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DESCRIPTION

Technical Field

[0001] The present disclosure relates to an optical fiber.

[0002] This application claims priority based on Japanese application No. 2018-039358 filed
on Mar. 6, 2018.

Background Art

[0003] As a low-loss optical fiber made of silica glass, an optical fiber having a W-type
refractive index structure is known. The optical fiber having the W-type refractive index
structure includes a core, a first cladding which surrounds the core and has a refractive index
lower than the refractive index of the core, and a second cladding which surrounds the first
cladding and has a refractive index that is lower than the refractive index of the core and
higher than refractive index of the first cladding. For example, the core is substantially free of
Ge and the first cladding and the second cladding contain fluorine. Patent Literature 1
describes an optical fiber having the W-type refractive index structure.

[0004] US 2011/0211797 A1 discloses an optical fiber having increased mechanical strength.
The optical fiber is formed from silica glass comprising a core, a first cladding surrounding the
core and having a refractive index lower than a refractive index of the core and a second
cladding surrounding the first cladding and having a refractive index that is lower than the
refractive index of the core and higher than refractive index of the first cladding. The second
cladding includes fluorine and is divided into an inner region that is in contact with the first
cladding and an outer region which surrounds the inner region. A residual stress in at least a
part of the outer region is a compressive stress and a variation of the refractive index of the
second cladding in a radial direction is 0.05% or less in terms of relative values with respect to
a refractive index of pure silica glass.

[0005] US 2016/0299289 A1 discloses a single mode optical fiber having a core made from
silica and less than or equal to about 11 weight % germania and having a maximum relative
refractive index Aqmax. The optical fiber also has an inner cladding surrounding the core and

having a minimum relative refractive index Aoy, a first outer cladding surrounding the inner
cladding and a second outer cladding surrounding the first outer cladding. The viscosity at
1650° C of the second outer cladding minus the viscosity at 1650° C of the first outer cladding
is greater than 1e° Pa*s, and Aqyax > Aoymin. The single mode optical fiber may also have an

outer cladding surrounding the inner cladding made from silica or SiON. The first outer
cladding has a maximum relative refractive index Azyax, and Azpax > AomiN-
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Citation List

Patent Literature

[0006] Patent Literature 1: Japanese Unexamined Patent Publication No. 2014-238526

Summary of Invention

[0007] The present invention provides an optical fiber according to independent claim 1.
Further embodiments are provided by the dependent claims.

Brief Description of Drawings

[0008]

FIG. 1 is a diagram illustrating an example of a refractive index distribution in the radial
direction of an optical fiber, not forming part of the claimed invention, having a W-type
refractive index structure.

FIG. 2 is a diagram illustrating wavelength dependence of loss of the optical fiber.

FIG. 3 is a graph illustrating the relationship between the difference AP between the maximum
refractive index of an inner region and the refractive index of an outer region of a second
cladding and intensity of a hump peak.

FIG. 4Ais a diagram illustrating a refractive index distribution in the radial direction of each of
an optical fiber preform and an optical fiber, according to the claimed invention.

FIG. 4B is a diagram illustrating a residual stress distribution in
the radial direction of the optical fiber.

FIG. 5 is a graph illustrating the relationship between the residual stress (tensile stress) and
the change amount of the relative refractive index difference in silica glass.

FIG. 6 is a graph illustrating the relationship between the difference between the maximum
refractive index of an outer region and the minimum refractive index of an inner region of the
second cladding and bending loss at a wavelength of 1550 nm.

FIG. 7 is a flowchart explaining a method of manufacturing the optical fiber.

FIG. 8 is a graph illustrating the relationship between the temperature of an annealing furnace
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and the magnitude of a residual stress.

Description of Embodiments

[Problem Solved by the Present Invention]

[0009] In the optical fiber having the W-type refractive index structure as described above,

particularly in a case where the effective area is increased (for example, increased to 120 um?2
or more), in order to reduce bending loss, it is necessary to make the relative refractive index
difference of the first cladding lower than -0.25%, and in contrast, it is necessary to make the
relative refractive index difference of the second cladding higher than -0.25% in order to adjust
cutoff. For this reason, concentration of fluorine contained in the second cladding becomes
extremely small.

