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Description

Technical Field

[0001] Embodiments of the present invention relate to
a method for manufacturing an optical fiber that is con-
figured to be inserted into an insertion portion of an en-
doscope and guides light, the optical fiber, and an endo-
scope including the optical fiber.

Background Art

[0002] Medical endoscopes need to illuminate an ob-
ject in order to observe the inside of a dark body cavity.
Therefore, a light guide is used to guide light generated
by a light source apparatus to an illumination portion dis-
posed in a distal end portion of an insertion portion of the
respective endoscopes.
[0003] A light guide has a configuration in which nu-
merous optical fibers are bundled. As illustrated in Fig.
1, each of the respective optical fibers 10 (with an outer
diameter φF) includes a core 11 (with an outer diameter
φC) that transmits light and a clad 12 that is provided on
an outer circumferential portion of the core 11 and reflects
light to prevent the light from leaking to the outside from
a side face of the core, For the core 11, a high-refractive
index glass is used, and for the clad 12, a glass with a
refractive index that is lower than that of the core 11 is
used.
[0004] As an example of optical fiber manufacturing
methods, Japanese Patent Application Laid-Open Pub-
lication No. 1-215738 discloses a method for manufac-
turing an optical fiber for optical communications using
a rod-in-tube method. In a rod-in-tube method, melt-spin-
ning, what is called "fiber drawing", is performed with a
rod-like glass, which becomes a core, inserted into a tu-
bular glass, which becomes a clad, in an inner portion of
a heating furnace.
[0005] Here, optical fibers for endoscopes and optical
fibers for optical communications both have a function
that guides light and thus are similar to each other in their
basic parts. However, while optical fibers for optical com-
munications each convey light with a predetermined nar-
row range of wavelengths over a long distance of several
kilometers or more, optical fibers for endoscopes need
to guide a large amount of light with a broad range of
wavelengths, i.e., visible light, although the optical fibers
for endoscopes guide such large amount of light over
only a short distance of several meters. Thus, although
a structure of optical fibers for endoscopes and a method
for manufacturing the same are similar in basic part to,
but largely different in, e.g., manufacturing conditions
from, a structure of optical fibers for optical communica-
tions and a method for manufacturing the same.
[0006] For example, in comparison with the optical fib-
er for optical communications, the optical fiber for endo-
scopes has a high proportion of the core diameter φC to
the fiber diameter φF. Thus, it is not easy to perform the

fiber drawing in a state where the core rod is accurately
arranged at a center of the clad tube and there has been
a problem of enhancing productivity.
[0007] US 2002/054741 A1 discloses a method of fab-
ricating an optical fiber incorporating a volatile constitu-
ent, involving: (a) providing a preform comprising a clad-
ding glass having an axial aperture and a core glass ar-
ranged in the axial aperture, wherein the working tem-
perature of the core glass lies below the working temper-
ature of the cladding glass; and (b) drawing the preform
into an optical fiber at a drawing temperature that lies
between the working temperatures of the core and clad-
ding glasses and above the softening temperature of the
cladding glass, wherein the core glass prior to drawing
includes a dioxide or higher oxide compound of the vol-
atile constituent having a Gibbs free energy of disasso-
ciation into a monoxide compound of the volatile constit-
uent that is negative at the drawing temperature, whereby
the dioxide or higher oxide compound tends to disasso-
ciate into the monoxide compound during drawing. With
this method, the core material melts while the cladding
glass remains solid but in a deformable state. The starting
material for the core may be a powder or a solid rod, i.e.
the method may be embodied as a powder-in-tube (PIT)
or a rod-in-tube (RIT) method.
[0008] GB 1 264 388 A discloses a light-conducting
composite fiber consisting of a core, a sheath surround-
ing the core, and one or more black glass fibers fused
into the outer surface of the sheath, the refractive index
of the core being higher than that of the sheath.
[0009] An object of the present invention is to provide
a method for manufacturing an optical fiber for an endo-
scope with high productivity, an optical fiber of an endo-
scope with high productivity, and an endoscope including
the optical fiber with high productivity.

