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The present invention relates to an optical. fiber

having a protective coating affixed to the oufer "sif GEED

OPTICAL FIBER ELEMENT AND METHOD OF MAKING

Field of the Invention

The present invention relates to an optical
fiber element and, more particularly, to an optical
fiber element comprising an optical fiber having a
protective coating affixed to the outer surface thereof
to protect the optical fiber during connectorization.

Background of the Art

In the construction of glass-based optical
fiber elements, a coating is usually applied to the
glass optical fiber immediately after drawing to
protect the glass surface from the detrimental effects
of chemic¢al and/or mechanical attack which would
otherwise occur. Such forms of attack, to which glass
optical fibers are particularly susceptible, greatly

‘decrease the mechanical strength of optical fibers and

lead to their premature failure.

Conventionally, several coatings are applied
to optical fibers, with each serving a specific
purpose. A soft coating is applied initially to
protect the fiber from microbending losses, and a
harder, secondary coating is applied over the soft
coating to provide resistance to abrasion.

The connectorization process (i.e., coupling
an optical fiber element to another optical fiber
element or other optical element via a splicing device
or optical connector) conventionally entails the
removal of all coating layers such that the bare glass
surface is exposed. The glass surface is usually
cleaned by wiping\it with a soft tissue which has been
moistened with an alcohol such as isopropanol. The
fiber is then fixed into a connector ferrule or
splicing device using an adhesive such as an epoxy,
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to protect the optical fiber during connectorization.
Background of the Art In the construction of gl ass{bag |
fiber elenments, a coating is usually applied to the glass op 'ca?%ﬁ% AA%BEEN

: [ e
i medi ately after drawing to protect the glass surface fron1ihe—de%Fi%b&EaL___

effects 'of chem cal and/or nechanical attack which would otherw se occur
Such fornms of attack, to which glass optical fibers are particularly

suscepti bl e, gﬂﬁgﬁIﬁbﬂecr@@sgcffqﬁé&%aﬁggfaé stgﬁagtaugingptbgal fibers and

lead to their prenalure ai | Cony entlo veral coatings
Sodee s

are applied t o RAIEW) f?%é?%e %ﬁ??ﬁ%%&h E%?v?hﬁe Brpose. A soft
coating is applpestished ifhd yehe ﬁﬁ@@toff&fimrpfémm isobowpletel osses,

and a During the connectorization process, the
5 optical fiber is very vulnerable. Initially, the fiber

may be nicked by the blades of the tool used to remove
the outer coatings during the stripping operation.
After stripping, the bare fiber is exposed to elements
in the local environment. These are likely to include

10 water vapor and dust particles. Water acts chemically
on the surface of the glass and dust acts as an
abrasive. Both of these effects contribute to failure
of the glass fiber. Most failures in optical fiber
systems tend to occur at the sites of connector

15 installation. i

* One solution to the problem of fiber

stripping and exposure during connectorization has been
proposed in U.S. Patent No. 4,973,129. That patent
‘discloses an optical fiber element wherein a resin

20 composition having a Shore D hardness value of 65 or
more (specified in the Japanese Industrial Standards at
room temperature) is applied to the surface of a glass
optical fiber having a numerical aperture (NA) value of
0.35 or more. The resin is then cured to form a

25 primary coating layer which does not have to be peeled
from the optical fiber at the time of connectorization.
Instead, the primary layer remains on the fiber during

~ connectorization (and thereafter) to prevent the fiber

from being damaged as described above. Useable optical

30 fibers are said to be limited to those having a NA
value of 0.35 or more because the optical losses caused
by microbending ("microbending loss") increase upon
covering the optical fiber with such a hard resin. In
optical fibers with a NA value below 0.35, microbending

35 loss was found to be so great as to make optical
communications impractical. When the NA of the optical
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resi st ahce to abrasi on. @GB- A-2 096 353 describes a conmbin rnﬂﬁSﬂEﬂ&ﬁf%fEEN

harder, secondary coating is applied over the soft coating tg provide— \

coatings and jacket materials. The |layer of the buffer coatijng ad REREAMEDR he

optical fiber

is derived froman epoxy thernosetting resin and has a

nodul us” of about 2000 MPa. A second coating layer is derived froma
silicone rubber elastoneric material with a nodu- lus of 2 to 5 MPa, and a

third coating Iﬁw 1% e/ &k dve amg}m dqnic?r%ﬁb
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require an optical fiber having a NA value of 0.35 or
more are not commercially useful. As is known, NA is a
measure of the angle of light which will be accepted
and transmitted in an optical fiber. Optical fiber _
elements having a NA value of 0.35 or more find limited
use in communication, data transmission, and other high
bandwidth applications for two reasons: 1) limited
information-carrying capacity and 2) incompatibility
with existing, standardized communication fibers (which
normally ‘have NA values less than 0.29). The
information-carrying capacity of an optical fiber is
usually expressed as bandwidth. Bandwidth is a measure
of the maximum rate at which information can pass
through an optical fiber (usually expressed in MHz-km).
Bandwidth is inversely proportional to NA because the

