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AN OPTICAL FIBER CURING COMPONENT

[0001] This application claims the benefit of priority to U.S. Provisional Application Serial No.
62/722,344 filed on August 24, 2018, the content of which is relied upon and incorporated herein
by reference in its entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure generally relates to methods and apparatuses for curing coatings, and

more specifically to methods and apparatuses for curing coatings positioned on optical fibers.

BACKGROUND
[0003] Conventional optical fiber technology utilizes the application of ultraviolet curable
coatings for bend and damage resistance. The ultraviolet light for curing the coatings is often
supplied by mercury discharge lamps which typically emit a broad spectrum of ultraviolet light

and have low efficiency.

SUMMARY OF THE DISCLOSURE

[0004] According to at least one feature of the present disclosure, an optical fiber curing
component includes a tube having a body defining an interior surface and an exterior surface.
The tube defines a first aperture and a second aperture on opposite ends of a cavity. The tube
defines a central axis extending through the cavity. A plurality of light sources is coupled to the
body of the tube and configured to emit light toward the central axis of the tube. Each of the light
sources intersect a common plane defined perpendicular to the central axis of the tube. A
reflective coating is positioned on the interior surface of the body and configured to reflect the
light toward the central axis of the tube.

[0005] According to another feature of the present disclosure, a method of coating an optical
fiber: applying a curable composition on a moving optical fiber; passing the optical fiber and the
curable composition along a central axis of a substantially circular curing component comprising
a plurality of light sources positioned around a perimeter of the curing component, wherein each

of the light sources intersect a common plane defined perpendicular to the central axis; emitting



WO 2020/041033 PCT/US2019/046265

light from the plurality of light sources toward the central axis of the curing component; and
curing the curable composition into a coating using the light.

[0006] According to another feature of the present disclosure, a method of coating an optical
fiber includes: applying a curable composition to a moving optical fiber, wherein the optical
fiber is moving at a speed of from about 30 m/s to about 100 m/s; applying a curable ink
composition over the curable composition on the optical fiber; passing the optical fiber through a
central axis of a curing component comprising a plurality of light sources positioned
circumferentially around the component; emitting ultraviolet light from the plurality of light
sources toward the central axis of the tube, wherein the ultraviolet light has an intensity of from
about 48 W/cm’ to about 384 W/cm? as measured at the central axis; and curing the curable ink
composition and the curable composition with the ultraviolet light simultaneously.

[0007] These and other features, advantages, and objects of the present disclosure will be further
understood and appreciated by those skilled in the art by reference to the following specification,

claims, and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The following is a description of the figures in the accompanying drawings. The figures
are not necessarily to scale, and certain features and certain views of the figures may be shown
exaggerated in scale or in schematic in the interest of clarity and conciseness.

[0009] In the drawings:

[0010] FIG. 1A is a schematic depiction of a fiber draw system, according to at least one
example;

[0011] FIG. 1B is a cross-sectional view taken at line IB-IB of FIG. 1A, according to at least one
example;

[0012] FIG. 2A is a perspective view of a coating section of the fiber draw system, according to

at least one example;

[0013] FIG. 2B is a top view of an optical fiber curing component, according to at least one
example;

[0014] FIG. 3 is a flowchart of a method, according to at least one example; and

[0015] FIGS. 4A-4H are graphs of degree cure vs distance of exposure to ultraviolet light for a

variety of draw speeds and light intensities.
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DETAILED DESCRIPTION

[0016] Additional features and advantages of the disclosure will be set forth in the detailed
description which follows and will be apparent to those skilled in the art from the description, or
recognized by practicing the disclosure as described in the following description, together with
the claims and appended drawings.

[0017] As used herein, the term “and/or,” when used in a list of two or more items, means that
any one of the listed items can be employed by itself, or any combination of two or more of the
listed items can be employed. For example, if a composition is described as containing
components A, B, and/or C, the composition can contain A alone; B alone; C alone; A and B in
combination; A and C in combination; B and C in combination; or A, B, and C in combination.

[0018] In this document, relational terms, such as first and second, top and bottom, and the like,
are used solely to distinguish one entity or action from another entity or action, without
necessarily requiring or implying any actual such relationship or order between such entities or
actions.

[0019] It will be understood by one having ordinary skill in the art that construction of the
described disclosure, and other components, is not limited to any specific material. Other
exemplary embodiments of the disclosure disclosed herein may be formed from a wide variety of
materials, unless described otherwise herein.,

[0020] For purposes of this disclosure, the term "coupled” (in all of its forms: couple, coupling,
coupled, etc.) generally means the joining of two components (electrical or mechanical) directly
or indirectly to one another. Such joining may be stationary in nature or movable in nature. Such
joining may be achieved with the two components (electrical or mechanical) and any additional
intermediate members being integrally formed as a single unitary body with one another or with
the two components. Such joining may be permanent in nature, or may be transient, removable
or releasable in nature, unless otherwise stated.

[0021] As used herein, the term “about” means that amounts, sizes, formulations, parameters,
and other quantities and characteristics are not and need not be exact, but may be approximate
and/or larger or smaller, as desired, reflecting tolerances, conversion factors, rounding off,
measurement error and the like, and other factors known to those of skill in the art. When the

term “about” is used in describing a value or an end-point of a range, the disclosure should be
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understood to include the specific value or end-point referred to. Whether or not a numerical
value or end-point of a range in the specification recites “about,” the numerical value or end-
point of a range is intended to include two embodiments: one modified by “about,” and one not
modified by “about.” It will be further understood that the end-points of each of the ranges are
significant both in relation to the other end-point, and independently of the other end-point.

[0022] The terms “substantial,” “substantially,” and variations thercof as used herein are
intended to note that a described feature is equal or approximately equal to a value or
description. For example, a “substantially planar” surface is intended to denote a surface that is
planar or approximately planar. Moreover, “substantially” is intended to denote that two values
are equal or approximately equal. In some embodiments, “substantially” may denote values
within about 10% of each other.

[0023] It is also important to note that the construction and arrangement of the elements of the
disclosure, as shown in the exemplary embodiments, is illustrative only. Although only a few
embodiments of the present innovations have been described in detail in this disclosure, those
skilled in the art who review this disclosure will readily appreciate that many modifications are
possible (e.g., variations in sizes, dimensions, structures, shapes and proportions of the various
clements, values of parameters, mounting arrangements, use of materials, colors, orientations,
etc.) without materially departing from the novel and nonobvious teachings and advantages of
the subject matter recited. For example, elements shown as integrally formed may be constructed
of multiple parts, or elements shown as multiple parts may be integrally formed, the operation of
the interfaces may be reversed or otherwise varied, the length or width of the structures, and/or
members, or connectors, or other elements of the system, may be varied, and the nature or
number of adjustment positions provided between the elements may be varied. It should be noted
that the elements and/or assemblies of the system may be constructed from any of a wide variety
of materials that provide sufficient strength or durability, in any of a wide variety of colors,
textures, and combinations. Accordingly, all such modifications are intended to be included
within the scope of the present innovations. Other substitutions, modifications, changes, and
omissions may be made in the design, operating conditions, and arrangement of the desired and
other exemplary embodiments without departing from the spirit of the present innovations.

