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(57) ABSTRACT

A fiber optic cable assembly includes first and second fiber
optic ribbons and a splice protector. The ribbons are spliced
together such that the corresponding spliced fibers at the
splice have a common lengthwise axis, widthwise axis
orthogonal to the lengthwise axis, and thickness axis
orthogonal to the lengthwise and widthwise axes. The splice
protector supports the ribbons that are spliced to one another
at the splice. The splice protector may include or even
consist essentially of an adhesive that provides a flexible
support for the splice. The splice protector may be at least
half as flexible when cured over the splice as the first and
second ribbons in bending about the widthwise axis.
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SPLICE PROTECTOR FOR FIBER OPTIC
RIBBONS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATION

This 1s a continuation of International Application No.
PCT/US2013/033477 filed Mar. 22, 2013, which claims the
benefit of priority of U.S. application Ser. No. 13/491,086
filed Jun. 7, 2012 and U.S. application Ser. No. 61/614,839
filed on Mar. 23, 2012, the content of each of which 1s relied
upon and incorporated herein by reference 1n its entirety.

BACKGROUND

Aspects of the present disclosure relate generally to splice
protectors for optical fiber splicing such as splicing of fiber
optic ribbons, where the splice protector surrounds and
supports the splice to provide structural reinforcement to the
area of the splice.

Splice protectors may be bulky and rigid, interfering with
the ability to wind a spliced fiber optic ribbon on a reel or
spool, or the ability to place the spliced ribbon 1n a narrow
cavity, such as the cavity of a furcation tube or fiber optic
distribution cable. A need exists for a splice protector that
may be applied to a splice of spliced optical fibers optic in
a time- and space-eflicient manner, while allowing the
spliced fibers at the splice to actively flex and bend, as may
facilitate placement of the spliced fibers 1 an actively
handled fiber optic assembly.

SUMMARY

One embodiment relates to a fiber optic cable assembly,
which includes first and second fiber optic ribbons and a
splice protector. The ribbons are spliced together such that
the ribbons at the splice have a common lengthwise axis,
widthwise axis orthogonal to the lengthwise axis, and thick-
ness axis orthogonal to the lengthwise and widthwise axes.
The splice protector supports the ribbons that are spliced to
one another at the splice. The splice protector may 1nclude
or even consist essentially of an adhesive that provides a
flexible support for the splice. The splice protector may be
at least half as flexible when cured over the splice as the first
and second ribbons 1n bending about the widthwise axis.

Additional features and advantages are set forth in the
Detailed Description that follows, and 1n part will be readily
apparent to those skilled 1n the art from the description or
recognized by practicing the embodiments as described in
the written description and claims hereof, as well as the
appended drawings. It 1s to be understood that both the
foregoing general description and the following Detailed
Description are merely exemplary, and are intended to
provide an overview or framework to understand the nature
and character of the claims.

BRIEF DESCRIPTION OF THE FIGURES

The accompanying Figures are included to provide a
turther understanding, and are incorporated 1n and constitute
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2

a part of this specification. The drawings illustrate one or
more embodiments, and together with the Detailed Descrip-

tion serve to explain principles and operations of the various
embodiments. As such, the disclosure will become more
tully understood from the following Detailed Description,
taken 1n conjunction with the accompanying Figures, in
which:

FIG. 1 1s a schematic view of a splice protector according,
to an exemplary embodiment.

FIG. 2 1s a digital image of a splice between two fiber
optic ribbons.

FIG. 3 1s a digital image of liquid UV-curable adhesive
being inserted over the spice of FIG. 2, surrounded by a
translucent mold according to an exemplary embodiment.

FIG. 4 1s a digital image of UV-curing of the adhesive of
FIG. 3 according to an exemplary embodiment.

FIG. 5 1s a digital image of the splice protector of FIGS.
4, following the curing, flexing about a mandrel according to
an exemplary embodiment.

FIG. 6 1s a digital image of the splice protector of FIGS.
4 flexing about the mandrel of FIG. § with the mold removed
according to an exemplary embodiment.

FIG. 7 1s another digital image of the splice protector of
FIGS. 6 flexing according to an exemplary embodiment.

FIG. 8 is a schematic view of a splice protector devoid of
a substrate according to an exemplary embodiment.