[0010] Also in an optical fiber preform for manufacturing such an optical fiber by drawing, it is
necessary to make the concentration of fluorine contained in a second cladding portion
extremely low. In order to synthesize the second cladding portion made of silica glass
containing fluorine of low concentration, in general, a glass soot body is sintered in SiF4 gas of

low concentration diluted with He gas or the like. However, since the SiF4 of low concentration

diffuses slowly into the glass soot body, transparent glass obtained by sintering the glass soot
body often has a fluorine concentration distribution that becomes less dense toward the center.
Therefore, as illustrated in FIG. 1, the refractive index of the inner region of the second
cladding may be higher than the refractive index of the outer region of the second cladding
(see Patent Literature 1).

[0011] FIG. 1 is a diagram illustrating an example of a refractive index distribution in the radial
direction of an optical fiber having a W-type refractive index structure. The second cladding is
divided into an inner region and an outer region. In this example, the refractive index of the
outer region is substantially constant. The refractive index of the inner region is higher than the
refractive index of the outer region. The parameters illustrated in FIG. 1 are as follows. R is the
thickness of the inner region in the radial direction. AP is the difference between the maximum
refractive index of the inner region and the refractive index of the outer region. AD is the
difference between the maximum refractive index of the inner region and the refractive index of
the first cladding (refractive index of a first cladding portion located at an interface with the
second cladding portion). AJ is the difference between the refractive index of the first cladding
portion located at the interface with the second cladding portion and the refractive index of the
outer region. AD = AJ + AP is satisfied.

[0012] In such a refractive index distribution, a region having a higher refractive index in the
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inner region of the second cladding than that in the outer region is called a "bump" (refractive
index bump). In a sintering time in which manufacturing is possible substantially, the difference
between the minimum fluorine concentration in the inner region and the maximum fluorine
concentration in the outer region is in the range of 1,000 atomic ppm to 2,000 atomic ppm. As
a result, AP is within the range from 0.04% to 0.07%. Here, atomic ppm is the ratio of the
number of atoms to be evaluated to 1 million SiO5 units of glass.

[0013] As illustrated in FIG. 1, if the refractive index of the inner region of the second cladding
becomes higher than the refractive index of the outer region of the second cladding, there are
cases in which waves can be guided in a higher-order mode in which light is confined and
propagated in the core and the inner region in addition to a fundamental mode in which light is
mainly confined and propagated in the core. As a result, a waveform abnormality called a
hump occurs at a cutoff wavelength, and the cutoff wavelength may become long
(Recommendation ITU-T G.650.1 (07/2010), p.24). FIG. 2 is a diagram illustrating wavelength
dependence of loss of the optical fiber. As illustrated in FIG. 2, a peak (hump) whose intensity
is weaker than the main peak of cutoff exists on the long wavelength side with respect to the
main peak.

[0014] Furthermore, if the refractive index of the inner region of the second cladding is higher
than the refractive index of the outer region of the second cladding, loss due to the higher-
order mode may be generated and the loss may be increased when transmission loss is
measured by cutback measurement.

[0015] As a method of suppressing bump formation, there is a method of making fluorine
concentration uniform inside a glass soot body by holding the glass soot body for a long time at
a low temperature of 1200°C or less in a SiF4 atmosphere of low concentration in order to

promote diffusion of fluorine, and sintering the glass soot body while gradually raising the
temperature thereof. However, this method takes time for manufacturing and has a problem of
increasing costs.

[0016] As described above, it is difficult to manufacture an optical fiber having large effective
area while suppressing occurrence of a bump of a refractive index.

[0017] The present invention has been made in order to solve the above problems, and an
object of the present invention is to provide an optical fiber having a large effective area while
suppressing occurrence of a bump of the refractive index.

[Effects of Present Invention]

[0018] According to the present invention, it is possible to provide an optical fiber having a
large effective area while suppressing occurrence of a bump of the refractive index.

[Description of Embodiments of Present Invention]
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[0019] First, the contents of the embodiment of the present invention will be listed and
described. One aspect of the present invention relates to an optical fiber formed from silica
glass. This optical fiber includes a core, a first cladding which surrounds the core and has a
refractive index that is lower than the refractive index of the core, and a second cladding which
surrounds the first cladding and has a refractive index that is lower than the refractive index of
the core and higher than refractive index of the first cladding. The second cladding is divided
into an inner region that is in contact with the first cladding and an outer region which
surrounds the inner region and has a thickness that is half the thickness of the second cladding
or less, while being 5 um or more. The residual stress in at least a part of the outer region is a
compressive stress, and the variation of the refractive index of the second cladding in the
radial direction is 0.05% or less in terms of relative values with respect to the refractive index of
pure silica glass.

