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1
OPTICAL FIBER CABLE AND OPTICAL
FIBER RIBBON

TECHNICAL FIELD

The present invention relates to an optical fiber ribbon and
an optical fiber cable that are components of an information
wiring line using an optical fiber indoors and outdoors.

BACKGROUND ART

At the present time, due to an increase in broadband ser-
vices, the number of FTTH subscribers using an optical fiber
rapidly increases. As a result, in maintenance of infrastructure
such as a conduit line that lays an optical fiber cable, a space
to additionally lay the optical fiber cable is insufficient. For
this reason, if'the optical fiber cable is constructed to have the
minute diameter and the high density, this becomes very
effective in making effective use of infrastructure equipment.

As the optical fiber cable that is constructed to have the
small diameter and the high density, for example, Patent
Document 1 suggests a multiple optical fiber cable that has
the very small diameter and the high density using a structure
in which sheathing is applied on the outer circumference of a
bundle where optical fibers with low optical loss increase
with respect to bending and mono-coated optical fibers
coated at the outer circumference of the above optical fibers
are collected. However, since the optical fiber cable described
in Patent Document 1 uses the mono-coated optical fiber,
when an optical fiber transmission path is constructed, optical
fiber cables need to be connected to each other. Therefore the
optical fiber cable described in Patent Document 1 has a
problem that the number of times of connecting the optical
fibers increases, which results in deteriorating connection
efficiency.

Meanwhile, an optical fiber ribbon where the plural mono-
coated optical fibers arranged in parallel are collectively
coated is an optical fiber unit where collective connection is
enabled by a mass-splicing machine, and is widely used in the
conventional optical fiber cable. However, the conventional
optical fiber ribbon has bending anisotropy in which it is
difficult to bend the optical fiber ribbon in a width direction
from the shape thereof. If the conventional optical fiber rib-
bonreceives bending in the width direction in the optical fiber
cable, large distortion or optical loss is generated in the opti-
cal fiber. For this reason, it is needed to use an optical fiber
ribbon or cable structure that can suppress the distortion or
optical loss.

Accordingly, optical fiber cables using an optical fiber
ribbon having a new structure are suggested.

In all optical fiber cables that are described in Patent Docu-
ments 2 to 5, an optical fiber ribbon where plural mono-
coated optical fibers are intermittently bonded in a longitudi-
nal direction is used, and single fiber separating performance
of separating only a desired optical fiber from the optical fiber
ribbon at the time of intermediate post branching of the opti-
cal fiber cable is mainly improved.

The optical fiber cables that are described in Patent Docu-
ments 2 and 3 are stored in the cables in a staked state, using
the optical fiber ribbon where resin portions bonding all parts
of plural mono-coated optical fibers arranged in parallel in a
width direction are intermittently disposed in a longitudinal
direction.

The optical fiber cable that is described in Patent Document
4 is stored in the cable in a stacked state, using an optical fiber
ribbon where the optical fiber cable is intermittently seg-
mented in the course of manufacturing the conventional opti-
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cal fiber ribbon and the segmented portions are deviated in the
width direction along the longitudinal direction of the optical
fiber ribbon. Also, it is described that if the segmented por-
tions are disposed in a twist inversion portion of an optical
fiber cable with an SZ-slotted rod, warping of the optical fiber
can be reduced, with respect to bending of the width direction
received when the optical fiber ribbon is manufactured.

The optical fiber cable uses an optical fiber ribbon in which
the resin portions bond two adjacent single-core coated opti-
cal fibers of the mono-coated optical fiber, the length of the
resin portions is shorter than the length of non-bonded por-
tions, and the resin portions adjacent in the width direction are
disposed away from each other, and is folded in the cables and
stored. Since the optical fiber ribbon has small bending
anisotropy and is easily folded in a cylindrical shape, an
optical fiber cable that has the small diameter and the high
density can be manufactured, similar to the bundle of mono-
coated optical fibers.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Japanese Patent Application Laid-Open
(JP-A) No. 2007-41568

Patent Document 2: JP-A No. 5-281444

Patent Document 3: JP-A No. 8-334662

Patent Document 4: JP-A No. 2005-62427

Patent Document 5: JP-A No. 2003-315639

Patent Document 6: JP-A No. 2007-279226
Non-Patent Document

Non-patent Document 1: S. T. Kreger et al., International
Conference on Optical Fiber Sensors (OFS-18), paper
ThEA42, 2006

Non-patent Document 2: Japan Society of Mechanical Engi-
neers magazine machine life September, 2004 issue Vol.
107 No. 1,030, special feature: Technology of Ultra Large
Capacity Optical-Fiber Transmission

Non-patent Document 3: Internet search [May 7, 2008
search| http://www.optigate.jp/fag/index.html

Non-patent Document 4: “Optical fiber array V-groove
board”, Molitec Steel Co., Ltd., [online], [Sep. 17, 2008
search], Internet URL:http://www.moritex.co.jp/home/zi-
gyo/pdf/b/zigyo_b011.pdf

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

Since the optical fiber cable is laid in the conduit having
bending and is used during a long period, it is needed to
maintain a stable optical loss characteristic with respect to the
external force applied to the cable. Further, it is needed to
secure sufficient long-term reliability by making large warp-
ing not applied to the optical fiber, even in some cable bending
radius.

However, when the conventional art is used to provide an
optical fiber cable with excellent connection efficiency and
the small diameter and the high density, the following prob-
lems are generated such as both a stable optical loss charac-
teristic and long-term reliability that are requirements of the
optical fiber cable cannot be secured.

Specifically, in the optical fiber cables that are described in
Patent Documents 2 to 4, the intermittently bonded optical
fiber ribbons are stored in a cable core portion in a stacked
condition. If the optical fiber ribbons are stored in the stacked
condition, because large void portions are generated in the
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cable, it is overwhelmingly advantageous to use a bundle of
mono-coated optical fibers to increase the mounting density
of the cable core portion. For this reason, the optical fiber
cables that are described in Patent Documents 2 to 4 are not
suitable for the optical fiber cable with the small diameter and
the high density.

The optical fiber cables that are described in Patent Docu-
ments 2 to 4, have resin portions where all or the 3-fiber or
more optical fiber ribbons are bonded in the width direction
exist. When the optical fiber ribbons are forcedly stored in the
cable core portion with the high density in the stacked con-
dition, since the resin portions have large bending anisotropy,
locally large optical loss or warping is generated when the
cable is manufactured or bent. For this reason, the optical
fiber cables that are described in Patent Documents 2 to 4 are
insufficient for a stable optical loss characteristic and suffi-
cient long-term reliability.

In the optical fiber cable that is disclosed in the final docu-
ment of the background art, the bending anisotropy of the
optical fiber ribbons described above is reduced, and the
optical fiber ribbons can be stored with the same mounting
density as that of when a bundle of mono-coated optical fibers
is used. Therefore, the mounting density of the cable core
portion can be maximized. However, there is a problem that
when the optical fiber ribbons are mounted with the high
density, the optical loss increase due to the random bending
that is applied to the optical fiber when the optical fiber cable
is manufactured or the optical loss increase due to bending of
the optical fiber in the cable with respect to the bending or the
lateral pressure applied to the cable is generated, and a stable
optical loss characteristic cannot be maintained. Further-
more, there is another problem that, in regards to the warping
that is applied to the bending of the cable, the warping exceed-
ing an allowed value is applied to the optical fiber according
to a bonding state of the mono-coated optical fibers in the
optical fiber ribbons used in the cable, and reliability cannot
be secured during a long period.

The present invention has been made in view of the above
circumstances, and a first object of the invention is to provide
an optical fiber cable that has superior connection efficiency
of'optical fibers, prevents an optical loss increase generated in
the optical fibers to obtain a stable optical loss characteristic,
sufficient long-term reliability by reducing warping applied
to the optical fibers, and is mounted to have the small diameter
and the high density.

The optical fiber ribbons that are used in the optical fiber
cables described in Patent Documents 2 to 4 and 6 have an
intermittently bonded structure. As compared with the con-
ventional optical fiber ribbons that are continuously manu-
factured in a longitudinal direction, it is needed to intermit-
tently apply the resin or provide a segmenting mechanism in
a manufacturing device, and the manufacturing speed is low.
As a result, there is a problem that a manufacturing cost
increases.

