wo 20187139999 A1 | 00000

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

~

=

—

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
02 August 2018 (02.08.2018)

(10) International Publication Number

WO 2018/139999 Al

WIPO I PCT

(5D

2D

22)

(25)
(26)
an

a2

74

62y

International Patent Classification:
G02B 6/44 (2006.01)

International Application Number:
PCT/US2017/014858

International Filing Date:
25 January 2017 (25.01.2017)

Filing Language: English

English

Applicant: AFL. TELECOMMUNICATIONS LLC
[US/US]; 170 Ridgeview Center Drive, Duncan, South Car-
olina 29334 (US).

Inventors: KAMATH, Rajesh; 170 Ridgeview Center
Drive, Duncan, SC 29334 (US). HOUCK, Michael; 170
Ridgeview Center Drive, Duncan, South Carolina 29334
(US). VILLIGER, Brett; 170 Ridgeview Center Drive,
Duncan, South Carolina 29334 (US). QUINN, Justin; 170
Ridgeview Center Drive, Duncan, South Carolina 29334
(US). CIGNARALLE, Joseph; 170 Ridgeview Center Dri-
ve, Duncan, South Carolina 29334 (US).

Agent: HUYCKE, Thomas, D. et al.; DORITY & MAN-
NING, P.A., P O BOX 1449, GREENVILLE, South Car-
olina 29602-1449 (US).

Publication Language:

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,

(84)

KW,KZ, LA,LC,LK,LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: REDUCED DIAMETER RUGGEDIZED FIBER OPTIC DISTRIBUTION CABLES

(57) Abstract: A fiber optic distribution cable includes a central inner

10

FIG. 1

jacket formed from one of a polyvinyl chloride or a low smoke zero halo-
gen material, a plurality of optical fibers disposed within the inner jacket,
and a plurality of first strength members disposed within the inner jack-
et. The fiber optic distribution cable further includes an outer jacket sur-
rounding the central inner jacket, the outer jacket formed from the one
of the polyvinyl chloride or the low smoke zero halogen material, and a
plurality of second strength members disposed between the outer jacket
and the central inner jacket. A fiber density of the cable is greater than
0.65 fibers per square millimeter.
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REDUCED DIAMETER RUGGEDIZED FIBER OPTIC DISTRIBUTION CABLES

FIELD OF THE INVENTION
[0001] The present disclosure relates generally to fiber optic distribution cables,
and more particularly to fiber optic distribution cables having increased fiber densities

and reduced associated diameters.

BACKGROUND OF THE INVENTION
[0002] Optical fiber distribution cables are utilized in building / campus local area
networks, central offices, data centers and other premises where high bandwidth data
transfer is required. These cables can be deployed in both overhead and raised floor
cable pathways, along with terminations into data cabinets. As data transfer
requirements have increased, the number of fibers to support these demands has
driven the development of high fiber density products. High density micro-cabling
along with multi-fiber connectivity have been instrumental in supporting the
increasing demands for high bandwidth data transfer.
[0003] Known distribution cables are typically sub-unitized and include a central
strength member. However, while many such distribution cables are useful and
provide the desired performance characteristics, improvements in distribution cable
design are desired. For example, increased flexibility and fiber density are desired to
provide improved installation and optical transmission capabilities. However, the
ruggedness and relatively small overall size of the cables must desirable be
maintained.

[0004] Accordingly, improved fiber optic distribution cables are desired in the art.

BRIEF DESCRIPTION OF THE INVENTION
[0005] Aspects and advantages of the invention will be set forth in part in the
following description, or may be obvious from the description, or may be learned
through practice of the invention.
[0006] In accordance with one embodiment, a fiber optic distribution cable is
provided. The fiber optic distribution cable includes a central inner jacket formed

from one of a polyvinyl chloride or a low smoke zero halogen material, a plurality of
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optical fibers disposed within the inner jacket, and a plurality of first strength
members disposed within the inner jacket. The fiber optic distribution cable further
includes an outer jacket surrounding the central inner jacket, the outer jacket formed
from the one of the polyvinyl chloride or the low smoke zero halogen material, and a
plurality of second strength members disposed between the outer jacket and the
central inner jacket. A fiber density of the cable is greater than 0.65 fibers per square
millimeter.

