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DESCRIPTION

Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a colored optical fiber, and an optical transmission
system.

2. Description of the Related Art

[0002] Optical fibers used as optical transmission lines that transmit signal light in optical
transmission systems desirably have low loss and low nonlinearity to increase the signal-to-
noise (SN) ratio. The nonlinearity of an optical fiber can be effectively reduced by increasing
the effective area of the optical fiber. When the core diameter is increased to increase the
effective area of the optical fiber, the optical fiber propagates high-order-mode light. To prevent
signal degradation due to modal interference, the cable cut-off wavelength described in
Recommendation G.650.1 of Telecommunication Standardization Sector of International
Telecommunication Union (ITU-T) is required to be less than or equal to the wavelength of the
signal light. For example, when the signal light propagates in the C-band (1530 nm to 1565
nm), the cable cut-off wavelength is required to be less than or equal to 1530 nm.

[0003] Examples of known refractive index profiles of optical fibers that effectively serve as
single-mode optical fibers at a wavelength of 1530 nm or more and that have increased
effective areas include W-type and trench-type refractive index profiles. Unlike a simple-step-
type refractive index profile, these refractive index profiles increase bending loss only for high-
order-mode light so that the effective area can be increased while the cable cut-off wavelength
is maintained at the desired wavelength. According to the related art, the effective area has
been increased and the bending loss characteristics have been improved by appropriately
designing and adjusting the refractive index profiles of the optical fibers. For example, see T.
Kato et al., Electron. Lett., vol. 35. pp. 1615-1617, 1999, or M. Bigot-Astruc, et al., ECOC 08,
paper Mo.4.B.1.

[0004] EP 1 076 250 A1 discloses an optical fiber provided with a refractive index profile
having a central core; a middle part provided around the outer periphery of the central core
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and having a lower refractive index than that of the central core; and a cladding provided
around the periphery of the middle part and having a higher refractive index than the middle
part and a lower refractive index than the central core. This optical fiber has an effective core

area of 120um? or more in an employed wavelength band selected from the range of 1.53-
1.63 um and has a cut-off wavelength that is capable of substantially single mode propagation
in the aforementioned employed wavelength band.

SUMMARY OF THE INVENTION

[0005] The invention provides a colored optical fiber according to Claim 1. Different
embodiments are set out in the dependent claims.

[0006] Accordingly, it is an object of the present invention to provide a colored optical fiber
having an increased effective area and improved bending loss characteristics. It is also an
object of the present invention to provide an optical transmission system including the optical
fiber as an optical signal transmission line and having an increased SN ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

Figure 1 is a conceptual diagram illustrating a cross section and a refractive index profile of an
optical fiber according to an embodiment of the present disclosure.

Figure 2 is a graph showing the relationship between the uniformity of thickness of a first resin
coating layer and the cable cut-off wavelength.

Figure 3 is a graph showing the relationship between the uniformity of thickness of the first
resin coating layer and the transmission loss at a wavelength of 1550 nm.

Figure 4 is a conceptual diagram illustrating a cross section and a refractive index profile of an
optical fiber according to another embodiment of the present disclosure.

Figure 5 is a conceptual diagram illustrating a cross section of a colored optical fiber according
to an embodiment of the claimed invention.

Figure 6 is a conceptual diagram illustrating the configuration of an optical transmission system
according to an embodiment of the claimed invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
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[0008] When the refractive index profile of an optical fiber is designed and adjusted to increase
the effective area and improve the bending loss characteristics, the optical fiber may have a
complex structure, and the mass productivity (manufacturing tolerance) thereof may be
reduced. The inventors of the present invention have conducted intensive studies and found
that the effective area of an optical fiber can be increased and the bending loss characteristics
of the optical fiber can be improved by forming a resin coating layer, which surrounds a glass
fiber including a core and a cladding, such that the resin coating layer has an appropriate cross
section.