[0024] Referring now to FIGS. 1A and 1B, an optical fiber production system 10 is generally

shown. The optical fiber production system 10 includes a furnace 14 that may be heated to a
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temperature of about 2,100°C. A glass optical fiber preform 18 is placed in the furnace 14 and
an optical fiber 22 is drawn therefrom. The glass optical fiber preform 18 may be constructed of
any glass or material and may be doped. Once the optical fiber 22 is drawn from the glass
optical fiber preform 18, the optical fiber 22 may be cooled in a slow-cooling treatment device
26. Although referred to herein as a slow-cooling treatment device 26, it will be understood that
the slow-cooling treatment device 26 may also be known as a muffle or lower extended muffle.
The slow-cooling treatment device 26 is shown integrally coupled to the exit of the furnace 14,
but it will be understood that the slow-cooling treatment device 26 could be distanced from the
furnace 14 or connected to the furnace 14 in another manner.

[0025] The slow-cooling treatment device 26 is configured to cool the optical fiber 22 at a rate
that is slower than the cooling rate of the optical fiber 22 in air at 25°C and a pressure of 1 atm.
The slow-cooling treatment device 26 may be connected to the output of furnace 14 such that the
optical fiber 22 enters the slow-cooling treatment device 26 at a temperature of from about
1,600° C to about 2,100° C and exits the slow-cooling treatment device 26 through an exit orifice
30 at a temperature of about 500° C or greater. The optical fiber 22 may pass through room
temperature air and/or one or more other components (e.g., fiber centering devices, micrometers,
diagnostic devices, etc.) for a sufficient distance to cool the optical fiber 22. After sufficient
cooling, the optical fiber 22 is then subjected to a coating section 34 of the system 10 where one
or more coatings are applied to the optical fiber 22 and cured. As will be explained in greater
detail below, the coating section 34 may include a plurality of components to provide the one or
more coatings on the optical fiber 22. After leaving the coating section 34, the optical fiber 22
with the coatings can pass through a variety of processing stages within the optical fiber
production system 10 such as tractors or rollers 38 and onto a fiber storage spool 42. One of the
rollers 38 may be used to provide the necessary tension on the optical fiber 22 as it is drawn
through the entire system and eventually wound onto the storage spool 42. The optical fiber 22
may be drawn at a rate of about 40 m/s, or about 50 m/s, or about 60 m/s, or about 70 m/s, or
about 80 m/s, or about 90 nv/s, or about 100 mv/s, or about 110 m/s or any and all values and
ranges therebetween.

[0026] The optical fiber 22, including the coatings applied by the coating section 34, is a layered
structure. The optical fiber 22 includes a core 50 at its center and a cladding 54 surrounding the

core 50. The core 50 and the cladding 54 may be composed of one or more glasses. According to
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various examples, the core 50 and the cladding 54 have different refractive indices than one
another such that the optical fiber 22 is an electromagnetic waveguide. Positioned on an exterior
surface of the cladding 54 is a primary coating 58. Positioned on the primary coating 58 is a
secondary coating 62. Positioned on the secondary coating 62 may be an optional ink layer 66.
The functions of the primary coating 58 and the secondary coating 62 are generally to protect the
optical fiber 22 from mechanical damage and to preserve the ability of the optical fiber 22 to
transport light. The function of the ink layer 66 is generally to provide a translucent or opaque
colored coating to the optical fiber 22, which provides a manner of identifying the fiber 22 (e.g.,
in ribbon cable examples).

[0027] The primary coating 58 is applied directly to the exterior surface of the cladding 54. The
primary coating 58 may be a soft (e.g., low modulus) coating which dissipates forces that reach
the interior of the coated fiber 22 and prevents the forces from being transferred to the core 50
and/or cladding 54. The primary coating 58 may be advantageous in dissipating stresses that
arise when the optical fiber 22 is bent. The primary coating 58 may have a thickness (i.c., in the
cured and/or uncured state) of about 20 um, about 30 um, or about 40 um, or about 44 um, or
about 48 um, or about 52 pum, or about 56 pm, or about 60 pm, or about 64 pm, or about 65 um,
or about 66 um, or about 68 um, or about 72 pum, or about 76 pum, or about 80 um or any and all
values and ranges between these values.

[0028] The primary coating 58 may be the cured product of a primary curable composition (e.g.,
a first curable composition) which is applied to the cladding 54 of the optical fiber 22. The
primary curable composition may include an oligomer and at least one monomer. The primary
curable composition used in forming the primary coating 58 may also include photoinitiators,
antioxidants, and/or other additives. According to various examples, the oligomer and
monomer(s) of the primary curable composition are (meth)acrylate-based, where the term
“(meth)acrylate” means acrylate, methacrylate, or combinations thereof. The oligomer may be,
for example, a urethane (meth)acrylate oligomer, but it will be understood that other oligomers
such as epoxy, vinyl ether, and thiolene, may be used without departing from the teachings
provided herein. One group of suitable monomers for use in the monomer component includes
alkoxylated (meth)acrylates, ethoxylated (meth)acrylates, ethoxylated alkylphenol

mono(meth)acrylates, propylene oxide (meth)acrylates, n-propylene oxide (meth)acrylates, iso-
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propylene oxide (meth)acrylates, monofunctional (meth)acrylates, multifunctional
(meth)acrylates, and combinations thereof.

[0029] The total oligomer content of the primary curable composition may be between about 5
wt % and about 95 wt %, or from about 25 wt % and about 75 wt %, or from about 40 wt % and
about 60 wt %. As used herein, the weight percent of a particular component refers to the amount
introduced into the bulk composition excluding an adhesion promoter and other additives. The
monomer component of the primary curable composition is generally selected to be compatible
with the oligomer, to provide a low viscosity formulation, to increase the refractive index of the
primary coating 58, and/or to confer a desirable degree of hydrophilicity on the cured polymeric
material of the primary coating 58. The monomeric component may be present in the primary
curable composition in an amount of from about 5 wt% to about 95 wt%, or from about 5 wt% to
about 60 wt%, or from about 20 wt% to about 50 wt%.

[0030] The secondary coating 62 may be the cured product of a secondary curable composition
(e.g., a second curable composition) which has been polymerized (i.c., cured). The secondary
curable composition may contain urethane acrylate compounds whose molecules become cross-
linked when polymerized. The secondary coating 62 is applied over the primary coating 58 and
is typically a high modulus material that functions as a tough layer to protect the optical fiber 22
from environmental exposure and mechanical damage. The secondary coating 62 may have a
thickness (i.¢., in the cured and/or uncured state) of about 10 pm, or about 12 um, or about 14
pum, or about 16 pm, or about 18 um, or about 20 um, or about 22 pm, or about 24 pm, or about
26 um, or about 28 um, or about 30 um, or about 32 um, or about 34 um or any and all values
and ranges between these values.

