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DESCRIPTION

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an optical fiber cable.

Description of the Related Art

[0002] With an optical communication system using an optical fiber arranged in a transmission
line, it is desirable to transmit information in high volume. In general, since an optical
wavelength band used for an optical communication system is limited to C band: 1530 to 1565
nm and L band: 1565 to 1610 nm, to transmit information in high volume, it is desirable that
spectral efficiency (SE) [b/s/Hz] expressing a transmission capacity per frequency is high.

[0003] Also, an optical fiber cable which includes and integrally covers a plurality of optical
fibers is arranged in, for example, a conduit line placed underground. Since the space in the
conduit line is limited, it is desirable to transmit information in higher volume with an optical
fiber cable having a smaller sectional area. Spectral efficiency per unit sectional area of an

optical fiber cable is expressed as a spatial spectral efficiency (SSE) [b/s/Hz/mm?).

[0004] Japanese Unexamined Patent Application Publication No. 2014-067020 discloses an
optical fiber that improves an optical signal to noise ratio (OSNR) while taking account of high-
density packing in an optical cable. Also, International Publication No. 2013/129234 discloses
an optical fiber that increases SE per unit sectional area of an optical fiber. With the optical
fiber described in Japanese Unexamined Patent Application Publication No. 2014-067020, an

effective area Aeff is limited to 100 pm?2 or smaller. Also, SSE of the optical fiber cable is not
considered. The optical fiber described in International Publication No. 2013/129234 is a multi-
core optical fiber, but is not a single core fiber. Also, an optical fiber cable is not considered.

[0005] EP 0 503 469 A2 shows a grooved-core cable with optical fibre ribbons and a process
for making the same. The described ribbon optical fibre cable comprises a cylindrical core
provided, on the outer surface thereof, with parallel grooves extending in a helical manner
along the cable axis, at least a pair of ribbons being radially superposed within at least one of
said grooves. Each ribbon comprises a plurality of optical fibres, each of which is covered with
a primary layered coating, and a common coating covers all the optical fibres of the ribbon.
The primary coating is formed with a first layer directly in contact with the fibres and a second
layer external to the first layer, the modulus of elasticity of said first layer being lower than the
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modulus of elasticity of said second layer. Applied to each ribbon is a longitudinal tension
greater than the longitudinal tension applied to the ribbon radially overlying the former. The
process for making this ribbon optical fibre cable provides for the ribbons being laid into the
grooves by applying to each ribbon a longitudinal tension greater than the longitudinal tension
applied to the ribbon radially superposed thereto.

SUMMARY OF THE INVENTION

[0006] An object of the invention is to provide an optical fiber cable that increases SE per unit
sectional area of the optical fiber cable.

[0007] An optical fiber cable according to an aspect of the invention has a sectional area of Ac
[um?] and including a number N of optical fibers. A transmission loss agg [dB/km], @ mode field

diameter (MFD) W [um], an effective area Aeff [um?4], an effective length Lei [km], and a

wavelength dispersion D [ps/nm/km] of each of the optical fibers at a wavelength of 1550 nm
satisfy Eq. (1):

) (agpr002\\ [ 200w YTt -1,
1+ 65.9 - {exp (200 (ME22)) . (ZXWN 0 o2y p|-2

log,

1

asinh(629 - |D]Leff)} 3] X402 0.008 X N +1.7. M)

[0008] In the optical fiber cable according to the aspect of the invention, the transmission loss
of the optical fiber at the wavelength of 1550 nm may be 0.18 dB/km or less, and the Aeff of

the optical fiber may be in a range from 100 to 125 ym?2. The mode field diameter (MFD) of the
optical fiber at the wavelength of 1550 nm may be in a range from 11.0 to 12.5 ym. The
wavelength dispersion of the optical fiber at the wavelength of 1550 nm may be in a range
from 19 to 22 ps/nm/km. The optical fiber may have a cutoff wavelength in a range from 1400
to 1600 nm.