[0020] In this optical fiber, the residual stress in at least a part of the inner region is a tensile
stress, and the maximum value of the tensile stress in the inner region is larger than the
maximum value of the tensile stress in the outer region. It is preferable that the maximum
value of the tensile stress in the inner region is 30 MPa or more. It is preferable that the core is
substantially free of Ge. In the present disclosure, "the core is substantially free of Ge" means
that Ge concentration is less than 50 atomic ppm corresponding to the lower limit of detection
by the EPMA method. It is preferable that the core contains an alkali metal element, and the
average value of the concentration of the alkali metal element in the core is 1 atomic ppm or
more and 100 atomic ppm or less.

[0021] In this optical fiber, it is preferable that the difference between the refractive index of the
core and the refractive index of the first cladding is 0.25% or more in terms of relative values
with respect to the refractive index of pure silica glass. It is preferable that the bending loss at a
wavelength of 1550 nm in the case of winding the optical fiber by 10 turns with the diameter of
50 mm is smaller than 0.1 dB. It is preferable that the effective area at a wavelength of 1550

nm is larger than 140 ymZ. It is preferable that the glass outer diameter is smaller than 125 pm
and larger than 80 uym.

[Details of Embodiment of Present Invention]

[0022] Hereinafter, an embodiment of the present invention will be described in detail with
reference to the accompanying drawings. Note that in the description of the drawings, identical
elements are denoted by identical reference signs, and overlapping descriptions are omitted.
The present invention is not limited to these examples but is intended to be indicated by the
claims.

[0023] An optical fiber according to the present embodiment is formed from silica glass, and



DK/EP 3764134 T3

includes a core, a first cladding which surrounds the core and has a refractive index that is
lower than the refractive index of the core, and a second cladding which surrounds the first
cladding and has a refractive index that is lower than the refractive index of the core and
higher than refractive index of the first cladding. The second cladding is divided into an inner
region that is in contact with the first cladding and an outer region which surrounds the inner
region and has a thickness that is half the thickness of the second cladding or less, while being
5 um or more.

[0024] The residual stress in at least a part of the outer region is a compressive stress, and
the variation of the refractive index of the second cladding in the radial direction is 0.05% or
less in terms of relative values with respect to the refractive index of pure silica glass. The
residual stress in at least a part of the inner region is a tensile stress. The maximum value of
the tensile stress in the inner region is larger than the maximum value of the tensile stress in
the outer region. It is further preferable that the maximum value of the tensile stress (maximum
residual stress) in the inner region is 30 MPa or more. It is preferable that the difference
between the refractive index of the core and the refractive index of the first cladding is 0.25%
or more in terms of relative values with respect to the refractive index of pure silica glass.

[0025] In the optical fiber according to the present embodiment, by appropriately setting the
residual stress distribution in the radial direction after a drawing process, the refractive index
change amount due to the fluorine concentration in the second cladding is offset by the
refractive index change amount due to the residual stress. Therefore, the refractive index of
the second cladding is made uniform. As a result, it is possible to provide an optical fiber
having excellent transmission characteristics.

[0026] When the optical fiber is manufactured by drawing an optical fiber preform, the
distribution in the radial direction of the stress remaining in the optical fiber is appropriately
controlled. As a result, the residual stress in at least a part of the outer region of the second
cladding is a compressive stress. In addition, the residual stress in at least a part of the inner
region is a tensile stress. Due to the photoelastic effect caused by such a residual stress, the
glass refractive

index is increased or decreased, and the difference AP between the maximum refractive index
of the inner region and the refractive index of the outer region of the second cladding can be
reduced. The variation of the refractive index of the second cladding in the radial direction can
be suppressed to 0.05% or less in terms of relative values with respect to the refractive index
of pure silica glass. FIG. 3 is a graph illustrating the relationship between AP and intensity of a
hump peak. As illustrated in FIG. 3, if AP is 0.05% or less, occurrence of a hump can be
suppressed.