Disclosure of Invention

Means for Solving the Problem

[0010] The above objects are solved by the claimed
matter according to the independent claims. Advanta-
geous embodiments are defined by the dependent
claims.
[0011] An embodiment of the present invention pro-
vides a method for manufacturing an optical fiber that is
configured to be inserted into an insertion portion of an
endoscope and guides light, wherein in an inner portion
of an upright fiber drawing furnace used in an rod-in-tube
method, in an inner portion of a hollow clad tube including
a clad glass, a core glass in a fluidized state runs down
by gravity, whereby the core glass and the clad glass are
integrated, the clad glass having a viscosity η1 of 5.0<
Logη1<7.0 at a temperature at which a viscosity η2 of a
core glass becomes Logη2 = 3.5.
[0012] Another embodiment of the present invention
provides an optical fiber that is inserted into an insertion
portion of an endoscope and guides light, wherein a vis-
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cosity η1of a clad glass at a temperature at which a vis-
cosity η2 of a core glass becomes Logη2 = 3.5 is 5.0 <
Logη1 < 7.0.
[0013] A further development of the optical fiber of the
present invention provides an endoscope including an
optical fiber that is inserted into an insertion portion and
guides light, wherein a viscosity η1 of a clad glass at a
temperature at which a viscosity η2 of a core glass be-
comes Logη2 = 3.5 is 5.0 < Logη1 < 7.0.

Brief Description of the Drawings

[0014]

Fig. 1 is a diagram for describing a structure of an
optical fiber;
Fig. 2 is a schematic cross-sectional diagram for de-
scribing a method for manufacturing an optical fiber
according to a rod-in-tube method using a fiber draw-
ing furnace according to an embodiment;
Fig. 3 is a cross-sectional diagram for describing a
problem in optical fiber manufacture according to a
rod-in-tube method;
Fig. 4 is a diagram illustrating changes in viscosity
of glasses with temperature;
Fig. 5 is a diagram illustrating a temperature distri-
bution in a fiber drawing furnace according to an em-
bodiment; and
Fig. 6 is a configuration diagram for describing a con-
figuration of an endoscope according to an embod-
iment.

Best Mode for Carrying Out the Invention

[0015] As illustrated in Fig. 2, an optical fiber 10 ac-
cording to an embodiment is obtained as a result of a
vertically held, elongated core rod 21 including a core
glass inserted into a center of a hollow portion of a ver-
tically-held, elongated clad tube 22 including a clad glass
being heated and subjected to "fiber drawing" under
downward tension in an inner portion of an upright fiber
drawing furnace 30.
[0016] In the fiber drawing furnace 30, a heater 32 and
a heat-insulating material 33 are disposed so as to sur-
round a central furnace tube 31, which provides a heating
space. An inner portion of the furnace tube 31 is designed
so that the temperature increases toward the lower side
from the upper side.
[0017] Hereinafter, as illustrated in Fig. 2, positions Z
in the inner portion of the fiber drawing furnace 30 are
indicated by values in a Z-axis coordinate in which an
upper portion of the fiber drawing furnace 30 is an origin
thereof and a Z-axis is an axis with its value increasing
toward the lower side (in a gravity direction g). Here, Fig.
2 is a schematic diagram for description in which, e.g.,
shapes and/or sizes of components are different from
those of actual ones.
[0018] In the optical fiber 10, the core glass (core rod