[0009] An embodiment of the present invention will now be described in detail with reference to
the accompanying drawings. In the description referring to the drawings, the same elements
are denoted by the same reference numerals, and redundant description is thus omitted.

[0010] Figure 1 is a conceptual diagram illustrating a cross section and a refractive index
profile of an optical fiber 1A. The optical fiber 1A includes a glass fiber 2A including silica glass
as a main component; a first resin coating layer 31 that surrounds the glass fiber 2A; and a
second resin coating layer 32 that surrounds the first resin coating layer 31. The first resin
coating layer 31 and the second resin coating layer 32 are made of an ultraviolet cured resin.
The Young's modulus of the second resin coating layer 32 is greater than the Young's modulus
of the first resin coating layer 31.

[0011] The glass fiber 2A includes a core 10 and a cladding 20 that surrounds the core 10.
The refractive index of the cladding 20 is lower than the refractive index of the core 10. The
cladding 20 may include an inner cladding 21 that surrounds the core 10 and an outer cladding
22 that surrounds the inner cladding 21 so that the glass fiber 2A has a W-type refractive index
profile. In such a case, the refractive index of the inner cladding 21 is lower than the refractive
index of the core 10. The refractive index of the outer cladding 22 is lower than the refractive
index of the core 10 and higher than the refractive index of the inner cladding 21.

[0012] To form the glass fiber 2A having the above-described refractive index profile, for
example, the core 10 is substantially made of pure silica glass, and the cladding 20 is made of
silica glass containing fluorine. Alternatively, the core 10 is made of silica glass containing
GeOy, the inner cladding 21 is made of silica glass containing fluorine, and the outer cladding

22 is substantially made of pure silica glass.

[0013] When the optical fiber 1A receives a sideways external force (lateral pressure), the
refractive index of the glass fiber 2A slightly varies, and leakage loss occurs as a result of
coupling between light that propagates through the core 10 and cladding modes. In general,
two or more coating layers (first resin coating layer 31 and second resin coating layer 32) are
provided around the optical fiber 1A. The first resin coating layer 31, which is adjacent to the
glass fiber 2A, has a large influence on the variation in the refractive index of the glass fiber 2A
due to the lateral pressure.
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[0014] As the difference in effective refractive index between the propagation modes and the
cladding modes decreases, the propagation modes are more easily coupled to the cladding
modes. Among the propagation modes, high-order modes have an effective area larger than
that of the fundamental mode. Therefore, the high-order modes have a low effective refractive
index due to the cladding 20 having a low refractive index, and the difference in effective
refractive index between the high-order modes and the cladding modes is small. Accordingly,
the high-order modes easily cause leakage loss in response to a variation in the shape of the
first resin coating layer 31.

[0015] Therefore, by appropriately controlling the shape of the first resin coating layer 31 of
the optical fiber 1A in the longitudinal direction, only the scattering loss of the high-order modes
can be increased while the scattering loss of the fundamental mode is maintained low. As a
result, the effective area can be increased while the cable cut-off wavelength is maintained
within a desired range. The shape of the first resin coating layer 31 in the longitudinal direction
can be easily controlled by, for example, adjusting the time or power of ultraviolet radiation for
curing the resin applied to the glass fiber immediately after drawing, or by adjusting the
conditions under which the optical fiber is wound around a bobbin after the resin is cured by
ultraviolet radiation.

[0016] The optical fiber 1A having the structure illustrated in Fig. 1 was manufactured, and the
cable cut-off wavelength and the transmission loss thereof were evaluated. The outer diameter
2a of the core 10 was 12 um, and the outer diameter 2b of the inner cladding 21 was 36 um.
The relative refractive index difference A1 of the core 10 with respect to the inner cladding 21
was 0.32%, and the relative refractive index difference A2 of the outer cladding 22 with respect
to the inner cladding 21 was 0.06%. The uniformity of thickness of the first resin coating layer
31 of the optical fiber 1A was set to various values. The uniformity of thickness [%] of the first
resin coating layer 31 is defined by the minimum and maximum thicknesses of the first resin
coating layer 31 in the radial direction on a cross section perpendicular to the fiber axis as
(minimum thickness / maximum thickness) x 100.