[0027] FIG. 4A is a diagram illustrating a refractive index distribution in the radial direction of
each of the optical fiber preform and the optical fiber. In FIG. 4A, the relative refractive index
difference of the pure silica core in which the residual stress is negligible is set to 0%. AP =
0.06% is satisfied in the optical fiber preform, whereas AP = 0.02% is satisfied in the optical
fiber manufactured by drawing this optical fiber preform. FIG. 4B is a diagram illustrating a
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residual stress distribution in the radial direction of the optical fiber. On the vertical axis of FIG.
4B, the positive direction indicates a tensile stress and the negative direction indicates a
compressive stress.

[0028] As can be seen by comparing FIGS. 4A and 4B, the region where the relative refractive
index difference of the optical fiber is lower than that of the optical fiber preform matches the
region where the residual stress is a tensile stress. The region where the relative refractive
index difference of the optical fiber is higher than that of the optical fiber preform matches the
region where the residual stress is a compressive stress. Thus, the relative refractive index
difference can be increased or decreased by the residual stress. By setting the residual stress
in the inner region to a tensile stress, the relative refractive index difference in the inner region
can be reduced. By setting the residual stress in the outer region to a compressive stress, the
relative refractive index difference in the outer region can be increased. As a result, AP can be
reduced.

[0029] FIG. 5 is a graph illustrating the relationship between the residual stress (tensile stress)
and the change amount of the relative refractive index difference in silica glass. As illustrated in
FIG. 5, the greater the tensile stress is, the smaller the relative refractive index difference is.
The amount of decrease in the relative refractive index difference is approximately proportional
to the magnitude of the tensile stress.

[0030] In order to make the residual stress a tensile stress in a partial region of the second
cladding of the optical fiber, it is necessary to make the residual stress a compressive stress in
a wide region of the core and the first cladding of the optical fiber. In a case where a strong
tensile stress remains in the core, a compressive stress remains in the cladding relatively, so
that it is difficult to cause the tensile stress to be remained in the second cladding. Therefore, it
is desirable to add an element that reduces the viscosity of silica glass, such as Ge, an alkali
metal element, or an alkaline earth metal element to the core. Here, examples of the alkali
metal element or the alkaline earth metal element include Na, K, Rb, Cs, Be, Mg and Ca.

[0031] Adding Ge to the core is suitable for controlling the residual stress; however, it is
necessary to set the Ge concentration to 0.5% or more. Therefore, there is a risk that
scattering loss due to Ge concentration fluctuation caused by addition of Ge of high
concentration will occur. In contrast, the core that is substantially free of Ge and contains an
alkali metal element is excellent in that the optical fiber with low loss can be obtained since the
residual stress of the core can be sufficiently reduced even at low concentration of 100 atomic
ppm or less. The average value of the concentration of the alkali metal element in the core is
preferably 1 atomic ppm or more and 100 atomic ppm or less.

[0032] However, as it is considered possible to apply a tensile stress to the inner region of the
second cladding also by a method of, for example, adding halogens such as fluorine, chlorine,
or the like of different concentrations and forming a complex cladding structure with three or
more layers to form a highly viscous region in a part of a cladding. Therefore, an additive to the
core is not always necessary.
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[0033] In contrast, in a case where the relative refractive index difference in the outer region
with respect to the inner region of the second cladding is greater than 0.05%, the loss of the
optical fiber increases in a case of bending with a diameter smaller than 50 mm. Therefore, it
cannot be said that the lower the relative refractive index difference in the inner region of the
second cladding, the better. It can be said that it is most preferable that the fluctuation of the
relative refractive index difference within the second cladding is small.

[0034] FIG. 6 is a graph illustrating the relationship between the difference between the
maximum refractive index of the outer region and the minimum refractive index of the inner
region of the second cladding and bending loss at a wavelength of 1550 nm. The bending loss
is the difference between the loss that occurs when the optical fiber is wound on a mandrel
having a diameter of 50 mm by 10 turns and the loss that occurs when the bending is
released. As illustrated in FIG. 6, if the maximum refractive index of the outer region is greater
than the minimum refractive index of the inner region by a relative refractive index difference of
more than 0.05%, the bending loss sharply deteriorates. That is, it is preferable that variation
of the refractive index of the second cladding in the radial direction is 0.05% or less in terms of
relative values with respect to the refractive index of pure silica glass.