The invention has been made in view of the above circum-
stances, and a second object of the invention is to provide an
optical fiber ribbon and an optical fiber cable with the small
diameter and the high density that can form connecting por-
tions connecting adjacent mono-coated optical fibers to have
the thickness and the length enabling easy buckling against
the external force applied in a width direction of an optical
fiber ribbon, thus can reduce bending anisotropy of the optical
fiber ribbon, and secure sufficient long-term reliability with-
out generating excessive distortion at the time of bending.

Means for Solving the Problems

In order to achieve the first object, the present invention
provides an optical fiber cable that includes optical fiber
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4

ribbons composed of 3-fiber or more mono-coated optical
fibers coated at the outer circumference of optical fibers. The
optical fiber has a bending loss characteristic in which an
optical loss increase at the time of being bent with a radius of
13 mm at the wavelength of 1.55 pum becomes 0.2 dB/10 turn
or less. The optical fiber ribbons two-dimensionally dispose
plural of resin portions bonding the adjacent 2-fiber mono-
coated optical fibers in plural places in a longitudinal direc-
tion and a width direction. The length of the resin portion that
bonds the adjacent 2-fiber mono-coated optical fibers is
shorter than the length of a non-resin portion that does not
bond the adjacent 2-fiber mono-coated optical fibers. The
resin portions that are adjacent to each other in the width
direction of the optical fiber ribbons are disposed apart from
each other in the longitudinal direction of the optical fiber
ribbons. The optical fiber cable includes a cable core portion
that stores twisting of plural units where the plural mono-
coated optical fibers constituting the optical fiber ribbons are
collected, and a sheath that is applied to the outer circumfer-
ence of the cable core portion. A ratio of a sectional area
occupied by the plural mono-coated optical fibers to a sec-
tional area of the cable core portion is 0.3 or more.

In order to achieve the second object, the invention pro-
vides an optical fiber ribbon that has, in a longitudinal direc-
tion, (n-1) (n is plural) connecting portions continuously
connecting adjacent n (n is plural) mono-coated optical fibers
disposed not to contact each other. In at least (n/2-1) con-
necting portions, when the thickness of each connecting por-
tion is set to b and the outer diameter of each mono-coated
optical fiber is set to d, a relation between b and d is b=d, and
the length h of each connecting portion is in a range of 100
(b/d)"2<h<312.5-d (where a unit is um).

Inthe optical fiber ribbon of the invention, resin that has the
Young’s modulus after hardening less than 500 MPa is used
as a material of at least (n/2-1) connecting portions among
the plural connecting portions.

In the optical fiber ribbon of the invention, a layer that has
the same material as the connecting portions is formed around
the mono-coated optical fibers.

In the optical fiber ribbon of the invention, the connecting
portions are disposed to be shifted in a thickness direction of
the optical fiber ribbon more than a line connecting the cen-
ters of the mono-coated optical fibers.

In the optical fiber ribbon of the invention, a photonic
crystal fiber that has a hole in a clad portion of an optical fiber
is used as the optical fiber.

The invention provides an optical fiber cable in which the
plural optical fiber ribbons are collected and stored.

The invention provides an optical fiber cable that has a
cable core portion that stores twisting of plural units where
the plural optical fiber ribbons are collected and a sheath that
is applied to the outer circumference of the cable core portion.
A ratio ofa sectional area occupied by the plural mono-coated
optical fibers to a sectional area of the cable core portionis 0.3
or more.

In the optical fiber cable of the invention, two strength
members are buried in the sheath to be disposed symmetrical
to each other with respect to the center of the optical fiber
cable, and the thickness of the sheath of a portion where the
strength members are buried is larger than the thickness of the
sheath of the other portion.

EFFECTS OF THE INVENTION

The optical fiber cable according to the present invention
can maintain a stable optical loss characteristic with respect
to the external force applied during use, in the mounting
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density of the cable core portion that is almost equal to that of
the optical fiber cable using the mono-coated optical fibers,
reduce the warping applied to the optical fiber with respect to
the cable bending, and secure sufficient long-term reliability.
Since collective connection using the optical fiber ribbons is
enabled, the optical fiber cable according to the invention has
an effect that connection efficiency is high. Furthermore, it
has an effect that identification or extraction of a desired
optical fiber is superior, and single fiber separability at the
time of intermediate post branching is superior.

In the optical ribbon according to the invention, the con-
necting portion that connect the adjacent mono-coated optical
fibers are configured to have the thickness and the length in
which the connecting portion can be easily buckled with
respect to the external force applied in the width direction of
the optical fiber ribbon, thereby, the connecting portion is
easily buckled with respect to the external force applied in the
width direction of the optical fiber ribbon. Therefore, bending
anisotropy of the optical fiber ribbon can be greatly
decreased, sufficient long-term reliability can be secured
without generating excessive distortion even when the cable
is bent. Furthermore, it has effects that collective connection
of'the multiple fibers is also enabled, the manufacturing speed
of the optical fiber ribbon is high, and the manufacturing is
economical.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 2 is a schematic perspective view showing an optical
fiber ribbon according to the embodiment of the invention.

FIG. 3 is a schematic perspective view showing a folded
state of an optical fiber ribbon according to the embodiment
of the invention.

FIG. 4 is acharacteristic view showing a measured result of
a relationship between an optical loss increase at the time of
manufacturing an optical fiber cable and a bending loss char-
acteristic of an optical fiber used, according to the embodi-
ment of the invention.

FIG. 5 is a characteristic view showing a measured result
that is obtained by performing a temperature cycle test in a
temperature range of -30° C. to 70° C., with respect to an
optical fiber cable according to the embodiment of the inven-
tion.

FIG. 6(a) is a characteristic view showing an example of a
measured result of a distribution of warping that is applied in
a longitudinal direction of an optical fiber at the time of
bending an optical fiber cable according to the embodiment of
the invention.

FIG. 6(b) is a characteristic view showing an example of a
measured result of a distribution of warping that is applied in
a longitudinal direction of an optical fiber at the time of
bending an optical fiber cable according to the embodiment of
the invention.

FIG. 6(c) is a characteristic view showing a measured
result of a distribution of warping that is applied in a longi-
tudinal direction of an optical fiber of a ribbon optical fiber
cable at the time of bending the cable according to a com-
parative example of the invention.

FIG. 7 is acharacteristic view showing a measured result of
arelationship of a cable bending radius and a maximum value
of warping applied in a longitudinal direction of an optical
fiber of each of an optical fiber cable, a single optical fiber
cable, and a ribbon optical fiber cable, at the time of bending
those cables, according to the embodiment of the invention.
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FIG. 8(a) is a cross-sectional view showing an example of
an optical fiber ribbon according to a first embodiment of the
invention.

FIG. 8(b) is a cross-sectional view showing another
example of the optical fiber ribbon according to the first
embodiment of the invention.

FIG. 9 is a characteristic view showing a relationship of a
ratio (b/d) of the thickness of a connecting portion and the
length h (um) of the connecting portion with respect to the
outer diameter of a mono-coated optical fiber used in the
embodiment of the invention.

FIG. 10 is a cross-sectional view showing an optical fiber
ribbon according to a second embodiment of the invention.

FIGS. 11(a), (b), and (¢) are cross-sectional views showing
an example of an optical fiber ribbon according to a third
embodiment of the invention.

FIG. 12(a), (b), and (c¢) are cross-sectional views showing
another example of an optical fiber ribbon according to the
third embodiment of the invention.

FIG. 13 is a cross-sectional view showing an optical fiber
cable according the embodiment of the invention.

FIG. 14 is a diagram showing an optical fiber ribbon having
different arrangement intervals of resin portions.

FIG. 15 is a diagram illustrating an optical fiber cable
including a metallic tube.

FIG. 16 is a diagram illustrating an optical fiber cable
including a metallic tube.

FIGS. 17(a), 17(b) and 17(c¢) are diagrams showing an
arrangement pattern patterns of resin portions in an optical
fiber ribbon that is included in an optical fiber cable according
to the invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiments of the present invention will be described
with reference to the accompanying drawings. The embodi-
ments to be described below are examples of the invention
and the invention is not limited thereto. In the present speci-
fication and the drawings, components that are denoted by the
same reference numerals are equal to each other. Also, in the
specification, a material that is obtained by connecting mono-
coated optical fibers 11 disposed in parallel as shown in FIG.
2 byresin portions 18 is represented as an optical fiber ribbon,
and a material that is obtained by connecting mono-coated
optical fibers 11 to 14 and 21 to 28 by connecting portions 15
to 17 and 31 to 37 as shown in FIG. 8 is represented as an
optical fiber ribbon.

