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FIBER OPTIC CABLE WITH ELECTRICAL CONDUCTORS

Cross Reference to Related Applications
[0001] This application is being filed on 14 February 2012, as a PCT

International Patent application in the name of ADC Telecommunications, Inc., a
U.S. national corporation, applicant for the designation of all countries except the
U.S., and, Wayne M. Kachmar, a citizen of the U.S., applicant for the designation of
the U.S. only, and claims priority to U.S. Patent Application Serial No. 61/442,619
filed on 14 February 2011, U.S. Patent Application Serial No. 61/586,362 filed on
13 January 2012, and U.S. Patent Application Serial No. 13/371,899 filed on 13
February 2012, the disclosures of which are incorporated herein by reference in their

entirety.

Background
[0002] A fiber optic cable typically includes: (1) an optical fiber; (2) a buffer
layer that surrounds the optical fiber; (3) a plurality of strength members loosely
surrounding the buffer layer; and (4) an outer jacket. Optical fibers function to carry
optical signals. A typical optical fiber includes an inner core surrounded by a
cladding that is protected by a coating. The buffer layer functions to surround and
protect the coated optical fibers. Strength members add mechanical strength to fiber
optic cables to protect the internal optical fibers against stresses applied to the cables
during installation and thereafter. Outer jackets also provide protection against
chemical damages.
[0003] The use of strength members that loosely surround the optical fiber
can create difficulties in manufacturing and/or installing fiber optic cables as these
loosely situated strength members can be difficult to cut and difficult to use in

automated manufacturing processes.

Summary
[0004] An aspect of the present disclosure relates to a fiber optic cable. The

fiber optic cable includes an optical fiber, a strength layer assembly disposed
adjacent to the optical fiber and an outer jacket surrounding the strength layer
assembly. The strength layer assembly includes a strength layer, an outer layer and

an inner layer. The strength layer includes a binder and a plurality of reinforcing
-1-
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fibers embedded within the binder. The strength layer has a first surface and an
oppositely disposed second surface. The outer layer is disposed adjacent to the first
surface of the strength layer and includes a first conductive portion. The inner layer
is disposed adjacent to the second surface of the strength layer and includes a second
conductive portion.

[0005] Another aspect of the present disclosure relates to a fiber optic cable.
The fiber optic cable includes an optical fiber, a strength layer assembly surrounding
the optical fiber and an outer jacket surrounding the strength layer assembly. The
strength layer assembly includes a strength layer, an outer layer and an inner layer.
The strength layer has a first longitudinal side, an oppositely disposed second
longitudinal side, a first surface that extends between the first and second
longitudinal sides and an oppositely disposed second surface. The strength layer
includes a binder and a plurality of reinforcing fibers embedded within the binder.
The strength layer is arranged so that the first longitudinal side overlaps the second
longitudinal side to form a longitudinal bore in which the optical fiber is disposed.
The outer layer is disposed adjacent to the first surface of the strength layer. The
outer layer has a first side end that is offset from the first longitudinal side by a first
offset distance and a second side end that is offset from the second longitudinal side
by a second offset distance. The outer layer includes a first conductive portion. The
inner layer is disposed adjacent to the second surface of the strength layer. The
inner layer includes a second conductive portion.

[0006] Another aspect of the present disclosure relates to a fiber optic cable.
The fiber optic cable includes an optical fiber; a jacket surrounding the optical fiber;
and a strength layer positioned between the optical fiber and the jacket. The strength
layer includes a reinforcing sheet including a plurality of reinforcing fibers. The
reinforcing sheet extends around a central axis of the cable and has circumferential
overlap portions that circumferentially overlap one another by at least 90 degtrees.
The reinforcing sheet of certain types of cables has circumferential overlap portions
that circumferentially overlap one another by at least 180 degrees. The reinforcing
sheet of certain types of cables has circumferential overlap portions that
circumferentially overlap one another by at least 270 degrees. The reinforcing sheet
of certain types of cables has circumferential overlap portions that circumferentially

overlap one another by at least 360 degrees.
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[0007] Another aspect of the present disclosure relates to a fiber optic cable.
The fiber optic cable includes an optical fiber; a jacket surrounding the optical fiber;
a strength layer positioned between the optical fiber and the jacket, a first conductive
strip attached to the inner side of the strength layer, and a second conductive strip
attached to the outer side of the strength layer. The strength layer includes a
reinforcing sheet including a plurality of reinforcing fibers. The reinforcing sheet
extends around the central axis of the cable to form a cylindrical shape. The first
and second conductive strips have lengths that extend along a length of the cable.
Certain example types of conductive strips include conductive tapes.

[0008] A variety of additional aspects will be set forth in the description that
follows. These aspects can relate to individual features and to combinations of
features. It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not
restrictive of the broad concepts upon which the embodiments disclosed herein are
based.

Drawings
[0009] FIG. 1 is a fragmentary perspective view of a fiber optic cable having
features that are examples of aspects in accordance with the principles of the present
disclosure.
[0010] FIG. 2 is a perspective view of an optical fiber suitable for use in the
fiber optic cable of FIG. 1.
[0011] FIG. 3 is a cross-sectional view of the fiber optic cable of FIG. 1.
[0012] FIG. 4 is perspective view of a pre-formed strength layer assembly of
the fiber optic cable of FIG. 1.
[0013] FIG. 5 is a perspective view of an alternate embodiment of a pre-

formed strength layer assembly suitable for use with the fiber optic cable of FIG. 1.
[0014] FIG. 6 is a cross-sectional view of an alternate embodiment of a fiber
optic cable.

[0015] FIG. 7 is a schematic representation of a tracer light system circuit.
[0016] FIG. 8 is a schematic representation of a tracer light system installed

on the fiber optic cable.