[0035] In a case where a compressive stress is generated in the outer region of the second
cladding in the optical fiber in which an element that reduces viscosity is added to the core, a
compressive stress is generated in the core, the first cladding, and the outer region of the
second cladding. Therefore, drawing tension is applied only to the inner region of the second
cladding in the drawing process. The residual stress at this time depends on the tension per
unit area, which is a value obtained by dividing the pulling tension of the optical fiber by the
area on which the tension is applied. In a case where the second cladding is thin and the glass
outer diameter is smaller than 125 ym, a stronger tensile stress can be applied to the inner
region. Therefore, a bump can be efficiently made small.

[0036] In the optical fiber according to the present embodiment, the bending loss at a
wavelength of 1550 nm in the case of winding the optical fiber by 10 turns with a diameter of
50 mm is smaller than 0.1 dB. The effective area at the wavelength of 1550 nm is larger than

140 ymZ2. Moreover, the glass outer diameter is smaller than 125 ym and larger than 80 pm.

[0037] Next, an example of a method of manufacturing the optical fiber according to the
present embodiment will be described. FIG. 7 is a flowchart explaining a method of
manufacturing the optical fiber. In the method of manufacturing the optical fiber of the present
embodiment, a preparation process (step S1), an doping process (step S2), a diameter
reduction process (step S3), an etching process (step S4), a solidification process (step S5), a
stretching and grinding process (step S6),a rod-in collapse process (step S7), a VAD process
(step S8), and a drawing process (step S9) are sequentially performed to manufacture the
optical fiber. Note that although an example of manufacturing conditions is described in the
following description, this method of manufacturing the optical fiber does not form part of the
claimed invention.
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[0038] In the preparation process (step S1), a quartz-based glass pipe in which an alkali metal
element is to be diffused is prepared. This quartz-based glass pipe contains 100 atomic ppm of
chlorine (CI) and 6,000 atomic ppm of fluorine (F), and the concentration of other dopants and
impurities is 10 mol ppm or less. The quartz-based glass pipe has an outer diameter of 35 mm
and an inner diameter of about 20 mm.

[0039] In the doping process (step S2), potassium (K) as an alkali metal element is added to
the inner surface of the quartz-based glass pipe. Potassium bromide (KBr) is used as raw
material. KBr vapor is generated by heating KBr to a temperature of 840°C with an external
heat source. While introducing the KBr vapor into the quartz-based glass pipe together with a
carrier gas obtained by introducing oxygen at a flow rate of 1 SLM (1 liter/min when converted
to the standard state), the quartz-based glass pipe is heated by an oxyhydrogen burner from
the outside so that the temperature of the outer surface of the quartz-based glass pipe is
2150°C. At this time, the burner is traversed at a speed of 40 mm/min to heat the quartz-based
glass pipe for a total of 15 turns, and the potassium metal element is diffused and added to the
inner surface of the quartz-based glass pipe. The maximum value of concentration of
potassium in this alkali metal-added pipe is 1,000 atomic ppm.

[0040] In the diameter reduction process (step S3), the diameter of the quartz-based glass
pipe to which potassium is added is reduced. At this time, while flowing 0.5 SLM of oxygen to
the inside of the quartz-based glass pipe, the quartz-based glass pipe is heated by the external
heat source so that the temperature of the outer surface of the quartz-based glass pipe is
2250°C. Heating is performed in a total of six turns by traversing the external heat source, and
the quartz glass pipe to which potassium is added is reduced in diameter until the inner
diameter becomes 5 mm.

[0041] In the etching process (step S4), the inner surface of the quartz-based glass pipe is
etched. At this time, while introducing a mixed gas of SFg (0.2 SLM) and chlorine (0.5 SLM)

into the quartz glass pipe, the quartz glass pipe is heated by the external heat source to
perform vapor phase etching. As a result, the inner surface of the pipe containing a high
concentration of impurities doped together with the alkali metal element can be shaved, and
the impurities can be removed.