First Embodiment

FIG. 1 is a cross-sectional view showing an optical fiber
cable according to an embodiment of the present invention. In
FIG. 1, 11 denotes a mono-coated optical fiber, 92 denotes a
colored thread, 93 denotes a protection ribbon, 94 denotes a
sheath, 95 denotes a strength member, 96 denotes a protrusion
portion, and 97 denotes a rip cord.

As shown in FIG. 1, a unit that is configured by winding a
colored thread 92 around the outer circumference of an opti-
cal fiber bundle where plural mono-coated optical fibers 11
with the diameter of 0.25 mm, for example, 20 mono-coated
optical fibers are straightly and densely collected is formed, a
wrapping layer that is composed of plural thin protection
ribbons 93 is provided on the outer circumference of the
optical fiber bundle where the plural units, for example, 10
units are twisted in one direction and densely collected, a
sheath 94 is applied to the outer circumference, and a 200-
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fiber multiple optical fiber cable with the very high density is
configured. The unit is configured using the optical fiber
ribbon that is composed of the 3-fiber or more mono-coated
optical fibers where coating is applied to the outer circumfer-
ence of the optical fibers. That is, the multiple optical fiber
cable includes a cable core portion that stores the plural
twisted units and the sheath 94 that is applied to the outer
circumference of the cable core portion. The sheath 94 is
formed of, for example, polyethylene.

The optical fiber cable of FIG. 1 has a protrusion portion 96
that is buried in the sheath 94, such that two strength members
95 are symmetrical to each other with respect to the center of
the optical fiber cable, and the thickness of the sheath 94 of the
protrusion portion 96 becomes larger than the thickness of the
sheath 94 other than the protrusion portion 96. In this embodi-
ment, the strength member 95 is composed of, for example,
steel wire with the diameter of 0.95 mm. In intermediate
portions of the strength members 95 of the sheath 94, rip
cords 97 are provided at the positions symmetrical to each
other, with respect to the center of the optical fiber cable. The
rip cord 97 is provided to cut the sheath 94 and extract the
mono-coated optical fiber 11.

In regards to the outer diameter of the optical fiber cable
according to the embodiment of the present invention, the
long diameter that is measured by the protrusion portion 96 is,
for example, 11.7 mm, the short diameter D that is measured
at portions other than the protrusion portion 96 is, for
example, 9.7 mm, and the thickness of the sheath 94 other
than the protrusion portion 96 is, for example, 1.9 mm. A
sectional area Acore of the portion where the optical fiber 11
is stored, that is, the cable core portion is, for example, 27.3
mm?, and a sectional area Afiber that is occupied by the
200-fiber mono-coated optical fibers 11 is calculated from the
following relationship.

Afiber=nx(d/2)*xn (1-1)

In this case, n means the number (=200) of optical fibers 11
in the optical fiber cable, d means the standard outer diameter
(=0.25 mm) of the mono-coated optical fiber 11, and T means
a circumstance ratio. Accordingly, the sectional area Afiber
that is occupied by the plural mono-coated optical fibers 11
according to this embodiment becomes 9.82 mm?. A ratio of
the sectional area Afiber occupied by the plural mono-coated
optical fibers 11 with respect to the sectional area Acore of the
cable core portion becomes Afiber/ Acore=~(0.36. When optical
fiber cables having the difference number of optical fibers are
manufactured in the same structure in actuality, Afiber/Acore
is about 0.3 to 0.55 in 100-fiber to 1000-fiber optical fiber
cables. Accordingly, in this embodiment, a ratio of the sec-
tional area occupied by the plural mono-coated optical fibers
with respect to the sectional area of the cable core portion is
0.3 or more.

In the conventional optical fiber cable in which the cable
core portion is formed using a currently used slot (for
example, a rod made of polyethylene in which a spiral groove
to store an optical fiber unit is formed on a surface), for
example, in a 200-fiber optical fiber cable, Afiber/Acore is
about 0.1. The optical fiber cable according to the embodi-
ment of the invention is different from the conventional opti-
cal fiber cable in that Afiber/Acore is larger than that of the
conventional optical fiber cable by three times or more, and it
can be seen that the optical fiber cable according to the
embodiment of the invention has a characteristic that the fiber
density is extraordinarily high.

A sectional shape of the optical fiber cable according to the
embodiment of the invention may be circular, because the
optical fiber cable does not need to have the protrusion por-
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tion 96 on the sheath 94. The number n of optical fibers 11 in
the optical fiber cable is about a normal number of 10 to 100.
The standard outer diameter d of the mono-coated optical
fiber 11 is not limited to 0.25 mm, and may be the different
outer diameter, such as the currently used outer diameter of
0.5 mm or 0.9 mm.

In the above description, the 10 units are twisted in one
direction, but the invention is not limited thereto. For
example, the optical fiber cable may be an optical fiber cable
with an SZ-slotted rod that has an untwisted portion in an
opposite direction.

In the embodiment of the invention, in a state where the
outer diameter (short diameter when the sectional shape is not
circular) is defined as D and the optical fiber cable is bent ata
bending radius 10 D, a maximum value of warping that is
applied in a longitudinal direction of the optical fiber is 0.2%
or less.

FIG. 2 is a schematic perspective view showing an optical
fiber ribbon according to the embodiment of the invention.
FIG. 3 is a schematic perspective view showing a folded state
of'an optical fiber ribbon according to the embodiment of the
invention. In FIGS. 2 and 3, 18 denotes a resin portion, and 19
denotes a non-resin portion.

As shown in FIG. 2, the optical fiber ribbon that constitutes
the optical fiber cable includes 3-fiber or more, for example,
4-fiber mono-coated optical fibers 11 and resin portions 18 of
plural places that connect the adjacent 2-fiber mono-coated
optical fibers 11, and the resin portions 18 are two-dimen-
sionally disposed in plural places in a longitudinal direction
and a width direction. By bonding only the adjacent 2-fiber
mono-coated optical fibers 11, the bending anisotropy is
reduced, as compared with the structures where all or the
3-fiber mono-coated optical fibers in the width direction of
the optical fiber ribbon described in Patent Documents 2 to 4
are bonded.

In the resin portion 18, an ultraviolet curing resin, a ther-
moplastic resin or a thermosetting resin that bonds the mono-
coated optical fibers 11 can be used. In order to provide
discrimination of the optical fiber ribbon, the resin portion 18
may be colored. The case where the optical fiber ribbon stands
the N (N is a multiple of 8) mono-coated optical fibers 11 in
line will be described. The mono-coated optical fibers 11 are
grouped for every 8 mono-coated optical fibers. The resin
portion 18 is colored with a different color, for each group.
For example, the resin portion 18 that connects the mono-
coated optical fibers 11 of a first group is colored with a red
color, the resin portion 18 that connects the mono-coated
optical fibers 11 of a second group is colored with a yellow
color, the resin portion 18 that connects the mono-coated
optical fibers 11 of a third group is colored with a blue color,
and so on. In order to allow the each group to be easily
identified, each group preferably adopts the resin portion 18
of'a color of a different system. Further, the color of the resin
portion 18 that connects the mono-coated optical fibers 11
between the groups is set to, for example, black and thus
discrimination of each group can be improved. Only the color
of'the resin portion 18 that connects the mono-coated optical
fibers 11 between the groups may be set to be different from
the color of the resin portion 18 that connects the mono-
coated optical fibers 11 in each group. If the colors are dis-
tributed to the resin portions 18, the optical fiber ribbon can
maintain identification performance to identify each group. A
worker can easily know the number of mono-coated optical
fibers arranged in line in the optical fiber ribbon, using the
identification performance.

Inthe optical fiber ribbon shown in F1G. 2, a length B of the
resin portion 18 that bonds the adjacent 2-fiber mono-coated
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optical fibers 11 is shorter than a length A-B of a non-resin
portion 19 that does not bond the adjacent 2-fiber mono-
coated optical fibers 11. In this embodiment, an interval A of
the resin portions 18 that are disposed in a longitudinal direc-
tion of the mono-coated optical fibers 11 is about 200 mm,
and the length B of the resin portion is about 80 mm. That is,
in this embodiment, a ratio of the length of the resin portion 18
with respect to the interval of the resin portions 18 that are
disposed in the longitudinal direction of the mono-coated
optical fiber 11 is 0.4 or less, and the length of the resin
portion 18 is 80 mm or less. As a material of the resin portion
18, a material that has a Young’s modulus smaller than that of
a material used in an outermost sheath layer of the mono-
coated optical fiber 11.

Also, the resin portions 18 that are adjacent to each other in
awidth direction of the optical fiber ribbons are disposed to be
apart from each other in a longitudinal direction of the optical
fiber ribbons.