[0031] Although depicted as a distinct layer positioned on the secondary coating 62 in FIG. 1B,
the ink layer 66 may be positioned directly on the primary coating 58. The ink layer 66 is the
cured product of a curable ink composition (e.g. a third curable composition). The curable ink
composition may include one or more curable monomers, one or more curable oligomers, one or
more pigments, one or more optical brighteners and/or other constituents, such as the additives
noted above. The one or more pigments may be present in the curable ink composition in an
amount in the range from about 0.5 wt % to about 20 wt %, or in the range from about 1 wt% to
about 15 wt%, or in the range from about 2 wt% to about 10 wt%. The one or more optical

brighteners may be present in the curable ink composition in an amount in the range from about
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0.5 wt% to about 20 wt%, or in the range from about 1 wt% to about 15 wt%, or in the range
from about 2 wt% to about 10 wt%. The curable ink composition may also include up to 25 wt%
of dispersant to promote a more uniform, less aggregated distribution of the pigment. The ink
layer 66 may have a thickness (i.e., in the cured and/or uncured state) of about 0.5 pm, or about
1.0 um, or about 1.5 um, or about 2.0 pm, or about 2.5 um, or about 3.0 pm, or about 3.5 pm, or
about 4.0 um, or about 4.5 pm, or about 5.0 pm, or about 5.5 pm, or about 6.0 um, or about 6.5
pm, or about 7.0 um, or about 7.5 pm or about 8.0 pm or any and all values and ranges between
these values.

[0032] The primary curable composition, the secondary curable composition and/or the curable
ink composition may also include a photoinitiator. The photoinitiator may initiate curing of the
different compositions upon exposure to ultraviolet radiation. Suitable photoinitiators for the
curable compositions include 1-hydroxycyclohexylphenyl ketone, bis(2,6-dimethoxybenzoyl)-
2,4,4-trimethylpentylphosphine oxide, 2,2-dimethoxy-2-phenylacetophenone, bis(2,4,6-
trimethylbenzoyl)-phenylphosphine oxide, (2,4,6-trimethylbenzoyl)diphenyl phosphine oxide,
ethoxy(2,4,6-trimethylbenzoyl)-phenylphosphine oxide, other photoinitiators and/or
combinations thereof. The photoinitiator may be present in the primary curable composition, the
secondary curable composition and/or the curable ink composition in an amount from about 0.50
wt% to about 5.0 wt%, or from about 1.0 wt% to about 3.0 wt%. In other terms, the primary
curable composition, the secondary curable composition and/or the curable ink composition may
include the photoinitiator at a concentration of from about 0.010 mol/L to about 0.060 mol/L, or
from about 0.010 mol/L to about 0.050 mol/L, 0.010 mol/L to about 0.043 mol/L, or from about
0.010 mol/L to about 0.035 mol/L.

[0033] Referring now to FIGS. 2A and 2B, the coating section 34 of the optical fiber production
system 10 may include one or more coating units 80 and one or more optical fiber curing
components 84 through which the optical fiber 22 passes. The coating units 80 are configured to
apply one or more of the primary curable composition, the secondary curable composition and/or
the curable ink composition to the optical fiber 22. The coating unit(s) 80 operate by passing the
optical fiber 22 through a coating die that confines a coating liquid (e.g., the primary curable
composition, the secondary curable composition and/or the curable ink composition) around the
optical fiber 22 such that the coating liquid is applied to the most exterior surface available of the

optical fiber 22. The coating unit(s) 80 may operate in a “wet-on-dry” mode and/or in a “wet-on-
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wet” mode. In the wet-on-dry mode, the coating unit 80 applies one of the primary curable
composition, the secondary curable composition and/or the curable ink composition to a dry or
already cured surface. For example, a first coating unit 80 may apply the primary curable
composition to the exterior surface of the cladding 54 of the optical fiber 22 and then cure the
primary curable composition to form the primary coating 58 on the optical fiber 22 using the
curing component 84. The process would then be repeated for the subsequent layers (e.g. the
secondary coating 62 and/or the ink layer 66) by passing the optical fiber 22 through a second
coating unit 80 and a second curing component 84. In the wet-on-wet mode of operation, the
coating unit 80 may be configured to apply multiple successive curable compositions to the
optical fiber 22 prior to any curing by the curing component 84. For example, the coating unit 80
may apply the secondary curable composition onto the primary curable composition before
curing the primary curable composition, or the curable ink composition onto the secondary
curable composition before curing the primary curable composition and/or the secondary curable
composition. Following the wet-on-wet application, the optical fiber 22 may be passed through
the curing component 84 which may simultancously cure the compositions on the optical fiber
22. Such a feature may be advantageous in decreasing the number of coating units 80 and curing
components 84 utilized in the optical fiber production system 10. It will be understood that
regardless of the mode of operation, the coating unit 80 may apply less than a full thickness of
any one of the primary curable composition, secondary curable composition and/or curable ink
composition such that the optical fiber 22 may be passed through more than one coating unit 80
and/or curing component 84 to produce the primary coating 58, the secondary coating 62 and/or
the ink layer 66.

[0034] The curing component 84 is positioned downstream of the coating unit 80. In other
words, the optical fiber 22 exits the coating unit 80 and subsequently passes into the curing
component 84. The curing component 84 may be connected to the coating unit 80 or may be
positioned at some distance therefrom. The curing component 84 is configured to provide one or
more forms of energy to cure (polymerize) the primary curable composition, the secondary
curable composition and/or the curable ink composition on the optical fiber 22. The curing
component 84 includes a tube 88 with a body 92 defining an interior surface 96 and an exterior
surface 100. The tube 88 defines a first aperture 104 and a second aperture 108 on opposite ends
of a cavity 112. The tube 88 defines a central axis 116 extending through the cavity 112. The
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optical fiber 22 generally follows the central axis 116 of the tube 88 while the optical fiber 22
passes through the curing component 84. The curing component 84 further includes a plurality of
light sources 120 coupled to the body 92 of the tube 88 and configured to emit light 122 toward
the central axis 116 of the tube 88. A reflective coating 124 is positioned on the interior surface
96 of the body 92 and configured to reflect the light 122. According to various examples, the
curing component 84 may include a second plurality of light sources 130 positioned downstream
(i.e. in the direction in which optical fiber 22 is drawn) or below the plurality of light sources
120. The second plurality of light sources 130 is positioned to emit the light 122 toward the
central axis 116 of the tube 88 in a substantially similar manner to the plurality of light sources
120.

[0035] The interior surface 96 and/or the exterior surface 100 of the body 92 of the tube 88 may
have a cross-sectional shape which is substantially circular, oblong, oval, triangular, square,
rectangular, pentagonal or other higher order polygons. According to various examples, the
interior surface 96 of the tube 88 may have a different cross-sectional shape than the exterior
surface 100. The tube 88 may have a length (i.c., as measured from the first aperture 104 to the
second aperture 108) of about 50 cm, or about 100 cm, or about 150 cm, or about 200 cm, or
about 250 cm, or about 300 cm, or about 350 c¢cm, or about 400 cm, or about 450 cm, or about
500 cm, or about 550 cm, or about 600 cm, or about 650 cm, or about 700 cm, or about 750 cm,
or about 800 cm, or about 850 cm, or about 900 cm, or about 950 cm, or about 1000 cm, or any
and all values and ranges between these values. For example, the tube 88 may have a length of
from about 50 cm to about 1000 cm or from about 100 cm to about 800, or from about 100 cm to
about 700 cm, or from about 100 cm to about 600 cm, or from about 100 cm to about 500 cm, or
from about 100 cm to about 400 cm.