[0007] These and other features, aspects and advantages of the present invention
will become better understood with reference to the following description and
appended claims. The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate embodiments of the invention and,

together with the description, serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] A full and enabling disclosure of the present invention, including the best
mode thereof, directed to one of ordinary skill in the art, is set forth in the
specification, which makes reference to the appended figures, in which:
[0009] FIG. 1 is a cross-sectional view of a fiber optic distribution cable in
accordance with embodiments of the present disclosure;
[0010] FIG. 2 is a top view of a plurality of optical fibers utilized in a fiber optic
distribution cable in accordance with some embodiments of the present disclosure;
and
[0011] FIG. 3 is a top view of a plurality of optical fibers utilized in a fiber optic

distribution cable in accordance with other embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION
[0012] Reference now will be made in detail to embodiments of the invention,
one or more examples of which are illustrated in the drawings. Each example is
provided by way of explanation of the invention, not limitation of the invention. In
fact, it will be apparent to those skilled in the art that various modifications and
variations can be made in the present invention without departing from the scope or

spirit of the invention. For instance, features illustrated or described as part of one
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embodiment can be used with another embodiment to yield a still further
embodiment. Thus, it is intended that the present invention covers such modifications
and variations as come within the scope of the appended claims and their equivalents.
[0013] Referring now to FIG. 1, a fiber optic distribution cable 10 in accordance
with embodiments of the present disclosure is provided. Cable 10 includes an inner
jacket 12, and a plurality of optical fibers 14 disposed within the inner jacket 12.
Additionally, a plurality of first strength members 16 may be disposed within the
inner jacket 12. An outer jacket 18 may surround the inner jacket 12, and a plurality
of second strength members 20 may be disposed between the outer jacket 18 and the
inner jacket 12.

[0014] The inner jacket 12 is, as shown, a central inner jacket 12 which thus
generally encompasses a center point of the cable 10 in a cross-sectional view.
Further, as shown, only a single inner jacket 12 is utilized. In other words, only a
single sub-unit, rather than multiple sub-units, is utilized in cable 10. All optical
fibers 14 utilized in cable 10 are thus disposed within inner jacket 12. The inner
jacket 12 has a generally continuous tubular cross-sectional shape, as shown.

[0015] The inner jacket 12 may be formed from one of a polyvinyl chloride or a
low smoke zero halogen material. In some embodiments, for example, the inner
jacket 12 may be formed from a polyvinyl chloride. In exemplary embodiments, the
inner jacket 12, and thus the material utilized to form the inner jacket 12, may be
riser-rated or plenum-rated. For example, the inner jacket 12 and material thereof
may have a flame rating of OFNR-LS/FT4 (riser-rated) (with, for example, a flame
propagation characteristic of less than 12 feet) or OFNP/FT6 (plenum-rated) (with, for
example, a flame propagation characteristic of less than 5 feet). In alternative
embodiments, the inner jacket 12 may be formed from a low smoke zero halogen
material, which may for example, include a polyolefin such as polyethylene. In
exemplary embodiments, the inner jacket 12 and material thereof may have a flame
rating of OFNR-LS/FT4 (with, for example, a flame propagation characteristic of less
than 12 feet).

[0016] The outer jacket 18 also has a generally continuous tubular cross-sectional
shape, as shown. The outer jacket 18, which may be the outermost exterior layer of

the cable 10, may be formed from the same material as the inner jacket 12.
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Accordingly, the outer jacket 18 may be formed from one of a polyvinyl chloride or a
low smoke zero halogen material. In some embodiments, for example, the outer
jacket 18 may be formed from a polyvinyl chloride. In exemplary embodiments, the
outer jacket 18, and thus the material utilized to form the outer jacket 18, may be
riser-rated or plenum-rated. For example, the outer jacket 18 and material thereof
may have a flame rating of OFNR-LS/FT4 (riser-rated) (with, for example, a flame
propagation characteristic of less than 12 feet) or OFNP/FT6 (plenum-rated) (with, for
example, a flame propagation characteristic of less than 5 feet). In alternative
embodiments, the outer jacket 18 may be formed from a low smoke zero halogen
material, which may for example, include a polyolefin such as polyethylene. In
exemplary embodiments, the outer jacket 18 and material thereof may have a flame
rating of OFNR-LS/FT4 (with, for example, a flame propagation characteristic of less
than 12 feet).