As shown in FIG. 2, the resin portions 18 are disposed such
that a portion where the resin portions do not exist in the width
direction ofthe optical fiber ribbon. This is because that, since
the adjacent resin portions 18 are disposed not to be affected
each other, as shown in FIG. 3, the optical fiber ribbon is
easily folded, and the ratio of the area occupied by the mono-
coated optical fiber 11 to the area of the cable core portion,
that is, Afiber/Acore is easily increased. A length C of the
portion where the resin portions 18 do not exist in the width
direction of the optical fiber ribbon is preferably 50 mm or
less. Since a cut portion is unclear, when the optical fiber
cable is used, a situation in which the portion where the resin
portions 18 do not exist in the width direction of the optical
fiber ribbon is disposed at a tip of the optical fiber ribbon is a
situation where it is the most difficult to arrange the plural
mono-coated optical fibers 11 in a plane when the optical fiber
ribbon is connected. For this reason, from a viewpoint of
securing constant connection efficiency, the length of the
portion where the resin portions 18 do not exist in the width
direction of the optical fiber ribbon needs to be shorter than
the length (about 50 mm) of an optical fiber holder used at the
time of general optical fiber mass splicing, and at least one
resin portion 18 needs to exist.

In this embodiment, the optical fiber ribbon that includes
the 4-fiber mono-coated optical fibers 11 each other and the
resin portions 18 to connect the mono-coated optical fibers 11
is described, but the invention is not limited thereto. For
example, the optical fiber ribbon may include mono-coated
optical fibers of the different number, for example, 8-fiber
mono-coated optical fibers and resin portions.

FIGS. 17(a), 17(b) and 17(c¢) are diagrams showing
arrangement patterns of resin portions in an optical fiber
ribbon according to the embodiment. FIG. 17(a) shows an
optical fiber ribbon in which the resin portion 18 that bonds
the two adjacent mono-coated optical fibers 11, for example,
the n-th mono-coated optical fiber 11 and the (n+1)-th mono-
coated optical fiber 11 exists, and another resin portion 18
exists between the (n+2)-th mono-coated optical fiber 11 and
the (n+3)-th mono-coated optical fiber 11, in the width direc-
tion of the optical fiber ribbon of the resin portion 18. FIG.
17(b) shows an optical fiber ribbon in which the resin portion
18 that bonds the n-th mono-coated optical fiber 11 and the
(n+1)-th mono-coated optical fiber 11 exists, and another
resin portion 18 exists between the (n+3)-th mono-coated
optical fiber 11 and the (n+4)-th mono-coated optical fiber 11,
in the width direction of the optical fiber ribbon of the resin
portion 18. The above another resin portion 18 may exist
between the (n+4)-th mono-coated optical fiber 11 and the
(n+5)-th mono-coated optical fiber 11 at an arrangement
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interval between the resin portion 18 and the another resin
portion 18, or the arrangement interval may be increased.
FIG. 17(c) shows an optical fiber ribbon in which only one
resin portion 18 exists in the width direction of the optical
fiber ribbon. The optical fiber cable according to this embodi-
ment may include the optical fiber ribbon of any of FIGS.
17(a), 17(b) or 17(c).

For example, the length of the resin portion that is disposed
between the first optical fiber and the second optical fiber of
the 4-fiber mono-coated optical fibers arranged in parallel or
the arrangement interval may be different from the length of
the resin portion that is disposed between the second optical
fiber and the third optical fiber of the 4-fiber mono-coated
optical fibers or the arrangement interval. In this case, the
arrangement interval needs to be set, such that the resin por-
tions are not adjacent to each other in the width direction of
the optical fiber ribbon. FIG. 14 is a diagram showing an
optical fiber ribbon having two arrangement intervals of resin
portions 18. Assume that the mono-coated optical fibers 11
are grouped for every 8 mono-coated optical fibers. The opti-
cal fiber ribbon has two types of arrangement intervals. Spe-
cifically, an arrangement interval A' of the resin portions 18'
that are disposed between the 8n-th (n is a natural number)
mono-coated optical fiber 11 and the 8(n+1)-th mono-coated
optical fiber 11, that is, the resin portions 18' that are disposed
between the groups is different from an arrangement interval
A ofthe resin portions 18 in a group G. By setting the arrange-
ment intervals of the resin portions in the above way, the
optical fiber ribbon can maintain the identification perfor-
mance to identify the group G. For example, since the mul-
tiple optical fiber ribbon composed of the N optical fibers can
easily identify the group G (sub-unit ribbon) of an arbitrary
unit, an operation and connection in an optical fiber number
unit of the group G (sub-unit ribbon) becomes easy by sepa-
rating the optical fibers by the resin portions 18'.

In this embodiment, as the optical fiber, a photonic crystal
fiber that has a hole in the clad portion of the optical fiber can
be used.

Next, the optical loss characteristic of the optical fiber
cable according to the embodiment of the invention will be
described in detail.

FIG. 4 is a characteristic view showing a measured result of
a relationship between an optical loss increase at the time of
manufacturing an optical fiber cable and a bending loss char-
acteristic of an optical fiber used according to the embodi-
ment of the invention. The bending loss characteristic of the
optical fiber is represented by a minimum allowed bending
radius (bending radius that becomes 0.2 dB/10 turn at the
wavelength of 1.55 um), and is calculated experimentally
from a bending test of the optical fiber. In the optical fiber
cable according to this embodiment, plural kinds of optical
fibers that have various minimum allowed bending radiuses
are mounted. The bending loss characteristic in this embodi-
ment is acquired by a measuring method defined in “IEC
60793-1-47 edition2 (2006-09) “Optical fibers-part1-47
Measurement methods and test procedure-Macrobending
loss™.

It can be seen from FIG. 4 that the optical loss rapidly
increases at the time of manufacturing the optical fiber cable,
when the minimum allowed bending radius of the optical
fiber increases, that is, loss resistance against bending of the
optical fiber decreases. This is because of random warping
applied to the optical fiber at the time of manufacturing the
optical fiber cable. By using the optical fiber where the mini-
mum allowed bending radius is about 13 mm or less, the
optical loss increase at the time of manufacturing the optical
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fiber cable according to this embodiment can be suppressed,
and the optical loss increase is not suppressed in the other
optical fiber cables.

FIG. 5 is a characteristic view showing a measured result
that is obtained by performing a temperature cycle test in a
temperature range of -30° C. to 70° C., with respect to an
optical fiber cable according to the embodiment of the inven-
tion. It can be seen from FIG. 5 that the optical loss rapidly
increases at the time of manufacturing the optical fiber cable,
when the minimum allowed bending radius of the optical
fiber increases, similar to FIG. 4. This is because the bending
or the lateral pressure is applied to the optical fiber of the
cable due to expansion or contraction of the cable because of
the temperature change. By using the optical fiber where the
minimum allowed bending radius is about 13 mm or less, a
stable optical loss characteristic can be maintained, and the
stable optical loss characteristic is not maintained in the other
optical fiber cables.

It can be seen from FIGS. 4 and 5 that the optical fiber
where the minimum allowed bending radius is 13 mm or less
may be used to satisfy a condition for suppressing the optical
loss increases due to the temperature change and at the time of
manufacturing the optical fiber cable according to this
embodiment. If the condition of the minimum allowed bend-
ing radius is satisfied about the optical loss increases with
respect to bending, lateral pressure, tension, grueling, and
torsion tests corresponding to general mechanical tests where
the external force applied to the optical fiber cable is assumed,
it is experimentally confirmed to maintain a stable optical loss
characteristic.

Since the optical fiber cable according to the invention uses
the optical fiber ribbon to be intermittently bonded, the opti-
cal fiber cable according to the invention is significantly dif-
ferent from the optical fiber cable using the mono-coated
optical fiber as described in Patent Document 1 in easiness of
movement of the optical fiber cable in the cable, that is, in a
restrained state. Therefore the condition of the minimum
allowed bending radius of the optical fiber described above is
applied to only the optical fiber cable according to the inven-
tion.

As an optical fiber that has a bending loss characteristic
where the minimum allowed bending radius is about 13 mm
or less, for example, an optical fiber that has an optical loss
increase at the time of being bent with a radius of 13 mm at the
wavelength of 1.55 um becomes 0.2 dB/10 turn or less, an
optical fiber that easily confines light in a bent state, and
guides the light by increasing the additive amount of germa-
nium added to an optical fiber core or by lowering a refractive
index of a clad less than that of the optical fiber core by, for
example, adding fluorine is suggested. Also, a photonic crys-
tal fiber that has a hole provided in the clad of the optical fiber,
and can easily confine light in a bent state and guide the light
is suggested.