[0036] As explained above, the interior surface 96 of the body 92 of the tube 88 may include one
or more reflective coatings 124. The reflective coating 124 may include a metalized foil or other
reflective material applied to the interior surface 96 of the body 92. The reflective coating 124
may be a continuous structure or may be discontinuous around the interior surface 96. The
reflective coating 124 may have a smooth or textured surface. The reflective coating 124 may be
configured to reflect one or more wavelengths or wavelength bands of the electromagnetic
spectrum of light. For example, the reflective coating 124 may be configured to reflect ultraviolet

light and/or short wave visible light. The reflective coating 124 may reflect one or more
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wavelengths or wavelength bands of light having a wavelength of from about 10 nm to about 410
nm. As will be explained in greater detail below, the reflective coating 124 is configured to
reflect the light 122 emitted from the plurality of light sources 120 and/or the second plurality of
light sources 130 within the tube 88 such that the light 122 ultimately interacts with the optical
fiber 22 (or curable composition thereon) passing through the central axis 116 of the tube 88. In
other words, light 122 which may miss the optical fiber 22 on its first pass may be reflected by
the reflective coatings 124 and redirected back toward the central axis 116 to interact with the
optical fiber 22 (or curable composition thereon).

[0037] The plurality of light sources 120 are coupled to the body 92 of the tube 88 and
configured to emit the light 122 toward the central axis 116 of the tube 88. It will be understood
that the plurality of light sources 120 of the curing component 84 may be integrated into a single
unitary element extending partially or fully around a perimeter of the tube 88 without departing
from the teachings provided herein. The plurality of light sources 120 may be coupled on the
interior surface 96 of the tube 88, integrated into the tube 88 and/or coupled to the exterior
surface 100 of the tube 88. The body 92 of the tube 88 may define one or more windows or
apertures in which the plurality of light sources 120 is positioned. The curing component 84 may
include two or more, three or more, four or more, five or more, six or more, seven or more, ¢ight
or more, nine or more or ten or more light sources in the plurality of light sources 120 positioned
around the body 92 of the tube 88. The plurality of light sources 120 may have an equal spacing
from one another or the spacing between the plurality of light sources 120 may vary around the
tube 88. For example, two or more of the plurality of light sources 120 may be angularly
separated by about 10° or greater, or about 20° or greater, or about 30° or greater, or about 40° or
greater, or about 50° or greater, or about 60° or greater, or about 70° or greater, or about 80° or
greater, or about 90° or greater, or about 100° or greater, or about 110° or greater, or about 120°
or greater, or about 130° or greater, or about 140° or greater, or about 150° or greater, or about
160° or greater, or about 170° or greater, or about 180° or any and all values and ranges
therebetween. According to various examples, at least two of the plurality of light sources 120
are angularly offset from one another by about 60° or less. For purposes of this disclosure, the
term: “angularly offset” refers to the angle between the center of two adjacent light sources 120
as measured from the central axis 116 of the tube 88 in a plane perpendicular to the central axis

116.
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[0038] Each of the plurality of light sources 120 may have a substantially equal distance from
the central axis 116, or the distance may be different. The distance between one or more of the
plurality of light sources 120 and the central axis 116 may be about 0.5 cm, or about 1 cm, or
about 2 cm, or about 3 cm, or about 4 cm, or about 5 cm, or about 6 cm, or about 7 cm, or about
8 cm, or about 9 cm, or about 10 ¢cm, or about 15 cm, or about 20 cm, or about 25 cm, or about
30 cm or any and all values and ranges between these values. For example, the distance between
at least one of the plurality of light sources 120 and the central axis 116 of the tube 88 may be
from about 1 cm to about 30 cm, or from about 1 cm to about 7 cm. As explained above, each of
the plurality of light sources 120 may be substantially equally spaced from the central axis 116 of
the tube 88.

[0039] One or more of the plurality of light sources 120 may have a length (i.e., measured in a
direction parallel with the central axis 116) of about 0.1 m, or about 0.2 m, or about 0.3 m, or
about 0.4 m, or about 0.5 m, or about 0.6 m, or about 0.7 m, or about 0.8 m, or about 0.9 m, or
about 1.0 m, or about 1.1 m, or about 1.2 m, or about 1.3 m, or about 1.4 m, or about 1.5 m, or
about 1.6 m, or about 1.7 m, or about 1.8 m, or about 1.9 m, or about 2.0 m or any and all values
and ranges between these values. For example, the length of one or more of the light sources 120
may be from about 0.2 m to about 2 m.

[0040] According to various examples, the plurality of light sources 120 is positioned on the
tube 88 such that two or more of the plurality of light sources 120 intersect a common plane
which is perpendicular to the central axis 116. For example, each of the light sources 120 may be
positioned such that a center or central region of each light source 120 intersects the common
plane. In such an example, the centers of each of the light sources 120 may be aligned with each
other along the common plane. In other words, a central region of one or more of the light
sources 120 intersects the common plane. In other examples, one or more of the light sources
120 may intersect the common plane at a different location than one or more of the other light
sources 120. For example, a top or upper region of one or more of the light sources 120 may
intersect the common plane while one or more other light sources 120 may intersect the common
plane at a different location (e.g., the center, lower and/or bottom of the light source 120). It will
be understood that one or more of the plurality of light sources 120 may not intersect the
common plane without departing from the teachings provided herein. Aligning two or more of

the light sources 120 such that they intersect with the common plane may be advantageous in
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overlapping the light 122 such that a greater intensity of the light 122 at the central axis 116 may
be achieved.

[0041] Each of the plurality of light sources 120 may be composed of an array of light-emitting
diodes arranged to emit the light 122 toward the central axis 116 of the tube 88. According to
various examples, the light-emitting-diodes may be configured to emit ultraviolet light and/or
short-wave visible light. The light-emitting diodes may emit a relatively monochromatic band of
ultraviolet and/or short-wave visible light that is centered at a specified peak wavelength;
whereas conventional ultraviolet light sources (e.g., arc, mercury vapor, and microwave systems)
tend to be broadband emitters with a range of output between 200 and 445 nm. Exemplary
wavelength peaks for the plurality of light sources 120 may be 365 nm, 385 nm, 395 nm and/or
405 nm. According to various examples, the ultraviolet light and/or short-wave visible light
emitted from one or more of the plurality of light sources 120 may have a wavelength peak
within a wavelength range of from about 250 nm to 410 nm, or from about 270 nm to about 400
nm, or from about 290 nm to about 400 nm, or from about 310 nm to about 400 nm, or from
about 330 nm to about 400 nm. It will be understood that each of the plurality of light sources
120 may emit the same or different wavelengths of light than one another without departing from
the teachings provided herein. Further, as the plurality of light sources 120 are composed of an
array of light-emitting diodes, the wavelength and/or intensity of the light 122 emitted may vary
across the length of the light source 120. Such a feature may be advantageous in preferentially
curing one or more of the primary curable composition, the secondary curable composition
and/or the curable ink composition. For example, an upper portion (i.e. portion nearest aperture
104) of the plurality of light sources 120 may be configured to emit a higher intensity light 122
which is configured to cure the primary curable composition while lower portions (i.e. portions
nearest aperture 108) of the plurality of light sources 120 (e.g., or the second plurality of light
sources 130) may be configured to emit the light 122 at a different intensity and different
wavelength for curing the curable ink composition. Such a feature may be advantageous in
selectively curing the primary curable composition, the secondary curable composition and/or
the curable ink composition while the coating unit 80 is operating in the wet-on-wet mode. In the
wet-on-wet mode, two or more curable compositions are applied sequentially and subsequently