DETAILED DESCRIPTION

Betore turning to the following Detailed Description and
Figures, which illustrate exemplary embodiments 1n detail,
it should be understood that the present inventive and
innovative technology 1s not limited to the details or meth-
odology set forth 1n the Detailed Description or illustrated 1n
the Figures. For example, as will be understood by those of
ordinary skill 1n the art, features and attributes associated
with embodiments shown 1n one of the Figures or described
in the text relating to one of the embodiments may well be
applied to other embodiments shown in another of the
Figures or described elsewhere in the text.

Reterring to FIG. 1, a fiber optic 110 assembly includes
first and second fiber optic ribbons 112, 114 (side view),
cach including a plurality of optical fibers (see, e.g., fibers
216 as shown 1n FIG. 2), such as at least 2, at least 6, or at
least 12 optical fibers. According to an exemplary embodi-
ment, the optical fibers of the ribbons 112, 114 are coupled
to the other optical fibers of the respective ribbons 112, 114
in a substantially flat arrangement (e.g., planar) where the
optical fibers are aligned side-by-side with one another to
form the ribbons 112, 114.

According to an exemplary embodiment, the optical fibers
of the first nbbon 112 are fusion spliced with the optical
fibers of the second ribbon 114 such that the spliced ribbons
112, 114 at the splice 116 have a common lengthwise axis L,
widthwise axis W orthogonal to the lengthwise axis L, and
thickness axis T orthogonal to the lengthwise and widthwise
axes, L, W. A splice protector 118 supports the optical fibers
of the first and second fiber optic ribbons 112, 114 that are
spliced to one another at the splice 116. According to an
exemplary embodiment, the splice protector [116] /8
includes an ultra-violet light (UV-) curable adhesive 120 that
provides a tlexible support for the splice 116. The UV-
curable adhesive 120 encapsulates the spliced optical fibers
of the first and second ribbons 112, 114 and also provides
tensile strength to the splice 116.

In some embodiments, the splice protector 118 1s at least
half as flexible as either of the first and second ribbons 112,
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114 1n bending about the widthwise axis W (e.g., at least
60%, at least 75%), where tlexibility or stiflness corresponds
to the stiflness coetlicient (1.e., force applied over resulting
displacement) of the respectwe clement. For example, flex-
ibility may be observed with the moment required to bend
the splice protector 118 about the widthwise axis W and an
equal length of one of the ribbons 112, 114 1n a cantilever
arrangement by a vertical deflection of the free end that i1s
ten percent of the length. In some such embodiments, the
splice protector [116] /78 is at least as flexible as the first and
second ribbons 112, 114 1n bending about the widthwise axis
W.

Flexibility allows the splice protector 118 and splice 116
to bend and move with the spliced ribbons 112, 114 around
curved surfaces, such as a spool or reel for a corresponding
fiber optic cable or assembly that includes the spliced
ribbons 112, 114. Without sufhicient flexibility, the splice
protector 118 may pin or otherwise load the optical fibers of
the ribbons 112, 114, particularly at the lengthwise ends of
the spice protector 118, possibly leading to attenuation
and/or damaging the optical fibers. Accordingly, suflicient
flexibility of the splice protector 118 may reduce stress
concentrations, facilitating improved performance of the
optical fibers of the splice 116.

Various types of commercially-available UV-curable
adhesives are contemplated for use with splice protectors,
some of which have undergone testing by the Applicants.
Examples of UV-curable adhesives for the splice protector
118 include commercially-available UV-curable adhesives
manufactured by PENN COLOR and commercially-avail-
able UV-curable adhesives manufactured by LOCTITE.
More specifically, the PENN COLOR UV-curable adhesives
contemplated for use with splice protectors include material
numbers are 706, RP34, 518, and RS81 and the LOCTITE
UV-curable adhesives contemplated for use with splice
protectors include LOCTITE® 3974™ [IGHT CURE and
LOCTITE® 3106™ LIGHT CURE.

According to an exemplary embodiment, the cured UV-
curable adhesive 120 of the splice protector 118 has a
low-profile, such as having a thickness 1n the thickness axis
T that 1s less than 2 mm (e.g., less than 1 mm, less than 0.75
mm, less than 0.5 mm) thicker than either the first or second
fiber optic ribbons 112, 114 in the thickness axis T. Further-
more, 1n some embodiments the cured UV-curable adhesive
120 has a narrow-profile, having a width in the width axis W
that 1s less that 2 mm (e.g., less than 1 mm, less than 0.75
mm, less than 0.5 mm) wider than either the first or second
fiber optic ribbons 112, 114 1n the width axis W.