[0017] As discussed, first strength members 16 may be disposed within the inner
jacket 12, and second strength members 20 may be disposed between the outer jacket
18 and inner jacket 12. In exemplary embodiments, the first strength members 16 and
second strength members 20 may be fibers, such as aramid fibers or other suitable
fibers utilized for strength purposes. It should be noted that, in exemplary
embodiments as shown, no additional components or materials, aside from second
strength members 20 and optional binders or ripcords, may be provided in the space
between the outer jacket 18 and inner jacket 12. Such space may thus, for example,
be free from gels, additional intervening jackets or other tubes, etc. Similarly, in
exemplary embodiments as shown, no additional components or materials, aside from
first strength members 16 and optical fibers 14 as discussed herein, may be provided
within inner jacket 12.

[0018] Any suitable optical fibers 14 may be utilized in cable 10. For example,
the optical fibers 16 may be single mode optical fibers or multi-mode optical fibers.
Further, in some embodiments, the optical fibers 14 may have nominal (plus or minus
3 microns) outer diameters of 250 microns. In alternative embodiments, the optical
fibers 14 may have nominal outer diameters of 200 microns. In some embodiments,
as illustrated in FIG. 2, the optical fibers 14 may be loose optical fibers which are not

ribbonized or otherwise bonded to each other. In alternative embodiments, the optical
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fibers 14 may be ribbonized to form one or more ribbons. For example, in some
embodiments as illustrated in FIG. 3, the optical fibers 14 may be intermittently
bonded to each other (via, for example, portions of the outermost jacket or layer of the
optical fibers 14), thus forming one or more ribbons. Such intermittent bonding may
occur along the lengths of the optical fibers 14, thus leaving non-bonded gaps
between neighboring optical fibers 14 as shown. Further, the bonded portions 15 of
neighboring optical fibers 14 may be staggered along the lengths of the optical fibers
14 such that neighboring optical fibers 14 in a ribbon are bonded to each other at
different locations along their lengths and the length of the ribbon.

[0019] Referring again to FIG. 1, cables 10 in accordance with the present
disclosure may advantageously have relatively high fiber densities. As utilized
herein, fiber density is the total number of optical fibers in a cable 10 divided by the
cross-sectional area of the cable 10. The cross-sectional area may be calculated as pi
times the square root of the maximum radius of the cable 10, and the maximum radius
may be half of the maximum outer diameter 30 of the outer jacket 18. Further, cables
10 in accordance with the present disclosure may have such relatively high fiber
densities while advantageously meeting the OFNR-LS/FT4, OFNP/FT6, and/or
OFNR-LS/FT4 requirements. Meeting such requirements may require that wall
thicknesses 32, 34 of the inner jacket 12 and outer jacket 18, respectively, may be
relatively high for relatively low maximum outer diameters 30 and maximum outer
diameters 36 of the inner jacket 12, thus further illustrating the advantageously high
fiber densities achieved in accordance with the present disclosure. For example, as
discussed herein and depending on the outer diameter 30, the inner jacket 12 may
have a wall thickness 32 of between 0.35 and 1.1 millimeters, and the outer jacket 18
may have a wall thickness 34 of between 0.5 and 1.4 millimeters.