higher order modes (analogous to higher angles of

incident 1light) have longer paths in the fiber, thereby
resulting in pulse broadening or dispersion. The
bandwidth limitation of an optical fiber element occurs
when individual pulses travelling through that fiber
can no longer be distinguished from oné another due to
dispersion. Thus, the'larger the NA value of an
optical fiber, the smaller is that fiber’s bandwidth
(and therefore information-carrying capacity). Most
commercially useful optical fibers have a NA value of
0.29 or less. As compared to the information-carrying
capacity of such commercially useful optical fibers,

‘fibers having a NA value of 0.35 or more carry far less

information in a given periodﬁof time and are therefore
undesirable. '
Incompatibility becomes a problem when one
optical fiber element is spliced or connected to
another optical fiber element. In this instance, it is
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-2- cross sectional area, Young's nodulus, and a defined shrinkage factor.
JP-A-6007155] describes a prinmer layer of 10 [err]mor |ess|wHiSRyE o _
applied directly to an optical fiber to prevent deterioratidn in gmg é@géﬁﬁ”
strength at the tine of connection. The primer |ayer includes
resin, a curing agent, and a saturated

important to minizize signal attenuation at the point
of connection. When an optical fiber element with a
higher NA value is spliced to a fiber with a lower NA
value, all light exceeding the NA value of the
5 receiving fiber will be attenuated. Light-carrying
capacity is proportional to the square of the NA.
Thus, as an example, 38% of the light will be lost when
transmitted from a fiber with a NA value of 0.35 to a
fiber with a NA value of 0.275. This is a significant
10 and unacceptable loss in signal.

Accordingly, a need exists in the art for an
optical fiber element which protects the optical fiber
during connectorization and which allows the use of
optical fibers having NA values smaller than 0.35.

15
Summary of the Invention

The present invention provides an optical
fiber element comprising an optical fiber having a
-numerical aperture ranging from 0.08 to 0.34 and a

20 protective coating affixed to the outer surface of the
optical fiber. The protective coating has a Shore D
hardness value of 65 or more and remains on the optical
fiber (i.e., is not stripped from the fiber) during
connectorization so that the fiber is neither damaged

25 by the blades of a stripping tool nor subjected to
chemical or physical attack by, e.g., water vapor or
dust. .

It is preferred that the optical fiber
element further include a buffer which substantialiy

30 encloses the optical fiber and the protective coating.
The buffer may include an inner, resilient layer and an
outer, rigid layer. The inner, resilient layer is
preferably of sufficiently low modulus (e.g., 0.5 to 20
MPa) to provide the optical fiber element with

35 protection against microbending losses. The outer,
rigid layer is preferably of sufficiently high modulus
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fatty, acid. The fatty acid conponent is included to reduce adhesion
betweerkthe prinmer |ayer and applied exterior |ayers. Chernplcal—Abstr=a

Vol . 97, ref. no. 42968e describes an optical fiber el enent WﬂﬂﬁﬁﬁEErH“§§EEN
thernosetting resin, such as an epoxy adjacent the optical i her REFyAHCED

i nnernost layer is coated with a stress-absorbing material, such as a
silicone resin, and the stress-absorbing layer is coated with a rei nforcing

| ayer, such asidig.on-so00 "t&E5EE My Ft&%@@wdstcﬂmaﬁmﬂpm@t i cal
Communi cat i on Oct ober 1983, ‘Eﬁe%ﬁ 34]9 &iESCI’I bes optical fibers
coated with arla¥fREs LH9m akkA ‘F’é@% cal dama

The protectlve,coating preferably forms an
adhesive bond with both the optical fiber and with the
5 inner, resilient layer of the buffer. In this manner,
the protective coating and buffer form an integral
coating. During connectorization, however, enough of
the buffer must be removed to allow the optical fiber
and protective coating to be inserted in and adhered to
10 a connector or splicing device. ' To facilitate this,
the bond formed between the protective coating and the'
6ptica1 fiber is greater than that formed between the
protective coating and the inner, resilient layer,
thereby allowing the buffer to be easily stripped from
15 the fiber and protective coating.
. The present invention also provides a method
for producing an optical fiber element. The method

conmprises the steps of:
providing an optical fiber having a numerical
20 aperture ranging from 0.08 to 0.34; and
affixing a protective coating to the outer
surface of the optical fiber, the protective coating
preferably having a Shore D hardness value of 65 or
more.

25 The method may further include the step of
applying a buffer which substantially encloses the
optical fiber and the protective coating, the buffer
including an inner, resilient layer and an outer, rigid
layer.

