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mechanically strippable from the optical
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of the optical fiber. In one embodiment,
the slip layer and upcoating both have
predetermined glass transition temperatures
that are within about 15°C of each other
for improving mechanical characteristics.
The slip layer may be essentially the same
color as the upcoating for identification
of the optical fiber after the upcoating is
removed or it may be uncolored. In suitable
embodiments, the slip layer may include
a micronized poly-tetra-fluro-ethylene

(PTFE), a silicone, and/or a dispersing agent for enhancing the strip performance of the upcoating over a range of temperatures.
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MECHANICALLY STRIPPABLE UPCOATED OPTICAL FIBER

FIELD OF THE INVENTION

[0001] The present invention relates generally to a robust

upcoated optical fiber. More specifically, the invention 1is

directed to an optical fiber further having a ultra-violet

(UV) curable upcoated layer with a slip layer disposed between

the optical fiber and upcoated layer for aiding the

mechanically strippability of the upcoating.

L

BACKGROUND OF THE INVENTION

[0002] Optical waveguides such as optical fibers are used for

transporting a wvariety of signals such as voice, video, data,

and the like. Optical waveguides are relatively fragile and
can experience relatively  high increases in optical

attenuation when subjected to tensile, bending, or torsional

stresses and/or strains. Consequently, optical waveguides may

1 1)

include a buffer layer therearound for protecting the optical

waveguilide and preserving 1ts optical performance.

Additionally, buffer layers generally improve handlability of

the relatively small diameter optical waveguides by increasing

their diameter, thereby making them easier to grasp and

manipulate.

[0003] U.S. Pat. No. 6,208,790 discloses an optical fiber:

having a tight buffer material formed from an ultraviolet (UV)

curable matrix material, rather than a traditional

thermoplastic tight buffer material such as a PVC. The

optical fiber of the patent includes a core, a cladding, a

primary coating, and a secondary coating. Thereafter, an

ultraviolet (UV) curable coating 1is applied radially outward

gy

of the secondary coating of the optical fiber. The UV curable

coating material 1is preferably a substantially transparent

polymer matrix that allows a single UV material to be used for

gy g
= o=

producing buffer layers around optical fibers of any color.

Thus, the need for the manufacturer to stock multiple colors
of

[ -

=
—

chermoplastic tight buffer materials 1s eliminated.

Alternatively, the UV curable polymer matrix can include small
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a colored buffer layer that

can be applied to uncolored fibers. In other words, the

patent discloses that either the optical fiber is colored or

the UV curable polymer me

trix is colored. Additionally, the

patent discloses that a release layer may be applied between

the UV curable

tight buffer material and the optical fiber for

alding the stripping of the UV curable tight buffer.

[0004] However, Dbefore an optical connection to the optical

fiber can be made

optical fiber.

the buffer layer must be stripped from

End users generally have requirements for the

strippability of the buffer layer from the optical fiber so

that optical connec

For example, the Telecordia

minimum, and a maximum,

such as 15
waveguide.

[0005] To

fibers use a release layer

force

cions can easily be performed by the craft.

GR-409 standard regquires a

Lo strip a predetermined length

millimeters of the buffer layer from the optical

meet these requirements, some buffered optical

buffer material and the

that 1s applied between the tight

optical fiber, thereby aiding

strippability. However, there are applications that require

stripping relatively long leng

optical fiber and/or stripping the bu

P
—

ths of the buffer layer from the

p—

‘er layer 1n relatively

cold environments. For instance, 1t may be desirable to

p—

remove the buffer layer from the portion of the optical fiber

within a c¢losure, which can

be tens of centimeters in length

or more. In order to avoid damage to the optical waveguide,

stripping long lengths of

accomplished

P
aund

by stripping

the

buffer layer i1is typically

several shorter lengths of the

buffer layer until the desired length of the buffer layer is

stripped fr

shorter leng

increases the

Likewise, st

cause damage. Thus, there

pr——

manuraccure,

mechanical s

om the optical

waveguilide. Strippling several

chs 1s a laborious and time-consuming process and

likelihood of damage to the optical fiber.

ripping the buffer layer in cold environments may

18

a need for an easy to

low-cost buffered optical waveguide that allows

tripping of rela

layer withou

C0043-PCT
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cively long lengths of the buffer
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SUMMARY OF THE INVENTION

[0006] One aspect of the invention is directed to an upcoated

optical fiber having an optical fiber, a slip layver, and an

upcoating formed from a radiation curable material. The

optical fiber has a core, a cladding surrounding the core, and

at least one coating surrounding the cladding. The upcoating
surrounds the optical fiber is strippable therefrom and has a

predetermined glass transition temperature. The slip layer is

disposed between the optical fiber and the upcoating and also

has a predetermined glass transition temperature, wherein the

-

predetermined glass transition temperature of the slip laver

18 within about 15°C of the predetermined glass transition

temperature of the upcoating.

|-

[0007] Another asgpect of the invention 1s directed to an

up’coated optical fiber having an optical fiber, a slip laver,

and an upcoating formed from a radiation curable material.