cured in an optical fiber curing component 84 comprising a plurality of light sources.
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[0042] As explained above, the plurality of light sources 120 is configured to emit the light 122
toward the central axis 116 of the tube 88 where the optical fiber 22 passes through the curing
component 84. The combined output of the plurality of light sources 120 toward the central axis
116, combined with the light 122 which is reflected back toward the central axis 116 by the
reflective coating 124, is configured to produce a high intensity of light 122 at the central axis
116 and on the optical fiber 22 (or curable composition thereon). The intensity of the light 122,
as measured at a surface of the optical fiber 22 (or surface of a curable composition thereon),
may be about 40 W/cm?, or about 48 W/cm?, or about 50 W/cm?, or about 60 W/cm?, or about 80
W/em?, or about 100 W/ecm?, or about 120 W/cm?, or about 140 W/cm?, or about 160 W/cm?, or
about 180 W/c, or about 200 W/cm?, or about 220 W/cm?, or about 240 W/cmy’, or about 260
W/em?, or about 280 W/cm?, or about 300 W/cm?, or about 320 W/cm?, or about 340 W/cn?, or
about 360 W/cm?, or about 380 W/cm?, or about 400 W/cm? or any and all values and ranges
between these values. For example, the intensity of the light 122 at the surface of the optical
fiber 22 (or surface of a curable composition thereon) may be from about 10 W/cm? to about 400
W/em?, or from about 48 W/em? to about 400 W/cm?, or from about 48 W/cm? to about 348
W/em?, or from about 100 W/cm? to about 348 W/cm?. The light 122 emitted from the plurality
of light sources 120 may be generally directed toward the central axis 116 via positioning of the
plurality of light sources 120, one or more lenses, one or more collimators and/or other methods
and structures for directing the light 122. The light 122 from the plurality of light sources 120
may be focused or otherwise condensed such that the size of a spot of the directed light 122 is
relatively small. For example, the spot size of the light 122 may have a largest dimension of
about 1 cm, or about 2 cm, or about 3 ¢cm, or about 4 ¢cm, or about 5 cm, or about 6 cm, or about
7 cm, or about 8 cm, or about 9 cm, or about 10 cm or any and all values and ranges between
these values. For example, the spot size may be from about 1 cm to about 10 cm, or from about 1
cm to about 8 cm, or from about 2 cm to about 8 cm. According to various examples, the spot
may extend the length of the central axis 116 within the curing component 84. Use of the
plurality of light sources 120 which emit the light 122 toward the central axis 116 may be
advantageous in increasing the number of photons per unit length which may result in a faster
curing of the primary curable composition, the secondary curable composition and/or the curable
ink composition such that a shorter length of the optical fiber production system 10 and/or higher
draw speed of the optical fiber 22 may be achieved.
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[0043] It will be understood that the foregoing discussion of the structure, construction,
orientation and operation of the plurality of light sources 120 equally applies to the second
plurality of light sources 130. The second plurality of light sources 130 may be vertically aligned
with the plurality of light sources 120 or may be offset. Further, there may be more, less or the
same number of second plurality of light sources 130 as the plurality of light sources 120. In
addition, optical fiber production system 10 may include a third, fourth, etc. plurality of light
sources.

[0044] Referring now to FIG 3, depicted is a method 140 of coating the optical fiber 22. The
method 140 may begin with a step 144 of applying a curable composition (e.g., at least one of
the primary curable composition, the secondary curable composition and/or the ink curable
composition) on an optical fiber 22 as it is being drawn through optical fiber production system
10. Step 144 may be carried out using the coating unit 80 to apply the primary curable
composition, the secondary curable composition and/or the ink curable composition. As such,
step 144 may include a substep of applying a curable ink composition over a curable
composition (e.g., one or more of the primary curable composition and secondary curable
composition) on the optical fiber 22. For example, in the wet-on-wet application, two or more of
the primary curable composition, the secondary curable composition and/or the ink curable
composition may be applied over one another for a later step of simultancously curing the
compositions using the curing component 84. The draw speed, or speed at which the optical fiber
22 is moving, may be about 35 my/s, or about 40 mvs, or about 45 m/s, or about 50 m/s, or about
55 nmy/s, or about 60 my/s, or about 65 my/s, or about 70 m/s, or about 75 nvs, or about 80 my/s, or
about 85 m/s or any and all values and ranges between these values. For example, the draw speed
of the optical fiber 22 may be from about, or from 30 m/s to about 100 nv/s, or from about 40 m/s
to about 80 nmv/s, or from about 60 my/s to about 80 m/s.

[0045] After step 144, a step 148 of passing the optical fiber 22 and the curable composition
along the central axis 116 of the curing component 84 including the plurality of light sources 120
is performed. As the optical fiber 22 is coupled at both ends (i.¢., by the preform 18 and the
rollers 38) the optical fiber 22 may generally be positioned along the central axis 116 of the tube
88 as it is drawn through the curing component 84. It will be understood that the optical fiber 22
may twist, wiggle, vibrate and/or translate along or around the central axis 116 as a result of its

movement without departing from the teachings provided herein.
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[0046] Simultaneously with step 148, a step 152 of emitting light 122 (e.g. ultraviolet light or
light at short visible wavelengths) from the plurality of light sources 120 toward the central axis
116 of the curing component 84 is performed. As explained above, the plurality of light sources
120 is positioned around a perimeter of the curing component 84 such that light emitted from the
plurality of light sources 120 converges on the central axis 116 to create a high-intensity spot.
Within the spot, the light may have an intensity of from about 40 W/cm? to about 400 W/cm? or
from about 100 W/cm? to about 400 W/cm?® as measured at the central axis 116. It will be
understood that as the optical fiber 22 including the primary curable composition, the secondary
curable composition and/or the curable ink composition is passing through the central axis 116,
the intensity of the light 122 impinging on, interacting with, or contacting the optical fiber 22
may be substantially the same as outlined above in connection with the central axis 116.