[0017] Figure 2 is a graph showing the relationship between the uniformity of thickness of the
first resin coating layer 31 and the cable cut-off wavelength. As the uniformity of thickness of
the first resin coating layer 31 decreases, the cable cut-off wavelength also decreases. Figure
3 is a graph showing the relationship between the uniformity of thickness of the first resin
coating layer 31 and the transmission loss at a wavelength of 1550 nm. When the uniformity of
thickness of the first resin coating layer 31 is less than 60%, the transmission loss increases.
Figures 2 and 3 show that when the uniformity of thickness of the first resin coating layer 31 is
greater than or equal to 60% and less than or equal to 80%, an increase in the transmission
loss can be suppressed and the effective area can be increased.

[0018] The optical fiber 1A, which has the structure illustrated in Fig. 1, has an effective area of

greater than or equal to 110 ym? and less than or equal to 180 um? at a wavelength of 1550
nm and a cable cut-off wavelength of 1530 nm or less. The uniformity of thickness of the first
resin coating layer 31 is greater than or equal to 60% and less than or equal to 80%. The
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effective area of the optical fiber 1A can be easily increased, and the bending loss
characteristics of the optical fiber 1A can be easily improved. Preferably, the transmission loss
is 0.174 dB/km or less at a wavelength of 1550 nm.

[0019] Although an optical fiber having a W-type refractive index profile is described above as
an example, the shape of the refractive index profile is not limited to this. The above-described
method may also be applied to an optical fiber having, for example, a simple-step-type, trench-
type, or hole-assisted-type refractive index profile, or to an optical fiber 1B having the structure
illustrated in Fig. 4.

[0020] Figure. 4 is a conceptual diagram illustrating a cross section and a refractive index
profile of the optical fiber 1B. The optical fiber 1B includes a glass fiber 2B including a core 10.
The core 10 includes a depressed portion 11 and a ring core 12. The ring core 12 surrounds
the depressed portion 11 provided at the center. The refractive index of the depressed portion
11 is higher than the refractive index of an outer cladding 22. The refractive index of the ring
core 12 is higher than the refractive index of the depressed portion 11.

[0021] The optical fiber 1B having the above-described structure also has an effective area of

greater than or equal to 110 ym? and less than or equal to 180 ym? at a wavelength of 1550
nm and a cable cut-off wavelength of 1530 nm or less. The uniformity of thickness of the first
resin coating layer is greater than or equal to 60% and less than or equal to 80%. The effective
area of the optical fiber 1B can be easily increased, and the bending loss characteristics of the
optical fiber 1B can be easily improved. Preferably, the transmission loss is 0.174 dB/km or less
at a wavelength of 1550 nm.

[0022] The effective area of the optical fiber 1B having the above-described structure can be
increased without changing the mode field diameter. In other words, the optical fiber 1B may
be connected to a standard single-mode optical fiber without causing a large splicing loss, and
the nonlinearity thereof can be reduced.

[0023] Figure 5 is a conceptual diagram illustrating a cross section of a colored optical fiber
1C. The colored optical fiber 1C includes a color layer 33 that surrounds the second resin
coating layer 32 of the optical fiber 1A illustrated in Fig. 1. The outer diameter of the color layer
33 is greater than or equal to 180 ym and less than or equal to 210 ym. A common colored
optical fiber including a color layer has an outer diameter of about 250 ym. In recent years,
attempts have been made to increase the density of colored optical fibers in an optical cable by
reducing the outer diameter of the colored optical fibers to 200 ym. The colored optical fibers
having such a small diameter are required to have improved bending loss characteristics. The
colored optical fiber 1C according to the present embodiment has an improved bending loss
characteristics, while it has a small diameter.