WO 2012/112532 PCT/US2012/025027

10

15

20

25

30

[0017] FIG. 9 is a cross-sectional view of an example fiber optic cable
including a reinforcing sheet having circumferential overlap portions that
circumferentially overlap one another by at least 90 degrees.

[0018] FIG. 10 is a cross-sectional view of an example fiber optic cable
including a reinforcing sheet having circumferential overlap portions that
circumferentially overlap one another by at least 360 degrees.

[0019] FIG. 11 is a schematic diagram of an example fiber optic connector
mounted at an end of an example fiber optic cable with an inner contact and an outer

contact crimped to the connector body.

Detailed Description

[0020] Reference will now be made in detail to the exemplary aspects of the
present disclosure that are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used throughout the drawings to refer
to the same or like structure.

[0021] Referring now to FIG. 1, a fiber optic cable, generally designated 10,
is shown. The fiber optic cable 10 includes at least one optical fiber 12, a strength
layer assembly 14 surrounding the optical fiber 12, and an outer jacket 18
surrounding the strength layer 14. In the subject embodiment, the fiber optic cable
10 includes a connector 16 disposed at an end of the fiber optic cable 10.

[0022] Referring now to FIG. 2, the optical fiber 12 includes a core 20. The
core 20 is made of a glass material, such as a silica-based material, having an index
of refraction. In the subject embodiment, the core 20 has an outer diameter D; of
less than or equal to about 10 pm.

[0023] The core 20 of each optical fiber 12 is surrounded by a first cladding
layer 22 that is also made of a glass material, such as a silica based-material. The
first cladding layer 22 has an index of refraction that is less than the index of
refraction of the core 20. This difference between the index of refraction of the first
cladding layer 22 and the index of refraction of the core 20 allows an optical signal
that is transmitted through the optical fiber 12 to be confined to the core 20.

[0024] A trench layer 24 surrounds the first cladding layer 22. The trench

layer 24 has an index of refraction that is less than the index of refraction of the first
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cladding layer 22. In the subject embodiment, the trench layer 24 is immediately
adjacent to the first cladding layer 22.

[0025] A second cladding layer 26 surrounds the trench layer 24. The
second cladding layer has an index of refraction. In the subject embodiment, the
index of refraction of the second cladding layer 26 is about equal to the index of
refraction of the first cladding layer 22. The second cladding layer 26 is
immediately adjacent to the trench layer 24. In the subject embodiment, the second
cladding layer 26 has an outer diameter D, of less than or equal to 125 um.

[0026] A coating, generally designated 28, surrounds the second cladding
layer 26. The coating 28 includes an interior layer 30 and an exterior layer 32. In
the subject embodiment, the interior layer 30 of the coating 28 is immediately
adjacent to the second cladding layer 26 such that the interior layer 30 surrounds the
second cladding layer 26. The interior layer 30 is a polymeric material (e.g.,
polyvinyl chloride, polyethylenes, polyurethanes, polypropylenes, polyvinylidene
fluorides, ethylene vinyl acetate, nylon, polyester, or other materials) having a low
modulus of elasticity. The low modulus of elasticity of the interior layer 30
functions to protect the optical fiber 12 from microbending.

[0027] The exterior layer 32 of the coating 28 is a polymeric material having
a higher modulus of elasticity than the interior layer 30. In the subject embodiment,
the exterior layer 32 of the coating 28 is immediately adjacent to the interior layer 30
such that the exterior layer 32 surrounds the interior layer 30. The higher modulus
of elasticity of the exterior layer 32 functions to mechaniéally protect and retain the
shape of optical fiber 12 during handling. In the subject embodiment, the exterior
layer 32 defines an outer diameter D3 of less than or equal to 500 pm. In another
embodiment, the exterior layer 32 has an outer diameter D; of less than or equal to
250 pm.

[0028] In the subject embodiment, the optical fiber 12 is manufactured to
reduce the sensitivity of the optical fiber 12 to micro or macro-bending (hereinafter
referred to as “bend insensitive”). An exemplary bend insensitive optical fiber 12
has been described in U.S. Pat. Application Publication Nos. 2007/0127878 and
2007/0280615 and are hereby incorporated by reference in their entirety, An

exemplary bend insensitive optical fiber 12 suitable for use in the fiber optic cable
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10 of the present disclosure is commercially available from Draka Comteq under the
name BendBright XS.

[0029] Referring now to FIGS. 3-4, the strength layer assembly 14 is a flat
and flexible sheet, film, or layer of material that is adapted to surround the optical
fibers 12. The strength layer assembly 14 is flat in that the width and the height of
the strength layer assembly 14 are generally consistent throughout the length of the
strength layer assembly 14 and in that the width of the strength layer assembly 14 is
greater than the height of the strength layer assembly 14 throughout the length of the
strength layer assembly 14. For example, in one embodiment, the strength layer
assembly 14 has a width of 0.12 inches and a height of 0.030 inches. In other
examples, the width of the strength layer assembly 14 may be five, ten, or fifteen
times greater than the height of the strength layer assembly 14. Other proportions of
the width of the strength layer assembly 14 to the height of strength layer assembly
14 may be possible.

[0030] The strength layer assembly 14 includes a strength layer 33. The
strength layer 33 includes a binder 34 and a plurality of reinforcing fibers 36
embedded or otherwise integrated within the binder 34. In one example
embodiment, the binder 34 is a polymeric material such as ethylene acetate, acrylite
(e.g., UV-cured, etc.), silicon (e.g., RTV, etc.), polyester films (e.g., biaxially
oriented polyethylene terephthalate polyester film, etc.), and polyisobutylene. In
other example instances, binder 34 may be a matrix material, an adhesive material, a
finish material, or another type of material that binds, couples, or otherwise
mechanically links together reinforcing fibers 36.