30

Descriptio e
FIG. 1 illustrates an optical fiber element
constructed in accordance with the present invention,
including an optical fiber, a protective coating, and a
35 buffer;
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JP- A-58204847 describes optical fibers covered with high strength coatings
derived«from epoxy resins such as bisphenol diglycidyl ether feg]

phenol novol ac pol ygl yci dyl et her resin. The con ectgr
process (i.e., coupling an optical fiber element to another
el ement or other optical elenment via a splicing device or optical
connector) conventionally entails the renoval of all coating | ayers such

L ool o0 358, SUrage e gpuppedLIT LIohstrated abayrautuicl |y
al cohol sﬁch gga%—éﬁb‘ﬁoﬂ&ﬁé;ssighéwelfim P§-|°t%I’le %%i gg’?fniqﬂr%‘lc}tlgm E)P o
ferrule or spkiemeatdef Exawpledign adhesive such as an epoxy,
FIG. 3 graphically illustrates microbending
5 test results for Examples 2, 3; 5, and 6; and
FIG. 4 graphically illustrates macrobending
test results for Examples 5 and 6.

etai esc n the

10 FIG. 1 shows an optical fiber element 10
constructed in accordance with the present invention.
Optical fiber element 10 includes an optical fiber 12,
a protective coating 14, and a buffer 16. Optical
fiber 12 further includes a core 12A and cladding 12B.

15 Core 12A and cladding 12B are preferably constructed of
glass, but may also be constructed of any suitable
material. For example, core 12A can also be made from
poly(methyl methacrylate), polystyrene, polycarbonate,
alloys of the foregoing, fluorinated or deuterated

20 analogs to the foregoing,. fluoropolymers and alloys
thereof, and silicones. Cladding 12B can also be
constructed from materials other than glass, such as
fluoropolymers, fluoroelastomers, and silicones.
Buffer 16 longitudinally encloses optical fiber 12 and

25 protective coating 14, and preferably includes an
inner, resilient layer 18 and an outer, rigid layer 20.
Inner, resilient layer 18 provides optical fiber
element 10 with protection égainst microbending losses
while outer, rigid layer 20 protects the underlying

30 layers from abrasion and mechanical damage.

' Optical fiber 12 may have any desired
numerical aperture (NA) range, but preferably has a NA
value ranging from 0.08 to 0.34. Further, optical
fiber 12 may be either a single mode fiber (i.e.,

35 supports only one path that a light ray can follow in
travelling down the optical fiber element) or a multi-
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used to renove the outer coatings during the stripping

_mode fiber (i.e., capable of supporting multiple paths
for light rays to follow.in travelling down the optical
fiber element). When optical fiber 12 is a single mode
fiber, the NA thereof preferably ranges from about 0.11
to about 0.20. When optical fiber 12 is a multi-mode
fiber, the NA thereof preferably ranges from about 0.26
to about 0.29.

Protective coating 14 is affixed to the outer
surface of optical fiber 12 (or, more precisely, to the
outer surface of cladding 12B). During the process of
connectorization, buffer 16 is stripped from a
predetefmined length of a terminal end of optical fiber
element 10 to allow the fiber to be properly inserted
into and bonded with an optical fiber connector or
splicing device. Protective coating 14, however,
remains on the outer surface of optical fiber 12 (i.e.,
is not stripped from the fiber) during the process of
connectorization and permanently thereafter. 1In this
manner, protective coating 14 prevents optical fiber 12
from being damaged by the blades of a stripping tool
(used to remove buffer 16) or weakened by chemical or
physical attack from, e.g., water vapor or dust, which
would otherwise occur if the bare glass surface of
optical fiber 12 were exposed. Protective coating 14
should have a sufficiently high degree of hardness that
the coating is resistant to mechanical force and
abrasion. Specifically, protegtive coating 14 should
allow optical fiber element 10 to be handled, stripped,
cleaned, and clamped inside of a connector or splicing
device without incurring damage to the surface of
optical fiber 12. Further, once clamped and bonded
inside of a connector or splicing device, protective
coating 14 should be hard enough that optical fiber 12
does not exhibit signal loss due to radial movement of
the coated fiber inside of the connector or splicing

device. Protective coating 14 is sufficiently hard for

- -
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After stripping, the bare fiber is exposed to elenents in the | ocal

envi r onfment .

These are likely to include water vapor and dust—§a+%+4#4§;—-—_~__m
t JHSSHEET HAS BEEN

Water acts chemically on the surface of the glass and dust ac
abrasive. Both of these effects contribute to failure of the

gl ass FEPRAFED

Most failures in optical fiber systens tend to occur at the sites of

connector installation.
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i en cure
or more, the ideal protective coating would also

provide the following:

1) a barrier to water vapor, dust, and other
agents of chemical and mechanical attack against the
glass optical fiber;

2) surface characteristics such that the
protective coating adheres strongly to the glass outer
surface of the optical fiber so that it is not easily
removed, and at the same time adheres weakly to the
buffer so that the buffer can be easily stripped from
the coated optical fiber without causing damage to the
fiber; and .
3) the ability to form strong bonds with the
adhesives used to affix optical fibers to connectors
and splicing devices.