The optical fiber has a core, a cladding surrounding the core,

and at least one coating surrounding the c¢ladding. The

upcoating generally surrounds the optical fiber and includes a

flame retardant material and a silicone, wherein the upcoating

has a modulus of about 500 MPa or less and a tensile strength

prinien-

of about 20 MPa or less measured using ASTM D638. The slip

layer 1s disposed between the optical fiber and the upcoating

e

and a surface tension of the slip laver that is lower than the

surface tension of the upcoating, thereby creating a

relatively low-adhesion between the upcoating and the slip

laver.

1)

[0008] One aspect of the invention is directed to an upcoated

optical fiber having an optical fiber, a slip layer, and an

upcoating formed from a radiation curable material. The

upcoating generally surrounds the optical fiber and is

strippable therefrom. The slip layer is disposed between the

optical <fiber and the upcoating and includes a micronized

poly-tetra-fluoro-ethylene (PTFE) , a silicone, and a

dispersing agent, wherein the slip layer has an uncured

r—

viscosity of about 500 centipoise or greater, a modulus of

C0043-PCT 3
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about 500 MPa or greater, and a tensile strength of about 20

MPa oOr greater measured using ASTM D638. Also, a surface

tension of the slip layer is lower than a surface tension of

the wupcoating, thereby creating a relatively low-adhesion
between the upcoating and the slip layer. Upcoated optical

fibers of the present invention are useful as a portion of a

fiber optic cable. Of course, other wvariations of the

upcoated optical fiber are possible according to the teachings

of the specification.

[0009] It i1s to be understood that both the foregoing general

description and the following detailed description present

embodiments of the invention, and are intended to provide an

overview or framework for understanding the nature and

=
—

character of the invention as it is claimed. The accompanying

gr—

drawings are included to provide a further understanding of

the invention, and are incorporated into and constitute a part

of this specification. The drawinggs i1llustrate wvarious

embodiments of the invention, and  together with the

description serve to explain the principals and operations of

the invention.

BRIEF DESCRIPTION OF TH]

(=]
&l
LT
2

LGUR!.

[0010] Flg. 1 1is a cross-sectional wview of an upcoated

optical fiber according to the present invention.

[0011] Fig. 2 is a graph depicting average peak strip forces

1)

versus temperature for different embodiments of the upcoated

optical fiber of Fig. 1 according to the present invention.

[0012] Fig. 3 is a cross-sectional view of an exemplary fiber

optic cable according to the present invention having a

F

plurality of upcoated optical fibers of Fig. 1 disposed in a

plurality of bundles.

F
—

[0013] Fig. 4 1is a cross-sectional view of another exemplary

Liber optic cable according to the present invention.

[0014] = Figs. ©5-8 depict cross-sectional +views of other
exemplary fiber optic cables according to the present
invention.

C0043-PCT 4



10

15

20

25

30

35

CA 02617846 2008-02-01
WO 2007/019335 PCT/US2006/030490

DETALLED DESCRIPTION OF THE INVENTION

[0015] Reference will now be made in detail to the presen

preferred embodiments of the invention, an examples of which
are 1l1llustrated in the accompanying drawings. Whenever
possible, the same reference numerals will be used throughout

the drawings to refer to the same or like parts. Fig. 1

depicts a cross-sectional view of an exemplary upcoated

optical fiber 10 according to the present invention. Upcoated

optical fiber 10 includes an optical fiber 12, a slip layer

16, and an upcoating 18 that is UV curable. As used herein,

upcoated optical fiber refers to optical fibers having UV

curable upcoating(s) that cross-link; rather, than a

conventional plastic buffer layer such as a polyvinylchloride

(PVC) , polyethylene (PE) such as FRPE, or polypropylene (PP).

As depicted, optical fiber 12 includes a core 13, a cladding

14, and at least one coating 15. In this case, coating 15

includes a primary coating 15a and a secondary coating 15D,

which are applied during manufacturing of optical fiber 15.

Slip layer 16 advantageously allows for clean mechanical

stripping of upcocating 18 from optical fiber 12 without

leaving residue or damaging optical fiber 12 while allowing

adequate adhesion of upcoating 18 thereto. Upcoating 18

provides a robust structure and protects optical fiber 12

during handling, but stripping upcoating is necessary, for

J

ins

cance, when terminating optical fiber 12. Preferred

embodiments of the present invention color both the slip laver

pr—

and the upcoating so that identification of optical fiber 12

1s possible before and after upcoating 18 is removed, but this

1s not necessary. For instance, it may be desirable to reduce

manufacturing complexity by using a clear or non-colored slip
layer 16 rather than stocking multiple colors of slip lavers.

Likewlise, a clear or non-colored upcoating 18 may be used with

slip layers having multiple colors so that the colored slip

layer 1s visible beneath the upcoating for identification of

the optical fibers.