Next, a warping characteristic when the optical fiber cable
according to the embodiment of the invention is bent will be
described in detail below.

FIG. 6(a) is a characteristic view showing an example of a
measured result of a distribution of warping that is applied in
a longitudinal direction of an optical fiber at the time of
bending an optical fiber cable according to the embodiment of
the invention. For a comparison, optical fiber cables that have
the same outer diameter or the size of the cable core portion
and different sub-unit structures are manufactured and a mea-
sured result is shown in FIGS. 6(5) and 6(¢).

FIG. 6(b) is a characteristic view showing a measured
result of a distribution of warping that is applied in a longi-
tudinal direction of an optical fiber of a mono-coated optical
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cable at the time of bending the cable according to a com-
parative example of the invention. FIG. 6(c) is a characteristic
view showing a measured result of a distribution of warping
that is applied in a longitudinal direction of an optical fiber of
a ribbon optical fiber cable at the time of bending an optical
fiber cable according to the comparative example of the
invention.

That is, FIG. 6(5) shows the result in an optical fiber cable
(hereinafter, referred to as a single optical fiber cable) that has
no resin portions connecting mono-coated optical fibers, and
uses a unit in which 20 mono-coated optical fibers are
straightly collected. FIG. 6(c) shows the result in an optical
fiber cable (hereinafter, referred to as ribbon optical fiber
cable) that uses a unit in which the conventional optical fiber
ribbons where the 4-fiber mono-coated optical fibers are con-
tinuously collectively coated in a longitudinal direction are
straightly collected. The number of optical fibers is 200 in
both cases. Further, the group bending radius is 100 mm.

It can be seen from FIG. 6(a) that warping is periodically
greatly changed at the same interval as the intermittent
arrangement interval of the resin portions, in the longitudinal
direction of the optical fibers of the optical fiber cable accord-
ing to this embodiment. That is, it can be seen that the long
warping due to the cable bending is generated in the resin
portions.

Itcan be seen from FIG. 6(b) that the warping applied in the
longitudinal direction of the optical fiber of the single optical
fiber cable moderately changes with a large period and the
warping change amount is small.

It can be seen from FIG. 6(c) that the warping is periodi-
cally greatly changed in the longitudinal direction of the
optical fibers of the ribbon optical fiber cable, similar to the
FIG. 6(a). As compared with FIG. 6(a), it can be seen that the
period of the warping change is long. This is to correspond to
a twisting pitch of the unit in the optical fiber cable.

As such, in order to measure the warping applied to the
longitudinal direction of the optical fiber with high distance
resolution, for example, optical frequency domain interfer-
ometry that is described in Non-patent Document 1 is effec-
tive, and the measured distance resolution is about 20 mm or
less.

FIG. 7 is a characteristic view showing a measured result of
arelationship of a cable bending radius and a maximum value
of warping applied in a longitudinal direction of an optical
fiber of each of an optical fiber cable, a single optical fiber
cable, and an optical fiber ribbon cable, at the time of bending
those cables, according to the embodiment of the invention.

Thatis, FIG. 7 shows the result that is obtained by changing
the bending radius of the optical fiber cable according to this
embodiment and measuring a maximum value of warping
applied in a longitudinal direction of the optical fiber. For a
comparison, the results of the above-described single optical
fiber cable and the ribbon optical fiber cable are also shown.

It can be seen from FIG. 7 that warping increases, as the
cable bending radius decreases.

Further, it can be seen that the optical fiber cable according
to this embodiment has a warping characteristic different
from the warping characteristics of the ribbon optical fiber
cable and the single optical fiber cable, but almost the inter-
mediate warping characteristic of the above two cables.

In general, in the optical fiber cable where the mounting
density of the cable core portion is small and the restraint of
the optical fiber ribbon in the cable is weak, since the optical
fiber easily moves in the cable, the difference of the warping
characteristic due to the cable bending is thought to be small.
However, in the optical fiber cable according to this embodi-
ment, since the cable core portion has the extraordinarily high
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density, that is, Afiber/Acore is 0.3 or more, as described in
FIGS. 5 and 6, the warping characteristic with respect to the
cable bending is significantly different from the characteristic
of'the optical fiber cable having a different sub-unit structure.

Meanwhile, when the warping is applied in the longitudi-
nal direction of the optical fiber, the rupture strength of the
optical fiber is lowered.

The warping that is allowed in the optical fiber of the
optical fiber cable is calculated by a proof warping amount
and a fatigue coefficient n. The warping that is allowed in a
quartz system optical fiber that is used in a normal environ-
ment where an n value is about needs to be about %5 or less of
the proof warping (for example, refer to Non-patent Docu-
ment 2) in order to secure reliability during a long period over
20 years. Since the proof warping of the optical fiber gener-
ally manufactured at the present time is, for example, 1.0%,
the warping that is allowed in the optical fiber is about 0.3%.
Also, since the warping remaining at the time of manufactur-
ing or after laying the optical fiber cable is overlapped to the
warping generated by the cable bending (about 0.1%), the
warping based on the cable bending needs to be about 0.2% or
less in the bending radius of the currently used cable.

In general, referring to the fact that the reference of the
fixed bending radius of the cable used in actuality is tens times
larger than the outer diameter D of the optical fiber cable (for
example, refer to Non-patent Document 3), it can be seen that
the warping is 0.2% or less in the cable bending radius 10 D
(D is the short diameter of the cable in the case of the optical
fiber cable according to this embodiment)=about 100 mm in
the case of this embodiment, and the reliability can be secured
during a long period. Meanwhile, it can be seen that, in the
case of the ribbon optical fiber cable, the warping is about
0.3% in the bending radius of about 100 mm, and the reliabil-
ity cannot be secured during a long period. This is because
that, in the case where the optical fiber ribbon is stored in the
optical fiber cable with the high density, it is difficult to
control the direction of the optical fiber ribbon and the strong
warping is generated when the optical fiber ribbon is bent in
the width direction. For this reason, the ribbon optical fiber
cable is not suitable for an optical fiber cable that is config-
ured to have the small diameter and the high density as in the
invention. That is, this means that the optical fiber cables
(described in Patent Documents 2 to 4) that are stored in a
state where the optical fiber ribbons are laminated are not
suitable for the invention.

Next, a method that reduces the warping generated in the
longitudinal direction of the optical fiber when the optical
fiber cable according to this embodiment is bent will be
described in detail.

When the optical fiber cable according to the embodiment
is used with the small bending radius less than 10D, as a first
method to satisfy the warping allowed with respect to the
cable bending, it is effective to set the interval of the resin
portions disposed in the longitudinal direction of the mono-
coated optical fibers to be long, set the length of the resin
portion to be smaller than 80 mm, and decrease the restraint
received by the mono-coated optical fiber in the optical fiber
ribbon. That is, it is effective to decrease a ratio (0.4 in this
embodiment) of the length of the resin portion to the interval
of'the resin portions disposed in the longitudinal direction of
the mono-coated optical fiber. It can be easily thought that this
means the bundle of mono-coated optical fiber when the ratio
decreases, and means the optical fiber ribbon when the ratio
increases, that is, when the ratio increases approximately to 1.

The first method that reduces the warping can improve
workability at the time of single optical fiber separation work
for separating a desired optical fiber from the optical fiber
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ribbon and connecting the desired optical fiber and another
optical fiber. Since the optical fiber cable according to this
embodiment uses an optical fiber where the optical loss
increase with respect to the bending is reduced as compared
with the normal optical fiber, the optical loss increase of the
optical fiber ribbon during the single fiber separating work
can be suppressed, and hot line work is enabled.

As a second method that reduces the warping, it is effective
to use a resin where the Young’s modulus is low, that is,
extension exists as a resin used in the resin portion. Specifi-
cally, if a material where the Young’s modulus after hardening
is lower than the Young’s modulus (about 250 to 1500 MPa,
for example, refer to Patent Document 6) after hardening the
outermost coated resin of the mono-coated optical fiber, for
example, a resin (the Young’s modulus after hardening is
about 5 to 100 MPa, for example, refer to Patent Document 6)
used in the primary coated layer of the conventional mono-
coated optical fiber is used, the warping that is generated in
the longitudinal direction when the optical fiber cable is bent
can be alleviated.

The second method that reduces the warping can separate
the optical fiber such that the strong external force is not
applied to the mono-coated optical fiber at the time of the
single fiber separating work, and the bending or the optical
loss increase of the mono-coated optical fiber can be sup-
pressed.