[0009] The optical fiber included in the optical fiber cable according to the aspect of the
invention may include a core and a cladding, a relative refractive index difference

Neore=Ncladding
Neore

of the core with respect to the cladding may be in a range from 0.30% to 0.35%, and the core
may have a diameter in a range from 10 to 13 ym. Alternatively, the optical fiber may include a
core, an inner cladding, and an outer cladding, the outer cladding may have a refractive index
that is smaller than a refractive index of the core and larger than a refractive index of the inner
cladding, a relative refractive index difference

Nouter cladding “Mnner-cladding

Router cladding
of the outer cladding with respect to the inner cladding may be in a range from 0.05% to
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0.10%, a relative refractive index difference

Neore=Ninner cladding

Neore
of the core with respect to the inner cladding may be in a range from 0.30% to 0.35%, and the

core may have a diameter in a range from 10 to 13 pm. A relative refractive index difference
Ncore=Npure silica

Rpuresilica
of the core with respect to pure silica may be in a range from -0.1 % to +0.1%.

[0010] The optical fiber cable according to the aspect of the invention may be a ribbon slotted-
core cable, and a value obtained by dividing a sectional area of a single slot by a number of

the optical fibers housed in the single slot may be in a range from 0.12 to 0.16 mm?Z/core.
Alternatively, the optical fiber cable according to the aspect of the invention may be a ribbon
slotted-core cable, a value obtained by dividing a sectional area of a single slot by a number of

the optical fibers housed in the single slot may be in a range from 0.12 to 0.16 mm?/core, and
the transmission loss of the optical fiber at the wavelength of 1550 nm may be 0.18 dB/km or
less, and the Aeff of the optical fiber at the wavelength of 1550 nm may be in a range from 100

to 125 pmz.

[0011] With the aspect of the invention, the optical fiber cable that increases SE per unit
sectional area of the optical fiber cable can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Figure 1 is a cross-sectional view of an optical fiber cable according to an embodiment of the
invention.

Figure 2 is a cross-sectional view of an optical fiber cable according to an embodiment of the
invention.

Figure 3 is a cross-sectional view of an optical fiber cable according to an embodiment of the
invention.

Figure 4 is a cross-sectional view of an example of a slot included in each of the optical fiber
cables in Figs. 1 to 3.

Figure 5 is a graph showing the relationship between MFD and spliced loss when same-type
optical fibers are spliced with each other.

Figures 6A and 6B are conceptual diagrams showing refractive index profiles of optical fibers
according to an embodiment of the invention.

Figures 7A to 7F are conceptual diagrams showing index profiles of cores of optical fibers
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according to an embodiment of the invention.

Figure 8 is a table showing structures and optical characteristics at a wavelength of 1550 nm of
optical fibers according to a comparative example and examples.

Figure 9 is a table showing SSE when the optical fibers according to examples are housed in
optical fiber cables.

Figures 10A and 10B are graphs each showing the relationship between Aeff at a wavelength
of 1550 nm of an optical fiber and SSE of an optical fiber cable.

Figures 11A and 11B are graphs each showing the relationship between Aeff at a wavelength
of 1550 nm of an optical fiber and SSE of an optical fiber cable.

Figure 12 is a table showing slot sizes and other specifications of optical fiber cables according
to examples.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] Optical fiber cables according to an embodiment are described in detail with reference
to the accompanying figures. It is to be noted that the identical reference sign is applied to the
same elements in the description on the figures, and redundant description is omitted.

[0014] Figures 1 to 3 are cross-sectional views of optical fiber cables 10 according to an
embodiment of the invention. A structure of the optical fiber cables 10 is properly selected
depending on the arrangement place and environment. Also, the number of optical fibers is
determined depending on the total required transmission capacity and the space of the
conduit. In this case, Fig. 1, Fig. 2, and Fig. 3 show an optical fiber cable including 40 optical
fibers, 100 optical fibers, and 300 optical fibers, respectively. Also, Fig. 4 is a cross-sectional
view showing an example of a slot included in the optical fiber cable 10.

[0015] As shown in Figs. 1 to 4, the optical fiber cable 10 is so-called ribbon slotted-core
optical fiber cable. The optical fiber cable 10 includes a slotted core 1, a tension member 3, a
sheath 4, a water seal tape 5, and a fiber ribbon 20.