Any coating having a Shore D hardness value
of 65 or more and which provides, at least to some
degree, all or most of the above-listed properties may
be utilized as protective coating 14. While the
present optical fiber element is not limited to any
particular group of protective coating materials, a
number of suitable materials have been identified. For
example, the protective coating may comprise an epoxy-
functional polysiloxane having the structure:
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primary coating |ayer which does not have to be peeled fromthe optlcal
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10
wherein:
the ratio of a to b ranges from about 1:2 to about
2:1; and
15 R is an alkyl group of one to three carbon atoms.

* Such epoxy-functional polysiloxanes are
described in U.S. Patent No. 4,822,687, and in
copending U.S. Patent Application Serial No.
07/861,647, filed April 1, 1992.

20 Preferably, the. protective coating further
includes a bisphenol A diglycidyl ether resin having
the structure:

wherein the average value of n ranges from 0 to 2.

More preferably, the average value of n is less then 1.
25 Suitable bisphenol A diglycidyl ether resins

are commercially available from The Dow Chemical

Company as D.E.R." 331 and D.E.R." 332, and also from

Shell 0il Company as Epon“ 828. The bisphenol A

diglycidyl ether resin may be present in the protective
30 coating at a weight percentage ranging from about 0 to

20, and the epoxy~-functional polysiloxane may be

present at a weight percentage ranging from about 80 to

-9-



fiber is 0.35 or nore, however, m crobending | oss was not found to be a
pr ebl ent. Unfortunately, optical fiber elenments which require an

optical fiber having a NA value of 0.35 or nore are not cONMETEISSHBET HAS BEEN
useful. As is known, NA is a neasure of the angle of Iight which REPLAGED

accepted and transmtted in an optical fiber. optical fiber €l enents having
a NA value of 0.35 or nore find limted use in conmunication data
transmi ssion, 30@. otThe veighbapevrentagepef chisphened At ddglysdgnd: 1)

limted ether resin in the protective coating may be extended
to about 30 by decreasing the upper limit of the ratio
range of a to b in the epoxy-functional polysiloxane to
5 about 1.5:1 (so that the range \is from 1:2 to 1.5:1).
It should be noted that the protective coating may
contain other constituents (e.g., catalysts,
sensitizers, stabilizers, etc.). Thus, the above
weight percentages are based only upon the total amount
10 of epoxy-functional polysiloxane and bisphenol A
diglycidyl ether resin present in the protective
coating.
As an additional example of a protective
coating material, the bisphenol A diglycidyl ether
15 resin set forth above may alone be used as the
protective coating (i.e., without any epoxy-functional
polysiloxane).
A further example of a suitable protective
coating material includes the above-described epoxy-
20 functional polysiloxane along with a cycloaliphatic
epoxide having the structure:

25

30 Suitable cycloaliphatic epoxides are commercially
available from Union Carbide under the tradname ERL-
4221. In this instance, -the ratio of a to b in the
epoxy-functional polysiloxané preferably ranges from
about 1:2 to about 1.5:1, and the cycloaliphatic

35. epoxide is present in the protective coating at a
weight percentage ranging from about 0 to 50 (with the
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I nformation-carrying capacity and 2) inconpatibility with existing,

st andar di zed comruni cation fibers (which normally have NA values | ess than

0.29). The information-carrying capacity of an optical fibe

expressed as bandwi dth. Bandwidth is a neasure of the maxi

I nformati on can pass through an optical fiber (usually expresseu

MHz-km) . Bandwi dth is inversely proportional to NA because the hi gher order

nodes (anal Og%ﬁlém’:@imrﬁﬁﬂhqse?éxj(ﬂfﬁﬁeﬁiohéyhpblyanokanggan pashs in

t he fi ber, th%%a/ resullltln%.ig pul se broadenin r_di SRS '8n ;_l'g

bandwi dt h' | i miRSETR FREWEHIRE PeFFRR 828 aFe BReee ot Ehe KatdLaual

pul ses tLaveglamqpmhraﬁmﬁpbhpifﬁhbﬁionah polysibexabe andti ngui shed from

one anot her du | i on e r : f an optical

fiber. the smriefof LIRFERAS epdetds LoCehE) BFECLOPLIE HButEngl 2N OF

i nf or mati onScarryi ng capAeether example of am appropriate protective
coating includes the aforementioned epoxy-functional

polysiloxane and cycloaliphatic epoxide along with an
alpha-olefin epoxide having the structure:

10

R—C—C—H.