[0047] Simultancously with steps 148 and 152, a step 156 of reflecting the light 122 off of the
reflective coating 124 positioned on the interior surface 96 of the curing component 84 is
performed. Light 122 from the plurality of light sources 120 and/or the second plurality of light
sources 130, despite being aimed at the central axis 116, may pass by the optical fiber 22 due to
the small diameter of the optical fiber 22. As such, the efficiency of the curing component 84
may be increased by incorporating the reflective coating 124 to redirect or reflect the light back
toward the central axis 116 and the optical fiber 22. Further, redirection of the light 122 back
toward the central axis 116 of the curing component 84 may increase the intensity of the light
122 at the central axis 116.

[0048] Simultancously or after steps 148, 152 and 156, a step 160 of curing the curable
composition into a coating using the light 122 is performed. In a first example, the curable
composition may be the primary curable composition or the secondary curable composition
which are cured into the primary coating 58 and the secondary coating 62, respectively. In wet-
on-wet mode examples, the step 160 may include curing the curable ink composition and the
curable composition with the light 122 simultaneously such that one or more of the primary
coating 58 and the secondary coating 62 are simultancously formed with the ink layer 66. In
operation, as the optical fiber 22 is passing through, or traveling along, the central axis 116, the
high-intensity spot of the light 122 impinges, interacts with or contacts the curable compositions
present on the optical fiber 22 to form one or more of the primary coating 58, secondary coating

62 and/or ink layer 66. According to various examples, step 160 may be carried out such that one
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or more of the primary coating 58, secondary coating 62 and/or ink layer 66 does not reach full
cure. In such an example, one or more of the primary coating 58, secondary coating 62 and/or
ink layer 66 may reach a degree of cure which is less than fully cured. As used herein, the term
“degree of cure” is a measure of the extent to which the curing reaction proceeds. Before
initiation of the curing reaction using the light 122, the concentration of curing functional groups
(e.g., acrylates) is high. As the curing reaction proceeds upon initiation, the concentration of
functional groups decreases. A determination of the concentration of functional groups provides
a measure of the extent of the curing reaction. In other words, the degree of cure is a measure of
the change in the concentration of functional groups.

[0049] The degree of cure for acrylate containing compounds is measured using the Reacted
Acrylate Unsaturation (“% RAU”) method. In the % RAU method, the concentration of acrylate
functional groups is assessed by Fourier-transform infrared spectroscopy (“FTIR”). Acrylate
functional groups include a carbon-carbon double bond with a characteristic absorption
frequency in the infrared centered near 810 cm ', The baseline for a measurement is taken as the
tangent line through the absorption minima of the characteristic acrylate band. The area of the
characteristic acrylate band is taken as the area of the band above the baseline. To account for
background intensity and instrumental effects on the area measurement, the area of a reference
band in the 750-780 cm ™! region using the baseline of the characteristic acrylate band is
measured. The spectral region of the reference band is outside of the absorption range of acrylate
functional groups. The ratio of the area of the characteristic acrylate band to the area of the
reference band is then determined. This ratio is proportional to the concentration of unreacted
acrylate functional groups in the coating composition. As the curing reaction proceeds, the
intensity of the characteristic acrylate band decreases and the magnitude of the decrease is a
measure of the degree of cure at any point during the curing reaction. % RAU is defined by

equation 1:

(Rp—Rp)*100

% RAU = (Eq. 1)

Ry
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wherein where Ry is the ratio for the uncured portion of curable composition in question (e.g.,
the primary curable composition or secondary curable composition) and R is the ratio for the
cured product of the curable composition in question.

[0050] The curing step 160 may be carried out until at least one of the primary coating 58,
secondary coating 62 and/or ink layer 66 is from about 80% cured to about 99% cured, or from
about 80% cured to about 90% cured, or from about 90% to about 98% cured, or from about
95% cure to about 98% cured, or from about 85% cured to about 98% cured. For example, one
or more of the primary coating 58, the secondary coating 62 and the ink layer 66 may be cured to
about 80%, or about 81%, or about 82%, or about 83%, or about 84%, or about 85%, or about
86%, or about 87%, or about 88%, or about 89%, or about 90%, or about 91%, or about 92%, or
about 93%, or about 94%, or about 95% or about 96% or about 98% or about 100% or any and
all values and ranges between these values. In a specific example, the primary coating 58 is from
about 85% to about 95% cured, the secondary coating 62 is from about 85% to about 100%
cured, and the ink layer 66 is from about 91% to about 98% cured.

[0051] It will be understood that the method 140 may be repeated once a first coating (e.g., the
primary coating 58) has been formed to provide a second coating (e.g., the secondary coating
62). Further, it will be understood that the steps of the method 140 may be performed in any
order, with additional steps or omitting steps.

[0052] Use of the present disclosure may offer a variety of advantages. First, use of the plurality
of light sources 120 may allow for a faster and more compact curing component 84.
Conventional techniques for producing the light to cure coatings on waveguides often use a
single mercury vapor lamp in conjunction with a curved reflector to cure the coatings. The
mercury vapor lamps may have a lower than desired power output for quickly and efficiently
curing curable compositions to form the coatings. Use of the present disclosure may provide a
greater intensity of light 122 which may reduce curing time and allow increased draw speeds
(e.g., about 60 mV/s or greater, about 80 m/s or greater, or about 100 m/s or greater or about 110
m/s or greater).

[0053] Second, as the presently disclosed curing component 84 includes the plurality of light
sources 120 positioned around the central axis 116, the overall length of the curing component
84 may be shorter than conventional designs. Often in conventional designs, a single mercury

lamp which produces ultraviolet light is positioned next to a moving waveguide. As a single
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mercury lamp is employed, either the length of the lamp needs to be increased (i.e., using a
greater amount of space on a draw tower) or the draw speed of the waveguide needs to be slowed
(i.e., resulting in a decrease in production) in order to ensure sufficient curing has taken place.
By positioning the plurality of light sources 120 around the curing component 84 such that the
light 122 is directed toward the central axis 116, a greater intensity of the light 122 may be
achieved at the central axis 116 which allows for a rapid and controllable cure of the curable
compositions on the optical fiber 22. Further, the overall length of the curing component 84 may
be shortened as the intensity of the light 122 has increased to cure the curable compositions in a
shorter distance.

[0054] Third, as the plurality of light sources 120 may include light-emitting diodes, a greater
control of the curing and energy efficiency may be obtained. Mercury lamp production of
ultraviolet light often generates excess heat and provides little control over the output of the light
across its length. Contrarily, examples of the plurality of light sources 120 which use arrays of
light-emitting diodes allow both an increased efficiency in the production of light 122 as well as
the ability to control the intensity of the light 122 along the length of the central axis 116. For
example, the intensity of the light 122 may be adjusted across the length each of the plurality of
light sources 120. Further, the peak wavelength of each of the plurality of light sources 120 may
be changed across its length. For example, a wavelength which activates the photoinitiator of the
primary curable composition may be emitted proximate a top of one or more of the plurality of
light sources 120, a wavelength which activates the photoinitiator of the secondary curable
composition may be emitted proximate a middle of one or more of the plurality of light sources
120, and a wavelength which activates the photoinitiator of the curable ink composition may be
emitted proximate a bottom of one or more of the plurality of light sources 120.