[0016] The slotted core 1 is a resin rod made of, for example, a plastic having a substantially
cylindrical shape. A slot 2 is engraved in the slotted core 1. The slot 2 is a groove for housing
the fiber ribbon 20. A plurality of the slots 2 are provided in the outer peripheral surface of the
slotted core 1 along the axial direction of the optical fiber cable 10. Five slots 2 are provided in
each case of a cable having 40 optical fibers and 100 optical fibers, and fifteen slots are
provided in a case of a cable having 300 optical fibers. The width of a bottom portion of the slot
2 is x1, the width of an upper portion of the slot 2 is x2, and the depth of the slot 2 is y. In Fig.
4, x1 equals to x2; however, x1 does not necessarily equal to x2.
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[0017] The tension member 3 is arranged in a center portion of the slotted core 1, and is
integrally provided with the slotted core 1. The tension member 3 is made of fiber reinforced
plastic (FRP). For example, FRP is formed by impregnating bound tensile-strength fibers with
matrix resin, and the matrix resin is hardened by thermosetting.

[0018] The water seal tape 5 is wound around the outer peripheral surface of the slotted core
1 to cover the slot 2, and functions as a binding tape. The water seal tape 5 prevents the fiber
ribbon 20 from protruding out from the slot 2. Also, the water seal tape 5 is formed of a water
absorbing material, and prevents water from running in the longitudinal direction of the optical
fiber cable 10.

[0019] The sheath 4 is provided at an outermost peripheral portion of the optical fiber cable
10. For example, the sheath 4 is formed of a high-strength plastic. To be specific, the sheath 4
may use a high-strength plastic, such as polyethylene, polyphenylene sulfide, polyether sulfon,
polyether etherketone, or liquid crystal polymer. The sheath 4 is formed by extruding a high-
intensity plastic on the outer periphery of the slotted core 1 covered with the water seal tape 5.

[0020] The fiber ribbon 20 includes a plurality of optical fibers 30 arranged in parallel and
integrated. In this embodiment, the fiber ribbon 20 is formed as a four fiber ribbon having
integrated therein four optical fibers 30. The fiber ribbons 20 are stacked by, for example, two
in a case of a cable having 40 optical fibers, and five in each case of a cable having 100 optical
fibers and 300 optical fibers, and are housed in each slot 2.

[0021] In the optical fiber cable 10, a value Ag Obtained by dividing the sectional area

(x1+x2)xy/2 by the number of fiber Ng|ot in a single slot, that is, Agjgt = (X1+x2)xy/(2%Ng|ot) is set

in a range from 0.12 to 0.16 mmZ/core.

[0022] The definition of SSE and SSE of an optical fiber cable of related art are described next,
and then SSE of the optical fiber cable 10 and an optical fiber 30 according to this embodiment
are described.

Definition of SSE

[0023] The limit of SE per one optical fiber can be obtained from the Shannon limit, and is
expressed by Eq. (2):

SE =1log,(1+ SNR), (2)

where SNR denotes a signal to noise ratio. The relationship between SNR and OSNR can be
expressed by Eq. (3) as described in R. Essiambre et al, "Capacity Limits of Optical Fiber
Networks," Journal of Lightwave Technology, Vol. 28, No. 4, pp. 662-701 (February, 2010):

_ 2Bref
SNR = e OSNR, 3)

where p equals 1 in a case without polarization multiplex, and p equals 2 in a case with
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polarization multiplex. Hereinafter, p equals 2. Rg denotes a symbol rate, and B denotes a
reference bandwidth of OSNR, Byt typically being 12.5 GHz (0.1 nm).

[0024] In an optical communication system using a digital coherent receiver, the maximum
value of OSNR, OSNRax, is expressed by Egs. (4) to (8) as described in M. Hirano et al,
"Analytical OSNR Formulation Validated with 100G-WDM Experiments and Optimal Subsea
Fiber Proposal," OFC/NFOEC Technical Digest, OTu2B.6 (2013):

1
4 - -3 -

OSNRpyqx = {g,;;;l'}’zLeff!Dl 1+ exp(2al) 'Aspz} TX N @
N =NF-hv *Brey, (3)

8 22 . RC|DILgfrBeE

L
and

1= -l

[0025] In the equations, y denotes a nonlinear coefficient [1/W/km], D denotes a chromatic
dispersion [ps/nm/km], a denotes a transmission loss [1/km], no denotes a nonlinear refractive

index [m2/W], and Aeff denotes an effective area [um2] of an optical fiber. In a case of standard
single-mode fiber (standard SMF), at a wavelength of 1550 nm, these values are set as

follows: y = 1.2/W/km, D = 17 ps/nm/km, a = 0.047/km (0.185 dB/km), ny = 2.35x1020m2/w,