[0031] The reinforcing fibers 36 are strands that extend the length of the
strength layer 14. It will be understood, however, that the scope of the present
disclosure is not limited to the reinforcing fibers 36 extending the length of the
strength layer assembly 14. In one embodiment, the reinforcing fibers 36 are aramid
fibers. In another embodiment, the reinforcing fibers 36 are glass fibers, such as E-
glass, S-glass, or another type of glass fiber. The width and height of the strength
layer 33 may vary depending on the type of material from which the reinforcing
fibers 36 are made. For example, when the strength layer 33 is made of E-glass or
S-glass, the strength layer 33 may have a width of 0.085 inches and a height of 0.045

inches. In another example in which the strength layer is made of aramid fibers, the

-6-
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strength layer 33 may have a width of 0.12 inches and a height of 0.030 inches. It
will be understood that the strength layer 33 may other widths and heights.

[0032] The reinforcing fibers 36 are disposed in a single layer within the
binder 34. It will be understood, however, that the scope of the present disclosure is
not limited to the reinforcing fibers 36 being disposed in a single layer as the
reinforcing fibers 36 could be disposed in multiple layers. For example, the
reinforcing fibers 36 may be disposed in groups. In this example, the reinforcing
fibers 36 may be disposed in groups comprising a variety of different numbers of
reinforcing fibers. For instance, each of the groups may comprise 500 reinforcing
fibers, 1000 reinforcing fibers, 1500 reinforcing fibers, 2000 reinforcing fibers, or
other numbers of reinforcing fibers. Furthermore, in some instances, not all of the
groups have the same number of reinforcing fibers.

[0033] The binder 34 of the strength layer 33 provides a medium that retains
the reinforcing fibers 36. The retention of the reinforcing fibers 36 in the binder 34
is advantageous as the binder 34 with the reinforcing fibers 36 is easier to cut with
shears during manufacturing, installation, or repair of the fiber optic cable 10 than
cable having reinforcing fibers that are loosely disposed in the cable. In addition,
the manufacturing of fiber optic cable 10 having the binder 34 with the reinforcing
fibers 36 is easier to automate than cable having loose reinforcing fibers.

[0034] The strength layer 33 includes a first axial end 38, an oppositely
disposed second axial end 40, a first longitudinal side 42, and a second longitudinal
side 44. The strength layer 33 further includes a first surface 46 and an oppositely
disposed second surface 48. The first and second surfaces 46, 48 extend between
the first and second longitudinal sides 42, 44. In the depicted embodiment, the first
surface 46 is an outer surface while the second surface 48 is an inner surface.
[0035] The strength layer assembly 14 further includes an outer layer 50
disposed on the first surface 46 of the strength layer 33. In the depicted
embodiment, the outer layer 50 is a first conductive layer. The outer layer 50 has a
first side end 52 that is disposed adjacent to the first longitudinal side 42 and an
oppositely disposed second side end 54 that is disposed adjacent to the second
longitudinal side 44. The first side end 52 is generally parallel to the first
longitudinal side 42 while the second side end 54 is generally parallel to the second

longitudinal side 44. The outer layer 50 extends the length of the strength layer 33

-7-
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of the fiber optic cable 10. In the depicted embodiment, the outer layer 50 has a
width that is less than a width of the binder 34. In this embodiment, the first side
end 52 of the outer layer 50 is offset from the first longitudinal side 42 by a first
offset distance L; and the second side end 54 of the outer layer 50 is offset from the
second longitudinal side 44 by a second offset distance L, so that the binder 34
extends outwardly from the first and second side ends 52, 54 of the outer layer 50.
[0036] In the depicted embodiment, the outer layer 50 is made from a
conductive material. In one embodiment, the outer layer 50 is formed from
conductive tape (e.g., metalized polyester tape, metalized MYLAR® tape, etc.). In
one embodiment, the conductive tape includes an adhesive surface 56 and an
oppositely disposed conductive surface 58. The adhesive surface 56 is affixed to the
first surface 46 of the strength layer 33.

[0037] The strength layer assembly 14 includes an inner layer 60 disposed
on the second surface 48 of the strength layer 33. In one embodiment, the inner
layer 60 is a second conductive layer. The inner layer 60 has a first side 62 that is
disposed adjacent to the first longitudinal side 42 and an oppositely disposed second
side 64 that is disposed adjacent to the second longitudinal side 44. The first side 62
is generally parallel to the first longitudinal side 42 while the second side 64 is
generally parallel to the second longitudinal side 44. The inner layer 60 extends the
length of the strength layer 33 of the fiber optic cable 10. In the depicted
embodiment, the inner layer 60 has a width that is less than a width of the binder 34.
In this embodiment, the first side 62 of the inner layer 60 is offset from the first
longitudinal side 42 by a third offset distance L; and the second side 64 of the inner
layer 60 is offset from the second longitudinal side 44 by a fourth offset distance L4
so that the binder 34 extends outwardly from the first and second sides 62, 64 of the
inner layer 60. In the depicted embodiment, the first, second, third and fourth offset
distances D;-Ds are sized so that the outer layer 50 is separated from the inner layer
60 when the first and second longitudinal sides 42, 44 are overlapping.

[0038] In the depicted embodiment, the inner layer 60 is made from a
conductive material. In one embodiment, the inner layer 60 is formed from
conductive tape (e.g., metalized polyester tape, metalized MYLAR® tape, etc.). In

one embodiment, the conductive tape includes an adhesive surface 66 and an
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oppositely disposed conductive surface 68. The adhesive surface 66 is affixed to the
second surface 48 of the strength layer 33.

[0039] In the depicted embodiment, the strength layer assembly 14 includes
a first longitudinal side portion 70 that is free of the outer and inner layers 50, 60
and an oppositely disposed second longitudinal side portion 72 that is free of the
outer and inner layers 50, 60.