[0055] Fourth, as the intensity of the light 122 emitted by the plurality of light sources 120 is
greater than conventional designs, the curable ink composition may be applied over the primary
curable composition and/or the secondary curable composition. In conventional designs, colored
layers applied to waveguides generally have had to be applied after previous layers were fully
cured as the colored component of the colored layer absorbs a significant portion of the curing
light. Use of the presently disclosed curing component 84 and the plurality of light sources 120
create a sufficient intensity of light 122 on the optical fiber 22 that underlying layers such as the

primary curable composition (when covered by the secondary curable composition and/or
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curable ink composition) receive sufficient light 122 through the curable ink composition to be

cured to a predetermined level.

[0056] EXAMPLES
[0057] Below are a variety of examples consistent with the present disclosure.
[0058] Referring now to FIGS. 4A-4H, provided are plots of modeled data for the degree of cure

achieved of a coating (e.g., the primary coating 58) when formed by curing a curable
composition (e.g., the primary curable composition) applied to a waveguide (e.g., the optical
fiber 22). The curable composition was modeled as being cured using a circumferential curing
device (e.g., the curing component 84 with the plurality of light sources 120). In the modeled
data, the curable composition was simulated as having a composition with a molar ratio of 4
moles of 4,4'-methylene bis(cyclohexyl isocyanate), 4 moles of 2-hydroxyethyl acrylate and 2
moles of polypropylene glycol with My~4000 g/mol, where M, refers to number average
molecular weight. The curable composition was further simulated to have a molar concentration
of photoinitiator of 0.043 mol/L and a thickness of 32.5 um when applied to the exterior surface
of optical fiber 22. The curing device was simulated to have light-emitting-diode stacks (e.g., the
plurality of light sources 120) having a length of 1.27 m (where length is a dimension parallel to
central axis 116) positioned around the waveguide and emitting ultraviolet light having a peak
wavelength of 395 nm. The plots depict the degree of cure for the curable composition as a
function of distance from the top of the light-emitting-diode stack. The degree of cure was
calculated using the % RAU method. The plots include a series of traces for the different
intensities of ultraviolet light and/or different draw speed of the waveguide. As can be seen from
the figures, elevated intensities of the ultraviolet light in combination with the circumferential
orientation of the light allow draw speeds as great as 100 mv/s to be reached while still obtaining
sufficient curing of the curable composition.
[0059] Aspect 1 of the description is:

An optical fiber curing component, comprising:

a tube comprising a body defining an interior surface and an exterior surface, the tube
defining a first aperture and a second aperture on opposite ends of a cavity, wherein the tube

defines a central axis extending through the cavity;

20



WO 2020/041033 PCT/US2019/046265

a plurality of light sources coupled to the body of the tube and configured to emit light
toward the central axis of the tube, wherein each of the light sources intersect a common plane
defined perpendicular to the central axis of the tube; and

a reflective coating positioned on the interior surface of the body and configured to
reflect the light toward the central axis of the tube.

[0060] Aspect 2 of the description is:
The optical fiber curing component of Aspect 1, wherein at least two of the plurality of light
sources are angularly offset from one another by about 60° or less.
[0061] Aspect 3 of the description is:
The optical fiber curing component of any of Aspects 1 and 2, wherein each of the light sources
of the plurality of light sources comprises an array of light emitting diodes.
[0062] Aspect 4 of the description is:
The optical fiber curing component of any of Aspects 1-3, wherein the plurality of light sources
are equally spaced around the tube.
[0063] Aspect 5 of the description is:
The optical fiber curing component of any of Aspects 1-4, wherein a distance between at least
one of the plurality of light sources and the central axis is from about 1 cm to about 7 cm.
[0064] Aspect 6 of the description is:
The optical fiber curing component of any of Aspects 1-5, wherein each of the plurality of light
sources is substantially equally spaced from the central axis of the tube.
[0065] Aspect 7 of the description is:
The optical fiber curing component of any of Aspects 1-6, further comprising:
a second plurality of light sources positioned below the plurality of light sources, wherein the
second plurality of light sources are positioned to emit light toward the central axis of the tube.
[0066] Aspect 8 of the description is:
The optical fiber curing component of any of Aspects 1-7, wherein each of the first and second
plurality of light sources is configured to produce an intensity of light of from about 48 W/cm? to
about 384 W/cm? as measured at the central axis of the tube.
[0067] Aspect 9 of the description is:
The optical fiber curing component of any of Aspects 1-8, wherein the interior surface of the

tube is circular.
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[0068] Aspect 10 of the description is:
The optical fiber curing component of any of Aspects 1-9, wherein a length of the tube is from
about 100 cm to about 700 cm.
[0069] Aspect 11 of the description is:
The optical fiber curing component of any of Aspects 1-9, wherein a length of the tube is from
about 100 cm to about 400 cm.
[0070] Aspect 12 of the description is:
The optical fiber curing component of any of Aspects 1-11, wherein the light comprises a
wavelength peak within a wavelength range of from about 250 nm to 410 nm.
[0071] Aspect 13 of the description is:
The optical fiber curing component of any of Aspects 1-12, wherein each of the plurality of light
sources has a length in a direction parallel to the central axis and the light emitted by each of the
plurality of light sources has a wavelength that varies along the length.
[0072] Aspect 14 of the description is:
A method of coating an optical fiber, comprising:
applying a curable composition on a moving optical fiber;
passing the optical fiber and the curable composition along a central axis of a
substantially circular curing component comprising a plurality of light sources positioned around
a perimeter of the curing component, wherein each of the light sources intersect a common plane
defined perpendicular to the central axis;
emitting light from the plurality of light sources toward the central axis of the curing
component; and
curing the curable composition into a coating using the light.
[0073] Aspect 15 of the description is:
The method of Aspect 14, further comprising the step of:
reflecting the light off of a reflective coating positioned on an interior surface of the curing
component.
[0074] Aspect 16 of the description is:
The method of any of Aspects 14 and 15, wherein the moving optical fiber has a speed through
the curing component of from 35 m/s to 100 nv's.
[0075] Aspect 17 of the description is:
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The method of any of Aspects 14-16, wherein an intensity of the light is from about 100 W/cm?
to about 384 W/cny’ as measured at the central axis.
[0076] Aspect 18 of the description is:
A method of coating an optical fiber, comprising:
applying a curable composition to a moving optical fiber, wherein the optical fiber is
moving at a speed of from about 30 m/s to about 100 m/s;
applying a curable ink composition over the curable composition on the optical fiber;
passing the optical fiber through a central axis of a curing component comprising a plurality of
light sources positioned circumferentially around the component;
emitting ultraviolet light from the plurality of light sources toward the central axis of the
tube, wherein the ultraviolet light has an intensity of from about 48 W/cm? to about 384 W/cm’
as measured at the central axis; and
curing the curable ink composition and the curable composition with the ultraviolet light
simultaneously.
[0077] Aspect 19 of the description is:
The method of Aspect 18, wherein at least one of the curable composition and the curable ink
composition comprises a photoinitiator at a concentration of from 0.010 mol/L to 0.1 mol/L.
[0078] Aspect 20 of the description is:
The method of any of Aspects 18 and 19, wherein the curing step is carried out until at least one
of the curable composition and the curable ink composition is from about 80% cured to about
99% cured.
[0079] Aspect 21 of the description is:
The method of any of Aspects 18-20, wherein the curing step is carried out until the curable
composition is from about 85% cured to about 98% cured.
[0080] Aspect 22 of the description is:
The method of any of Aspects 18-20, wherein the curing step is carried out until the curable
composition is from about 90% cured to about 98% cured.
[0081] Aspect 23 of the description is:
The method of any of Aspects 18-20, wherein the curing step is carried out until the curable
composition is from about 95% cured to about 98% cured.