21) enters a fluidized state at a temperature lower than
that of the clad glass (clad tube 22). Thus, as illustrated
in Fig. 2, the core rod 21 starts deformation and fluidiza-
tion at Z1, and enters a fluidized state and vertically runs
down by gravity at Z2. The core glass (core rod 21) that
has run down is integrated with the clad tube 22 at Z2.
Note that the clad glass (clad tube 22) starts deformation
and fluidization at Z3 and a diameter thereof starts de-
creasing.
[0019] Here, a diameter φCL of the core glass (core
rod 21) that has entered a fluidized state and started run-
ning down at Z2 gradually decreases toward the lower
side, but the core glass (core rod 21) is received by the
clad tube 22 that is not in a fluidized state at Z5 and thus
exhibits a minimum value at Z4. In general, where a glass
is deformed under fiber drawing tension, a diameter of
the glass monotonously decreases. On the other hand,
in a method for manufacturing the optical fiber 10, φCL
decreases from Z1 to Z4, exhibits a minimum value at
Z4 and increases from Z4 to Z5. Then, φCL decreases
again in a portion below Z5 and finally becomes a core
diameter (φC) of the fiber 10, for example, 27 mm. In other
words, inside the fiber drawing furnace 30, the diameter
φCL of the core glass decreases and reaches a minimal
value and then increases.
[0020] As already explained, in a method for manufac-
turing an optical fiber according to a rod-in-tube method,
it is not easy to perform fiber drawing with the core rod
21 accurately arranged in a center of the clad tube 22
inside the fiber drawing furnace. In other words, as illus-
trated in Fig. 3, slight deviation of the core rod 21 from
the center of the clad tube 22 may result in the core rod
21 sticking to a part of an inner wall of the clad tube 22
in a phase in which an outer diameter of the core rod 21
is smaller than an inner diameter of the clad tube 22.
Consequently, a drawn optical fiber may have a decen-
tered core position, have a non-circular cross sectional
shape and/or have variations in fiber diameter.
[0021] In particular, optical fibers for endoscopes have
a high ratio (φC/φF) of a core diameter φC relative to a
fiber diameter φF in order to guide a large amount of light.
For example, an optical fiber cannot guide a desired
amount of light unless a core diameter φC of the optical
fiber is no less than 80% of a fiber diameter φF of the
optical fiber. For example, where the fiber diameter φF
is 30 mm, the core diameter φC is preferably no less than
24 mm (80%), particularly preferably no less than 27 mm
(90%). An upper limit of the core diameter φC is, for ex-
ample, no more than 95% of the fiber diameter φF, and
a core diameter φC that is equal to or below the upper
limit enables provision of a clad glass thickness neces-
sary for reflection.
[0022] Since optical fibers for endoscopes have a high
φC/φF ratio as mentioned above, a ratio (φCT/φCL) of the
outer diameter φCL of the core rod 21 relative to an inner
diameter φCT of the clad tube 22 is high also at the time
of manufacture, and a space (gap) between an outer cir-
cumferential face of the core rod and an inner circumfer-
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ential face of the clad tube is small. Thus, the core rod
is easily decentered.
[0023] However, in the method for manufacturing an
optical fiber according to the present embodiment, a flu-
idized core glass runs down by gravity and is thereby
integrated with a clad glass (clad tube 22). At each of
positions below Z4, the diameter of the clad tube 22 fur-
ther decreases under fiber drawing tension; however, the
core glass in the inner portion of the hollow tube (clad
tube 22) including the clad glass is in a fluidized state
and thus is maintained in a state in which the core glass
is evenly charged in the inner portion.
[0024] Also, the fiber drawing tension applied from be-
low the fiber drawing furnace 30 is not strongly applied
to an upper portion of the core rod 21, that is, a part of Z
> Z1 of the core rod 21 since the core rod 21 is in a
fluidized state in Z2 to Z5. Therefore, even if the core rod
21 is somewhat deviated from the center of the clad tube
22 in the upper portion of the fiber drawing furnace 30,
no large problem occurs.
[0025] Thus, the method for manufacturing the optical
fiber 10 according to the present embodiment provides
high productivity.
[0026] As already described, a core glass (core rod 21)
entering a fluidized state at a temperature lower than that
of a clad glass (clad tube 22) is a requirement for the
method for manufacturing the optical fiber 10 according
to the present embodiment. In other words, a clad glass
and a core glass were selected paying attention to
change in a viscosity η1 of the clad glass (clad tube 22)
with temperature and change in a viscosity η2 of the core
glass (core rod 21) with temperature.
[0027] Note that the viscosities η of the glasses were
measured by the following methods.