[0040] In the depicted embodiment of FIGS. 1 and 3, the strength layer
assembly 14 is formed in the generally cylindrical shape by overlapping first and
second longitudinal side portions 70, 72 so that the strength layer assembly 14
defines a longitudinal bore 74. In the depicted embodiment, the second surface 48
of defines the longitudinal bore 74. The optical fiber 12 is disposed within the
longitudinal bore 74. As the first and second longitudinal side portions 70, 72 do
not include the outer and inner layers 50, 60, the first and second longitudinal side
portions 70, 72 can be overlapped without the outer and inner layers 50, 60
contacting.

[0041] The second axial end 40 is rotationally displaced from the first axial
end 38 about a longitudinal axis 76 (shown as a dashed line in FIG. 1) of the
strength layer assembly 14. In the subject embodiment, the strength layer assembly
14 is twisted about the longitudinal axis 76.

[0042] Referring now to FIG. 5, an alternate embodiment of a strength layer
assembly 80 is shown. The strength layer assembly 80 includes a strength layer 82
having a binder 84 and a plurality of reinforcing fibers 86 embedded or otherwise
integrated within the binder 84. In one example embodiment, the binder 84 is a
polymeric material such as ethylene acetate, acrylite (e.g., UV-cured, etc.), silicon
(e.g., RTV, etc.), polyester films (e.g., biaxially oriented polyethylene terephthalate
polyester film, etc.), and polyisobutylene. In other example instances, binder 84
may be a matrix material, an adhesive material, a finish material, or another type of
material that binds, couples, or otherwise mechanically links together reinforcing
fibers 86.

[0043] The reinforcing fibers 86 are strands that extend the length of the
strength layer 82. In one embodiment, the reinforcing fibers 86 are aramid fibers.
In another embodiment, the reinforcing fibers 86 are glass fibers, such as E-glass, S-

glass, or another type of glass fiber.
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[0044] The strength layer 82 includes a first axial end 88, an oppositely
disposed second axial end 90, a first longitudinal side 92, and a second longitudinal
side 94. The strength layer 82 further includes a first surface 96 and an oppositely
disposed second surface 98. The first and second surfaces 96, 98 extend between
the first and second longitudinal sides 92, 94.

[0045] The strength layer assembly 80 includes an outer layer 100 adjacent
to the first surface 96 of the strength layer 82. The outer layer 100 has a first side
end 102 that is disposed adjacent to the first longitudinal side 92 and an oppositely
disposed second side end 104 that is disposed adjacent to the second longitudinal
side 94. The outer layer 100 extends the length of the strength layer 82. In the
depicted embodiment, the outer layer 100 has a width that is about equal to a width
of the binder 84.

- [0046] The outer layer 100 includes a first conductive portion 106 and a non-

conductive portion 108. In the depicted embodiment, the outer layer 100 includes a
first non-conductive portion 108a and a second non-conductive portion 108b. In the
depicted embodiment, the first conductive portion 106 is disposed between the first
and second non-conductive portions 108a, 108b.

[0047] The outer layer 100 includes a conductive layer that is coated with a
dielectric material. The dielectric material is removed in the first conductive portion
106 to expose the conductive layer. In one embodiment, the outer layer 100 is
formed from a dielectric coated conductive strip (e.g., metalized polyester tape,
metalized MYLAR® tape, etc.). In one embodiment, the outer layer 100 includes a
first surface 110 and an oppositely disposed second surface 112. The first surface
110 is disposed adjacent to the first surface 96 of the strength layer 82. In one
embodiment, the first surface 110 is not affixed to the first surface 96 of the strength
layer 82.

[0048] The strength layer assembly 80 includes an inner layer 116 disposed
on the second surface 98 of the strength layer 82. The inner layer 116 has a first side
118 that is disposed adjacent to the first longitudinal side 92 and an oppositely
disposed second side 119 that is disposed adjacent to the second longitudinal side
94, The inner layer 116 extends the length of the strength layer 82. In the depicted
embodiment, the inner layer 116 has a width that is about equal to the width of the

binder 84.

-10-
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[0049] The inner layer 116 includes a second conductive portion 118 and a
non-conductive portion 120. In the depicted embodiment, the inner layer 100
includes a first non-conductive portion 120a and a second non-conductive portion
120b. In the depicted embodiment, the second conductive portion 118 is disposed
between the first and second non-conductive portions 120a, 120b.

[0050] The inner layer 116 includes a conductive layer that is coated with a
dielectric material. The dielectric material is removed in the second conductive
portion 118 to expose the conductive layer. In one embodiment, the inner layer 116
is formed from a dielectric coated conductive strip (e.g., metalized polyester tape,
metalized MYLAR® tape, etc.). In one embodiment, the inner layer 116 includes a
first surface 122 and an oppositely disposed second surface 124. The first surface
122 is disposed adjacent to the second surface 98 of the strength layer 82. In one
embodiment, the first surface 122 is not affixed to the second surface 98 of the
strength layer 82.

[0051] In the depicted embodiment of FIG. 6, the strength layer assembly 80
is formed in the generally cylindrical shape by overlapping the first and second
longitudinal sides 92, 94 so that the strength layer assembly 80 defines a
longitudinal bore 130 (shown as a “+” in FIG. 6). In the subject embodiment, the
optical fiber 12 is disposed within the longitudinal bore 130.

[0052] As the outer and inner layers 100, 116 are about the same width as
the binder 84, a portion of the first non-conductive portion 108a of the outer layer
100 is wrapped over a portion of the second non-conductive portion 120b of the
inner layer 116. Alternatively, a portion of the first non-conductive portion 120a of
the inner layer 116 is wrapped over a portion of the second non-conductive portion
108b of the outer layer 100. The first and second non-conductive portions 108a,
108b, 120a, 120b of the outer and inner layers 100, 116 prevent the first and second
conductive portions 110, 120 from contacting.