[0042] In the solidification process (step S5), the quartz-based glass pipe is solidified. In the
solidification process, a mixed gas of oxygen (0.1 SLM) and He (1 SLM) is introduced into the
quartz glass pipe, and the surface temperature is set to 2150°C while reducing the absolute
pressure in the quartz glass pipe to 97 kPa or less to solidify the quartz glass pipe. By this
solidification process, a core rod containing the alkali metal element (outer diameter 25 mm) is
obtained. The size of the core material may be increased by applying other glass around the
core rod by a known method such as a collapse method.

[0043] In the stretching and grinding process (step S6), the core rod is stretched until the outer
diameter becomes 23 mm, and then the outer periphery of the core rod is ground until the
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outer diameter becomes 17 mm. Thus, the outer diameter of the core rod is adjusted so that
the ratio of the outer diameter to the inner diameter of a pipe to be used in the subsequent
rod-in collapse process is three times or more and four times or less.

[0044] In the rod-in collapse process (step S7), a cladding portion is provided outside the core
rod (core portion). At this time, a rod-in collapse method is used in which the core portion is
inserted inside the quartz-based glass pipe (first cladding portion) to which fluorine is added,
and the both are heated by the external heat source and are integrated. The relative refractive
index difference between the core portion and the first cladding portion is about 0.34% in
maximum. As a result of the synthesis by the rod-in collapse method, it is possible to suppress
the amount of water in the core portion and the cladding portion in the vicinity thereof to be
sufficiently low.

[0045] In the VAD process (step S8), the rod in which the core portion and the cladding portion
are integrated is stretched to have a predetermined diameter, and then the second cladding
portion is synthesized on the outside of the rod by a VAD (vapor phase axial deposition)
method. Then, after fluorine is added in a SiF4 gas at a temperature of 900°C to 1200°C, the

temperature is raised to 1500°C or more to perform vitrification. Thus, an optical fiber preform
is manufactured. In the obtained optical fiber preform, the outer diameter of the first cladding
portion is 30 mm and the outer diameter of the second cladding portion is 120 mm. If the
relative refractive index difference is measured to measure the refractive index structure in the
preform state, AP is 0.07%.

[0046] In the subsequent drawing process (step S9), an optical fiber is manufactured by
drawing the optical fiber preform manufactured by the above-described method of
manufacturing the optical fiber preform. The drawing speed is 100m/min and the drawing
tension is 0.5N. Furthermore, an annealing furnace provided below a drawing furnace for
drawing the optical fiber reheats the optical fiber. At this time, a space is provided between the
drawing furnace and the annealing furnace. The space has a length of 50 cm or more and 1 m
or less. This length is a value optimized by the relationship between the drawing speed and the
optical fiber temperature. It is suitable that the temperature of the optical fiber before entering
the annealing furnace is set to 1000°C or more and 1200°C or less so that the optical fiber is
cooled to the glass transition temperature or less. Furthermore, since it is necessary to heat
the optical fiber for one second or more in order to melt the outside of the optical fiber and
make the stress a compressive stress, the drawing speed and the length of the annealing
furnace are adjusted so that the annealing time is sufficient.

[0047] FIG. 8 is a graph illustrating the relationship between the temperature of the annealing
furnace and the magnitude of the residual stress. FIG. 8 illustrates the annealing temperature
dependence of the minimum residual stress in the outer region of the second cladding and the
annealing temperature dependence of the maximum residual stress in the inner region of the
second cladding. In a case where the temperature of the annealing furnace is lower than
1000°C, it is presumed that since the optical fiber glass does not melt, the stress is determined
when the optical fiber comes out of the drawing furnace to be solidified by cooling and there is
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little difference in residual stress in the radial direction in the second cladding. In contrast, in a
case where the temperature of the annealing furnace is higher than 1200°C, it is presumed
that the entire second cladding melts and the difference in stress in the second cladding is less
likely to occur. If the temperature of the annealing furnace is set to 1000°C or more and
1270°C or less so that the minimum residual stress in the outer region of the second cladding
becomes a negative value (that is, a compressive stress remains in a part of the outer region
of the second cladding), the maximum residual stress in the inner region of the second
cladding is 30 MPa or more. As a result, it is possible to compensate for the relative refractive
index difference of 0.005% due to non-uniformity of the fluorine concentration.