and Aeff= 80 pm2. Also, L denotes an effective length [km], L denotes a span length (a

repeater interval) [km], N5 denotes the number of spans, NF denotes a noise figure of a

repeater (Erbium doped fiber amplifier, EDFA), h denotes a Planck's constant 6.63x10734 [Js], v
denotes a frequency [THz] of an optical signal, C denotes the speed of light 3x108 [m/s], and B;
denotes a wavelength division multiplexing (WDM) signal band [GHZ]. Ag,, denotes a splice loss

between the optical fiber and the repeaters at both ends of the span, and can be obtained from
MFD of the optical fiber and standard SMF. If it is assumed that MFD of standard SMF at the
wavelength of 1550 nm is 10.2 pym, A, of the optical fiber with MFD being W [um] can be

substantially expressed as [20xW/(W2+104)]%.

[0026] In this case, for easier understanding, a case of transmitting a Nyquist WDM signal in a
transmission line composed of only a transmission optical fiber and a repeater is assumed;
however, this case is substantially established even in normal WDM transmission. With Egs. (2)
to (4), the limit of SE per one optical fiber is expressed by Eq. (9):

Tret OSNRynax) = log; [ 1+ N, -{(NF -

SE = log, (1 +—
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2 - 2 ) C|D|LesrBe® =
exp(al) - Agp)” * V:Loss| D] 1'%—-asmh(f—-———”—t)} ] ©)

4v2

[0027] Further, in a case of an optical fiber cable having a number N of fibers and a sectional

area Ac [mm?], the limit of SSE is expressed by Eq. (10):

SSE =log, |1+ Nt -{(NF - hv - exp(al) -AS,D)2 “¥2Lesr|D|t
gyt
w? o mCID|LesrBe™) 3| N
— asinh (_4v2 )} ] X o (10)

If it is assumed that signal optical frequency v = 194 THz, noise figure NF = 6 dB, span length L
= 100 km, number of spans Ng = 15, and WDM signal band B; = 10 THz, and if it is assumed

that pure silica core fiber ny = 2.2x102%m2/W], SSE can be rewritten by Eq. (11):

~4
SSE =log, |1+ 65.9- {exp(200 o) - (222) ™ - 4, 2L IDI
asinh(629 - lDlLeff)} 3] P ZIEC' (an

SSE of Optical Fiber Cable of Related Art

[0028] A typical ribbon slotted-core optical fiber cable of related art has a cable diameter of
about 12 mm in the case where the cable includes 40 fibers, about 17 mm in the case where
the cable includes 100 fibers, and about 23 mm in the case where the cable includes 300
fibers. Also, an optical fiber housed in the optical fiber cable of related art uses standard SMF.

[0029] A transmission loss of an optical fiber cable is equivalent to a transmission loss of an
optical fiber if a bending loss or a micro-bending loss is not added when the optical fiber is
housed in the cable. However, some optical fiber may have a transmission loss which is
increased by a bending loss or a micro-bending loss when the optical fiber is housed in the
cable. Alternatively, a bending loss or a micro-bending loss when an optical fiber is wound
around a small-diameter bobbin may be released and a transmission loss may be decreased.
A difference between a transmission loss after standard SMF is housed in a typical ribbon
slotted-core cable of related art and a transmission loss of standard SMF was 0.00 dB/km in
average and +0.018 dB/km in maximum.

[0030] Then, if it is assumed that a value obtained by adding 0.02 dB/km to a transmission loss
of the optical fiber (fiber transmission loss, fiber loss) serves as a transmission loss of a
substantially standard optical fiber cable (cable transmission loss), Eq. (11) can be rewritten
into Eq. (12):

-4
SSE = log, Il + 65.9 - {exp (200 . (“d8+0-02)) [ _20xwW ) )

4.343 W2+104
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(=

A’

Aeff—zLeflel_l . asmh(629 . |DILeff)} 3] X —IY— (12)

where the fiber transmission loss is agqg[dB/km]. With Eq. (12), SSE when standard SMF is

housed in the typical ribbon slotted-core optical fiber cable of related art is 1.5 b/s/Hz/mm? in
the case where the cable includes 40 fibers, 1.9 b/s/Hz/mm?2 in the case where the cable

includes 100 fibers, and 3.2 b/s/Hz/mm? in the case where the cable includes 300 fibers.