[0016] In one embodiment, upcoated optical fibers of the

present 1invention wuse a slip layer 16 having a glass

C0043-PCT 5
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transition temperature Ty that is within about 15°C of the
glass transition temperature Tgq of upcoating 18 and preferably
within about 10°C, and most preferably within about 7°C. By
using materials having similar glass transition temperatures
within these given ranges the thermal expansion performance
between the slip layer and upcoating is generally matched,

thereby improving mechanical characteristics between slip

layer 16 and upcoating 18. Improved mechanical

e

characteristics include lower peak strip forces at low

temperatures and suitable adhesion between slip layver 16 and

upcoating 18 across a wide temperature range. Other

gy

embodiments may have the glass transition temperatures of both

slip layer 16 and upcoating 18 that are about 45°C or above

and may be similar or dissimilar in glass transition

temperatures Ty. Slip layers and wupcoatings having glass

transition temperatures Ty above 45°C are preferred, but not

p—

required with the wupcoated optical fibers of the present

invention. By way of example, slip layer 16 has a glass

pr—

transition temperature Ty of about 58°C and upcoating 18 has a

glass transition temperature Tgq of about 52°C, thereby matching

the thermal expansion performance between the layers and

improving mechanical characteristics. In another embodiment,

tLhe glass transition temperatures Ty are both above 45°C, but

are dissimilar, for instance, the glass transition temperature

Ty of slip layer 16 is about 75°C and the glass transition

temperature Tq of the slip layer is about 55°C.

[0017] The glass transition temperature Ty of a material may

be measured using a dynamic mechanical analyzer (DMA) such as

a DMA avallable from Perkin Elmer of Wellesley, Massachusetts;

however, other suitable equipment for measuring the glass

transition temperature Tg is available from other manufacturers

—

such as Thermal Analysis (TA) Instruments of New Castle,

Delaware. Determining the glass transition temperature Ty

using a DMA requires preparing thin film samples of the

materials being tested by curing the same on a glass substrate

and then making samples having a predetermined sgize with clean

e

and straight edges. By way oL example, the thickness is in

/
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the range of about 0.025 millimeters to about 0.075

millimeters, the width 1s in the range of about 1-3

millimeters, and the length is suitable for the holding ijig.

The sample is loaded into the DMA so that it does not have any

undue strain. For instance, the sample is preferably loaded
perpendicular to the holding jig clamps with the top holding

clamp being tightened first, thereby inhibiting undue strain.

Initial stresses are applied and the sample is oscillated

during the test preferably at a constant frequency. However,

o

initial stresses are a function of the cross-sectional area of

the sample so stresses should remain constant among different

samples. Preferably, the recommended static stress is about
260 kPa and the dynamic stress is about 200 kPa. Other
initial stress wvalues are ©possible but the ratio of

static/dynamic stress should be about 1.3/1.0.

I

[0018] The thermal scan method at a constant frequency of

about 1 Hertz is the preferred test for determining relevant

dynamic mechanical data on the DMA for determining the glass

transition temperature Tg. The frequency i1s held at a constant

setting (or ©possibly several discrete settings) and the

Cemperature 1is scanned from low to high at a constant rate

such as 5°C per minute. This technique is suitable for

thinner samples that achieve thermal equilibrium relatively

quickly. In thicker samples or if high accuracy is required

for the thermal scan, slower heating rates may be used for

ensuring that eqgquilibrium i1s achieved. The DMA can measure

P

tensile as well as shear modulus, but i1f the glass transition

Cemperature Ty 1s the main output required the tensile test

works best gince 1t hag less error. The basic tensile

properties obtained from a DMA test include a storage modulus

E’, a loss modulus E’’ and a tan delta. Tan delta is

indicative of the material’s ablility to dissipate energy and

1s defined as the ratio of E’’/E’. Thereafter, the tan delta

1s plotted and the glass transition temperature Tq is the

temperature at a local maximum of the tan delta curve within

p—

the glass transition region of the material.

C0043-PCT 7
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[0019] Additionally, optical fibers of the present invention

allow for easy mechanical stripping of upcoating in relatively

long lengths and/or relatively cold environments due, in part,

to the slip layer as discussed herein. Preferably, stripping

of wupcoating 18 1is accomplished using a suitable stripping

tool for removing the same. One exemplary stripping tool is

disclosed in U.S. Patent 4,271,729. Advantageously, removing

upcoating 18 from optical fiber 12 reqguires a relatively small

average peak stripping force, thereby greatly reducing the
likelihood of damaging optical fiber 12 during stripping

especlally at relatively low-temperatures.

[0020] Illustratively, Fig. 2 depicts two curves showing the

average peak strip force versus temperature required for

stripping a length of about 5 centimeters of upcoating 18 from

two different upcoated optical fibers using the same stripping

tool at a strip speeds of about 500 millimeters per minute.

grreter

Bach of the curves represents the average of the peak force

Lor about twenty samples of upcoated optical fibers along with

—
ok

the error bars. Specifically, the strip performance of these

upcoated optical fibers is influenced by slip layer 16 having

a UV curable formulation with a plurality of lubricants and a

dispersing agent. The sample tested used two lubricants,

namely, a reactive silicone having a percent by weight of

pr—

about 4 percent and a PTFE having percent by weight of about 1

percent, but other suitable percentages are possible. The

dispersing agent was added to slip layer 16 for keeping the

121

silicone and PTFE generally homogeneous in the mixture,

thereby inhibiting local accumulations of lubricant.