According to one example, a twelve-fiber fiber optic
ribbon 112, 114 has a width of about 3.1 mm and thickness
of about 0.3 mm. A corresponding twelve-fiber UV-curable
adhesive splice mold 122 (e.g., Tetlon) has a length of 30
mm, a width 01 3.9 mm, and a thickness of 1.25 mm, without
including a substrate 1n addition to the mold 122. In such an
example, the splice mold 122 defines the exterior of the
splice protector 118. In another example, a functional UV-
curable adhesive splice protector 118 for the twelve-fiber
ribbons 112, 114 has a length of 27 mm, a width as small as
3.3 mm, and a thickness as thin as 0.6 mm, not including a
substrate in addition to the mold 122.

A narrow and low-profile UV-curable adhesive splice
protector 118 allows the splice 116 to be iserted into a
correspondingly narrow structure, such as a furcation tube,
back into the jacket of a distribution cable, an overmold, or
another narrow supporting structure. The narrow structure
surrounding the splice 116 then allows for translation of the
associated fiber optic assembly within correspondingly nar-
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4

row ducts or other confined spaces, which may improve
installation of the associated fiber optic assembly in a data
center or elsewhere.

In some embodiments, the splice protector 118 of the fiber
optic assembly includes a substrate 124 to provide extra
strength to the splice 116. The substrate 124 may be inte-
grated or integral with the mold 122, or may be a separate
body 1n addition to the mold 122. Put another way, the mold
122 may serve as the substrate 1n addition to being the mold
122. In some embodiments, the splice protector 118 includes
a translucent, flexible substrate 124.

In other embodiments, the substrate 124 1s a thin poly-
meric material, such as Teflon, placed interior to the mold
122, between the mold 122 and the optical fiber. In some
embodiments, the splice protector 1s a thin, flexible glass
sheet (e.g., sheet of WILLOW™ glass manufactured by
CORNING INCORPORATED). In some such embodi-
ments, the thin, flexible glass sheet 1s less than 0.25 mm
thick, such as about 0.15 mm thick, and therefore does not
greatly increase the profile of the splice protector 118. The
sheet may or may not be flat.

In other embodiments, the splice protector 118 does not
include a substrate 124. The cured UV-curable adhesive 120
provides suflicient tensile strength for the splice 116. As
such, in some embodiments, the splice protector 118 1s
formed entirely from (e.g., consists of) UV-curable adhe-
sive. Omission of the substrate 124 significantly reduces the
maternals required for protecting the splice 116, saving costs
associated with the substrate 124 as well as manufacturing
time to prepare the substrate 124. Furthermore, using only
UV-curable adhesive 120 for the splice protector 118 pro-
vides increased reliability for the performance of the splice
protector 118 by removing variability associated with inter-
actions between different materials in the splice protector
118 and the specific fracture mechanics of the materials and
corresponding interface.

In contemplated embodiments, the splice protector 118
includes a matrix or binding agent other than a UV-curable
adhesive, such as an epoxy or other type of adhesive,
thermoplastic, tape, or other material that may still provide
the flexibility and profile characteristics disclosed herein.
However, such materials may not be as quick to cure, as
umiform, as eflicient to apply, or as flexible as UV-curable
adhesive. In at least some contemplated embodiments, a
flexible substrate 124, such as a flexible glass substrate, 1s
used to support a splice 116 and 1s bound to the splice 116
with a heat shrink, such that UV-curable adhesive 1s not
included.

Applicants note that methods and structures disclosed
herein may not perform in the same way for single-fibers as
with fiber optic ribbons. The ribbon profile allows for a
greater volume of adhesive to be used without greatly
increasing the profile of the splice protector about the splice,
as disclosed herein. Single fibers may require a greater ratio
ol adhesive to achieve suflicient support for protection of the
splice, which may decrease the flexibility of the spliced area
and/or 1ncrease the profile of the splice protector. However,
in contemplated embodiments, a UV-curable adhesive or
other adhesive, with molds and substrates as disclosed
herein, may be used to support the splice of single-fibers.