(1) Viscosities at temperature of no more than 900°C

[0028] Fiber elongation method: JIS-R3103 and
ASTM-C336

(2) Viscosities at temperature of no less than 900°C

[0029] Using a sphere pull-up viscometer, an imposed
load is measured using a balance with a glass regarded
as a Newtonian fluid, thereby calculating a viscosity. A
sphere pull-up viscometer is a method in which a viscosity
is calculated by assigning a load imposed when a plati-
num sphere is immersed in melt glass and pulled up at
a uniform velocity in the Stokes’ law.
[0030] Here, a glass starts deformation (diameter de-
crease) under tension where a viscosity η of the glass
becomes no more than Logη = 6, exhibits noticeable de-
formation (diameter decrease) under tension where
Logη becomes no more than 5, and enters a fluidized
state and runs down by gravity where Logη becomes no
more than 3.5. Note that "Log" is a common logarithm
with base 10.
[0031] Here, in order to receive the running-down core

glass, the clad glass needs to maintain a predetermined
hardness (viscosity). Here, the position Z5 where the clad
glass receives the core glass is lower than the position
Z2 where the core glass starts running down, and thus,
a temperature at Z5 is higher than a temperature at Z2.
[0032] Thus, at a temperature at which the viscosity
η2 of the core glass becomes Logη2 = 3.5, the viscosity
η1 of the clad glass is preferably Logη1 > 5.0, particularly
preferably Logη 1 > 6.0. Where the viscosity η1 exceeds
the aforementioned value, the clad glass can stably re-
ceive the running-down core glass. Note that, if the vis-
cosity η1 at a temperature at which the viscosity η2 of
the core glass becomes Logη2 = 3.5 is excessively high,
a decrease in diameter of the clad tube 22 after the clad
tube 22 receiving the core glass sharply advances, re-
sulting in unstable fiber drawing, and thus, the viscosity
η1 is preferably, for example, Logη1 < 7.0.
[0033] Fig. 4 indicates changes in viscosity of a core
glass A (Core-A), a clad glass A (Clad-A), a clad glass
B (Clad-B) and a clad glass C (Clad-C) with temperature.
A temperature at which the viscosity η2 of the core glass
A (Core-A) becomes Logη2 = 3.5 is 880°C. Then, the
clad glass A (Clad-A) whose viscosity η1 at 880°C is
Logη1 = 6.3 meets the above condition. On the other
hand, the clad glass B (Clad-B) whose viscosity η1 at
880°C is Logη1 = 5.0 does not meet the above condition,
and thus use of the clad glass B (Clad-B) in combination
with the core glass A (Core-A) results in a decrease in
manufacturing yield of fibers 10 and thus provides poor
productivity. Likewise, the clad glass C (Clad-C) whose
viscosity η1 at 880°C is Logη1 = 7.0 also provides poor
productivity.
[0034] In other words, a viscosity curve of a clad glass
to be combined with the core glass A (Core-A) preferably
lies between a viscosity curve of the clad glass B (Clad-
B) and a viscosity curve of the clad glass C (Clad-C).
[0035] Here, the core glass includes, for example,
borosilicate glass or alumino-borosilicate glass as a main
component and has a refractive index rid of 1.56 to 1.73.
On the other hand, a refractive index nd of the clad glass
that includes silica as a main component and also con-
tains, e.g., alkaline components is 1.47 to 1.52. In addi-
tion to the above condition, the clad glass is selected with
estimation of conditions, such as a refractive index, a
difference in thermal expansion coefficient between the
clad glass and the core glass, wettability between the
core glass and the clad glass and difficulty in mutual com-
ponent diffusion, according to, for example, Appen’s