[0021] Specifically, curve 22 depicts an average peak strip

r—
—

force over a range of temperatures for a first optical fiber

e

with the glass transition temperature Ty of the slip layer 16

being significantly different from the glass transition

Cemperature Ty of the upcoating 18. More specifically, the

upcoated optical fiber represented by curve 22 had a slip

F
p—

layer with the glass transition temperature Ty of about 35°C

ad

and the glass transition temperature T, of the upcoating was

about 58 C. Thus, the differential between the gclass

[

C0043-PCT 8
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transition temperatures Tg OL the upcoated optical fiber of

curve 22 was about 23

"C. As shown, the peak strip force of

curve 22 was about 11 Newtons at -20°C and generally decreased

as the temperature increased to 25°C, thereafter it was

relatively stable. As shown, the error bars show an error

range of about 20 percent for the measured values of curve 22.

[0022] On the other

hand, curve 24 depicts an average peak

strip force over a range of temperatures for a second optical

fiber having similar

glass transition temperatures between

slip layer 16 and upcoating 18. More specifically, the

upcoated optical fiber represented by curve 22 had a slip

layer with the glass transition temperature T, of about 52°C

and the glass transition temperature T, of the upcoating was

about 58°C. Thus,

22 was about 6°C. As

was about 2 .5 Newtons

temperature increased

the differential between the colass

LS

transition temperatures of the upcoated optical fiber of curve

shown, the peak strip force of curve 24

at -20°C and slightly increased ag the

to 25°C. Generally speaking, the

average peak strip force for curve 24 was advantageous over

curve 22 since 1t was relatively stable across the entire

cemperature range. As

[0023] As depicted,

shown, the error bars for curve 24 show

an error range of about 30 percent for the measured values.

upcoated optical fibers represented by

curve 24 are easilly strippable with the similar strip forces

over a wilde range temperature range, thereby providing the

craftsman with repeatable performance under varying
conditions. Likewise, generally repeatable performance 1is
achieved using different strip speeds. Comparing curve 22

with curve 24 reveals that the upcoated optical fiber of curve

24 requires about one-third of the peak force during stripping

compared with curve 22. Simply stated, the effect of cold

temperature stripping

1s relatively transparent to the

craftsman when the wupcoated optical fibers having similar

glass transitions temperatures between slip layer 16 and

have dissimilar gla

upcoating 18 (within about 15°C). Of course, embodiments that
ss Cransition  temperatures may be
9

C0043-PCT
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[0024] Slip layer 16 allows frelativély long s
with relatively low peak
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force may increase

crip lengths

strip forces because it acts asgs a

lubricant during the mechanical removal of upcoating 18. In

one embodiment, slip layer 16 preferably includes a UV curable

formulation having one or more lubricants such as a micronized

poly-tetra-fluoro-ethylene (PTFE) and/or a silicone having a

dispersing agent.

Slip layer 16 preferably has about 10

gt

percent by weight of reactive silicone or less, Db

ut fugitive

silicones may be used. Tf slip layer 16 includes a PTFE the

percentage by weight of PTFE is about 1 percent,

but other

suitable percentages of either lubricant (silicone and/or

PTFE) are possible.

Slip layer 16 also has other preferred

material characteristics that aid stripping,

processing,

and/or manufacturing. Unless otherwise stated herein, the

given material characteristics or properties are

material at room temperature.

[0025] The dispersing agent keeps

the lubricant of

16 generally dispersed homogeneously in the slip

inhibits clumping,

i1.e., local accumulation of the

One sultable dispersing agent is Disperbyvk 110 ava

dispersion agents may be used with the concepts of

BYK Chemie. Of course,

—

F

—

for a cured

slip layer

layer and

lubricant.

1lable from

any other suitable lubricant (s) and/or

the present

invention. By way of example, the use of two or more

different lubricants in slip layer 16 may allow

characteristics of slip layer 16 should be balse

the requirements

inhibiting shrinkback or pistoning o:

mailntaining mechanical strippability o upcoa

from the optical

of a relatively robust

1)

upco

gr—

fiber. However, the

for precise

tailoring of strip performance characteristics of upcoating 18

lubrication

nced against

adhegion for

ating 18 while

ting 18 in

relatively long lengths. In other words, the adhesion should

be suitable sgo thai

Nt

shrinkback or pistoning

relatively high temperatures or during the

C0043-PCT
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[0026] Specifically, the micronized PTFE aids in the dynamic

stripping of long lengths of upcoating 18 by acting like small
ball bearings. Examples of suiltable PTFEs include UVGlide 701

commercially available from Shamrock of Newark, New Jersey or
Zonyl MP1100 commerically available from DuPont of Wilmington,
Delaware. However, the amount and size of micronized PTFE
should not appreciably affect the optical performance of
upcoated optical fiber 10. For instance, the micronized PTFE

should have an average particle gize that 1s about 1

micrometer or less with a percent by weight 1in the range of

about 1 percent to about 30 percent of slip layer 16.

Whereas, the silicone helps reduce the initial strip force

required for stripping upcoating 18. The silicone preferably

has a percent by weight in the range of about 0.5 percent to

about 10 percent, more preferably, about 2 percent to about 8

percent, but other suitable percentages are possible.