[0020] In some embodiments, the maximum outer diameter 30 may be less than
or equal to 5 millimeters, such as less than or equal to 4.9 millimeters, such as
between 4.9 millimeters and 4.7 millimeters, such as 4.8 millimeters. In these
embodiments and when 250 nominal diameter micron optical fibers 14 are utilized,
the fiber density may be between 0.65 and 1.35 fibers per square millimeter, such as
between 0.66 and 1.33 fibers per square millimeter. Such embodiments may, for

example, utilize between 10 and 25 optical fibers 14, such as in some embodiments
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12, 16, or 24 optical fibers 14. For example, in embodiments wherein 12 optical
fibers 14 are utilized, the fiber density may be between 0.65 and 0.67 fibers per square
millimeter, such as between 0.66 and 0.665 fibers per square millimeter. In
embodiments wherein 16 optical fibers 14 are utilized, the fiber density may be
between 0.87 and 0.89 fibers per square millimeter, such as between 0.88 and 0.885
fibers per square millimeter. In embodiments wherein 24 optical fibers 14 are
utilized, the fiber density may be between 1.31 and 1.34 fibers per square millimeter,
such as between 1.32 and 1.33 fibers per square millimeter.

[0021] Further, in these embodiments, the inner jacket 12 may have a wall
thickness 32 of between 0.35 and 0.45 millimeters, such as 0.4 millimeters. The outer
jacket 18 may have a wall thickness 34 of between 0.5 and 0.6 millimeters, such as
0.55 millimeters. The maximum outer diameter 36 of the inner jacket 12 may be
between 2.8 and 3.2 millimeters, such as between 2.9 and 3.1 millimeters, such as 3
millimeters.

[0022] In other embodiments, the maximum outer diameter 30 may be less than or
equal to 5.8 millimeters, such as less than or equal to 5.7 millimeters, such as between
5.7 millimeters and 5.5 millimeters, such as 5.6 millimeters. In these embodiments
and when 250 nominal diameter micron optical fibers 14 are utilized, the fiber density
may be between 1.45 and 1.95 fibers per square millimeter. Such embodiments may,
for example, utilize between 30 and 50 optical fibers 14, such as in some
embodiments 36 or 48 optical fibers 14. For example, in embodiments wherein 36
optical fibers 14 are utilized, the fiber density may be between 1.45 and 1.48 fibers
per square millimeter, such as between 1.46 and 1.47 fibers per square millimeter. In
embodiments wherein 48 optical fibers 14 are utilized, the fiber density may be
between 1.93 and 1.95 fibers per square millimeter, such as between 1.94 and 1.95
fibers per square millimeter.

[0023] Further, in these embodiments, the inner jacket 12 may have a wall
thickness 32 of between 0.5 and 0.6 millimeters, such as 0.55 millimeters. The outer
jacket 18 may have a wall thickness 34 of between 0.55 and 0.65 millimeters, such as
0.6 millimeters. The maximum outer diameter 36 of the inner jacket 12 may be
between 3.6 and 4.2 millimeters, such as between 3.7 and 4.1 millimeters, such as 3.8

millimeters or 4 millimeters.
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[0024] In other embodiments, the maximum outer diameter 30 may be less than or
equal to 6.5 millimeters, such as less than or equal to 6.4 millimeters, such as between
6.1 millimeters and 6.5 millimeters, such as 6.2 millimeters or 6.4 millimeters. In
these embodiments and when 250 nominal diameter micron optical fibers 14 are
utilized , the fiber density may be between 2.1 and 2.25 fibers per square millimeter.
Such embodiments may, for example, utilize between 60 and 80 optical fibers 14,
such as in some embodiments 64 or 72 optical fibers 14. For example, in
embodiments wherein 64 optical fibers 14 are utilized, the fiber density may be
between 2.0 and 2.2 fibers per square millimeter, such as between 2.1 and 2.15 fibers
per square millimeter. In embodiments wherein 72 optical fibers 14 are utilized, the
fiber density may be between 2.1 and 2.3 fibers per square millimeter, such as
between 2.2 and 2.25 fibers per square millimeter.