Referring now to FIGS. 2-7, a method of manufacturing
a liber optic assembly 210 includes a step of splicing {first
and second fiber optic ribbons 212, 214, as shown in FIG. 2.
As discussed above with regard to the embodiment of FIG.
1, the first and second fiber optic ribbons 212, 214 each
include a plurality of optical fibers 216 coupled in a sub-
stantially flat arrangement where the optical fibers 216 are
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aligned side-by-side with one another. The step of splicing
includes fusion splicing the optical fibers 216 of the first
ribbon 212 with the optical fibers 216 of the second ribbon
214 such that the spliced ribbons 212, 214 at the splice 218
(e.g., multi-fiber fusion splice) have common lengthwise,
widthwise, and thickness axes (see FIG. 1). During manu-
tacturing, the ribbon fibers 212, 214 may be placed into a
fixture that holds the fibers straight, as shown i FIG. 2.

Referring now to FIG. 3, the method of manufacturing a
fiber optic assembly 210 includes a step of coupling (e.g.,
contacting) a substrate 220 (e.g., Tetlon mold) with the first
and second fiber optic ribbons 212, 214, where the substrate
220 1s translucent and able to communicate ultra-violet light.
In some embodiments, the substrate 220 includes a flattened
sleeve that slides over one the first and second ribbons 212,
214 prior to the splicing step, and then slides over the splice
218 following the splicing step. In other contemplated
embodiments, an substrate, such as a sheet 1s used with or in
place of the substrate 220.

According to an exemplary embodiment, the method
turther 1ncludes applying a liquid, UV-curable adhesive
around the splice 218 and supported by the substrate 220. In
some embodiments, the method includes 1nserting a needle
222 coupled to a syringe 224 or other pump that supplies the
liguad UV-curable adhesive to the splice 218. The liquid
UV-curable adhesive then fills space around the splice 218.
For example, a Tetlon mold cavity 1s centered over the splice
218 and injected with UV adhesive matenal. In some
embodiments, a heat shrinkable tube surrounds the splice
218.

Referring to FI1G. 4, the method of manufacturing a fiber
optic assembly 210 includes directing light from an ultra-
violet light source 230 at the UV-curable adhesive 232
through the substrate 220 to cure the UV-curable adhesive
232. The ultra-violet light may reach the UV-curable adhe-
sive prior to and/or following transmission through the
substrate 220. A mirror or other reflector may be positioned
below the splice 218 to reflect the ultra-violet light back
toward the underside of the splice 218. The splice 218 may
also be flipped during curing. For example, the UV material
may be cured for approximately 30 sec on each side of the
splice.

According to an exemplary embodiment, the UV-curable
adhesive 232 encapsulates the splice 218 and, at least 1n part,
forms a splice protector 226. As shown 1n FIG. 5, the splice
protector formed with the mold 220 and UV-curable adhe-
sive 232 1s tlexible and may readily bend over a 1.25-1nch
mandrel 228 without damaging the splice 218 or splice
protector 226.

According to an exemplary embodiment, the method may
turther include a step of peeling the substrate 220 ofl of the
cured UV-curable adhesive 232, such that the splice protec-
tor 226 then does not include the substrate 220. Instead, the

splice protector 226, as shown in FIGS. 6-7, consists of

UV-curable adhesive 232 encapsulating the spliced optical
fibers 216. Removing the substrate may improve the flex-
ibility of the splice protector 226. Referring to FIGS. 6-7, the
splice protector 226 without the substrate or mold after UV
adhesive curing, readily bends over the 1.25-inch mandrel
228. Furthermore, the bend radius 1s not limited to 1.25
inches, as shown 1n FIG. 7.

FIG. 8 shows a fiber optic assembly 310 including a splice
protector 318 substantially identical to the splice protector
118 shown in FIG. 1, except the splice protector 318 is
devoid of a substrate. The fiber optic assembly 310 includes
first and second fiber optic vibbons 312, 314 each including
a plurality of optical fibers. The optical fibers of the first
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ribbon 312 arve fusion spliced with the optical fibers of the
second vibbon 314 at a splice 316, such that the spliced
ribbons 312, 314 at the splice 316 have a common length-
wise axis L, a widthwise axis W orthogonal to the lengthwise
axis L, and a thickness axis T orthogonal to both the
lengthwise axis L and the widthwise axis L. A splice pro-
tector 318 supports the optical fibers of the first and second
fiber optic ribbons 312, 314. According the certain embodi-
ments, the splice protector 318 includes an adhesive (e.g.,
UV-curable adhesive) 320 that encapsulates the spliced
optical fibers of the first and second ribbons 312, 314 and
also provides tensile strength to the splice 316.