[0048] Examples of the characteristics of the optical fiber manufactured were as follows. The
transmission loss at a wavelength of 1550 nm was 0.142 dB/km. The transmission loss at a
wavelength of 1380 nm was 0.4 dB/km. The effective area at a wavelength of 1550 nm was

150 um2. The bending loss at a wavelength of 1550 nm was 0.15 dB when the optical fiber was
wound by 10 turns with a diameter of 50 mm. AP was 0.02%. In addition, the residual stress in
the outer region of the second cladding was a compressive stress.

[0049] As a comparative example, in the drawing process (step S9), the optical fiber that has
come out from the drawing furnace was cooled without being reheated by the annealing
furnace. The characteristics of the optical fiber of the comparative example manufactured in
this manner were as follows. The distribution in which the residual stress is higher toward the
outside of the outermost layer is obtained. As a result, AP was 0.07%, and AP was greater in
the fiber state than in the preform state. In this optical fiber, a hump occurred at cutoff, and
accurate measurement could not be performed. In addition, the transmission loss at 1550 nm
increased slightly to 0.145dB/km due to the loss estimated to be caused by the influence of the
higher-order mode.

[0050] As described above, in the present embodiment, by appropriately setting the residual
stress distribution in the radial direction after the drawing process and offsetting the refractive
index change amount due to the fluorine concentration in the second cladding by the refractive
index change amount due to the residual stress, the refractive index of the second cladding is
made uniform. As a result, it is possible to provide an optical fiber having a large effective area
while suppressing an occurrence of a bump of the refractive index.
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Patentkrav

1. Optisk fiber dannet af silicaglas, hvilken optiske fiber omfatter:
en kerne, en fgrste bekleedning, der omgiver kernen og har et
brydningsindeks, der er lavere end et brydningsindeks for kernen, og en
anden beklzedning, der omgiver den fgrste beklaedning og har et
brydningsindeks, der er lavere end brydningsindekset for kernen og hgjere
end brydningsindekset for den fgrste beklaedning, hvor
den anden beklaedning inkluderer fluor,
den anden beklaedning er opdelt i et indre omrade, der er i kontakt med
den farste bekleedning, og et ydre omrdde, som omgiver det indre omrade
og har en tykkelse, der er en halv tykkelse af den anden beklaedning eller
mindre, idet den er 5 um eller mere,
en restspaending i mindst en del af det ydre omrade er en trykspaending,
en restspaending i mindst en del af det indre omrade er en treekspaending,
en variation af brydningsindekset for den anden beklzedning i en radial
retning er 0,05% eller mindre hvad angar relative vaerdier i forhold til et
brydningsindeks for rent silicaglas, og
en maksimal veerdi af treekspaendingen i det indre omrade er stgrre end en

maksimal veerdi af traekspaendingen i det ydre omrade.

2. Den optiske fiber ifglge krav 1, hvor
den maksimale veerdi af treekspaendingen i det indre omrade er 30 MPa eller
mere.

3. Den optiske fiber ifglge krav 1 eller 2, hvor
Ge-koncentrationen af kernen er mindre end 50 atomare ppm.

4. Den optiske fiber ifglge et hvilket som helst af kravene 1 til 3, hvor
kernen indeholder et alkalimetalelement, og
en gennemsnitsveerdi af en koncentration af alkalimetalelementet i kernen
er 1 atomare ppm eller mere og 100 atomare ppm eller mindre.

5. Den optiske fiber ifglge et hvilket som helst af kravene 1 til 4, hvor
en forskel mellem brydningsindekset for kernen og brydningsindekset for den
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fgrste beklaedning er 0,25% eller mere hvad angar relative vaerdier i forhold til
brydningsindekset for det rene silicaglas.

6. Den optiske fiber ifglge et hvilket som helst af kravene 1 til 5, hvor
et bgjningstab ved en bglgelaengde pd 1550 nm i tilfaelde af vikling af den optiske
fiber med 10 vindinger med en diameter pd 50 mm er mindre end 0,1 dB.

7. Den optiske fiber ifglge et hvilket som helst af kravene 1 til 6, hvor
et effektivt areal ved en bglgelaengde pa 1550 nm er stgrre end 140 pm3.

8. Den optiske fiber ifglge et hvilket som helst af kravene 1 til 7, hvor
en ydre diameter af den anden beklaedning er mindre end 125 um og stgrre end
80 pm.
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