SSE of Optical Fiber Cable 10

[0031] In contrast, the optical fiber cable 10 has a cable diameter of about 11 mm, 13 mm, 17
mm, or 19 mm in the case where the cable includes 40 fibers, 100 fibers, 200 fibers, of 300
fibers respectively. The optical fiber cable 10 satisfies Eq. (13):

SSE = 0.008 x N + 1.7, (13)

where agqg denotes a transmission loss [dB/km] of the optical fiber 30 as described above. With
Eqg. (13), SSE can be increased by 30% or more as compared with the ribbon slotted-core
optical fiber cable of related art including the same number of standard SMFs. More preferably,
Eq. (14) is satisfied:

SSE = 0.009 x N + 2.0. (14)

Accordingly, SSE can be increased by 50% or more as compared with the ribbon slotted-core
optical fiber cable of related art including the same number of standard SMFs. Further
preferably, Eq. (15):

SSE=>0.011xN+ 23 (15)

is satisfied. Accordingly, SSE can be increased by 75% or more as compared with the ribbon

slotted-core optical fiber cable of related art including the same number of standard SMFs. It is
to be noted that the left sides of Eqs. (13), (14), and (15) are the same as the right sides of Eq.
(12).

Optical Fiber 30

[0032] The optical fiber 30 housed in the optical fiber cable 10 according to this embodiment is
preferably a single core fiber for two reasons.

[0033] In a case of multi-core fiber, it is difficult to splice multi-core fibers of the same type with
a low loss. When splicing is executed by using a fusion splicer, for example, misalignment in a
range from about 0.2 to about 0.4 ym may be generated. In a multi-core fiber, since plural
cores are housed in a single fiber, it is difficult to accurately align the axes of all cores. In
general, the length of a single optical fiber cable arranged is in a range from about 1 to about 5
km. Hence, in a transmission line of a span length of 100 km, the number of same-type splicing
portions is 20 to 100 portions per span. Owing to this, the total span loss is largely increased
by the splice loss. Also, the multi-core fiber is connected to devices at both ends of the span, a
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device for branching each core is required, and the insertion loss thereof is added. Hence, the
total loss is increased.

[0034] The optical fiber 30 preferably has the following features (1) to (5) at the wavelength of
1550 nm.

1. (1) The transmission loss is preferably 0.18 dB/km or less. As the transmission loss is
decreased, SSE can be increased. The transmission loss is more preferably 0.17 dB/km
or less.

2. (2) Aeff is preferably in a range from 100 to 125 pmZ2. As Aeff is increased, vy is
decreased. Hence, SSE can be increased. On the other hand, if Aeff is excessively
increased, a confinement effect for propagation light in a core is decreased. Hence, the
cable transmission loss becomes larger than that of standard SMF due to the bending
loss and micro-bending loss when housed in the optical fiber cable 10.

3. (3) MFD is preferably in a range from 11.0 to 12.5 ym. When same-type optical fibers 30
are spliced by using a fusion splicer, for example, misalignment in a range from 0.2 to
0.4 ym may be generated. Figure 5 is a graph showing the relationship between a
same-type splice loss and MFD. The horizontal axis indicates MFD at the wavelength of
1550 nm, and the vertical axis indicates the splice loss when the same-type optical fibers
30 are spliced. As MFD is increased, the splice loss can be suppressed at a lower value
even with misalignment. In contrast, if MFD is excessively increased, the splice loss with
respect to standard SMF used as a pigtail of a repeater is increased.

4. (4) A dispersion is preferably in a range from 19 to 22 ps/nm/km. As the dispersion is
increased, SSE can be increased.

5. (5) Afiber cutoff wavelength is preferably in a range from 1400 to 1600 nm. As the cutoff
wavelength is increased, the bending loss can be suppressed at a lower value. The
transmission loss after arrangement in the cable can be maintained at a lower value.
However, if the cutoff wavelength is excessively increased, single-mode transmission is
no longer executed.

[0035] Figures 6A and 6B are conceptual diagrams showing refractive index profiles of optical
fibers 30 according to the embodiment. As shown in Fig. 6A, one example of the optical fiber
30 includes a core having a refractive index n1 and a diameter 2a [um], and a cladding having
a refractive index n2. In this case, if it is assumed that a relative refractive index difference of
the core with respect to a refractive index n0 of pure silica AQ [%] is 100%(n1-n0)/n1 and a
relative refractive index difference of the core with respect to the cladding A1 [%] is 100x(n1-
n2)/n1, A1 is preferably in a range from 0.30% to 0.35% and 2a is preferably in a range from
10 to 13 pm. Also, AQ is preferably in a range from -0.1% to +0.1%. It is effective not to
substantially add a dopant to the core through which a major part of power of an optical signal
propagates, in order to decrease the fiber transmission loss.