The invention is not limited to the embodiment and the
components can be modified and specified without limiting
the scope of the invention in the embodiment step. Various
inventions can be generated by appropriately combining the
plural components disclosed in the embodiment. For
example, some components may be removed from all of the
components described in the embodiment. Further, the com-
ponents according to a different embodiment may be appro-
priately combined.

Second Embodiment

An embodiment of the present invention will be described
in detail with reference to the accompanying drawings. FIG.
8(a) is a cross-sectional view showing an example of an
optical fiber ribbon according to the first embodiment of the
invention. FIG. 8(b) is a cross-sectional view showing
another example of the optical fiber ribbon according to the
first embodiment of the invention. In FIGS. 8(a), 11, 12,13,
and 14 denote mono-coated optical fibers and 15, 16, and 17
denote connecting portions.

As shown in FIG. 8(a), plural (n) mono-coated optical
fibers, for example, 4-fiber mono-coated optical fibers 11,12,
13, and 14 with the outer diameter d (um) are arranged. The
mono-coated optical fibers 11, 12, 13, and 14 are disposed
apart from each other, such that they do not contact each other,
and the adjacent mono-coated optical fibers 11, 12, 13, and 14
are continuously connected in a longitudinal direction, by
(n-1), that is, three connecting portions 15, 16, and 17.

Among the three connecting portions, 15, 16, and 17, at
least (n/2-1), that is, one connecting portion 16 is composed
of resin with the thickness b (um) and the length h (um). At
this time, the thickness b of the connecting portion 16 is equal
to or smaller than the outer diameter d of each of the mono-
coated optical fibers 11, 12, 13, and 14, and b=d is satisfied.

In general, the plural optical fiber ribbons using the n (=4 or
8) mono-coated optical fibers are used. As described in the
first embodiment, the optical fiber of the mono-coated optical
fiber is measured by a measuring method defined in “IEC
60793-1-47 edition2 (2006-09) “Optical fibers-part1-47
Measurement methods and test procedure-Macrobending
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loss”, and preferably has a bending loss characteristic in
which an optical loss increase at the time of being bent with
the radius of 13 mm at the wavelength of 1.55 pm becomes 0.2
dB/10 turn or less.

As an index of easiness of buckling when the optical fiber
ribbon receives a compressive load in a width direction, buck-
ling stress is exemplified. For simple calculation, if a beam
that has a rectangle section, the length h, and both ends fixed
by rotation ends is assumed, the bucking stress has the mag-
nitude of the stress when a constant stress is applied and large
flexure is rapidly generated, and is generally represented by
an equation (2-1).

o=n’Eltha 2-1)

In this case, E denotes the Young’s modulus of a material of
the connecting portion 16, I denotes a sectional secondary
moment composed of the thickness b and the depth of the
connecting portion 16, and A denotes a sectional area of the
connecting portion 16. If the depth v (um) that is the constant
length in a longitudinal direction of the optical fiber ribbon is
assumed, the sectional secondary moment I and the sectional
area A um of'the connecting portion 16 are given by equations
(2-2) and (2-3).

I=vb3/12 (2-2)

A=vb (2-3)

In order to study the optimal length h of the connecting
portion 16 when the outer diameter d of each of the mono-
coated optical fibers 11, 12, 13, and 14 or the thickness b of
the connecting portion 16 changes, a ratio of S, when d or b
changes to b=d where the buckling stress becomes strongest
and the bucking stress S,_, of the beam where h is minimum,
that is, S/S,_, is calculated, and is compared with the result
obtained by a bucking experiment of the actually manufac-
tured optical fiber ribbon. In this case, h of the minimum value
that is used when S,_ is calculated is set to 10 um in consid-
eration of a current state where the arrangement pitch of the
adjacent optical fibers is about d+several tens um, in the
conventionally used optical fiber ribbon.

As the experimental result, in a sample of S/S,_,<0.1, an
optical fiber ribbon where deformation is easy as compared
with a sample of b=d is obtained. For this reason, a relation-
ship between the outer diameter d of each of the mono-coated
optical fibers 11, 12, 13, and 14 which is able to realize
S/S,—;<0.1 or less and the thickness b and the length h of the
connecting portion 16 is calculated.

In FIGS. 8(b), 21, 22, 23, 24, 25, 26, 27, and 28 denote
mono-coated optical fibers and 31, 32, 33, 34, 35, 36, and 37
denote connecting portions. As shown in FIG. 8(5), the n (=8)
mono-coated optical fibers 21 to 28 with the outer diameter d
(um) are arranged. The mono-coated optical fibers 21 to 28
are disposed apart from each other, such that they do not
contact each other, and the adjacent mono-coated optical
fibers 21 to 28 are continuously connected in a longitudinal
direction, by (n-1), that is, seven connecting portions 31 to
37.

Among the seven connecting portions 31 to 37, at least
(n/2-1), that is, three connecting portions 32, 34, and 36 are
composed of resin with the thickness b (um) and the length h
(um). At this time, the thickness b of each of the connecting
portions 32, 34, and 36 is equal to or smaller than the outer
diameter d of each of the mono-coated optical fibers 21 to 28,
and b=d is satisfied.

FIG. 9 is a characteristic view showing a relationship of a
ratio (b/d) of the thickness ofa connecting portion to the outer
diameter of a mono-coated optical fiber used in the embodi-
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ment of the invention and the length h (um) of the connecting
portion. That is, FIG. 9 shows a range of the length h of the
connecting portion that can be easily deformed, with respect
to the ratio (b/d) of the outer diameter d of the mono-coated
optical fiber and the thickness b of the connecting portion. In
FIG. 9, a curved line can be easily calculated using the equa-
tion (1) and the relationship of S/S,_,=<0.1, and is repre-
sented as h=100(b/d)"2.

For example, when b/d is 0.5, this means a connecting
portion that has the thickness b that is %2 of the outer diameter
d of the mono-coated optical fiber. At this time, the needed
length h of the connecting portion becomes about 25 pm or
more. If the outer diameter d of the mono-coated optical fiber
is small, the length h of the connecting portion can be
increased even in the same arrangement pitch.

Meanwhile, since an original object is to collectively con-
nect the multiple optical fiber ribbons in a mass-splicing
machine, there is a limitation in increasing the arrangement
pitch to increase the length h of the connecting portion.

As a reference of the maximum arrangement pitch that
enables the collective connection of the multiple optical
fibers, when considering that the V groove (optical fiber
array) having the groove pitch of 250 pm described in Non-
patent Document 4 is used in an optical fiber aligning mecha-
nism of the mass-splicing machine is used, if at least half of
the outer diameter (125 pm) of a nude optical fiber where
coating is removed is located in the desired V groove, the
optical fibers can be aligned in the desired V groove by
pressing on the optical fiber aligning mechanism, and collec-
tive connection is enabled. Therefore, in the optical fiber
ribbon according to the embodiment of the invention, the
maximum arrangement pitch of the adjacent optical fibers
becomes 250 pm+125/2 pm=312.5 pm. For this reason, a
maximum value of the length h of the connecting portion
needs to be set to 312.5-d (um).

Accordingly, an optical fiber ribbon where the length h of
the connecting portion is given as a function of the thickness
b of the connecting portion and the outer diameter d of the
mono-coated optical fiber, a shape is easily deformed in a
range of 100 (b/d)"2<h<312.5-d (a unit is wm), and the
arrangement pitch of the optical fibers enabling the collective
connection of the multiple optical fibers is set can be realized.

FIG. 10 is a cross-sectional view showing an optical fiber
ribbon according to a second embodiment of the invention. In
FIG. 10, the same portions as those of FIG. 8(a) are denoted
by the same reference numerals and the description is omit-
ted. In FIGS. 10, 41, 42, 43, and 44 denote layers.

As shown in FIG. 10, a structure where the same material
as that of the connecting portions 15, 16, and 17, for example,
the resin remains around the mono-coated optical fibers 11 to
14 to form the layers 41 to 44 may be used. In this case, since
acontact area of the resin layers 41 to 44 and the mono-coated
optical fibers 11 to 14 increases, the resin of the connecting
portions 15, 16, and 17 can be prevented from being removed
at the interface of the mono-coated optical fibers 11 to 14,
when the optical fiber ribbon is buckled.