equation.
[0036] A viscosity η of a glass can be adjusted by ad-
justing contents of alkaline components. In other words,
as the contents of the alkaline components increases,
the viscosity η at a same temperature decreases.
[0037] For example, the clad glass A and the clad glass
B are the same in main component, but different from
each other in contents of alkaline components. The clad
glass A contains 6 mol% Na and 1.5 mol% K. The clad
glass B contains 19 mol% Na. Where the effect of Na
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imposed on the viscosity is "1", that of K is "0.85". In other
words, an Na equivalent content in the clad glass A is 7
mol%.
[0038] Note that a separately-conducted test indicates
that a clad glass meets the viscosity conditions if the clad
glass has an alkaline component content of no less than
5 mol % and no more than 17 mol % in Na equivalent.
[0039] Here, in the method for manufacturing the op-
tical fiber 10, it is preferable to perform not only temper-
ature management but also time management. In other
words, it is preferable to also manage a time period during
which a glass, from which a fiber is drawn while the glass
moves downward, stays in an region of a predetermined
temperature range in the inner portion of the fiber drawing
furnace 30.
[0040] Here, a time period from a start of deformation
and fluidization of a core glass (core rod 21) to fluidization
and running-down of the core glass, in other words, a
time period required for a viscosity η2 of a core glass to
decrease from Logη2 = 6.0 to Logη2 = 3.5 is referred to
as "first dwell time". Also, a time period from a start of
deformation and fluidization of a clad glass (clad tube 22)
to achievement of a certain degree of a decrease in di-
ameter of the clad glass (clad tube 22), in other words,
a time period required for a viscosity η1 oaf a clad glass
to decrease from Logη1 = 6.0 to Logη1 = 5.0 is referred
to as "second dwell time".
[0041] For example, referring to Fig. 4, a temperature
at which the viscosity η2 of the core glass A (CORE-A)
becomes Logη2 = 6.0 is 620°C, and a temperature at
which the viscosity η2 of the core glass A (CORE-A) be-
comes Logη2 = 3.5 is 880°C. In other words, the first
dwell time is a time period during which the temperature
increases from 620°C to 880°C.
[0042] On the other hand, a temperature at which the
viscosity η1 of the clad glass A (CLAD-A) becomes
Logη1 = 6.0 is 910°C and a temperature at which the
viscosity η1 of the clad glass A (CLAD-A) becomes
Logη1 = 5.0 is 1010°C. In other words, the second dwell
time is a time period during which the temperature in-
creases from 910°C to 1010°C.
[0043] Here, Fig. 5 illustrates a temperature distribu-
tion in the fiber drawing furnace 30. In this case, the first
dwell time is a dwell time for a first temperature range of
620°C to 880°C, and the second dwell time is a dwell
time for a second temperature range of 910°C to 1010°C.
[0044] Each of a dwell time during which the core glass
stays in the first temperature range and a dwell time dur-
ing which the clad glass stays in the second temperature
range is more preferably a time period (in minutes) no
less than 0.15 times a value of a core outer diameter
represented in millimeters for stable manufacture. Note
that, although the core outer diameter (core diameter
φCL) varies in the inner portion of the fiber drawing fur-
nace 30, an initial outer diameter of a core glass before
fiber drawing processing is used for the dwell time cal-
culation.
[0045] For example, if the core outer diameter is 30