[0036] As shown in Fig. 6B, another example of the optical fiber 30 includes a core having a
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refractive index n1 and a diameter 2a [um], an inner cladding having a refractive index n2 and
a diameter 2b [um], and an outer cladding having a refractive index n3. The optical fiber has a
depressed cladding type refractive index profile being n1 > n3 > n2. Since the optical fiber 30
has the depressed cladding type refractive index profile, the bending loss can be suppressed
at a relatively low value even when Aeff is increased. Hence, this example of the optical fiber
30 is preferable.

[0037] In this case, if it is assumed that a relative refractive index difference of the core with
respect to the refractive index n0 of pure silica A0 [%] is 100%(n1-n0)/n1, a relative refractive
index difference of the core with respect to the inner cladding is A1 [%] = 100%(n1-n2)/n1, and
a relative refractive index difference of the outer cladding with respect to the inner cladding is
A2 [%] = 100%(n3-n2)/n3, A1 is preferably in a range from 0.30% to 0.35%, A2 is preferably in
a range from 0.05% to 0.10%, 2a is preferably in a range from 10 to 13 pm, and 2b is
preferably in a range from 40 to 55 ym. Also, AQ is preferably in a range from -0.1% to +0.1%.
It is effective not to substantially add a dopant to the core through which a major part of power
of an optical signal propagates, in order to decrease the fiber transmission loss.

[0038] Figures 7A to 7F are illustrations showing index profiles of cores of optical fibers
according to this embodiment, The index profile of the core of an optical fiber 30 can be
modified in any one of various shapes. In this case, it is assumed that the average value of
refractive indices of a core is n1.

[0039] As described above, the optical fiber cable 10 according to this embodiment houses the
plurality of optical fibers 30 and satisfies Eq. (1). Accordingly, SSE of the optical fiber cable 10
can be increased by 30% as compared with the ribbon slotted-core fiber cable of related art
housing a standard single-mode fiber (standard SMF) when the numbers of optical fibers are
the same. Also, since the transmission loss of the optical fiber 30 at the wavelength of 1550 nm

is 0.18 dB/km or less, and Aeff is in the range from 100 to 125 pmz, the transmission loss can
be suppressed with an increased SSE value.

[0040] Also, since MFD of the optical fiber at the wavelength of 1550 nm is in the range from
11.0 to 12.5 pm, the splice loss between the same-type fibers can be suppressed at a low
value even with misalignment, and the splice loss with respect to standard SMF used as the
pigtail of the repeater can be suppressed at a low value. Also, since the dispersion of the
optical fiber 30 at the wavelength of 1550 nm is in the range from 19 to 22 ps/nm/km, SSE can
be increased. Also, since the cutoff wavelength of the optical fiber 30 is in the range from 1400
to 1600 nm, by increasing the cutoff wavelength of the optical fiber cable within a range
available for single-mode transmission, the bending loss can be suppressed at a low value and
the transmission loss of the optical fiber in the cable can be maintained at a low value.

[0041] Also, in the one example of the optical fiber cable 10, the optical fiber 30 includes the
core and the cladding layer, the relative refractive index difference A1 of the core with respect
to the cladding is in the range from 0.30% to 0.35%, and the diameter 2a of the core is in the
range from 10 to 13 ym. Accordingly, SSE of the optical fiber cable 10 can be increased.
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[0042] Also, in the other example of the optical fiber cable 10, the optical fiber 30 includes the
core, the inner cladding, and the outer cladding. The refractive index n3 of the outer cladding is
smaller than the refractive index n1 of the core and is larger than the refractive index n2 of the
inner cladding. The relative refractive index difference A2 of the outer cladding with respect to
the inner cladding is in the range from 0.05% to 0.10%, the relative refractive index difference
A1 of the core with respect to the inner cladding is in the range from 0.30% to 0.35%, and the
diameter 2a of the core is in the range from 10 to 13 uym. Accordingly, even if Aeff is increased,
the bending loss can be suppressed at a relatively low value, and SSE of the optical fiber cable
can be increased.