According to an exemplary embodiment, the flexible
splice protectors disclosed herein may be used with different
fiber optic assemblies, including FlexNAP™ manufactured
by CORNING CABLE SYSTEMS LLC, or more-generally
in assemblies that operate 1n tight arcas where bending 1s
expected or uncontrolled. The low-profile and flexible
design of the splice protectors allow an operator to msert a
protected splice back inside a distribution cable, as 11 1t were
part of the internal structure of the cable. For example,
embodiments disclosed herein allow for placement of the
protected splice within the cavity of an RPX® distribution
cable manufactured by CORNING CABLE SYSTEMS
LLC.

According to an exemplary embodiment, the protected
splice 1s also able to flex within the RPX distribution cable
when operators 1nstall the cable around sheave wheels and
the like. For example, sheave wheel testing at 600-1bs load
with temperatures of -30° C. and 40° C., as per GR-3122
testing standards, have shown the protected splice to survive
at these extremes. As such, embodiments disclosed herein
enable a low-profile FlexNAP design using an RPX distri-
bution cable, allowing FlexNAP to fit in smaller ducts, and
thereby reducing costs to the customer. By way of example,
dimensions and structural details of fiber optic cables and
tether assemblies similar to FlexNAP and RPX ribbon cable
are disclosed 1n International Application PCT/US06/29716
filed Jul. 277, 2006, which 1s incorporated by reference herein
in its enfirety.

The construction and arrangements of the splice protector,
as shown 1n the various exemplary embodiments, are 1llus-
trative only. Although only a few embodiments have been
described in detail in this disclosure, many modifications are
possible (e.g., variations 1n sizes, dimensions, structures,
shapes, and proportions of the various elements, values of
parameters, mounting arrangements, use of materials, col-
ors, orientations, etc.) without materially departing from the
novel teachings and advantages of the subject matter
described herein. For example, UV adhesive could be sub-
stituted with other materials that are flexible, as well as the
Tetlon substrate/mold. Some elements shown as integrally
formed may be constructed of multiple parts or elements, the
position ol elements may be reversed or otherwise varied,
and the nature or number of discrete elements or positions
may be altered or varied. The order or sequence of any
process, logical algorithm, or method steps may be varied or
re-sequenced according to alternative embodiments. Other
substitutions, modifications, changes and omissions may
also be made in the design, operating conditions and
arrangement of the various exemplary embodiments without
departing from the scope of the present inventive and
innovative technology.

What 1s claimed 1s:

1. A fiber optic assembly, comprising:

first and second fiber optic ribbons, each comprising a

plurality of optical fibers coupled 1n an arrangement
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where the optical fibers are aligned side-by-side with
one another, wherein the optical fibers of the first
ribbon are spliced with the optical fibers of the second
ribbon such that the spliced ribbons at the splice have
a common lengthwise axis, widthwise axis orthogonal
to the lengthwise axis, and thickness axis orthogonal to
the lengthwise and widthwise axes; and

a splice protector supporting the optical fibers of the first

and second fiber optic ribbons that are spliced to one
another at the splice, wherein the splice protector
comprises an adhesive that provides a flexible support
for the splice, wherein the splice protector and the
splice are bendable avound curved surfaces about the
widthwise axis, and wherein the splice protector 1s at
least [half] 60% as flexible when cured over the splice
as the first and second ribbons in bending about the
widthwise axis[, and wherein the splice protector is at
least 60% as flexible as the first and second ribbons 1n
bending about the widthwise axis] at the splice.

2. The fiber optic assembly of claim 1, wherein the splice
protector has a low-profile, having a thickness in the thick-
ness axis that 1s less than 1 mm thicker than either the first
or second fiber optic ribbons in the thickness axis.

3. The fiber optic assembly of claim 2, wherein the splice
protector has a narrow-profile, having a width in the [width]
widthwise axis that is less [that] 2ar 1 mm wider than either
the first or second fiber optic ribbons in the [width] width-
wise axis.

4. The fiber optic assembly of claim 1, wherein the splice
protector 1s at least as tlexible as the first and second ribbons
in bending about the widthwise axis.