[0025] Further, in these embodiments, the inner jacket 12 may have a wall
thickness 32 of between 0.65 and 0.85 millimeters, such as 0.7 millimeters or 0.8
millimeters. The outer jacket 18 may have a wall thickness 34 of between 0.65 and
0.75 millimeters, such as 0.7 millimeters. The maximum outer diameter 36 of the
inner jacket 12 may be between 4.3 and 5 millimeters, such as between 4.4 and 4.9
millimeters, such as 4.5 millimeters or 4.8 millimeters.

[0026] In other embodiments, the maximum outer diameter 30 may be less than or
equal to 10.2 millimeters, such as less than or equal to 10.1 millimeters, such as
between 7.5 millimeters and 10.1 millimeters, such as 7.8 millimeters or 9 millimeters
or 10 millimeters. In these embodiments and when 250 nominal diameter micron
optical fibers 14 are utilized, the fiber density may be between 1.65 and 2.05 fibers
per square millimeter. Such embodiments may, for example, utilize between 90 and
150 optical fibers 14, such as in some embodiments 96, 108, or 144 optical fibers 14.
For example, in embodiments wherein 96 optical fibers 14 are utilized, the fiber
density may be between 1.9 and 2.1 fibers per square millimeter, such as between 2
and 2.02 fibers per square millimeter. In embodiments wherein 108 optical fibers 14
are utilized, the fiber density may be between 1.66 and 1.74 fibers per square
millimeter, such as between 1.68 and 1.7 fibers per square millimeter. In

embodiments wherein 144 optical fibers 14 are utilized, the fiber density may be
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between 1.8 and 1.85 fibers per square millimeter, such as between 1.82 and 1.84
fibers per square millimeter.

[0027] Further, in these embodiments, the inner jacket 12 may have a wall
thickness 32 of between 0.75 and 1.1 millimeters, such as 0.8 millimeters or 0.9
millimeters or 1 millimeter. The outer jacket 18 may have a wall thickness 34 of
between 0.85 and 1.35 millimeters, such as 0.9 millimeters, 1.2 millimeters, or 1.3
millimeters. The maximum outer diameter 36 of the inner jacket 12 may be between

5.6 and 7.4 millimeters, such as between 5.7 and 7.3 millimeters, such as 5.8

millimeters, 6.2 millimeters, or 7.2 millimeters.

[0028] Table 1 below provides various dimensions for cables 10 in accordance
with exemplary embodiments of the present disclosure:
# of Optical Inner Outer R
R Inner Outer Fiber
Fibers (250 Jacket Wall | . Jacket Wall R
R Jacket OD R jacket OD R density
micron) Thickness Thickness
12 3.0 0.40 4.80 0.55 0.663
16 3.0 0.40 4.80 0.55 0.884
24 3.0 0.40 4.80 0.55 1.326
36 3.8 0.55 5.60 0.60 1.462
48 4.0 0.55 5.60 0.60 1.949
64 4.5 0.70 6.20 0.70 2.120
72 4.8 0.80 6.40 0.70 2.238
96 5.8 0.80 7.80 0.90 2.009
108 6.2 0.90 9.00 1.20 1.698
144 7.2 1.00 10.00 1.30 1.833

Table 1: Cable Dimensions (250 micron optical fiber nominal diameter)
[0029] In some embodiments, the maximum outer diameter 30 may be less than
or equal to 5 millimeters, such as less than or equal to 4.8 millimeters, such as less
than or equal to 4.6 millimeters, such as between 4.8 millimeters and 4.3 millimeters,
such as between 4.6 millimeters and 4.4 millimeters, such as 4.5 millimeters. In these
embodiments and when 200 nominal diameter micron optical fibers 14 are utilized ,
the fiber density may be between 0.75 and 2.27 fibers per square millimeter, such as
between 0.753 and 2.267 fibers per square millimeter. Such embodiments may, for
example, utilize between 10 and 40 optical fibers 14, such as in some embodiments

12, 16, 24, or 36 optical fibers 14. For example, in embodiments wherein 12 optical
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fibers 14 are utilized, the fiber density may be between 0.75 and 0.76 fibers per square
millimeter, such as between 0.753 and 0.757 fibers per square millimeter. In
embodiments wherein 16 optical fibers 14 are utilized, the fiber density may be
between 1 and 1.05 fibers per square millimeter, such as between 1.002 and 1.01
fibers per square millimeter. In embodiments wherein 24 optical fibers 14 are
utilized, the fiber density may be between 1.5 and 1.52 fibers per square millimeter,
such as between 1.505 and 1.51 fibers per square millimeter. In embodiments
wherein 36 optical fibers 14 are utilized, the fiber density may be between 2.26 and
2.27 fibers per square millimeter, such as between 1.505 and 1.51 fibers per square
millimeter.