[0027] Slip layer 16 should have a predetermined uncured

viscosity for processing, thereby aiding in suitable coating

gy

coverage. Preferred embodiments include a wviscosity of about

500 centipoise or greater for the uncured slip layer 16. Slip

layer 16 should also have a predetermined cured modulus and

tensile strength. By way of example, slip layer 16 has a

modulus, preferably, in the range of about 500 MPa or greater

pr—

and a tensile strength of about 20 MPa or greater measured

using ASTM D638. Likewise, slip layver 16 should have a

i
predetermined tear resistance for inhibiting the tearing of

the same when the upcoating i1s stripped away. Tear resistance

1s measured as a rupture strength using ASTM D1004 and

i

preferably in the range of about 0.3 to 2.0 1lbs-force.

Additionally, the surface tension of glip layer 16 1is

preferably lower than the surface tension of upcoating 18,

thereby creating a relatively controlled adhesion between the

upcoating 18 and slip layer 16 while allowing suitable

mechanical stripping.
[0028] Upcoating 18 1s a UV curable material that is applied

over slip layer 16, thereby providing a predetermined nominal

outer diameter OD for the wupcocated optical fiber 10.

C0043-PCT 11
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Increasing the outer diameter of the structure using upcoating

18 makes 1t eagier for the craftsman to handle the

fiber since it is larger, plus it results in a robust

By way of example, a commercially available optical

may have a nominal outer diameter of about 250 microns.

optical

design.

fiber 12

Then,

a slip layer 16 1is coated over optical fiber 12 with a

thickness of about 2-10 microns and cured.

Thereafter,

upcoating 18 ig applied so that the upcoated optical fiber has

P
—

a nominal outer diameter of about 500 microns,

which 1g then

cured. However, optical fibers may be upcoated to other

sultable outer diameters OD such as 700 or 900 microns. As

discussed previously, 1in one embodiment upcoating 18 has a

predetermined glass transition temperature

about 15°C, more preferably within about 10°C,

transition temperature of slip laver 16.

pr—

Ty that is

within

of the glass

For 1nstance 1if

upcoating 18 has a Tgq of about 60°C then slip:layer 16 has a Tg4

between about 45°C and 75°C and more preferably ha

between about 50°C and 70°C, ihereby ma

intaining

s a g

similar

properties between the layers such as thermal expansion rates.

[0029] Upcoating 18 may include additives in its

for one or more purposes such as making 1

t flame retardant

formulation

and/or lubrication. For example, upcoating 18 may include a

e

flame retardant material selected from the group of phosphorus

based compounds, aluminum trihydrate,

—

hydroxide. However, the use of any other

retardant materials 1is possible. Upcoat

include a silicone and/or a dispering agent

and/or magnesium

suitable flame

1ng 18 may also

for aiding

in the

mechanical stripping of upcoating 18. If a silicone is used

1n upcoating 18 it is preferably a fugitive silicone, but

reactive silicones may be used. Additionally, upcoating 18

can 1include one or more filler matrerials

material cost, but they should not cause undesired levels of

optical attenuation. By way of example,

sultable

for reducing the

g
el

filler

materials are hollow microspheres having a relatively small

average particle size preferably about 7-8 microns or smaller,

but other suitable average particles sizes me

v be used.

12
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‘erred  embodiments, upcoating 18 has

predetermined material characteristics for aiding performance.

For i1nstance,

tengile

example,

strength for

upcoating 18 has a predetermined modulus and

stripping performance. By way of

upcoating 18 has a modulus, preferably, in the range

of about 500 MPa or less and a tensile strength of about 20

MPa or less measured using ASTM D638. Likewise, upcoating 18

should have a predetermined tear resistance for inhibiting the

tearing

during

stripping of the same. A suitable tear

resistance is realized by having a rupture strength, sometimes

called a tear strength,

upcoating

force using ASTM

18 with

al

iy

in the range of about 0.3 to 2.0 lbs-

D1004. Embodiments preferably have an

modulus, tensile strength, and tear

resistance that are about equal or less than the modulus,

tensile strength, and t

ear resistance of the secondary coating

of optical fiber 12 and slip layer 16. Thus, upcoating 18

will frac

coating

[0031]

useful as a portion of

upcoated optical

pr—

OGN

optical

cure during removal rather than having the primary

fiber 12 fracture first.

P

Upcoated optical fibers of the present invention are

pr—

any suitable fiber optic cable. Using

fibers of the present invention 1in cable

designs has advantages over fiber optic cables employing other

optical fiber

unlike

ribbons,

upcoa:

atructures such as ribbons. For i1nstance,

ced optical fibers allow easier and

faster access to individual optical fibers. In other words,

the cra:

“tsman does not

have to peel/breakout optical fibers

from the ribbon structure to work with individual optical

fibers,

identifica:

thereby

c1on  of

indi

saving the craftsman time. Additionally,

vidual wupcoated optical fibers 10 1s

easlily accomplished while mechanically stripping of upcoating

18 is easy with a suitable stripping tool.