5. The fiber optic assembly of claim 1, wherein the splice
protector does not include a substrate.

6. The fiber optic assembly of claim 1, wherein the splice
protector consists of UV-curable adhesive.

7. A fiber optic assembly, comprising:

first and second fiber optic ribbons, each comprising a

plurality of optical fibers coupled 1n an arrangement
where the optical fibers are aligned side-by-side with
one another, wherein the optical fibers of the first
ribbon are spliced with the optical fibers of the second
ribbon such that the spliced ribbons at the splice have
a common lengthwise axis, widthwise axis orthogonal
to the lengthwise axis, and thickness axis orthogonal to
the lengthwise and widthwise axes; and

a splice protector supporting the optical fibers of the first

and second fiber optic ribbons that are spliced to one
another at the splice, wherein the splice protector
comprises an ultra-violet light (UV-) curable adhesive
facilitating a controlled profile for the splice protector;

wherein the splice protector has a low-profile, having a

thickness in the thickness axis that is less than [1] 0.75
mm thicker than either the first or second fiber optic
ribbons in the thickness axis; [and]

wherein the splice protector has a narrow-profile, having

a width in the [width] widthwise axis that is less [that]
than 1 mm wider than either the first or second fiber
optic ribbons in the [width] widthwise axis|, and
wherein the thickness of the splice protector 1s less than
0.75 mm thicker than either the first or second fiber
optic ribbons in the thickness axis]; and

whevrein the splice protector and the splice are bendable

around curved surfaces about the widthwise axis.

8. The fiber optic assembly of claim 7, wherein the
thickness of the splice protector 1s less than 0.5 mm thicker
than either the first or second fiber optic ribbons in the
thickness axis.
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9. The fiber optic assembly of claim 7, wherein the width
of the splice protector is less [that] #2an 0.75 mm wider than
either the first or second fiber optic ribbons in the [width]
widthwise axis.

10. The fiber optic assembly of claim 7, wherein the width
of the splice protector is less [that] #2an 0.5 mm wider than
either the first or second fiber optic ribbons in the [width]
widthwise axis.

11. The fiber optic assembly of claim 7, wherein the splice
protector does not include a substrate.

12. The fiber optic assembly of claim 11, wherein the
splice protector consists of UV-curable adhesive.

13. A fiber optic assembly, comprising:

first and second fiber optic ribbons, each comprising a
plurality of optical fibers coupled 1n an arrangement
where the optical fibers are aligned side-by-side with
one another, wherein the optical fibers of the first
ribbon are spliced with the optical fibers of the second
ribbon such that the spliced ribbons at the splice have
a common lengthwise axis, widthwise axis orthogonal
to the lengthwise axis, and thickness axis orthogonal to
the lengthwise and widthwise axes; and

a splice protector supporting the optical fibers of the first
and second fiber optic ribbons that are spliced to one
another at the splice,

wherein the splice protector consists essentially of an
adhesive that provides a flexible support for the splice,
wherein the splice protector and the splice arve bend-
able around curved surfaces about the widthwise axis,
and

wherein the splice protector 1s at least 60% as flexible as
the first and second ribbons 1n bending about the
widthwise axis at the splice.

14. The fiber optic assembly of claim 13, wherein the

splice protector consists of the adhesive.

15. The fiber optic assembly of claim 14, wherein the
adhesive 1s an ultra-violet light (UV-) curable adhesive.

16. The fiber optic assembly of claim 13, wherein the
splice protector has a low-profile, having a thickness 1n the
thickness axis that 1s less than 1 mm thicker than either the
first or second [optical fibers] fiber optic ribbons in the
thickness axis.

17. The fiber optic assembly of claim 13, wherein the
splice protector has a narrow-profile, having a width in the
[width] widthwise axis that is less [that] zkan 1 mm wider
than either the first or second [optical fibers] fiber optic
ribbons in the [width] widthwise axis.

18. The fiber optic assembly of claim 1, further compris-
ing.

a fiber optic cable comprising the first and second fiber
optic rvibbons, wherein the fiber optic cable includes a
Jacket surrounding the splice protector.