[0030] Further, in these embodiments, the inner jacket 12 may have a wall
thickness 32 of between 0.35 and 0.6 millimeters, such as 0.4 millimeters or 0.55
millimeters. The outer jacket 18 may have a wall thickness 34 of between 0.5 and 0.6
millimeters, such as 0.55 millimeters. The maximum outer diameter 36 of the inner
jacket 12 may be between 2.8 and 3.2 millimeters, such as between 2.9 and 3.1
millimeters, such as 3 millimeters.

[0031] In some embodiments, the maximum outer diameter 30 may be less than
or equal to 5.8 millimeters, such as less than or equal to 5.7 millimeters, such as
between 5.8 millimeters and 5.4 millimeters, such as between 5.7 millimeters and 5.5
millimeters, such as 5.6 millimeters. In these embodiments and when 200 nominal
diameter micron optical fibers 14 are utilized, the fiber density may be between 1.94
and 2.95 fibers per square millimeter, such as between 1.945 and 2.93 fibers per
square millimeter. Such embodiments may, for example, utilize between 30 and 80
optical fibers 14, such as in some embodiments 48, 64, or 72 optical fibers 14. For
example, in embodiments wherein 48 optical fibers 14 are utilized, the fiber density
may be between 1.94 and 1.96 fibers per square millimeter, such as between 1.945
and 1.95 fibers per square millimeter. In embodiments wherein 64 optical fibers 14
are utilized, the fiber density may be between 2.58 and 2.61 fibers per square
millimeter, such as between 2.59 and 2.6 fibers per square millimeter. In
embodiments wherein 72 optical fibers 14 are utilized, the fiber density may be
between 2.85 and 2.95 fibers per square millimeter, such as between 2.9 and 2.93

fibers per square millimeter.
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[0032] Further, in these embodiments, the inner jacket 12 may have a wall
thickness 32 of between 0.5 and 0.6 millimeters, such as 0.55 millimeters. The outer
jacket 18 may have a wall thickness 34 of between 0.65 and 0.75 millimeters, such as
0.7 millimeters. The maximum outer diameter 36 of the inner jacket 12 may be
between 3.6 and 4 millimeters, such as between 3.7 and 3.9 millimeters, such as 3.8
millimeters.

[0033] In some embodiments, the maximum outer diameter 30 may be less than
or equal to 7.6 millimeters, such as less than or equal to 7.5 millimeters, such as
between 7.6 millimeters and 6 millimeters, such as between 7.55 millimeters and 6.1
millimeters, such as 6.2 millimeters, 6.4 millimeters, or 7.5 millimeters. In these
embodiments and when 200 nominal diameter micron optical fibers 14 are utilized,
the fiber density may be between 3.16 and 3.36 fibers per square millimeter, such as
between 3.17 and 3.359 fibers per square millimeter. Such embodiments may, for
example, utilize between 90 and 150 optical fibers 14, such as in some embodiments
96, 108, or 144 optical fibers 14. For example, in embodiments wherein 96 optical
fibers 14 are utilized, the fiber density may be between 3.16 and 3.2 fibers per square
millimeter, such as between 3.17 and 3.19 fibers per square millimeter. In
embodiments wherein 108 optical fibers 14 are utilized, the fiber density may be
between 3.35 and 3.36 fibers per square millimeter, such as between 3.354 and 3.359
fibers per square millimeter. In embodiments wherein 144 optical fibers 14 are
utilized, the fiber density may be between 3.25 and 3.27 fibers per square millimeter,
such as between 3.255 and 3.26 fibers per square millimeter.