[0053] Referring now to FIGS. 7 and 8, a schematic representation of a
tracer light system, generally designated 200, is shown. The tracer light system 200
can be used to identify an end of an individual fiber optic cable 10 when multiple
fiber optic cables 10 are being routed through a particular location. The tracer light
system 200 includes a power source 202, first and second tracer lights 204a, 204b,

respectively, and first and second contacts 206a, 206b, respectively.
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[0054] In the subject embodiment, the power source 202 is a device
including mating contacts 208 that are adapted for electrical communication with
one of the first and second contacts 206a, 206b. In the subject embodiment, the
power source 202 further includes a battery (e.g., alkaline, nickel-cadmium, nickel-
metal hydride, etc.).

[0055] In the depicted embodiment of FIG. 8, the first and second tracer
lights 204a, 204b and the first and second contacts 206a, 206b are disposed in first

and second housings 210a, 210b, respectively. Each of the first and second housings

~ 210a, 210b is engaged with the fiber optic cable 10. In the subject embodiment, the

first housing 210a is disposed at one end of the fiber optic cable 10 while the second
housing 210b is disposed at an opposite end of the fiber optic cable 10.

[0056] Each of the first and second tracer lights 204a, 204b includes an
illumination source (e.g., a light-emitting diode (LED), etc.). In the subject
embodiment, the first tracer light 204a is in electrical communication with the first
and second conductor layers 110, 120 of the fiber optic cable 10 and the first
contacts 206a while the second tracer light 204b is in electrical communication with
the first and second conductor layers 110, 120 and the second contacts 206b.

[0057] In operation, the mating contacts 208 of the power source 202 are
placed electrical communication with one of the first and second contacts 206a,
206b in one of the first and second housings 210a, 210b of the fiber optic cable 10.
With power supplied to the first and second conductor layers 110, 120 through one
of the first and second contacts 206a, 206b, the first and second tracer lights 204a,
204b on the fiber optic cable 10 illuminate. With the first and second tracer lights
204a, 204b of the fiber optic cable 10 illuminated, the corresponding end of the fiber
optic cable 10 can be quickly identified.

[0058] Referring to FIGS. 9 and 10, various example cables may include a
strength layer having a reinforcing sheet that has circumferential overlap portions
that circumferentially overlap one another by at least 90 degrees. For example, FIG.
9 illustrates an example cable 220 includes an optical fiber 222, a jacket 228
surrounding the optical fiber 222; and a strength layer 224 positioned between the
optical fiber 222 and the jacket 228. The strength layer 224 includes a reinforcing

sheet 233 including a plurality of reinforcing fibers 236. In certain implementations,
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the reinforcing sheet 233 include a binder material 234 that holds the reinforcing
fibers 236 in place relative to one another.

[0059] The reinforcing sheet 233 extends around the central axis 76 and has
circumferential overlap portions 252, 254 that circumferentially overlap one another
by at least 90 degrees. In some implementations, the circumferential overlap
portions 252, 254 of the strength layer 224 overlap one another by at least 180
degrees. In certain implementations, the circumferential overlap portions 252, 254
of the strength layer 224 overlap one another by at least 270 degrees. In certain
implementations, the circumferential overlap portions 252, 254 overlap one another
by at least 360 degrees (e.g., see cable 220° of FIG. 10).

[0060] In some implementations, the overlap is between about 30 degrees
and about 90 degrees. In certain implementations, the overlap is between about 40
degrees and about 80 degrees. In certain implementations, the overlap is between
about 45 degrees and about 70 degrees. In certain implementations, the overlap is
between about 45 degrees and about 115 degrees. In certain implementations, the
overlap is between about 75 degrees and about 120 degrees. In certain
implementations, the overlap is between about 90 degrees and about 180 degrees. In
certain implementations, the overlap is between about 100 degrees and about 200
degrees. In certain implementations, the overlap is between about 120 degrees and
about 160 degrees. In certain implementations, the overlap is between about 150
degrees and about 230 degrees. In certain implementations, the overlap is between
about 180 degrees and about 250 degrees. In certain implementations, the overlap is
between about 200 degrees and about 255 degrees.

[0061] In certain implementations, the overlap is between about 260 degrees
and about 360 degrees. In certain implementations, the overlap is between about
300 degrees and about 360 degrees. In certain implementations, the overlap is
greater than 360 degrees. For example, in certain implementations, the overlap may
be no more than about 720 degrees. the overlap may be no more than about 630
degrees. In certain implementations, the overlap may be no more than about 540
degrees. In certain implementations, the overlap may be no more than about 450
degrees.

[0062] In some implementations, the example cable 220, 220’ has a central

axis 76 and includes an optical fiber 222; a jacket 228 surrounding the optical fiber
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222; a strength layer 224 positioned between the optical fiber 222 and the jacket
228; a first conductive strip 260 attached to the inner side of the strength layer 224;
and a second conductive strip 265 attached to the outer side of the strength layer
224. The strength layer 224 includes a reinforcing sheet 233 including a plurality of
reinforcing fibers 236. The reinforcing sheet 233 extends around the central axis 76
to form a cylindrical shape. The first and second conductive strips 260, 265 have
lengths that extend along a length of the cable 220, 220°.

[0063] In some implementations, the optical fiber 222 of any of the above
described cables 10, 220, 220’ includes a core 280. The core 280 may be made of a
plastic or glass material, such as a silica-based material, having an index of
refraction. In one example implementation, the core 280 has an outer diameter of
less than or equal to about 10 pm. The core 280 of each optical fiber 222 is
surrounded by one or more cladding layers 282 that are also made of a plastic or
glass material, such as a silica based-material. The cladding layer 282 has an index
of refraction that is less than the index of refraction of the core 280. In one example
implementation, the second cladding layer 282 has an outer diameter of less than or
equal to about 125 pm.