[0024] Figure 6 is a conceptual diagram illustrating the configuration of an optical transmission
system 100. The optical transmission system 100 includes an optical transmitter 110 that
emits, for example, C-band signal light, an optical transmission line 130 that transmits the
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signal light, and an optical receiver 120 that receives the signal light. The optical transmission
system 100 includes the optical fiber according to the present embodiment as the optical
transmission line 130. The optical transmission line 130 has low loss and low nonlinearity.
Thus, the optical transmission system 100 has an increased SN ratio and is capable of long-
distance, large capacity signal light transmission.

[0025] 1A, 1B: optical fiber, 1C: colored optical fiber, 2A, 2B: glass fiber, 10: core, 11:
depressed portion, 12: ring core, 20: cladding, 21: inner cladding, 22: outer cladding, 31: first
resin coating layer, 32: second resin coating layer, 33: color layer, 100: optical transmission
system, 110: transmitter, 120: receiver, 130: optical transmission line
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Patentkrav

1. Optisk fiber (1C) omfattende:
en glasfiber (2A) som inkluderer en kerne (10) og en indkapsling (20), der
omgiver kernen (10) og har et brydningsindeks, der er lavere end et
brydningsindeks for kernen (10);
et fgrste resincoatinglag (31), der er i kontakt med glasfiberen og omgiver
glasfiberen;
et andet resincoatinglag (32), der omgiver det fgrste resincoatinglag og har
et Youngs modul, der er stgrre end et Youngs modul af det farste
resincoatinglag;
hvor et effektivt areal er stgrre end eller lig med 110 pm? og mindre end
eller lig med 180 pm? ved en bglgelsengde pd 1550 nm,
hvor en kabelgraensebglgelaengde er mindre end eller lig med 1530 nm,
hvor en ensartethed af tykkelsen af det fgrste resinlag er defineret af en
minimal og en maksimal tykkelse af det fgrste resinlag (31) i den radiale
retning pa et tvaersnit vinkelret pa fiberaksen som minimal
tykkelse/maksimal tykkelse x 100;
kendetegnet ved, at
den optiske fiber er en farvet optisk fiber, der yderligere omfatter et
farvelag (33), der omgiver det andet resincoatinglag (32) af den optiske
fiber,
hvor farvelaget (33) har en ydre diameter, der er stgrre end eller lig med
180 ym og mindre end eller lig med 210 ym, og
hvor ensartetheden af tykkelsen af det fagrste resincoatinglag er stgrre end

eller lig med 60% og mindre end eller lig med 80%.

2. Den farvede optiske fiber ifglge krav 1,
hvor et transmissionstab er mindre end eller lig med 0,174 dB/km ved en

balgeleengde p& 1550 nm.

3. Den farvede optiske fiber ifglge krav 1 eller 2,
hvor indkapslingen (20) inkluderer
en indre indkapsling (21), der omgiver kernen og har et brydningsindeks

lavere end brydningsindekset for kernen (10), og
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2

en ydre indkapsling (22), der omgiver den indre indkapsling (21) og har et
brydningsindeks, der er lavere end brydningsindekset for kernen (10) og

hgjere end brydningsindekset for den indre indkapsling (21).

4. Den farvede optiske fiber ifglge et hvilket som helst af kravene 1 til 3,

hvor kernen (10) inkluderer
en forsaenket del (11) anbragt i en midte, og
en ringkerne (12), der omgiver den forsaenkede del (11) og har et
brydningsindeks, der er hgjere end et brydningsindeks for den forsaeenkede
del.

5. Optisk transmissionssystem omfattende:
den farvede optiske fiber ifglge et hvilket som helst af kravene 1 til 4, hvor den

farvede optiske fiber fungerer som en optisk transmissionsledning (130).
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DRAWINGS

Drawing

FIG. 1




FIG. 2
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FIG. 3
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FIG. 4
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FIG. §




FIG. 6
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