mm, each of the two dwell times is more preferably no
less than (30x0.15) minutes, that is, no less than 4.5 min-
utes. Note that the dwell times are each determined
based on the fiber drawing speed and the region length.
For example, if a length of a temperature region is 20
mm, it is only necessary that the fiber drawing speed in
the temperature region be no more than 4 mm/minutes.
[0046] Furthermore, for productivity enhancement,
each of the dwell times for the first temperature range
and the second temperature range is preferably, for ex-
ample, a time period (in minutes) no more than twice a
value of the core outer diameter represented in millime-
ters. For example, if the core outer diameter is 30 mm,
each of the two dwell times is no more than (30 x 2)
minutes, that is, no more than 60 minutes.
[0047] Note that, as illustrated in Fig. 5, in the case of
a combination of the core glass A (CORE-A) and the clad
glass A (CLAD-A), there is no overlapping region where
the first temperature range and the second temperature
range overlap; however, there may be such overlapping
region. In other words, the temperature at which the vis-
cosity η2 of the core glass becomes Logη2 = 3.5 may be
lower than the temperature at which the viscosity η1 of
the clad glass becomes Logη1 = 6.0.

<Optical fiber configuration>

[0048] As described above, in the optical fiber 10 for
an endoscope, which is inserted into the insertion portion
of the endoscope and guides light, the viscosity η1 of the
clad glass at a temperature at which the viscosity η2 of
the core glass becomes Logη2 = 3.5 is 5.0 < Logη1 <
7.0. Also, in the optical fiber 10, the core diameter is no
less than 80% and no more than 95% of the fiber diam-
eter. The optical fiber 10 is manufactured according to a
rod-in-tube method using an upright fiber drawing fur-
nace.
[0049] Since the optical fiber 10 provides good produc-
tivity, the optical fiber 10 can be manufactured at low
costs.

<Endoscope configuration>

[0050] Next, an endoscope 40 including optical fibers
10 will briefly be described with reference to Fig. 6.
[0051] An endoscope system 41 including the endo-
scope 40 includes a CPU 44, which is a processor that
processes an image signal, a monitor 45 that displays
an endoscopic image, an input section such as a key-
board 46 for a user to set, e.g., use conditions, and a
light source apparatus 47.
[0052] The endoscope 40 is an electronic endoscope
including an insertion portion 48 that includes, in a distal
end portion 49 thereof, an image pickup section 50 that
picks up a color endoscopic image and an illumination
optical system 51, a light guide 42 inserted into an inner
portion of the insertion portion 48, the light guide 42 guid-
ing illuminating light from a light source apparatus 47
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connected thereto via a light guide connector 52 on the
proximal end portion side thereof to the illumination op-
tical system 51, and an electronic connector 53 connect-
ing the image pickup section 50 including, e.g., a CCD
and the CPU 44.
[0053] The light guide 42 includes, for example, 2800
optical fibers 10 charged in a silicone tube, each of the
optical fibers 10 having a diameter of 30.0 mm, and has
a diameter of 1.8 mm and a length of 1 m.
[0054] The endoscope 40 includes the optical fibers
10, which provide good productivity, and thus, provides
good productivity and can be manufactured at low costs.
[0055] Note that, although the above description has
been provided in terms of the optical fibers 10 for a light
guide for illumination, the light guide guiding illuminating
light from a proximal end portion to the distal end portion
49 of the insertion portion 48, the embodiment of the
present invention provides effects similar to those of the
optical fiber 10 even in the case of an optical fiber for a
light guide for image pickup, the light guide guiding light
of an object image received by an image pickup optical
system in the distal end portion 49 to the proximal end
portion side. In other words, e.g., the optical fiber 10 and
the method for manufacturing the optical fiber 10 accord-
ing to the embodiment have various uses for endo-
scopes.
[0056] Also, the present invention is not limited to the
above-described embodiment and the like, various mod-
ifications and alterations are possible without departing
from the scope of the present invention, as defined by
the claims.

Claims

1. A method for manufacturing an optical fiber (10) that
is configured to be inserted into an insertion portion
(48) of an endoscope (40) and to guide light,
wherein in an inner portion of an upright fiber drawing
furnace (30) used in a rod-in-tube method, in an inner
portion of a hollow clad tube including a clad glass,
a core glass in a fluidized state runs down by gravity,
whereby the core glass and the clad glass are inte-
grated, the clad glass having a viscosity η1 of 5.0 <
Logη1 < 7.0 at a temperature at which a viscosity η2
of a core glass becomes Logη2 = 3.5.

2. The method for manufacturing an optical fiber (10)
according to claim 1, wherein a core diameter of the
optical fiber (10) is no less than 80% and no more
than 98% of a fiber diameter of the optical fiber (10).

3. The method for manufacturing an optical fiber (10)
according to claim 2, wherein in the inner portion of
the fiber drawing furnace (30), a diameter of a core
rod (21) including the core glass gradually decreases
toward a lower side of the fiber drawing furnace (30)
and the core rod (21) is received by the clad tube

(22) that is not in a fluidized state, such that a diam-
eter of the core rod (21) increases after the diameter
reaches a minimal value.