[0082] Aspect 24 of the description is:
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The method of any of Aspects 18-20, wherein the ultraviolet light has a wavelength of from
about 250 nm to about 400 nm.

[0083] Aspect 25 of the description is:

The method of any of Aspects 18-24, wherein each of the light sources intersects a common
plane defined perpendicular to the central axis.

[0084] Aspect 26 of the description is:

The method of Aspect 25, wherein a central region of one or more of the light sources intersects
the common plane.

[0085] Modifications of the disclosure will occur to those skilled in the art and to those who
make or use the disclosure. Therefore, it is understood that the embodiments shown in the
drawings and described above are merely for illustrative purposes and not intended to limit the
scope of the disclosure, which is defined by the following claims, as interpreted according to the
principles of patent law, including the doctrine of equivalents.

[0086] It will be understood by one having ordinary skill in the art that construction of the
described disclosure, and other components, is not limited to any specific material. Other
exemplary embodiments of the disclosure disclosed herein may be formed from a wide variety of
materials, unless described otherwise herein.,

[0087] It will be understood that any described processes, or steps within described processes,
may be combined with other disclosed processes or steps to form structures within the scope of
the present disclosure. The exemplary structures and processes disclosed herein are for
illustrative purposes and are not to be construed as limiting.

[0088] It is also to be understood that variations and modifications can be made on the
aforementioned structures and methods without departing from the concepts of the present
disclosure, and, further, it is to be understood that such concepts are intended to be covered by

the following claims, unless these claims, by their language, expressly state otherwise.
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What is claimed is:

1. An optical fiber curing component, comprising:

a tube comprising a body defining an interior surface and an exterior surface, the tube
defining a first aperture and a second aperture on opposite ends of a cavity, wherein the tube
defines a central axis extending through the cavity;

a plurality of light sources coupled to the body of the tube and configured to emit light
toward the central axis of the tube, wherein each of the light sources intersect a common plane
defined perpendicular to the central axis of the tube; and

a reflective coating positioned on the interior surface of the body and configured to

reflect the light toward the central axis of the tube.

2. The optical fiber curing component of claim 1, wherein at least two of the plurality of

light sources are angularly offset from one another by about 60° or less.

3. The optical fiber curing component of any of claims 1 and 2, wherein each of the light

sources of the plurality of light sources comprises an array of light emitting diodes.

4. The optical fiber curing component of any of claims 1-3, wherein the plurality of light

sources are equally spaced around the tube.

5. The optical fiber curing component of any of claims 1-4, wherein a distance between at

least one ofthe plurality of light sources and the central axis is from about 1 cm to about 7 cm.

6. The optical fiber curing component of any of claims 1-5, wherein each of the plurality of

light sources is substantially equally spaced from the central axis of the tube.

7. The optical fiber curing component of any of claims 1-6, further comprising:
a second plurality of light sources positioned below the plurality of light sources, wherein
the second plurality of light sources are positioned to emit light toward the central axis of the

tube.
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8. The optical fiber curing component of claim 7, wherein each of the first and second
plurality of light sources is configured to produce an intensity of light of from about 48 W/cm? to

about 384 W/cm’® as measured at the central axis of the tube.

9. The optical fiber curing component of any of claims 1-8, wherein the interior surface of

the tube is circular.

10. The optical fiber curing component of any of claims 1-9, wherein a length of the tube is

from about 100 c¢m to about 700 cm.

11. The optical fiber curing component of any of claims 1-9, wherein a length of the tube is

from about 100 cm to about 400 cm.

12.  The optical fiber curing component of any of claims 1-11, wherein the light comprises a

wavelength peak within a wavelength range of from about 250 nm to 410 nm.

13.  The optical fiber curing component of any of claims 1-12, wherein each of the plurality
of light sources has a length in a direction parallel to the central axis and the light emitted by

each of the plurality of light sources has a wavelength that varies along the length.

14. A method of coating an optical fiber, comprising:

applying a curable composition on a moving optical fiber;

passing the optical fiber and the curable composition along a central axis of a
substantially circular curing component comprising a plurality of light sources positioned around
a perimeter of the curing component, wherein each of the light sources intersect a common plane
defined perpendicular to the central axis;

emitting light from the plurality of light sources toward the central axis of the curing
component; and

curing the curable composition into a coating using the light.
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15. The method of claim 14, further comprising the step of:
reflecting the light off of a reflective coating positioned on an interior surface of the

curing component.

16. The method of any of claims 14 and 15, wherein the moving optical fiber has a speed

through the curing component of from 35 m/s to 100 nv/s.

17.  The method of any of claims 14-16, wherein an intensity of the light is from about 100

W/em? to about 384 W/cm? as measured at the central axis.

18. A method of coating an optical fiber, comprising:

applying a curable composition to a moving optical fiber, wherein the optical fiber is
moving at a speed of from about 30 m/s to about 100 m/s;

applying a curable ink composition over the curable composition on the optical fiber;

passing the optical fiber through a central axis of a curing component comprising a
plurality of light sources positioned circumferentially around the component;

emitting ultraviolet light from the plurality of light sources toward the central axis of the
tube, wherein the ultraviolet light has an intensity of from about 48 W/cm? to about 384 W/cm’
as measured at the central axis; and

curing the curable ink composition and the curable composition with the ultraviolet light

simultaneously.

19. The method of claim 18, wherein at least one of the curable composition and the curable

ink composition comprises a photoinitiator at a concentration of from 0.010 mol/L to 0.1 moV/L.

20. The method of any of claims 18 and 19, wherein the curing step is carried out until at
least one of the curable composition and the curable ink composition is from about 80% cured to

about 99% cured.

21.  The method of any of claims 18-20, wherein the curing step is carried out until the

curable composition is from about 85% cured to about 98% cured.
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22.  The method of any of claims 18-20, wherein the curing step is carried out until the

curable composition is from about 90% cured to about 98% cured.

23. The method of any of claims 18-20, wherein the curing step is carried out until the

curable composition is from about 95% cured to about 98% cured.

24.  The method of any of claims 18-20, wherein the ultraviolet light has a wavelength of
from about 250 nm to about 400 nm.

25.  The method of any of claims 18-24, wherein each of the light sources intersects a

common plane defined perpendicular to the central axis.

26.  The method of claim 25, wherein a central region of one or more of the light sources

intersects the common plane.
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