[0043] Also, since the relative refractive index difference A0 of the core with respect to pure
silica is in the range from -0.1% to +0.1%, and a dopant is not substantially added to the core
through which the major part of the power of the optical signal propagates, the transmission
loss of the optical fiber 30 can be decreased.

[0044] Also, the optical fiber cable 10 is the ribbon slotted-core cable. The value Ag|; Obtained

by dividing the sectional area of the single slot 2 by the number of optical fibers Ng ot housed in

the single slot 2 is in the range from 0.12 to 0.16 mmZ/core. If the sectional area (x1+x2)xy/2 of
the slot 2 is decreased, the sectional area of the cable can be decreased. This is
advantageous to increase SSE of the optical fiber cable 10. However, if the sectional area of
the slot 2 is excessively decreased, the clearance with respect to the fiber ribbon 20 is
decreased. Accordingly, the fiber ribbon 20 contacts the inner wall of the slot 2, and the
bending loss and micro-bending loss are generated by the stress of the optical fiber 30.
Consequently, the loss is increased more than the loss of the cable of related art, and SSE is
decreased. Particularly in a case of an optical fiber having Aeff being larger than that of
standard SMF like the optical fiber 30 according to this embodiment, the confinement for the
propagation light in the core is weakened, and the bending loss and micro-bending loss are
likely generated. In this embodiment, since Ag ot is determined within the predetermined range,
even if the above-described optical fiber 30 is housed, the sectional area of the cable can be
decreased while the difference in transmission loss between the optical fiber 30 and the optical
fiber cable 10 is suppressed to be equivalent to a case in which standard SMF is housed in the
typical ribbon slotted-core cable of related art. Consequently, SSE of the optical fiber cable 10
can be increased.

[0045] Also, the optical fiber cable 10 is the ribbon slotted-core cable, the value Ag o Obtained
by dividing the sectional area of the single slot 2 by the number of optical fibers Ngo; housed in
the single slot 2 is in the range from 0.12 to 0.16 mmZ/core, the transmission loss of the optical
fiber 30 at the wavelength of 1550 nm is 0.18 dB/km or lower, and Aeff is in the range from 100
to 125 pm?2. In this case, as described above, since Ag is determined within the

predetermined range, even if the above-described optical fiber 30 is housed, the sectional area
of the cable can be decreased while the difference in transmission loss between the optical
fiber 30 and the optical fiber cable 10 is suppressed to be equivalent to the case in which
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standard SMF is housed in the typical ribbon slotted-core cable of related art. Consequently,
SSE of the optical fiber cable 10 can be increased. Also, the transmission loss can be
suppressed with an increased SSE value.

[0046] Next, specific examples of the optical fiber according to this embodiment are described
in comparison with a comparative example. An optical fiber according to Example 1 was an
optical fiber having a refractive index profile as shown in Fig. 6A. Optical fibers according to
Examples 2 to 5 were optical fibers each having a depressed cladding type refractive index
profile as shown in Fig. 6B. An optical fiber according to the comparative example was
standard SMF.

[0047] Figure 8 is a table showing structures of optical fibers and optical characteristics at the
wavelength of 1550 nm according to the comparative example and the examples. Figure 9 is a
table showing SSE when the optical fibers according to the examples were housed in optical
fiber cables. The difference between the cable transmission loss when the optical fiber
according to any one of the examples was housed in the optical fiber cable according to the
embodiment of the invention and the transmission loss shown in Fig. 8 was 0.02 dB/km or less
even at maximum, which is substantially equivalent to a case in which standard SMF is housed
in the typical ribbon slotted-core cable of related art. Hence, similarly to the case in which
standard SMF is housed in the typical ribbon slotted-core cable of related art, SSE was
obtained from Eq. (11) while the value obtained by adding 0.02 dB/km to the fiber transmission
loss was treated as a substantially standard cable transmission loss. In Fig. 9, "Y" was applied
if obtained SSE satisfied Eqs. (13) to (15), and "N" was applied if obtained SSE did not satisfy
Egs. (13) to (15).