H

15
wherein R:'is an alkyl of 10 to 16 carbon atoms. Such
alpha-olefin epoxides are commercially available as

™
Vikolox from Atochem North America, Inc., Buffalo, New

York. Preferably, the alpha-olefin epoxide is present

20 in the protective coating-at a weight percentage of
about 20, the cycloaliphatic epoxide is present at a
weight percentage ranging from about 27 to 53, and the
epoxy-functional polysiloxane makes up the balance.
Further, the ratio of a to b in the epoxy-functional

25 polysiloxane desirably ranges from about 1.5:1 to 2:1.
Again, the weight percentages are based on the total
amount of epoxy-functional polysiloxane, cycloaliphatic
epoxide, and alpha-olefin epoxide in the protective
coating.

30 . A further example of a protective coating
according to the present invention is a novolac epoxy
having the structure:

35
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comercially useful optical- fibers.have a NA value of 0.29 or less. As
compared to the information-carrying capacity of such commercially usefu

optical fibers,

fi bers having a NA value of 0.35 or nore carryTﬁ@rsﬁB%s%f\s BEEN \’

information in a given period of tine and are therefore undesi ab!REPLACED 3
| nconpatibility becomes a probl em when one opti cal fiber el entertt s~Spliced
or connected to another optical fiber elenent. In this instance, it is
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wher

ein the average value of n ranges from 0.2 to 1.8.

The preferred value is 0.2. Such novolac epoxies are
commercially available from The Dow Chemical ‘Company as
D.E.N.” 431, D.E.N.” 438, and D.E.N.™ 439.

As noted above, buffer 16 preferably includes
an inner, resilient layer 18 and an outer, rigid layer
20. It has been found that by including-a relatively
soft, resilient layer (18) to the outer, longitudinal
surface of protective coating 14, microbending losses
are minimized. Thus, even though protective coating 14
has a high degree of hardness (Shore D hardness of 65
or more), the relatively soft inner, resilient layer 18
allows optical fibers having virtually any NA value to
be used in the present optical fiber element without
incurring unacceptably high microbending losses. For
this reason, commercially useful optical fibers having
NA values ranging from 0.08 to 0.34 may be used.

In order to provide sufficient protection
from microbending losses, inner, resilient layer 18
preferably hés a modulus ranging from 0.5 to 20 MPa.

It is also preferred that inner, resilient layer 18 be
capable of bonding with protective coating 14. In this
manner, protective coating 14 and buffer 16 together
form an integral coating for optical fiber 12.

However, the bond between protective coating 14 and
inner, resilient layer 18 should be sufficiently weak
that buffer 16 can be easily stripped from protective
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- 5- I nportant to m hizize signal attenuation at the point of

commectFon. When an optical fiber element with a hi gher
spliced to a fiber with a | ower NA value, all light exceedin( 1$ﬁEmMﬁSBEEN
val ue of the receiving fiber will be attenuated. Light-c EPLACED

capacity is proportlonal to the square of the NA Thus, as an exanpl e,
38% of the ligh

val ue of 0.35 FBagni gl per 5 %3 Rl)!\l&er&?ggm% gﬁz%%}e%“f ?l%% e\Méih"ea W

~ significant coaﬁlngamcephdbbpthcai fnbergnalshould be strong@momﬁaqﬂy“a

need exists |nth Bgﬁﬁ ngﬁﬁggtgrggg %qb gQW%§ eqqn%nwhlﬁﬁe&rotects the

optical fiber rlza I-on an € dUse of
opti cal f|bersrbavlmgnNAlaxBUeQBSnalhethnhamaonssJ buffer 16 can be

5 readily stripped from optical {}ber element 10 without
also removing protective coating 14 or causing damage
to optical fiber 12.

Inner, resilient layer 18 may be constructed

from any material having the foregoing physical

10 properties. Examples of suitable materials include
acrylate or epoxy functional urethanes, silicones,
acrylates, and epoxies. Materials which are easily
cured using ultraviolet radiation are preferred. Such
materials are commercially available within the desired

15 modulus range of 0.5 to 20 MPa. Acrylate functional
silicones, such as those which are commercially
available from Shin-Etsu Silicones of America, Inc.,
Torrance, CA, are preferred. A particularly preferred
acrylate functional silicone is Shin-Etsu OF-206, which

20 was determined to have a modulus of 2.5 MPa at room
temperature. )

Outer, rigid layer 20 protects the underlying
coatings from abrasion and compressive forces. To this
end, it is preferred that outer, rigid layer 20 has a

25 modulus ranging from 500 to 2500 MPa. Non-limiting
examples of acceptable materials from which outer,
rigid layer 20 may be constructed include acrylate or
epoxy functional urethanes, silicones, acrylates, and
epoxies. Acrylate functional urethanes are preferred.

