und einer Vielzahl von
entlang des Umfangs angeordneten Gruppen von
blanken Glasfaserdrähten (10), die in dem zylindri-
schen Kunstharzkörper angeordnet sind und sich
entlang einer Längsrichtung (X) des Kunstharzkör-
pers erstrecken, dadurch gekennzeichnet, dass
der Kunstharzkörper Folgendes aufweist:

eine Vielzahl von linearen Schlitzen (11), die in
regelmäßigen Abständen entlang einer Um-
fangsrichtung angeordnet sind, wobei jeder der
linearen Schlitze an einem Ort in der Mitte einer
Länge des Kunstharzkörpers vorgesehen ist,
wobei sich jeder der linearen Schlitze von einer
Außenseite zu einer inneren Bohrung des
Kunstharzkörpers erstreckt und im Wesentli-
chen parallel zu den blanken Drähten verläuft;
und
langgestreckte Abschnitte (12), die jeweils
sandwichartig zwischen zwei benachbarten li-
nearen Schlitzen aus der Vielzahl von linearen
Schlitzen in dem Kunstharzkörper angeordnet
sind, wobei sich die langgestreckten Abschnitte
überlappen, sodass der Kunstharzkörper einen
schmaleren Außenumfang besitzt.

2. Lichtwellenleiter nach Anspruch 1, wobei die Viel-
zahl von linearen Schlitzen von einer Längsrichtung
des Kunstharzkörpers aus betrachtet an gegenüber-
liegenden Positionen in dem Kunstharzkörper vor-
gesehen sind, und jeweils sandwichartig zwischen
den zwei benachbarten Schlitzen angeordnete lang-
gestreckte Abschnitte von einer Längsrichtung des
Kunstharzkörpers aus betrachtet zu einer flachen
Gestalt verformt sind.

3. Beleuchtungseinheit (39A) mit einem Lichtwellenlei-
ter nach Anspruch 1 oder 2 und einer Lichtquelle
(38), die an einem Ende des Lichtwellenleiters an-
geordnet ist.

4. Endoskop (1) mit einem Lichtwellenleiter (30) nach
Anspruch 1 oder 2, wobei eine Bildübertragungsein-
heit (21), die ein Bild eines betrachteten Zielab-
schnitts überträgt, so in einer inneren Bohrung (2b)
des Kunstharzkörpers angeordnet ist, dass sie ei-
nem Endabschnitt des Lichtwellenleiters gegenü-
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berliegt.

5. Endoskop nach Anspruch 4, wobei die Bildübertra-
gungseinheit das durch einen bildgebenden Sensor
(50) erfasste Bild überträgt.

6. Endoskop nach Anspruch 4, wobei die Bildübertra-
gungseinheit eine Bildfaser ist.

7. Endoskop nach Anspruch 4, wobei die Bildübertra-
gungseinheit durch den linearen Schlitz eingeführt
wird, der an einem Ort in der Mitte der Länge des
Kunstharzkörpers vorgesehen ist.

Revendications

1. Structure de fibre optique (30) comprenant un corps
de résine cylindrique (9), et une pluralité de réseaux
circonférentiels de fils nus de fibre optique (10) dis-
posés à l’intérieur du corps de résine cylindrique et
s’étendant le long d’une direction longitudinale (X)
du corps de résine, caractérisée en ce que
le corps de résine comprend :

une pluralité de fentes linéaires (11) agencées
à des intervalles réguliers dans une direction cir-
conférentielle, chacune des fentes linéaires
étant prévue à un emplacement, de manière in-
termédiaire sur une longueur du corps de résine,
dans laquelle chacune des fentes linéaires
s’étend depuis une surface extérieure jusqu’à
un alésage intérieur du corps de résine, et
s’étend de manière sensiblement parallèle aux
fils nus ; et
des parties allongées (12), chacune prise en
sandwich entre deux fentes linéaires adjacentes
de la pluralité de fentes linéaires dans le corps
de résine, les parties allongées se chevauchant
de sorte que le corps de résine ait une circon-
férence extérieure plus étroite.

2. Structure de fibre optique selon la revendication 1,
dans laquelle la pluralité de fentes linéaires sont pré-
vues dans le corps de résine à des positions oppo-
sées, en vue depuis une direction longitudinale du
corps de résine, et des parties allongées chacune
prise en sandwich entre les deux fentes linéaires ad-
jacentes sont déformées en une forme plate, en vue
depuis une direction longitudinale du corps de rési-
ne.

3. Unité d’éclairage (39A) comprenant une structure de
fibre optique selon la revendication 1 ou 2, et une
source de lumière (38) agencée à une extrémité de
la structure de fibre optique.

4. Endoscope (1) comprenant une structure de fibre

optique (30) selon la revendication 1 ou 2, dans le-
quel une unité de transmission d’image (21) qui
transmet une image d’une partie cible inspectée est
disposée dans un alésage intérieur (2b) du corps de
résine de manière à faire face à une partie d’extré-
mité de la structure de fibre optique.

5. Endoscope selon la revendication 4, dans lequel
l’unité de transmission d’image transmet l’image
capturée par un capteur d’imagerie (50).

6. Endoscope selon la revendication 4, dans lequel
l’unité de transmission d’image est une fibre d’image.

7. Endoscope selon la revendication 4, dans lequel
l’unité de transmission d’image est insérée à travers
la fente linéaire prévue à un emplacement, de ma-
nière intermédiaire sur la longueur du corps de rési-
ne.
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