FIGS. 11(a), (b), and (¢) are cross-sectional views showing
an example of an optical fiber ribbon according to a third
embodiment of the invention. FIG. 12(a), (), and (c) are
cross-sectional views showing another example of the optical
fiber ribbon according to the third embodiment of the inven-
tion. In FIGS. 11(a), (), and (¢), 11 to 14 denote mono-
coated optical fibers and 51 to 59 denote connecting portions.
In FIGS. 12(a), (b), and (c¢), 21 to 28 denote mono-coated
optical fibers and 61 to 81 denote connecting portions.

As shown in FIGS. 11(a), (b), and (¢) and FIG. 12(a), (),
and (c), in the width direction of the optical fiber ribbon, the
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connecting portions 51 to 59 and 61 to 81 are disposed in a
state where the arrangement positions thereof are shifted in
the thickness direction of the optical fiber ribbon.

That is, the connecting portions 54, 56, 57, 62, 66, 68, 70,
72,74,75,76,77,79, 80, and 81 are shifted and disposed on
the side higher than a line connecting the centers of the
mono-coated optical fibers 11 to 14 and 21 to 28 in the
thickness direction of the optical fiber ribbon, and the con-
necting portions 52, 55, 59, 64, 69, 71, 73, and 78 are shifted
and disposed on the side lower than a line connecting the
centers of the mono-coated optical fibers 11 to 14 and 21 to 28
in the thickness direction of the optical fiber ribbon.

With this structure, when the compressive load is received
in the width direction of the optical fiber ribbon, the bending
moment is applied to the connecting portions, and the optical
fiber ribbon is easily folded.

The conventional optical fiber ribbon has the structure that
the resin having the high Young’s modulus of about 500 MPa
to 1 GPa is used to integrally cover all of the plural mono-
coated optical fibers arranged in parallel, the buckling is not
generated even though the compressive load of some degree
is received in the width direction of the optical fiber ribbon,
and the mono-coated optical fiber is rarely bent.

As the material of at least (n/2-1) connecting portions of
the optical fiber ribbon according to the embodiment of the
invention, the resin that has the low Young’s modulus and the
strong fractural warping is used, and the connecting portions
are rarely removed and fractured when the optical fiber ribbon
is buckled. Specifically, the resin that has the Young’s modu-
lus after hardening less than 500 MPa, is particularly used in
the primary coating layer of the mono-coated optical fiber,
has the strong fractural warping at all times, is superior in
elongation, and has the low Young’s modulus of 10 MPa or
less is preferably used.

Meanwhile, since the optical fiber ribbon according to the
embodiment of the invention is easily buckled in the width
direction, in order to obtain a superior transmission charac-
teristic even when the optical fiber ribbon is buckled in the
width direction in the optical fiber cable, an optical fiber
where the loss with respect to the bending of the optical fiber
is reduced is preferably used.

As the optical fiber where the loss generated due to the
bending is reduced, an optical fiber that easily confines light
in the optical fiver core even in a bent state and guides the light
by increasing the additive amount of germanium added to an
optical fiber core or making a refractive index of a clad lower
than that of the optical fiber core by, for example, adding
fluorine is suggested.

Also, a photonic crystal fiber that has a hole provided in the
clad of the optical fiber, and therefore it can easily confine
light in the optical fiver core even in a bent state and guide the
light is suggested. With this structure, an optical fiber having
an optical loss characteristic where an optical loss increase
becomes 0.2 dB/10 turn or less even in a bending radius of 15
mm can be obtained.

FIG. 13 is a cross-sectional view showing an optical fiber
cable according to the embodiment of the invention. In FIG.
13, 91 denotes an optical fiber ribbon according to the
embodiment of the invention, 92 denotes a colored thread, 93
denotes a protection ribbon, 94 denotes a sheath, 95 denotes
a strength member, and 97 denotes a sheath rip cord.

As shown in FIG. 13, units each of which is configured by
winding a colored thread 92 around the outer circumference
of an optical fiber ribbon bundle where plural optical fiber
ribbons 91 each composed of four mono-coated optical fibers,
for example, four or five optical fiber ribbons are straightly
and densely collected are formed, a protection ribbon 93

—

5

20

25

30

35

40

45

50

55

60

65

18

having a wrapping layer that is composed of the plural thin
protection ribbons is formed on the outer circumference of a
portion where the plural units, for example, two units com-
posed of four optical fiber ribbons 91 and six units composed
offive optical fiber ribbons 91 are twisted in one direction and
densely collected, a sheath 94 is then applied to the outer
circumference of the protection ribbon 93, and a multiple
optical fiber cable of 152 fibers with the very high density is
configured.

As another example, units each of which is configured by
winding a colored thread around the outer circumference of
an optical fiber ribbon bundle where five optical fiber ribbons
each composed of four mono-coated optical fibers are
straightly and densely collected are formed, a cable core
portion having a wrapping layer that is composed of plural
thin protection ribbons is formed on the outer circumference
of'a portion where the 10 units are twisted in one direction and
densely collected, a sheath is applied to the outer circumfer-
ence of the cable core portion, and a multiple optical fiber
cable of 200 fibers with the very high density is configured.

The optical fiber cable according to the embodiment of the
invention includes two strength members 95 and a sheath 94.
The two strength members 95 are buried in the sheath 94 such
that the strength members are disposed at the positions sym-
metrical to each other, with respect to the center of the optical
fiber cable, and the thickness of the sheath 94 of a portion
(protrusion portion) where the strength members 95 are bur-
ied is larger than the thickness of the sheath 94 of the other
portion.

In the above description, the plural unit are twisted in one
direction, but the invention is not limited thereto. For
example, the optical fiber cable may be an optical fiber cable
with an SZ-slotted rod that has an untwisted portion in an
opposite direction in the intermediate portion.

In regards to the outer diameter of the optical fiber cable
according to the embodiment of the invention, the long diam-
eter that is measured by the protrusion portion is, for example,
11.7 mm, the short diameter D that is measured at portions
other than the protrusion portion is, for example, 9.7 mm, and
the thickness of the sheath other than the protrusion portion is
1.9 mm. An area Acore of the portion where the optical fiber
is stored, that is, the cable core portion is calculated from
(D-1.9x2)/2)"2xm, and for example, is 27.3 mm?, and an
area Afiber that is occupied by the 200 mono-coated optical
fibers is calculated from the following relationship.

Afiber=nx(d/2’xnt (2-4).

In this case, n means the number (=200) of optical fibers in
the optical fiber cable, d means the outer diameter (for
example, 0.25 mm) of the mono-coated optical fiber, and A
means a circumstance ratio.

Accordingly, the area Afiber that is occupied by the plural
mono-coated optical fibers according to the embodiment of
the invention becomes 9.82 mm?. A ratio of the area Afiber
occupied by the plural mono-coated optical fibers with
respect to the area Acore of the cable core portion becomes
Afiber/Acore~0.36.

As the result that is obtained by manufacturing the optical
fiber cable where the optical fibers are mounted with the
maximum density in the same structure in actuality, Afiber/
Acore that can be realized is about 0.3 to 0.55 in an optical
fiber cable having 100 to 1000 optical fibers.

As the above, in the optical fiber cable where the optical
fiber ribbons are mounted with the very high density in which
Afiber/Acore is 0.3 or more, the density is high to a degree to
which it is difficult to laminate, for example, the optical fiber
ribbons, that is, align and mount the optical fiber ribbons, and
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the optical fiber ribbons are stored in a random direction as
shown in FIG. 13, different from the optical fiber cables
described in Patent Documents 2 to 4. For this reason, when
the optical fiber cable according to the embodiment of the
invention is bent, the optical fiber ribbons that receive the
lateral pressure in the width direction and are bent exist, and
excessive distortion is easily applied to the optical fibers in the
related optical fiber ribbon.

However, in the optical fiber cable using the optical fiber
ribbons according to the embodiment of the invention, in a
state of the optical fiber cable where the sheath is applied,
even though the lateral pressure of the width direction is
applied to the optical fiber ribbon stored therein when the
cable is bent, the optical fiber ribbon is easily deformed, and
the distortion can be alleviated.

Also, in a step in which the cable core portion is formed,
since the optical fiber ribbon according to the embodiment of
the invention is easily deformed in the width direction, the
units can be formed in a folded state, and the cable can be
manufactured in the same way as the bundle of mono-coated
optical fibers. The optical fiber cable according to the
embodiment of the invention is different from the optical fiber
cable described in Patent Document 6 in that the former uses
the optical fiber ribbons having a continuously uniform struc-
ture in the longitudinal direction, and the former is a highly
manufacturable, therefore, is economical.