30 Such acrylated urethanes are commercially available
from DSM Desotech, Inc., Elgin, IL. A particularly
preferred acrylated urethane, having a modulus of 1300
MPa (23°C), is available from DeSotech, Inc. as
DeSolite” 950-103.

35 The diameters of optical fiber element 10 and
optical fiber 12, as well as the thicknesses of
/—’.‘
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Summary of the Invention The invention provides an optical fiber
el enent -as defined in clains 1-6 and 11-14, a nmethod for producing an

optical fiber element as defined in clains 7-9 and a coating foumsrEETORASSEEN

defined in claim210. The present invention provjdes @®EPLACED
optical’ fiber elenment conprising an optical fiber having a nuner 1 cal
aperture ranging from0.08 to 0.34 and a protective coating affixed to
the outer surfﬁf@teétwe coaﬁﬁhbcih ahaebuf§ae REQt Q(illllVQ‘aQQatl ng has a
Shore D hardness _yal ue of or nor.e |ns Qn the o tlgﬁ| fiber
(i.e., is not QFPPBBéBngBHPtﬁBefPBEF}CHSPFnSPP ication in Which®the

optical fiber element is used. Generally, it is
preferred that the combined diameter D, of optical
5 fiber 12 and protective coating 14 be compatible with
the connector, splicing device, or other optical
element into which the coated optical fiber is to be
inserted. Thus, the diameter D, should be no larger
(nor much smaller) than that which can be accommodated
10 by such elements. In this regard, it has been found
that when the diameter D, ranges from about 120 to 130
micrometers, and is preferably about 125 micrometers,
optical fiber element 10 will be compatible with most
commercially available connectors, splicing devices,
15 and other optical elements. At such a diameter,
protective coating 14 may range in thickness from about
8 to about 23 micrometers, cladding 12B may range in
thickness from about 8 to about 24 micrometers, and
core 12A will generally be about 62.5 micrometers in
20 diameter. It should be understood, however, that such
thicknesses/diameters are merely representative of
current industry standards, and may be changed without
deviating from the scope of the present invention.
In further accordance with current industry
25 standards, the total diameter of opticél fiber element
10 preferably ranges from about 240 to about 260
micrometers. As such, the thickness of inner,
resilient layer 18 preferably ranges from about 15 to
about 38 micrometers, and the thickness of outer, rigid
30 layer 20 preferably ranges from about 25 to about 48
micrometers. Again, such dimensions are merely
representative of current industry standards. The
scope of the present invention is not limited to any
particular set of thicknesses or diameters.
35 Optical fiber element 10 may be produced by
any conventional optical fiber production technique.
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connectorization so that the fiber is neither danmaged by the bl ades of a

stripping tool nor subjected to chem cal or physical attag
wat er vapor or dust . It is preferred that thg Sﬁ@ETﬂbbEBEEN
el ement further include a buffer which substantially encldwm&;ijﬁ?LACED

optical fiber and the protective coating. The buffer may include an
I nner, resilient |ayer and an outer, rigid |layer. The inner, resilient
| ayer is Such techniques generally 1nvolve a draw tower in which

a preformed glass rod is heated to produce a thin fiber
of glass. The fiber is pulled vertically through the
draw tower. Along the way, the fiber passes through
5 one or more coating stations in which various coatings

are applied and cured in-line to the newly drawn fiber.
The coating stations each contain a die having an exit
orifice which is sized to apply the desired thickness
of the particular coating to the fiber. Concentricity

10 monitors and laser measuring devices are provided near

' each coating station to ensure that the coating applied
at that station is coated concentrically and to the
desired diameter.

To facilitate the coating process, the

15 compositions giving rise to protective coating 14 and
buffer 16 preferably have a viscosity ranging from 800
to 15,000 cps, and more preferably from 900 to 10,000
cps. Conveniently, inner, resilient layer 18 and
outer, rigid layer 20 can be wet coated in the same

20 coating station and then cured simultaneously.

In order that the invention may be more
readily understood, reference is made to the following
examples, which are intended to be illustrative of the
invention, but are not intended to be limiting in

25 scope. '

FIBER DRAWING PROCESS

refo epa on
30 A fiber optic preform was first prepared in
accordance with U.S. Patent No. 4,217,027.

ibe win
The fiber optic draw tower used in the draw
35 process was based on an enclosed Nokia system which
featured a Nokia-Maillefer fiber draw tower (Vantaa,
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-6- preferably of sufficiently | ow nodulus (e.g.,
opt'ical “fi ber elenent with protection agai nst m crobendi ng | osses.
outer, rigid layer is preferably of sufficiently high nodul &ﬁqgﬁwmﬁﬂq;g
2500 MPa) to protect the underlying | ayers from abrasion and Feeh

damage.

with both the optical fiber and with the inner, resilient |ayer of the
buffer. In thF$nkandgr, Thebpginethevdrawapregessd kuiiownfieednsystiem egra

coating. Duri

renoved to al . . ] )
and adhered tBrefesmnwesofedr ingpi ai A§ ¥ LapelTgirsenia; induction