[0034] Further, in these embodiments, the inner jacket 12 may have a wall
thickness 32 of between 0.65 and 0.85 millimeters, such as 0.7 millimeters or 0.8
millimeters. The outer jacket 18 may have a wall thickness 34 of between 0.65 and
0.95 millimeters, such as 0.7 millimeters or 0.9 millimeters. The maximum outer
diameter 36 of the inner jacket 12 may be between 4.3 and 5.6 millimeters, such as
between 4.4 and 5.5 millimeters, such as 4.5 millimeters, 4.8 millimeters, or 5.4
millimeters.

[0035] Table 2 below provides various dimensions for cables 10 in accordance

with exemplary embodiments of the present disclosure:

10
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# of Optical Inner Outer R
R Inner Outer Fiber
Fibers (200 Jacket Wall | . Jacket Wall R
R Jacket OD R jacket OD R density
micron) Thickness Thickness
12 3.0 0.55 4.50 0.55 0.755
16 3.0 0.40 4.50 0.55 1.006
24 3.0 0.40 4.50 0.55 1.509
36 3.0 0.40 4.50 0.55 2.264
48 3.8 0.55 5.60 0.70 1.949
64 3.8 0.55 5.60 0.70 2.598
72 3.8 0.55 5.60 0.70 2.923
96 4.5 0.70 6.20 0.70 3.180
108 4.8 0.80 6.40 0.70 3.357
144 5.4 0.80 7.50 0.90 3.259

Table 2: Cable Dimensions (200 micron optical fiber nominal diameter)
[0036] Cables 10 in accordance with the present disclosure may further
advantageously meet various Telecordia GR-409 Core Horizontal Backbone standard
(GR-409 Issue 2, November 2008) requirements. In particular, such cables 10 may
meet the GR-409 requirements for outer jacket shrinkage, compressive strength,
tensile strength, temperature cycling, low-high temperature bend, impact resistance,
cable twist, and/or cyclic flexing. For example, in some embodiments, a cable 10 in
accordance with the present disclosure may have a tensile strength of up to or at least
150 pounds. In some embodiments, a cable 10 in accordance with the present
disclosure may exhibit an attenuation change of less than or equal to 0.03 dB, such as
0.02dB when subjected to 4 bends around a 7 inch diameter mandrel and with a 12.5
kg weight suspended at the end of the 4 wraps at -10, 0, 60, or 70 °C. In some
embodiments, a cable 10 in accordance with the present disclosure may exhibit an
attenuation change of less than or equal to 0.003 dB, such as 0.002 dB, when
subjected to 25 cycles in a 180 degree arc (90 degrees clockwise and 90 degrees
counterclockwise) with a 4 kg load attached to the end. In some embodiments, a
cable 10 in accordance with the present disclosure may exhibit an attenuation change
of less than or equal to 0.006 dB, such as 0.005 dB, when subjected to a minimum of
10 cycles of being twisted 180 degrees clockwise and counter-clockwise. In some
embodiments, a cable 10 in accordance with the present disclosure may exhibit an

attenuation change of less than or equal to 0.17 dB, such as less than or equal to 0.16
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dB, when subjected to a compressive load of at least 100 N/cm over a period of 10
minutes, with the load applied at an increase of 3 to 20 mm per minute. In some
embodiments, a cable 10 in accordance with the present disclosure may exhibit an
attenuation change of less than or equal to 0.003 dB, such as less than or equal to
0.002 dB, when subjected to 2 impacts at 3 locations (which are 150 mm apart) of a
drop force of 2.94 Nm from a height of 150mm. In some embodiments, a cable 10 in
accordance with the present disclosure may exhibit an attenuation change of less than
or equal to 0.5 dB, such as less than or equal to 0.3dB (single mode fiber) or less than
or equal to 0.4 dB (multi-mode fiber) when subjected to extreme temperatures over
120 hours ranging from -20 C to 70 C (for plenum-rated cables) or -40 C to 70 C (for
LSZH cables), including a rate of change of temperature of 40 degrees per hour and
multiple exposure cycles at the extreme temperatures for 24 continuous hours within
the 120 hours.