In the optical fiber cable where Afiber/Acore is small and
the restraint in the optical fiber ribbon in the cable is weak, the
difference of the distortion characteristic due to the cable
bending is normally set to be small to easily move the optical
fiber in the cable. However, in the optical fiber cable accord-
ing to the embodiment of the invention, the cable core portion
has the very high density, that is, Afiber/Acore is 0.3 or more.
Therefore, the distortion characteristic with respect to the
cable bending is significantly different from the characteristic
of'the optical fiber cable where the conventional optical fiber
ribbon is mounted.

The invention is not limited to the above embodiments, and
the components can be deformed and specified without lim-
iting the scope of the invention in the embodiment step.
Further, various inventions can be formed by appropriately
combining the plural components disclosed in the embodi-
ments. For example, some components may be removed from
the components described in the embodiments. The compo-
nents may also be appropriately combined over different
embodiments.

Third Embodiment

The optical fiber cable that is described in FIG. 1 or 13
further includes a lateral pressure protection layer composed
of a metallic tube 99 at the outer circumference of the sheath
94. The metallic tube 99 can be configured as a corrugated
tube where corrugating working is performed. FIG. 15 shows
the case where the optical fiber cable described in FIG. 1
includes the metallic tube 99. FIG. 16 shows the case where
the optical fiber cable described in FIG. 13 includes the metal-
lic tube 99. In the optical fiber cable shown in FIG. 15 or 16,
since the metallic tube 99 becomes a buckler with respect to
the cable lateral pressure, the metallic tube 99 can be directly
buried in the ground without being installed in a conduit.

EXPLANATIONS OF REFERENCE NUMERALS

11, 12, 13, 14, 21 to 28: mono-coated optical fiber
15,16, 17, 31 to 37, 51 to 81: connecting portion
41 to 44: layer
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18: resin portion

19: non-resin portion
91: optical fiber ribbon
92: colored thread

93: protection ribbon
94: sheath

95: strength member
96: protrusion portion
97: sheath rip cord

What is claimed is:

1. An optical fiber cable that includes optical fiber ribbons
composed of 3-fiber or more mono-coated optical fibers
coated at the outer circumference of optical fibers, wherein
the optical fiber cable comprising:

(a) a cable core portion having:

(1) a plurality of units that are twisted in one direction
and collected, wherein each of said units is configured
with:

(1) a bundle of three or more mono-coated optical
fibers,
wherein said bundle has a first resin portion that
bonds an adjacent pair of said optical fibers at a
first place, and a second resin portion that bonds
said adjacent pair at a second place,
wherein said first and second resin portions are
separated from one another by a length of a non-
resin portion that does not bond said adjacent
pair, and
wherein each of said first resin portion and said
second resin portion has a length that is shorter
than said length of said non-resin portion; and
(2) a colored thread wound around an outer circum-
ference of said bundle; and

(i1) a wrapping layer wound around an outer circumfer-
ence of said plurality of units; and

(b) a sheath around an outer circumference of said cable

core portion.

2. The optical fiber cable of claim 1,

wherein the resin portions that are adjacent to each other in

the width direction of the optical fiber ribbons are dis-

posed apart from each other in the longitudinal direction
of the optical fiber ribbons.

3. The optical fiber cable of claim 1,

wherein a ratio of the length of the resin portions to an

interval of the resin portions disposed in the longitudinal

direction of'the mono-coated optical fibers is 0.4 or less.

4. The optical fiber cable of claim 1,

wherein the length of the resin portions is 80 mm or less.

5. The optical fiber cable of claim 1,

wherein a material that has the Young’s modulus smaller

than that of a material used in an outermost coating layer

of the mono-coated optical fiber is used as a material of
the resin portion.

6. The optical fiber cable of claim 1,

wherein the optical fiber ribbon has a portion where there is

no resin portion in the width direction of the optical fiber

ribbon, and the length of the portion is 50 mm or less.

7. The optical fiber cable of claim 1,

wherein the optical fiber is a photonic crystal fiber that has

a hole in a clad portion.

8. The optical fiber cable of claim 1,

wherein the optical fiber ribbons are divided into groups of

the plurality of adjacent mono-coated optical fibers, and

the resin portions have an identification function for iden-
tifying the groups.
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9. The optical fiber cable of claim 8,
wherein the identification function of the resin portions is
realized by a structure in which an interval of the resin
portions disposed in the longitudinal direction of the
mono-coated optical fibers between the adjacent groups
and an interval of the resin portions disposed in the
longitudinal direction of the mono-coated optical fibers
in the groups are different from each other.
10. The optical fiber cable of claim 8,
wherein the identification function of the resin portions is
realized by discrimination of colors colored with respect
to the resin portions.
11. An optical fiber cable comprising:
(1) a plurality of units that are twisted and collected,
wherein each of said units is configured with:
(a) abundle of optical fiber ribbons, wherein each of said
optical fiber ribbons includes:
(1) a quantity of n mono-coated optical fibers, where n
is a natural number greater than or equal to 2, and
(i) a quantity of (n-1) connecting portions disposed
apart from each other to cause said optical fibers to
not contact each other, and continuously connect-
ing adjacent ones of said optical fibers in a longi-
tudinal direction,
wherein:
(A) in at least (n/2-1) of said connecting portions,
a thickness of each of said at least (n/2-1) con-
necting portions is set to b,
(B) an outer diameter of each of said optical fibers
is setto d,
(C) a relation between b and d is b=d, and
(D) alength h of each of said at least (n/2-1) con-
necting portions is in a range of 100 (b/d)
"2<h<312.5 um—d, and
wherein each of b, d and h is in units of um; and
(b) a colored thread wound around an outer circumfer-
ence of said bundle; and
(2) awrapping layer wound around an outer circumference
of said plurality of units.
12. The optical fiber cable of claim 11,
wherein resin that has the Young’s modulus after hardening
less than 500 MPa is used as a material of at least (n/2-1)
connecting portions among the plural connecting por-
tions.
13. The optical fiber cable of claim 11,
wherein a layer that has the same material as the connecting
portions is formed around the mono-coated optical
fibers.
14. The optical fiber cable of claim 11,
wherein the connecting portions are disposed to be shifted
in a thickness direction of the optical fiber ribbon more
than a line connecting the centers of the mono-coated
optical fibers.
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15. The optical fiber cable of claim 11,

wherein the optical fiber is a photonic crystal fiber that has
a hole in a clad portion.

16. The optical fiber cable of claim 1,

wherein the optical fiber has a bending loss characteristic
in whichan optical loss increase at the time of being bent
with a radius of 13 mm at the wavelength of 1.55 nm
becomes 0.2 dB/10 turn or less.

17. The optical fiber cable of claim 1,

wherein a ratio of a sectional area occupied by the plural
mono-coated optical fibers to a sectional area of the
cable core portion is 0.3 or more.

18. The optical fiber cable of claim 1, further comprising:

two strength members that are buried in the sheath to be
disposed symmetrical to each other with respect to the
center of the cable core portion,

wherein the thickness of the sheath of a portion where the
strength members are buried is larger than the thickness
of the sheath of the other portion.

19. The optical fiber cable of claim 1, further comprising:

a lateral pressure protection layer that is composed of a
metallic tube at the outer circumference of the sheath.

20. The optical fiber cable of claim 19,

wherein said metallic tube is a corrugated tube where cor-
rugating working is performed.

21. The optical fiber cable of claim 11,

wherein the optical fiber has a bending loss characteristic
in whichan optical loss increase at the time of being bent
with a radius of 13 mm at the wavelength of 1.55 um
becomes 0.2 dB/10 turn or less.

22. The optical fiber cable of claim 11, further comprising:

a cable core portion that stores twisting of the plural units,

wherein a ratio of a sectional area occupied by the plural
mono-coated optical fibers to a sectional area of the
cable core portion is 0.3 or more.

23. The optical fiber cable of claim 11, further comprising:

a cable core portion that stores twisting of the plural units,

a sheath that is applied to an outer circumference of the
cable core portion,

two strength members that are buried in the sheath to be
disposed symmetrical to each other with respect to the
center of the cable core portion,

wherein the thickness of the sheath of a portion where the
strength members are buried is larger than the thickness
of the sheath of the other portion.

24. The optical fiber cable of claim 11, further comprising:

a cable core portion that stores twisting of the plural units,

a sheath that is applied to an outer circumference of the
cable core portion,

a lateral pressure protection layer that is composed of a
metallic tube at the outer circumference of the sheath.

25. The optical fiber cable of claim 24,

wherein said metallic tube is a corrugated tube where cor-
rugating working is performed.
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