10

15

20

25

30

35

MPa) to provide the
The

Chapbcaten

"

The protective coating preferably forns ant-adhestve-bond —~

?QsCHﬁQECEBT Eéﬁrtkggé}:ﬂg‘r']‘%%b a%nQHQEhOfthEh'ﬁgtE;ifgfabr must be

e inserted in

ow the optica rotective coatin

furnace (Lapel Corp., Maspeth, NY) in which the preform
was heated to a temperature at which it may be drawn to
fiber (between about 2200 to 2250°C). Below the heat
source, a LaserMike™ laser telemetric méasurement
system was used to measure the drawn fiber diameter as
well as monitor the fiber position within the tower.

The newly formed fiber was then passed to a
primary coating station at which the protective coating
was applied. The coating station included a coating
die assembly, a Fusion Systems® Corp. microwave UV
curing system, a concentricity monitor, and another
laser telemetric system. The coating die assembly,
based on a Norrsken Corp. design, consisted of a sizing
die(s), back pressure die and a containment housing
which was mounted on a stage having adjustment for
pitch and tilt and x-y translation. These adjustments
were used to control coating concentricity. The
protective coating material was supplied to the coating
die assembly from a pressurized vessel and was applied,
cured and measured within the primary coating station.

The coated fiber then proceeded on to a
secondary coating station where a buffer was applied to
the coated fiber. 1In certain cases it was desirable to
apply two buffer layers simultaneously in a wet-on-wet
application at the secondary coating station. 1In this
case an additional sizing die was used and an
additional vessel was used to supply material to this
die. 'The coatings were applied, one after the other,
and then cured and the outer diameter measured. As
required, additional coatings could be applied via
additional coating stations. Ultimately, the completed
optical fiber element was drawn through a control
capstan and onto a take-up spool (Nokia).
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the bond fornmed between the protective coating and the optical fiber is
gréater“than that forned between the protective coating and e_inner,

resilient layer, thereby allowi ng the buffer to be easily stjrrHSeshEETGM

fi ber and protective coati ng. The present inventiqn alsaggr em;:]
a method for producing an optical fiber elenent. The nethod conprise §g¥%e~
steps of: providing an optical fiber having a nunerical aperture
ranging from0.08 to 0.34; and affixing a protective coating to

the outer surface of the optical fiber, _the grotective coating
havi ng a Shore D hardness val ue of 65 of The et hod
further include the step of applying a buffer which substantially encl oses

the optical fi b‘:eora _e:ﬂ'(‘j tEE grsoioective coating, the buffer

'5 Coating dimensions ahd concentricities are
measured using an Olympus STM~MJS Measuring Microscope
and MeasureGraph 123 software (Rose Technologies). The
technique fits a circle to a number of points selected
about the circumference. The size of these circles and

10 their offset from center (from various components of
the fiber structure) were determined and reported by
the software. ’

Connecto em ture

15 This test was modeled after Bellcore test TR-
NWT-0003236 (June 1992), “Generic Requirements for
Optical Fiber Connectors”. The Bellcore test cycles
from -45 to 70°C for 14 days. The test procedure used
herein spanned -45 to 60°C for 48 hours. The values

20 reported are the maximum within this time.

Dynamic Fatique Testing

This test was performed similarly to Fiber
Optic Test Procedure ("FOTP") 28. The_exceptions are
25 as follows:

Strain Rate = 9% /minute
Gauge Length = 4 meters
Environment = Ambient Laboratory

30
Micrdhggding Testing
Microbending testing was done in accord with
FOT?-GS. The highest value obtained was reported.

e
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I ncl udi ng an

Bri'ef Description of the Draw ng
fi ber elenment constructed in accordance with the present in <
optical fiber, a protective coating, and a buffier;  gspractn

i ncl udi'ng an

10

15

20

25

inner, resilient layer and an outer, rigid |ayer.

'Macrobending Testin
Macrobending testing consisted of determining

the transmission of a fiber that was turned 180° about
mandrels of various diameter. The transmission was
determined as the ratio of the power out of the wrapped
fiber /power out of unwrapped fiber. Care was taken to
insure that other loops in the fiber were large enough
(radius> 10cm) such that they did not contribute to the
loss.

umeric ture tin

The numerical attenuation was determined
using a Photon Kinetics Model FOA-2000 which refers to
FOTP-177 for “Numerical Aperture Measurement of Graded-
Index Optical Fibers”. The test procedure was modified
to accommodate experimental fiber by using shorter
lengths of fiber (0.2 - 0.5 Km) rather than the > 1 Km
lengths specified in the FOTP.