19. The fiber optic assembly of claim 7, further compris-

ing.

a fiber optic cable comprising the first and second fiber
optic ribbons, wherein the fiber optic cable includes a
Jacket surrounding the splice protector

20. A fiber optic assembly, comprising:

first and second fiber optic vibbons, each comprising a
plurality of optical fibers coupled in an arrangement
whevre the optical fibers arve aligned side-by-side with
one another, whevein the plurality of optical fibers of
the first fiber optic vibbon ave joined to the plurality of
optical fibers of the second fiber optic ribbon by a
fusion splice such that the spliced first and second fiber
optic rvibbons have a common lengthwise axis in a
region of the fusion splice, a common widthwise axis
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orthogonal to the lengthwise axis at the fusion splice,
and a common thickness axis orthogonal to the length-
wise and widthwise axes at the fusion splice; and

a splice protector comprising a solid thermoplastic mate-
rial encapsulating the fusion splice and providing a

flexible support for the pluralities of optical fibers of

the first and second fiber optic vibbons at the fusion

splice, wherein the splice protector and the fusion

splice arve bendable arvound curved surfaces about the
widthwise axis, and whevein the splice protector com-

prises at least one of the following features (i) to (iii):

(i) the splice protector has a low-profile, having a
thickness along the thickness axis that is less than
0.75 mm thicker than either the first fiber optic
ribbon or the second fiber optic ribbon along the
thickness axis;

(ii) the splice protector has a narrow-profile, having a
width along the widthwise axis that is less than 1 mm
thicker than either the first fiber optic ribbon or the
second fiber optic vibbon along the widthwise axis;
oF

(iii) the splice protector is bendable to conform to a
surface of a 1.25 inch mandrel.

21. The fiber optic assembly of claim 20, wherein the
splice protector has a low-profile, having a thickness along
the thickness axis that is less than 0.75 mm thicker than
either the first fiber optic ribbon or the second fiber optic
ribbon along the thickness axis.

22. The fiber optic assembly of claim 20, wherein the
splice protector has a narrow-profile, having a width along
the widthwise axis that is less than 1 mm thicker than either
the first fiber optic vibbon or the second fiber optic ribbon
along the widthwise axis.

23. The fiber optic assembly of claim 20, wherein the
splice protector is bendable to conform to a surface of a 1.25
inch mandrel.

24. The fiber optic assembly of claim 20, wherein the
splice protector is at least 60% as flexible as the first and
second fiber optic vibbons in bending about the widthwise
axis.

25. The fiber optic assembly of claim 20, wherein the
splice protector is devoid of a substrate configured to
provide extra strength to the fusion splice.

26. The fiber optic assembly of claim 20, comprising at
least one of the following features (a) or (b): (a) the splice
protector has a thickness along the thickness axis that is less
than 0.5 mm thicker than either the first fiber optic ribbon or
the second fiber optic vibbon along the thickness axis, or (b)
the splice protector has a width along the widthwise axis
that is less than 0.5 mm wider than either the first fiber optic
ribbon or the second fiber optic ribbon along the widthwise
axis.

27. The fiber optic assembly of claim 20, wherein the
splice protector is devoid of a heat shrinkable tube sur-
rounding at least a portion of the fusion splice.

28. A fiber optic assembly, comprising:

first and second fiber optic ribbons each comprising a

plurality of optical fibers coupled in an arrangement

where the optical fibers are aligned side-by-side with
one another, wherein the optical fibers of the first
ribbon are spliced with the optical fibers of the second
ribbon by a fusion splice such that the spliced ribbons
at a rvegion of the fusion splice have a common length-
wise axis, have a common widthwise axis orthogonal to
the lengthwise axis, and ave substantially arranged in
a common plane; and

10

a splice protector comsisting essentially of a solid ther-
moplastic material encapsulating and providing a flex-
ible support for the first and second fiber optic vibbons
at the fusion splice;

5 wherein the splice protector and the fusion splice are
bendable around curved surfaces about the widthwise
axis, and

wherein the splice protector is devoid of a substrate
defining a cavity containing the solid thermoplastic
material.

29. The fiber optic assembly of claim 28, wherein the
splice protector is further devoid of any substrate configured
to provide extra strength to the fiber optic assembly at the
fusion splice.

30. The fiber optic assembly of claim 28, wherein the
splice protector is devoid of a heat shrinkable tube sur-
rounding at least a portion of the fusion splice.

31. The fiber optic assembly of claim 28, wherein the
splice protector has a width along the widthwise axis that is
less than 1 mm wider than either the first fiber optic ribbon
or the second fiber optic vibbon along the widthwise axis.