[0032] Fig. 3 depicts a cross-sectional view of an exemplary
fiber optic cable 30 according to the present invention. As
depicted, fiber optic cable 30 1is a tubeless configuration$

grin

that includes a plurality of bundles 32, a tape 36, and a

sheath system 38.

optical

-ﬁ *
2

ch bundle 32 includes eight upcoated

fibers 10 each having a different identification color

13
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held together with at lLeast one biﬁder thread 32a (not
visible, but represented by the circular dashed lines). Of
course, other embodiments can i1include different numbers of
upcoated optical fibers 10 in each bundle or different numbers
of bundles 32 in the cable. Preferably, the binder threads
32a of individual bundles 32 are color coded so that bundles

32 can be distinguished from one another. For instance, a

first bundle has two blue binder threads for securing its

upcoated optical fibers and a second bundle has two yellow

binder threads for securing its upcoated optical fibers.

Likewise the other bundles respectively have green, red, and

violet binder threads. Bundles 32 may be stranded together

such as 1in S-Z or helical configurations, but other suitable

configurations are possible. The plurality of bundles 32 can

also be secured together with one or more bundle binder

threads. Tape 36 generally surrounds bundles 32 and can be

formed from any sultable material such as foam, polyester, or

the like, thereby providing cushioning and coupling for the

_—
—

bundles while inhibiting adhesion to the cable jacket.

tape 36 1s a foam tape it is preferably a polyurethane foam

tape, but other suitable foam tapes are possible.

Additionally, foam tape 36 can include a water-swellable laver

(not visible) for blocking water migration along the cable as
disclosed 1n U.S. Pat. App. Nos. 10/326,022 filed on December
19, 2002, 10/661,204 filed on September 12, 2003, 10/847,807
filed on May 18, 2004, and 10/862,541 filed on June 7, 2004.

ghue
)

[0033] Sheath system 38 includes a jacket 38a, a pair of

—
—

strength members 38b, and a pair of ripcords 38c. Jacket 38a

igs formed from any suitable polymer material such as a linear

low density polyethylene (LLDPE), but other materials are

possible. Jacket 38a also includes protrusiongs (not numbered)

proximately located near ripcords 38c for indicating their

location to the craftsman. Sheath system 38 also includes two

strength members 38b disposed about 180 degrees apart. In

this case, strength members are steel wires, but can be formed

from any suiltable material such as fiberglass, aramid, or

glass-reinforced plastic (grp). Fig. 4 depicts a cross-

14
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sectional view of a cable 40 that is similar to cable 30,
except it further includes a messenger section 42, thereby
making cable 40 suitable for aerial applications. Messenger

section 42 includes a strength member 44 and is

connected by

web 38d. Embodiments may have any suiltable web such as

continuous, intermittent having windows therebetween, or any

suitable web geometry for creating a preferential tear region.

[0034] Of course other suitable cable designs are possible

using the upcoated optical fibers of the present invention.

For i1instance, cables gsuitable for fiber to the subscriber

(FTTx) applications such as fiber to the curb, home, or

business. Figs. 5-8 show exemplary cable embodiments using the

upcoated optical fibers of the present invention. Fig. 5

depicts a cable 50 having an optical transmission component 52

cofnprising a tube 53 and at least one upcoated optical fiber

pr—

10, a plurality of strength éomponen:s 54 disposed on opposite

-

sides of optical transmission component 52, a plurality of

strength members 56, and a cable jacket 58 that is suitable

for drop cable applications. Cable jacket 58 includes two

major surfaces (not numbered) that are generally flat and

connected by arcuate end surfaces (not numbered). Cable 50

preferably has a width of about 10 millimeters or less and a

height of about 5 millimeters or less. Fig. b5a depicts a

cable 50’ that 1is similar to cable 50, except it further

include a toneable lobe 59 having a conductive wire 59%a

disposed within a portion of cable jacket 58 that is connected

to a main cable body by a web 58a. Fig. 6 depicts a cable 60

that 1s suitable as a distribution cable or a drop cable

depending on the fiber count therein. Cable 60 includes two

strength components 64 disposed on opposite sides of a cavity

62 defined by cable jacket 68. As shown, a plurality of

y—
-

upcoated optical fibers 10 are disposed within a plurality of

modules 63 within cavity 62; however, the upcoated optical

fibers can be loosely disposed within cavity 62 or have other

suitable arrangements. Fig. 7 depicts a loose tube cable 70

that includes a plurality tubes 72 stranded about a central

member 71. Each tube 72 preferably includes at least one

15
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upcoated optical fiber 10. Tubes 72 are preferably stranded
together with filling rods (not numbered) and a water-
swellable tape 75 is wrapped about the assembly and secured by
a binder (not wvisible). Thereafter, a jacket 78 is extruded

thereover. Fig. 8 depicts an indoor cable 80 that uses a

plurality of upcoated optical fibers 10 that are generally

surrounded by a plurality strength members 84 such as aramid

or fiberglass forming a layer which generally separates

upcoated optical fibers 10 from a cable jacket 88. Cable

designs may include other suitable cable components such as a

gel or thixotropic grease, ripcords, armor, or the like.