[0064] A coating 288 surrounds the cladding layer(s) 282. The coating 288
has an interior surface that is immediately adjacent to the cladding layer 282. In
some implementations, the optical fiber 222 of any of the above described cables 10,
220, 220’ has an outer diameter that is less than or equal to 300 microns. In some
implementations, the outer jacket 18, 228 of each of the above-described cables 10,
220, 220’ has an outer diameter less than 2 millimeters. In certain implementations,
the jacket 18, 228 has an outer diameter less than 1.5 millimeters. In certain
implementations, the jacket 18, 228 has an outer diameter less than 1.4 millimeters.
Indeed, in certain implementations, the jacket 18, 228 has an outer diameter less
than 1.3 millimeters.

[0065] In certain implementations, the single coated optical fiber 222 is free
to contact the reinforcing sheet 233. For example, certain types of example cables
220 do not include a buffer layer between the reinforcing sheet 233 and the single
coated optical fiber 222. In some implementations, the strength layer 224 of the
cable 220, 220’ has an inner side and an outer side. The cable 220, 220 includes a

first conductive strip 260 attached to the inner side and a second conductive strip
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265 attached to the outer side. In some implementations, the first and second
conductive strips 260, 265 include conductive tapes. In certain implementations, the
first and second conductive strips 260, 265 are adhesively attached to the reinforcing
sheet 233.

[0066] The first and second conductive strips 260, 265 have lengths that
extend along a length of the cable 220. In certain implementations, the first
conductive strip 260 has a transverse cross-sectional shape having a curvature that
conforms to a curvature of the inner side of the strength layer 224 (e.g., an inner
surface of the inner-most layer of the reinforcing sheet 233). The second conductive
strip 265 has a transverse cross-sectional shape having a curvature that conforms to a
curvature of the outer side of the strength layer 224 (e.g., an outer surface of the
outer-most layer of the reinforcing sheet 233).

[0067] In some implementations, the cross-sectional shape of the first and/or
second conductive strips 260, 265 has an arc (see arc A of FIG. 10) of less than 90
degrees (see FIG. 9). For example, in various implementations, the first and/or
second conductive strips 260, 265 may have an arc of less than 70 degrees. In
certain implementations, the arc may be no more than 60 degrees. In certain
implementations, the arc may be no more than 50 degrees. In certain
implementations, the arc may be no more than 45 degrees. In certain
implementations, the arc may be no more than 40 degrees. In certain
implementations, the arc may be no more than 30 degrees. In certain
implementations, the arc may be no more than 25 degrees. In certain
implementations, the arc may be no more than 20 degrees.

[0068] In some implementations, the arc length is between about 10 degrees
and about 90 degrees. In certain implementations, the arc length is between about
20 degrees and about 80 degrees. In certain implementations, the arc length is
between about 30 degrees and about 70 degrees. In certain implementations, the arc
length is between about 20 degrees and about 50 degrees. In certain
implementations, the arc length is between about 30 degrees and about 60 degrees.
In certain implementations, the arc length is between about 70 degrees and about 90
degrees.

[0069] In other implementations, the cross-sectional shape of the first and/or

second conductive strips 260, 265 has an arc of greater than 90 degrees (see FIG.
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10). For example, in certain implementations, the cross-sectional shape of the first
and/or second conductive strips 260, 265 has an arc of no more than 180 degrees. In
certain implementations, the cross-sectional shape of the first and/or second
conductive strips 260, 265 has an arc of no more than 120 degrees. In certain
implementations, the cross-sectional shape of the first and/or second conductive
strips 260, 265 has an arc of no more than 240 degrees. In certain implementations,
the cross-sectional shape of the first and/or second conductive strips 260, 265 has an
arc of no more than 270 degrees. In certain implementations, the cross-sectional
shape of the first and/or second conductive strips 260, 265 has an arc of no more
than 310 degrees. In certain implementations, the cross-sectional shape of the first
and/or second conductive strips 260, 265 has an arc of no more than 360 degrees.
[0070] In some implementations, the arc length is between about 90 degrees
and about 180 degrees. In certain implementations, the arc length is between about
100 degrees and about 160 degrees. In certain implementations, the arc length is
between about 90 degrees and about 120 degrees. In certain implementations, the
arc length is between about 110 degrees and about 160 degrees. In certain
implementations, the arc length is between about 140 degrées and about 180
degrees. In certain implementations, the arc length is between about 160 degrees
and about 200 degrees. In certain implementations, the arc length is between about
180 degrees and about 260 degrees. In certain implementations, the arc length is
between about 200 degrees and about 250 degrees. In certain implementations, the
arc length is between about 250 degrees and about 300 degrees.

[0071] In some implementations, the first conductive strip 260 is connected
to ground and the second conductive strip 265 is connected to an electrical power
source. In certain implementations, the first and second conductive strips 260, 265
are configured to carry at least 10 watts of electrical power. For example, in certain
implementations, the first and second conductive strips 260, 265 are configured to
carry from 10-30 watts of electrical power. In certain implementations, the first and
second conductive strips 260, 265 are configured to carry at least 15 watts of
electrical power.

[0072] In some implementations, the first and second conductive strips 260,
265 include conductive layers disposed on insulator layers. The conductive layer of

the first conductive strip 260 faces radially toward the central axis 76 and the
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insulator layer of the first conductive strip 260 faces radially away from the central
axis 76. The conductive layer of the second conductive strip 265 faces radially away
from the central axis 76 and the insulator layer of the second conductive strip 265
faces radially toward the central axis 76.