32. The fiber optic assembly of claim 28, wherein the
splice protector has a width along the widthwise axis that is
at least 0.5 mm greater than either the first fiber optic ribbon
or the second fiber optic vibbon along the widthwise axis.

33. The fiber optic assembly of claim 28, further com-
prising:

a fiber optic cable comprising the first and second fiber
optic ribbons, wherein the fiber optic cable includes a
Jacket surrounding the splice protector.

34. The fiber optic assembly of claim 28, wherein:

the plurality of optical fibers of the first fiber optic ribbon
includes fiber optic segments extending from a vibbon-
ized portion of the first fiber optic vibbon;

the plurality of optical fibers of the second fiber optic
ribbon includes fiber optic segments extending from a
ribbonized portion of the second fiber optic vibbon,; and

the thermoplastic material of the splice protector encap-
sulates an end of the vibbonized portion of the first fiber
optic ribbon and an end of the ribbonized portion of the
second fiber optic vibbon.

35. The fiber optic assembly of claim 28, wherein:

the first and second fiber optic ribbons have a common
thickness axis orthogonal to the lengthwise and width-
wise axes at the fusion splice; and

the splice protector has a low-profile, having a thickness
in the thickness axis that is less than 0.75 mm thicker
than either the first or second fiber optic vibbons in the
thickness axis.

36. The fiber optic assembly of claim 28, wherein the
splice protector has a narvow-profile, having a width in the
widthwise axis that is less than 1 mm wider than either the
first or second fiber optic ribbons in the widthwise axis.

37. The fiber optic assembly of claim 36, wherein:

the first and second fiber optic vibbons have a common
thickness axis orthogonal to the lengthwise and width-
wise axes at the fusion splice; and

the splice protector has a low-profile, having a thickness
in the thickness axis that is less than 0.75 mm thicker
than either the first or second fiber optic vibbons in the
thickness axis.

38. A fiber optic assembly, comprising:

first and second fiber optic vibbons each comprising a
plurality of optical fibers coupled in an arrangement
whevre the optical fibers ave aligned side-by-side with
one another, wherein the optical fibers of the first
ribbon are spliced with the optical fibers of the second
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ribbon by a fusion splice such that the spliced vibbons the plurality of optical fibers of the second fiber optic
at a region of the fusion splice have a common length- ribbon includes fiber optic segments extending from a
wise axis and have a common widthwise axis orthogo- ribbonized portion of the second fiber optic vibbon,; and

nal to the lengthwise axis; and
a splice protector conmsisting essentially of a solid ther- 5
moplastic material encapsulating and providing a flex-

the thermoplastic material of the splice protector encap-
sulates an end of the vibbonized portion of the first fiber

ible support for the first and second fiber optic ribbons optic vibbon and an end of the ribbonized portion of the
at the fusion splice; second fiber optic ribbon.

wherein the splice protector and the fusion splice are 42. The fiber optic assembly of claim 38, further com-

bendable to comform to a surface of a 1.25 inch 0 prising:

mandrel; and a fiber optic cable comprising the first and second fiber
wherein the splice protector is devoid of a substrate optic ribbons, wherein the fiber optic cable includes a

defining a cavity containing the solid thermoplastic jacket surrounding the splice protector

material. 43. The fiber optic assembly of claim 38, wherein the

39. The fiber optic assembly of claim 38, wherein the s splice protector has a maximum dimension along the width-
splice protector is further devoid of any substrate configured

to provide extra strength to the fiber optic assembly at the
fusion splice.

40. The fiber optic assembly of claim 38, wherein the
splice protector is devoid of a heat shrinkable tube sur-
rounding at least a portion of the fusion splice.

41. The fiber optic assembly of claim 38, wherein:

the plurality of optical fibers of the first fiber optic ribbon

includes fiber optic segments extending from a ribbon-
ized portion of the first fiber optic rvibbon; S I

wise axis that is less than 1 mm greater than a maximum

dimension of either the first fiber optic ribbon or the second
fiber optic vibbon along the widthwise axis.

44. The fiber optic assembly of claim 38, wherein the

20 splice protector has a maximum dimension along the width-

wise axis that is at least 0.5 mm greater than a maximum

dimension of either the first fiber optic ribbon or the second
fiber optic vibbon along the widthwise axis.
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