[0035] Many modifications and other embodiments of the

present invention, within the scope of the appended claims,

will become apparent to a skilled artisan. For example, the

upcoated optical fiber can have other configurations such as

optical fiber with a coating formed from a single laver.

Additionally, the upcoated optical fiber can have a

sacrificial slip layer having a relatively low modulus such as

50 MPa or less that is removed when the upcoating is stripped

and an 1nk layer thereunder for identifyving the optical fiber.

Therefore, 1t 1s to be understood that the invention is not to

be limited to the specific embodiments disclosed and that

modifications and other embodiments may be made within the

scope of the appended claims. Although specific terms are

employed herein, they are used 1n a generic and descriptive

sense only and not for purposes of limitation. The invention

has been described with reference to silica-based optical

fibers, but the inventive concepts of the present invention

are applicable to other suitable optical waveguides as well.

16
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THAT WHICH IS CLAIMED:
L. An upcoated optical fiber comprising:

an optical fiber having a core, a cladding, the cladding
surrounding the core, and at least one coating, the at least
one coating surrounding the cladding;

an upcoating, the upcoating being a radiation curable

material that surrounds the optical fiber, wherein the

upcoating is strippable from the optical fiber, the upcoating

having a predetermined glass transition temperature; and

a slip laver, the slip layer being disposed between the

optical fiber and the upcoating, the slip layer having a

predetermined glass transition temperature, wherein the

predetermined glass transition temperature of the slip layer

gy
—

is within about 15°C of the glass transition temperature ot

the upcoating.

2. The upcoated optical fiber of claim 1, the predetermined

pr—
—

glass transition temperature of the slip layer being within

—

about 10°C of the glass transition temperature of the

upcoating.

3. The upcoated optical fiber of claim 1, the upcoating

being colored and the slip layer being colored for

identification of the optical fiber.

grad

4 . The upcoated optical fiber of claim 1, wherein the

s

upcoating having an average peak strip force of about 10 N or

less when striping a 5 centimeter length of the same from an

end of the upcoated optical fiber at a temperature of about

-20°C.

5. The upcoated optical fiber of claim 1, an outer diameter

of the upcoated optical fiber being about 500 microns.

6 . The upcoated optical fiber of claim 1, the slip layer

includes a micronized poly-tetra-fluoro-ethylene (PTFE), a

silicone, and a dispersing agent, wherein the slip layer has

C0043-PCT 17
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an uncured viscosity of about 500 centipoise or greater, a
modulus of about 500 MPa or greater, and a tensile strength ot

about 20 MPa or greater measured using ASTM D638.

7. The upcoated optical fiber of claim 6, the PTFE having a

nominal particle size of about 1 micrometer or less and being

in the range of about 1 percent to about 30 percent by weight

of the slip layer and the silicone being in the range of about

2 percent to about 8 percent by weight.

8. The upcoated optical fiber of claim 1, the slip layer

including a silicone.

O. The upcoated optical fiber of claim 1, the slip layer

having an uncured viscosity of about 500 centipoise ox

greater.

10. The upcoated optical fiber of claim 1, the slip layer

including a dispersing agent.

11. The upcoated optical fiber of claim 1, the slip layer

f—

having a modulus of about 500 MPa or greater.

12. The upcoated optical fiber of claim 1, the slip layer

g

having a tensile strength of about 20 MPa or greater measured

using ASTM D638.

13. The upcoated optical fiber of claim 1, the slip layer

having a rupture strength being in the range of about 0.3 to

2.0 lbs-force using ASTM D1004.

14. The upcoated optical fiber of claim 1, the upcoating

including a flame retardant material.

15. The upcoated optical fiber of claim 1, the upcoating

including silicone, wherein the upcoating has a modulus of

C0043-PCT 18
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about 500 MPa or lesgs, and a tensile strength of about 20 MPa

or less measured using ASTM D638.

16. The upcoated optical fiber of claim 1, the upcoating

having a rupture strength being in the range of about 0.3 to

2.0 lbs-force using ASTM D1004.

17. The upcoated optical fiber of claim 1, wherein the

i

surface tension of the slip layer is lower than the surface

tension of the upcoating, thereby creating low-adhesion

between the upcoating and the slip layver.

18. The upcoated optical fiber of claim 1, the predetermined

glass transition temperatures of the slip layer and the

upcoating both being about 45°C or greater.

19. The upcoated optical fiber of claim 1, wherein the

g

optical fiber is a portion of a fiber optic cable.

20. An upcoated optical fiber comprising:

an optical fiber having a core, a cladding, the cladding

surrounding the core, and at least one coating, the at least

one coating surrounding the cladding;

an upcoating, the upcoating being a radiation curable

material that surrounds the optical fiber, the upcoating

includes a flame retardant material and a silicone, whereiln

the upcoating has a modulus of about 500 MPa or less and a

i

tensile strength of about 20 MPa or less measured using ASTM

D638; and

a slip laver, the slip layer being disposed between the

optical fiber and the upcoating, wherein the slip layer has a

surface tension, and the surface tension of the slip layer 1is

gr—

lower than a surface tension of the upcoating, thereby

creating a relatively low-adhesion between the upcoating and

the slip laver.
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21. The upcoated optical fiber of claim 20, the upcoating
having a predetermined glass transition temperature and the

slip layer having a predetermined glass transition

temperature, wherein the predetermined glass transition
temperature of the slip layer is within about 15°C of the

glass transition temperature of the upcoating.