4. The method for manufacturing an optical fiber (10)
according to claim 1, wherein in the inner portion of
the fiber drawing furnace (30), a dwell time during
which the core glass stays in a first temperature
range in which the viscosity η2 of the core glass de-
creases from Logη2 = 6.0 to Logη2 = 3.5 is a time
period (in minutes) no less than 0.15 times a value
of an initial outer diameter of the core glass repre-
sented in millimeters, and a dwell time during which
the clad glass stays in a second temperature range
in which the viscosity η1 of the clad glass decreases
from Logη1 = 6.0 to Logη1 = 5.0 is a time period (in
minutes) no less than 0.15 times the value of the
outer diameter of the core glass represented in mil-
limeters.

5. An optical fiber (10) that is configured to be inserted
into an insertion portion (48) of an endoscope (40)
and to guide light,
wherein a viscosity η1 of a clad glass at a tempera-
ture at which a viscosity η2 of a core glass becomes
Logη2 = 3.5 is 5.0 < Logη1 < 7.0.

6. The optical. fiber (10) according to claim 5, wherein
a core diameter is no less than 80% and no more
than 98% of a fiber diameter.

7. An endoscope (40) comprising the optical fiber (10)
according to claim 5 or 6.

Patentansprüche

1. Verfahren zum Herstellen einer optischen Faser (10)
die dazu eingerichtet ist, in einen Einführabschnitt
(48) eines Endoskops (40) eingeführt zu werden und
Licht zu leiten,
wobei in einem inneren Abschnitt eines aufrechten
Faserziehofens (30), der in einem Stab-in-Rohr-Ver-
fahren verwendet wird, in einem inneren Abschnitt
eines hohlen Ummantelungsrohrs, das ein Umman-
telungsglas umfasst, ein Kernglas in einem verflüs-
sigten Zustand durch Schwerkraft hinunter läuft, wo-
durch das Kernglas und das Ummantelungsglas in-
tegriert werden, wobei das Ummantelungsglas eine
Viskosität η1 von 5,0 < Logη1 < 7,0 bei einer Tem-
peratur hat, bei der eine Viskosität η2 eines Kern-
glases Logη2 = 3,5 wird.

2. Verfahren zur Herstellung einer optischen Faser (10)
nach Anspruch 1, wobei ein Kerndurchmesser der
optischen Faser (10) nicht weniger als 80 % und nicht
mehr als 98 % eines Faserdurchmessers der opti-
schen Faser (10) ist.
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3. Verfahren zur Herstellung einer optischen Faser (10)
nach Anspruch 2, wobei in dem inneren Abschnitt
des Faserziehofens (30) ein Durchmesser eines das
Kernglas umfassenden Kernstabs (21) in Richtung
einer Unterseite des Faserziehofens (30) graduell
abnimmt und der Kernstab (21) durch das Umman-
telungsglas (22) aufgenommen wird, das sich nicht
in einem verflüssigten Zustand befindet, so dass ein
Durchmesser des Kernstabs (21) zunimmt, nach-
dem der Durchmesser einen Minimalwert erreicht.

4. Verfahren zur Herstellung einer optischen Faser (10)
nach Anspruch 1, wobei in dem inneren Abschnitt
des Faserziehofens (30) eine Verweildauer, wäh-
rend der das Kernglas in einem ersten Temperatur-
bereich verbleibt, in dem die Viskosität η2 des Kern-
glases von Logη2 = 6,0 auf Logη2 = 3,5 abnimmt,
eine Zeitspanne (in Minuten) von nicht weniger als
das 0,15-fache eines Wertes eines anfänglichen Au-
ßendurchmesser des Kernglases in Millimetern ist,
und eine Verweildauer, während der das Ummante-
lungsglas in einem zweiten Temperaturbereich ver-
bleibt, in dem die Viskosität η1 des Ummantelungs-
glases von Logη1 = 6,0 auf Logη1 = 5,0 abnimmt,
eine Zeitspanne (in Minuten) von nicht weniger als
das 0,15-fache eines Wertes des Außendurchmes-
ser des Kernglases in Millimetern ist.