[0073] As shown in FIG. 11, a fiber optic connector 300 may be mounted at
an end of the cable 220, 220°. The connector 300 includes a connector body 302
holding a ferrule 304 at a front of the connector body 302. The optical fiber 222
extends through the connector body 302 to the ferrule 304. The uncoated optical
fiber 282 extends into the ferrule 304. The strength layer 224 of the cable 220, 220°
is coupled to the connector body 302. For example, the strength layer 224 may be
crimped to the connector body 302 with a crimp ring 306 towards a rear of the
connector body 302. In other implementations, the strength layer 224 may be
otherwise secured to the connector body 302. A strain-relief boot 308 also may
surround the cable 220, 220’ and be coupled to the connector body 302.

[0074] In the example shown in FIG. 11, the inner contact 260 and outer
contact 265 also are crimped to the connector body 302. The inner contact 260
engages or otherwise couples to the connector body 302, which may be grounded
when in use. The outer contact 265 engages or otherwise couples to a power source.
In some implementations, the outer contact 265 is positioned to engage a power
contact when the connector 300 is inserted into an adapter or otherwise mated with
another connector. In other implementations, the outer contact 265 engages the
crimp ring 306, which engages the power contact. In still other implementations,
power is supplied to an opposite end of the outer contact 265 so that the outer

contact 265 and/or crimp ring 306 supply power to a device at the connector mating

- point.

[0075] Various modifications and alterations of this disclosure will become
apparent to those skilled in the art without departing from the scope and spirit of this
disclosure, and it should be understood that the scope of this disclosure is not to be

unduly limited to the illustrative embodiments set forth herein.
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Claims:

1. A fiber optic cable comprising:

an optical fiber;

a strength layer assembly disposed adjacent to the optical fiber, the strength
layer assembly including:

a strength layer including a binder and a plurality of reinforcing fibers
embedded within the binder, the strength layer having a first
surface and an oppositely disposed second surface;

an outer layer disposed adjacent to the first surface of the strength
layer, the outer layer including a first conductor portion;

an inner layer disposed adjacent to the second surface of the strength
layer, the inner layer including a second conductor portion;

an outer jacket surrounding the strength layer assembly.

2. The fiber optic cable of claim 1, wherein the outer layer is formed from

conductive tape.

3. The fiber optic cable of claim 2, wherein the inner layer is formed from

conductive tape.

4. The fiber optic cable of claim 1, wherein the strength layer includes a first
longitudinal side and an oppositely disposed second longitudinal side, the strength
layer being arranged so that the first and second longitudinal sides overlap to form a

longitudinal bore.

5. The fiber optic cable of claim 4, wherein the optical fiber is disposed in the

longitudinal bore.

6. The fiber optic cable of claim 4, wherein the outer layer includes a first side
end that is generally parallel to and offset from the first longitudinal side of the
strength layer and a second side end that is generally parallel to and offset from the

second longitudinal side of the strength layer, the first side end being offset from the

-18-



WO 2012/112532 PCT/US2012/025027

10

15

20

25

30

first longitudinal side of the strength layer and the second side end being offset from

the second longitudinal side of the strength layer.

7. The fiber optic cable of claim 6, wherein the inner layer includes a first side
that is generally parallel to and offset from the first longitudinal side of the strength
layer and a second side that is generally parallel to and offset from the second
longitudinal side of the strength layer, the first side being offset from the first
longitudinal side of the strength layer and the second side being offset from the
second longitudinal side of the strength layer so that the outer and inner layers do

not contact when the first and second longitudinal sides are overlapped.

8. The fiber optic cable of claim 1, wherein the outer layer of the strength layer

assembly includes a non-conductive portion.

9. The fiber optic cable of claim 8, wherein the outer layer includes a first non-
conductive portion and a second non-conductive portion, the conductive portion

being disposed between the first and second non-conductive portions.

10.  The fiber optic cable of claim 9, wherein the inner layer includes a first non-
conductive portion and a second non-conductive portion, the conductive portion

being disposed between the first and second non-conductive portions.

11.  The fiber optic cable of claim 10, wherein the non-conductive portions of the
outer and inner layers overlap to prevent contact between the first and second
conductive portions when the first longitudinal side overlaps the second longitudinal

side.

12.  The fiber optic cable of claim 1, wherein the strength layer includes a first
axial end and an oppositely disposed second axial end, the first axial end being

rotationally offset from the first axial end.

13. A cable having a central axis, the cable comprising:

an optical fiber;
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a jacket surrounding the optical fiber; and

a strength layer positioned between the optical fiber and the jacket, the
strength layer including reinforcing sheet including a plurality of reinforcing fibers,
the reinforcing sheet extending around the central axis and having circumferential

overlap portions that circumferentially overlap one another by at least 90 degrees.

14.  The cable of claim 13, wherein circumferential overlap portions overlap one

another by at least 180 degrees.

15.  The cable of claim 13, wherein circumferential overlap portions overlap one

another by at least 270 degrees.

16.  The cable of claim 13, wherein circumferential overlap portions overlap one

another by at least 360 degrees.

17.  The cable of claim 13, wherein the optical fiber comprises a single coated

optical fiber having an outer diameter less than or equal to 300 microns.

18.  The cable of claim 17, wherein the jacket has an outer diameter less than 2

millimeters.

19.  The cable of claim 17, wherein the jacket has an outer diameter less than 1.5

millimeters.

20. The cable of claim 17, wherein the jacket has an outer diameter less than 1.4

millimeters.

21.  The cable of claim 17, wherein the jacket has an outer diameter less than 1.3

millimeters.

22.  The cable of claim 18, wherein no buffer layer is provided between the

reinforcing sheet and the single coated optical fiber.
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23.  The cable of claim 18, wherein single coated optical fiber is free to contact

the reinforcing sheet.