22. The upcoated optical fiber of claim 20, the upcoating

being colored and the slip layer being colored for

identification of the optical fiber.

pree

23. The upcoated optical fiber of claim 20, the upcoating

g

having an average peak strip force of about 10 N or less when

p—

striping a 5 centimeter length of the same from an end of the

f—
-

optical fiber at a temperature of about -20°C.

24. The upcoated optical fiber of claim 20, an outer diameter

I

of the upcoated optical fiber being about 500 microns.

gy

25. The upcoated optical fiber of claim 20, the slip laver

including micronized poly-tetra-fluoro-ethylene (PTFE),

silicone, and a dispersing agent, wherein the slip layer has

gl

an uncured viscosity of about 500 centipoise or greater, a

-

modulus of about 500 MPa or greater, and a tensile strength of

about 20 MPa or greater measured using ASTM D638.

26. The upcoated optical fiber of claim 20, the slip laver

including a silicone.

27. The upcoated optical fiber of claim 20, the slip layer

p—

having an uncured viscosity of about 500 centipoise or

greater.

28. The upcoated optical fiber of claim 20, the slip laver

including a dispersing agent.

C0043-PCT 20
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29. The upcoated optical fiber of claim 20, the slip lavyer

having a modulus of about 500 MPa or greater.

30. The upcoated optical fiber of claim 20, the slip layer

having a tensile strength of about 20 MPa or greater measured

using ASTM Dé638.

31. The upcoated optical fiber of claim 20, the slip layer
the range of about 0.3 to

having a rupture strength being in

2.0 lbs-force using ASTM D1004.

fiber of claim 20, the upcoating

having a rupture strength being in the range of about 0.3 to

32. The upcoated optical

2.0 lbs-force using ASTM D1004.

fiber of claim 20, the slip lavyer

33. The upcoated optical

having a predetermined glass transition tempera:

or greater and the upcocating having a predetermined glass

cure being 45°C

transition temperature being about 45°C or greater.

ced optical fiber of claim 20, wherein the

34. The upcoa
optical fiber is a portion of a fiber optic cable.

35. An upcoated optical fiber comprising:
fiber having a core, a cladding, the cladding

an optical

surrounding the core, and at least one coating, the at least

one coating surrounding the cladding;
ble

an upcoating, the upcoating being a radiation cure

material that surrounds the optical fiber, wherein the

upcoating is strippable from the optical fiber; and

a slip layer, the slip layer being disposed between

che

optical fiber and the upcoating, wherein the slip layer

includes a micronized poly-tetra-fluoro-ethylene (PTFE), a
the glip layer has an

silicone, and a dispersing agent, and

uncured viscosity of about 500 centipoise or greater, a

ch of

modulus of about 500 MPa or greater, and a tensile streng

about 20 MPa or greater measured using ASTM D638, wherein a
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surface tension of the slip layer is lower than a surface

tension of the upcoating, thereby creating a relatively low-

adhesion between the upcoating and the slip layer.

36. The upcoated optical fiber of claim 35, the upcoating

having a predetermined glass transition temperature and the

slip layer having a predetermined glass transition

temperature, wherein the predetermined glass transition

‘]

temperature of the slip layer is within about 15°C of the

phude

glass transition temperature of the upcoating.

37. The upcoated optical fiber of claim 35, the upcoating

being colored and the slip layer being colored for

gy
—

identification of the optical fiber.

ot
—

38. The upcoated optical fiber of claim 35, the upcoating

having an average peak strip force of about 10 N or less when

pi—

stripping a 5 centimeter length of the same from an end of the

D

optical fiber at a temperature of about -20C.

g

39. The upcoated optical fiber of claim 35, an outer diameter

of the upcoated optical fiber being about 500 microns.

p—

40. The upcoated optical fiber of claim 35, the slip layer

having a rupture strength being in the range of about 0.3 to

2.0 lbs-force using ASTM D1004.

41. The upcoated optical fiber of claim 35, the upcoating

including a flame retardant material.

42 . The upcoated optical fiber of claim 35, the upcoating

including silicone, wherein the upcoating has a modulus of

about 500 MPa or less, and a tensile strength of about 20 MPa

or less measured using ASTM D638.

22



CA 02617846 2008-02-01
WO 2007/019335 PCT/US2006/030490

43. The upcoated optical fiber of claim 35, the upcoating
having a rupture strength being in the range of about 0.3 to

2.0 lbs-force using ASTM D1004.

44 . The upcoated optical fiber of claim 35, the slip layer
having a predetermined glass transition temperature being 45°C

or greater and the upcoating having a predetermined glass

transition temperature being about 45°C or greater.

45. The upcoated optical fiber of claim 35, wherein the

optical fiber is a portion of a fiber optic cable.

23
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