[0037] This written description uses examples to disclose the invention, including
the best mode, and also to enable any person skilled in the art to practice the
invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims,
and may include other examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if they include structural
elements that do not differ from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences from the literal languages

of the claims.
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WHAT IS CLAIMED IS:

1. A fiber optic distribution cable, comprising:

a central inner jacket formed from one of a polyvinyl chloride or a low smoke
zero halogen material;

a plurality of optical fibers disposed within the inner jacket;

a plurality of first strength members disposed within the inner jacket;

an outer jacket surrounding the central inner jacket, the outer jacket formed
from the one of the polyvinyl chloride or the low smoke zero halogen material; and

a plurality of second strength members disposed between the outer jacket and
the central inner jacket,

wherein a fiber density of the cable is greater than 0.65 fibers per square
millimeter.

2. The fiber optic distribution cable of claim 1, wherein the first strength
members and the second strength members are aramid fibers.

3. The fiber optic distribution cable of claim 1, wherein the inner jacket and the
outer jacket are formed from the polyvinyl chloride.

4. The fiber optic distribution cable of claim 3, wherein the inner jacket and the
outer jacket are one of riser-rated or plenum-rated.

5. The fiber optic distribution cable of claim 1, wherein the inner jacket and the
outer jacket are formed from the low smoke zero halogen material.

6. The fiber optic distribution cable of claim 5, wherein the low smoke zero
halogen material comprises a polyolefin.

7. The fiber optic distribution cable of claim 1, wherein the plurality of optical
fibers have nominal outer diameters of 250 microns.

8. The fiber optic distribution cable of claim 7, wherein the outer jacket has a
maximum outer diameter of less than or equal to 5 millimeters and the fiber density is
between 0.65 and 1.35 fibers per square millimeter.

9. The fiber optic distribution cable of claim 7, wherein the outer jacket has a
maximum outer diameter of less than or equal to 5.8 millimeters and the fiber density

is between 1.45 and 1.95 fibers per square millimeter.
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10. The fiber optic distribution cable of claim 7, wherein the outer jacket has a
maximum outer diameter of less than or equal to 6.5 millimeters and the fiber density
is between 2.1 and 2.25 fibers per square millimeter.

11. The fiber optic distribution cable of claim 7, wherein the outer jacket has a
maximum outer diameter of less than or equal to 10.2 millimeters and the fiber
density is between 1.65 and 2.05 fibers per square millimeter.

12. The fiber optic distribution cable of claim 1, wherein the plurality of optical
fibers have nominal outer diameters of 200 microns.

13. The fiber optic distribution cable of claim 12, wherein the outer jacket has a
maximum outer diameter of less than or equal to 5 millimeters and the fiber density is
between 0.75 and 2.27 fibers per square millimeter.

14. The fiber optic distribution cable of claim 12, wherein the outer jacket has a
maximum outer diameter of less than or equal to 5.8 millimeters and the fiber density
is between 1.94 and 2.95 fibers per square millimeter.

15. The fiber optic distribution cable of claim 12, wherein the outer jacket has a
maximum outer diameter of less than or equal to 7.6 millimeters and the fiber density
is between 3.16 and 3.36 fibers per square millimeter.

16. The fiber optic distribution cable of claim 1, wherein the inner jacket has a
wall thickness of between 0.35 and 1.1 millimeters.

17. The fiber optic distribution cable of claim 1, wherein the outer jacket has a
wall thickness of between 0.5 and 1.4 millimeters.

18. The fiber optic distribution cable of claim 1, wherein the optical fibers are
loose optical fibers.

19. The fiber optic distribution cable of claim 1, wherein the optical fibers are
intermittently bonded to each other.

20. The fiber optic distribution cable of claim 1, wherein the cable has a tensile

strength of greater than or equal to 150 pounds.
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