[0048] Figures 10A, 10B, 11A, and 11B are graphs each showing the relationship between Aeff
of an optical fiber at the wavelength of 1550 nm and SSE of an optical fiber cable. Figures 10A,
10B, 11A, and 11B shows the cases in which the optical fiber cable includes 40 fibers, 100
fibers 200 fibers, and 300 fibers, respectively. Each figure shows the relationship between Aeff
of the optical fiber at the wavelength of 1550 nm and SSE of the optical fiber cable, for each of
cases of fiber transmission losses being 0.180, 0.170, and 0.160 dB/km. Also, each figure
shows the values of the right sides in Eqgs. (13) to (15).

[0049] In the range of Aeff from 70 to 125 pm?, the difference in transmission loss between the
cable and the fiber is 0.02 dB/km or smaller even at maximum, and similarly to the case in
which standard SMF is housed in the typical ribbon slotted-core cable of related art, the value
obtained by adding 0.02 dB/km to the fiber transmission loss is treated as a substantially
standard cable transmission loss. Referring to Figs. 10A, 10B, 11A, and 11B, as long as Aeff is

100 ym? or larger and the fiber transmission loss is 0.180 dB/km or lower, Eq. (13) can be
satisfied.

[0050] Figure 12 is a table showing slot sizes and other specifications of optical fiber cables
according to examples. As shown in Fig. 12, with the optical fiber cable according to any one of
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the examples, Ag|qt is set in the range from 0.12 to 0.16 mmZ/core. Accordingly, even when the

optical fiber is housed, the sectional area of the cable can be decreased while the difference in
transmission loss between the optical fiber and the optical fiber cable is suppressed to be
equivalent to the case in which standard SMF is housed in the typical ribbon slotted-core cable
of related art.
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Patentkrav

1. Optisk fiberkabel, der er et bdndkabel med opslidset kerne, der har et
tvaersnitsareal p& Ac [mm?2] og indeholder et antal N af optiske fibre,
idet hver af de optiske fibre omfatter:

en kerne, der har en diameter i et omrade fra 10 til 13 um; og

en kappe, der omgiver kernen og har et brydningsindeks, der er mindre
end et brydningsindeks af kernen, idet en relativ brydningsindeksforskel af
kernen i forhold til kappen er i et omrade fra 0,30 til 0,35,

og har ved bglgelaengden pa 1550 nm:

et overfgrselstab er 0,18 dB/km eller mindre;

et effektivt areal i et omrade fra 100 til 125 um?; og

en bglgelaengdedispersion i et omrade fra 19 til 22 ps/nm/km,

hvor en veaerdi opnéet ved at dele et tvaersnitsareal af en enkelt slids med
et antal af kerner af de optiske fibre indeholdt i den enkelte slids er i et
omrade fra 0,12 til 0,16 mm2/kerne, og

hvor overfgrselstabet ads [dB/km], en tilstandsfeltdiameter W [um], det
effektive areal Aeff [um?], en effektiv lzengde Lef [km] 0g
baglgelaangdedispersionen D [ps/nm/km] af hver af de optiske fibre ved en
bglgelaengde pa 1550 nm opfylder Ligning (1),

3 2 g2 2axiy yF B ~
2092 [1 + 65)9 N {C”xp (LG{} . (Y ;:34.3 )) . (m’j:104) . ltxeff ZLe}FfED' 1 )

1

asinh{629 - ;D;geﬁ)} ] x> 0,008 x N+ 1.7. {1)
N AC

2. Optisk fiberkabel ifglge krav 1,
hvor tilstandsfeltdiameteren af den optiske fiber ved bglgelaengden p& 1550 nm er
i et omrade fra 11,0 til 12,5 pm.

3. Optisk fiberkabel ifglge et hvilket som helst af kravene 1 eller 2,
hvor den optiske fiber har en graensebglgeleengde i et omrade fra 1400 til 1600

30 4. Optisk fiberkabel ifglge et hvilket som helst af kravene 1 til 3,

hvor den optiske fiber yderligere omfatter:



DK/EP 3088930 T3

2

en ydre kappe, der har et brydningsindeks, der er mindre end et
brydningsindeks af kernen og stgrre end et brydningsindeks af kappen,
hvor en relativ brydningsindeksforskel af den ydre kappe i forhold til
kappen er i et omrade fra 0,05% til 0,10%.

5. Optisk fiberkabel ifglge krav 1 eller 4,

hvor en relativ brydningsindeksforskel af kernen i forhold til ren siliciumdioxid er i
et omréde fra -0,1% til +0,1%.
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FIG. 1
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FIG. 7A
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