5. Optische Faser (10) die dazu eingerichtet ist, in ei-
nen Einführabschnitt (48) eines Endoskops (40) ein-
geführt zu werden und Licht zu leiten,
wobei eine Viskosität η1 eines Ummantelungsgla-
ses bei einer Temperatur, bei der eine Viskosität η2
eines Kernglases Logη2 = 3, 5 wird, 5,0 < Logη1 <
7,0 ist.

6. Optische Faser (10) nach Anspruch 5,
wobei ein Kerndurchmesser nicht weniger als 80 %
und nicht mehr als 98 % eines Faserdurchmessers
ist.

7. Endoskop (40), dass die optische Faser (10) nach
Anspruch 5 oder 6 umfasst.

Revendications

1. Procédé de fabrication d’une fibre optique (10) qui
est configurée pour être insérée dans une partie d’in-
sertion (48) d’un endoscope (40) et pour guider une
lumière,
dans lequel, dans une partie intérieure d’un four ver-
tical (30) d’étirage de fibre utilisé dans un procédé
barreau-tube, dans une partie intérieure d’un tube
de gaine creux incluant un verre de gaine, un verre
de coeur dans un état fluidisé s’écoule par gravité,
d’où il résulte que le verre de coeur et le verre de
gaine sont intégrés, le verre de gaine ayant une vis-

cosité η1 de 5,0 < Logη1 < 7,0 à une température à
laquelle une viscosité η2 d’un verre de coeur devient
Logη2 = 3,5.

2. Procédé de fabrication d’une fibre optique (10) selon
la revendication 1, dans lequel un diamètre de coeur
de la fibre optique (10) n’est pas inférieur à 80 % et
pas supérieur à 98 % d’un diamètre de fibre de la
fibre optique (10).

3. Procédé de fabrication d’une fibre optique (10) selon
la revendication 2, dans lequel, dans la partie inté-
rieure du four (30) d’étirage de fibre, un diamètre
d’un barreau de coeur (21) incluant le verre de coeur
diminue graduellement vers un côté inférieur du four
(30) d’étirage de fibre et le barreau de coeur (21) est
reçu par le tube de gaine (22) qui n’est pas dans un
état fluidisé, de telle sorte qu’un diamètre du barreau
de coeur (21) augmente après que le diamètre a
atteint une valeur minimum.

4. Procédé de fabrication d’une fibre optique (10) selon
la revendication 1, dans lequel, dans la partie inté-
rieure du four (30) d’étirage de fibre, un temps de
résidence pendant lequel le verre de coeur reste
dans une première plage de température dans la-
quelle la viscosité η2 du verre de coeur diminue de
Logη2 = 6,0 à Logη2 = 3,5 est une période de temps
(en minutes) non inférieure à 0,15 fois une valeur
d’un diamètre extérieur initial du verre de coeur re-
présenté en millimètres, et un temps de résidence
pendant lequel le verre de gaine reste dans une
deuxième plage de température dans laquelle la vis-
cosité η1 du verre de gaine diminue de Logη1 = 6,0
à Logη1 = 5,0 est une période de temps (en minutes)
non inférieure à 0,15 fois la valeur du diamètre ex-
térieur du verre de coeur représenté en millimètres.

5. Fibre optique (10) qui est configurée pour être insé-
rée dans une partie d’insertion (48) d’un endoscope
(40) et pour guider une lumière,
dans laquelle une viscosité η1 d’un verre de gaine
à une température à laquelle une viscosité η2 d’un
verre de coeur devient Logη2 = 3,5 est 5,0 < Logη1
< 7,0.

6. Fibre optique (10) selon la revendication 5, dans la-
quelle un diamètre de coeur n’est pas inférieur à 80%
et pas supérieur à 98 % d’un diamètre de fibre.

7. Endoscope (40) comprenant la fibre optique (10) se-
lon la revendication 5 ou 6.
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