24.  The cable of claim 13, wherein the strength layer includes an inner side and
an outer side, and wherein the cable includes a first conductive strip attached to the
inner side and a second conductive strip attached to the outer side, the first and

second conductive strips having lengths that extend along a length of the cable.

25.  The cable of claim 24, wherein the first and second conductive strips

comprise conductive tapes.

26.  The cable of claim 24, wherein the first conductive strip has a transverse
cross-sectional shape having a curvature that conforms to a curvature of the inner
side of the reinforcing sheet, and wherein the second conductive strip has a
transverse cross-sectional shape having a curvature that conforms to a curvature of

the outer side of the reinforcing sheet.

27.  The cable of claim 24, wherein the first and second conductive strips include
conductive layers disposed on insulator layers, wherein the conductive layer of the
first conductive strip faces radially toward the central axis and the insulator layer of
the first conductive strip faces radially away from the central axis, and wherein the
conductive layer of the second conductive strip faces radially away from the central
axis and the insulator layer of the second conductive strip faces radially toward the

central axis.

28.  The cable of claim 27, wherein the first and second conductivevstrips are

adhesively attached to the reinforcing sheet.

29.  The cable of claim 24, wherein the first and second conductive strips are

configured to carry at least 10 watts of electrical power.

30.  The cable of claim 24, wherein the first and second conductive strips are

configured to carry at least 15 watts of electrical power.
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31.  The cable of claim 24, wherein the first and second conductive strips are

configured to carry from 10-30 watts of electrical power.

32.  The cable of claim 24, wherein a fiber optic connector is mounted at an end
of the cable, and wherein the first conductive strip is connected to ground and the

second conductive strip is connected to an electrical power source.

33.  The cable of claim 32, wherein the electrical power source provides at least

10 watts of electrical power.

34.  The cable of claim 32, wherein the electrical power source provides at least

15 watts of electrical power.

35.  The cable of claim 32, wherein the electrical power source provides 10-30

watts of electrical power.

36.  The cable of claim 13, wherein the reinforcing sheet include a binder

material that holds the reinforcing fibers in place relative to one another.

37. A cable having a central axis, the cable comprising:

an optical fiber;

a jacket surrounding the optical fiber;

a strength layer positioned between the optical fiber and the jacket, the
strength layer including reinforcing sheet including a plurality of reinforcing fibers,
the reinforcing sheet extending around the central axis to form a cylindrical shape,
the strength layer includes an inner side and an outer side; and

a first conductive strip attached to the inner side of the strength layer and a
second conductive strip attached to the outer side of the strength layer, the first and

second conductive strips having lengths that extend along a length of the cable.

38. The cable of claim 37, wherein the first and second conductive strips

comprise conductive tapes.
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39. The cable of claim 37, wherein the first conductive strip has a transverse
cross-sectional shape having a curvature that conforms to a curvature of the inner
side of the reinforcing sheet, and wherein the second conductive strip has a
transverse cross-sectional shape having a curvature that conforms to a curvature of

the outer side of the reinforcing sheet.

40.  The cable of claim 37, wherein the first and second conductive strips include
conductive layers disposed on insulator layers, wherein the conductive layer of the
first conductive strip faces radially toward the central axis and the insulator layer of
the first conductive strip faces radially away from the central axis, and wherein the
conductive layer of the second conductive strip faces radially away from the central
axis and the insulator layer of the second conductive strip faces radially toward the

central axis.

41. The cable of claim 40, wherein the first and second conductive strips are

adhesively attached to the reinforcing sheet.

42, The cable of claim 37, wherein the first and second conductive strips are

configured to carry at least 10 watts of electrical power.

43.  The cable of claim 37, wherein the first and second conductive strips are

configured to carry at least 15 watts of electrical power.

44,  The cable of claim 37, wherein the first and second conductive strips are

configured to carry from 10-30 watts of electrical power.

45, The cable of claim 37, wherein a fiber optic connector is mounted at an end
of the cable, and wherein the first conductive strip is connected to ground and the

second conductive strip is connected to an electrical power source.

46.  The cable of claim 45, wherein the electrical power source provides at least

10 watts of electrical power.
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47.  The cable of claim 45, wherein the electrical power source provides at least

15 watts of electrical power.

48.  The cable of claim 45, wherein the electrical power source provides 10-30

watts of electrical power.

49. A fiber optic cable comprising:

an optical fiber;

a strength layer assembly surrounding the optical fiber, the strength layer

assembly including:

a strength layer having a first longitudinal side, an oppositely
disposed second longitudinal side, a first surface that extends
between the first and second longitudinal sides and an
oppositely disposed second surface, the strength layer
including a binder and a plurality of reinforcing fibers
embedded within the binder, the strength layer being arranged
so that the first longitudinal side overlaps second longitudinal
side to form a longitudinal bore in which the optical fiber is
disposed;

an outer layer disposed adjacent to the first surface of the strength
layer, the outer layer having a first side end that is offset from
the first longitudinal side by a first offset distance and a
second side end that is offset from the second longitudinal
side by a second offset distance, the outer layer including a
conductive portion;

an inner layer disposed adjacent to the second surface of the strength
layer, the inner layer including a second conductive portion;

an outer jacket surrounding the strength layer assembly.

50.  The fiber optic cable of claim 49, wherein the inner layer includes a first side
that is offset from the first longitudinal side of the strength layer by a third offset

distance and a second side that is offset from the second longitudinal side of the
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strength layer by a fourth offset distance, the first, second, third and fourth offset
distances being sized so that the outer layer is separated from the inner layer with the

first and second longitudinal sides overlapping.

51.  The fiber optic cable of claim 49, wherein the outer layer is formed from

conductive tape.

52.  The fiber optic cable of claim 51, wherein the inner layer is formed from

conductive tape.
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