Pull-Out Test

A tensile pull-out test was utilized to
determine how well the connector adhesive adheres to
the protective coating (which remains on the fiber
during connectorization and permanently thereafter).
An "ST" connector design was chosen due to its
availability and compatibility with the test equipment.
It consists of a zirconia ferrgle mounted in a barrel
to which was attached a bayonet assembly.

30 Fiber Preparation
In all of the following examples, 12 inch pieces
of the completed optical fiber element were
stripped to reveal 1.5 - 2.0 cm of the protective
coating which was then cleaned with a tissue
35 moistened with isopropyl alcohol. The fiber ends
This Sheet Has Been Replaced " -]18=

FIG 1 illustrates an optical

s



FIG 2 graphically illustrates a dynam c fatigue anal ysis (Wi bul | plot)
for the optical fiber elenent of Exanple 1; FIG 3 I
illustrates mcrobending test results for Exanples 2, 3, 5, £%EESSHEBUHASB
FIG 4 graphically illustrates nmacrobendi ng test results for! Exanpl&PeAbrgn
6. Det ai | ed Descrintion of the Invention FIG™T
an optical fiber el wesne aldowsssthouczay puiak & dnst@lding t he present
i nvent i on. Cpt'cal'@dﬂﬂéifﬂfﬁn”“ 10 includes an optical fiber 12, a
protective coating 14, and a buffer 16. Optical

EN

Two-Part Epoxy

5 A standard two-part epoxy for fiber optic
' connectors (either Tra—Coﬁ #BA-Fl112 or 3M #8690,
Part No. 80-6107-4207-6) was used. It was mixed
according to the manufacturer’s instructions and
poured from the mixing envelope into a syringe

10 body. A plunger was installed taking care to
avoid incorporation of air into the liquid. The
syringe was fitted with a blunt-end needle. This
assembly was used to inject adhesive into the
ferrule from the barrel end until adhesive

15 appeared at the tip end. The fiber was inserted
such that the buffer coating bottomed in the
barrel. The adhesive was cured for 25 minutes at
90°C.

20 - Hot Melt Adhesive

A polyamide hot melt adhesive was provided pre-
installed in ST connectors as a product (3M 6100
HotMelt™ Connector, Part No. 80-6106-2549~5). The
connector was heated in the required oven (3M Part
25 No. 78-8073-7401-8) for two minutes and removed.
The optical fiber was immediately installed such
that the buffer coating bottomed in the barrel.
The connector was then left undisturbed until
cool.
30
Pull -Out Testing
Pull-out testing was performed using an Instron
tensile tester (Model 4201). Peak loads (before
pull-out) were recorded. The average of five or
35 ten tests was reported as the pull-out value for
each sample.

-19= This Sheet Has Been Replac
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fiber 12 furt
cl addi ng 12B

AS BEEN
constructed of any suitable material. For exanple, core 12A 'ﬂﬂ%ﬁ?&ﬁﬁg S BE
y(nmet hyl nethacryl ate), polystyrene, polycarbonate,. a1|oys A

made from po

her includes a core 12A and cl adding 12B. Core 12A and

are preferably constructed of glass, but may al so—be

the foregoing, fluorinated or deuterated analogs to the fore90|ng,

f 1 uor opol yner
constructed f

fiber 12 and

resilient |ayet® ﬁm%n‘-‘%ﬁ‘ﬁra Pheten

provi des. optigpérdtiehak! PeEeterfe\Wad POPPLLEL ON agai nst m crobending
outer, rigid layer 20 protects the underlying |layers from

| osses whil
abr asi on an

10
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35

s and alloys thereof, and silicones. Cadding 12B can al so be
r§ﬂ§2ﬁt§l¢£§§§hﬂ§§&2ﬂhan gl ass, such as fluoropol yrers,

fl uoroel astoners, and S'ih&ogﬁéctfﬂif§£téﬁu£€ﬂ€htHﬁ'Eﬁé'516&5'9&%5 opti cal

protectlve coafihg 14, and gre erab ﬁﬁlnc udes an I nner,

jaetigs

nechanlcal damage. b
Catalyst Formulation
For each of the examples, the following catalyst

formulation was used:

40 parts of bis(dodecylphenyl)iodonium
hexafluoroantimonate

60 parts of a C10-Cl1l4 alcochol blend

4 parts 2-isopropylthioxanthone

EXAMPLES
am - - ct si e

Protective Coating Formulation

A protective coating formulation was prepared by
thoroughly mixing 95 parts of an epoxy-functional
polysiloxane with 5 parts of the above-described
catalyst formulation. The epoxy-functional
polysiloxane had the structure set forth above in which
the ratio of a to b was 1:1 and R was a methyl group.
This formulation was then filtered though a 0.2u
polysulfone filter disk into a amber glass bottle. 1
part of 3-glycidoxypropyltrimethoxysilane was added and
thoroughly mixed.

Coating Process '
The protective coating formulation was coated to a
diameter of 125um on a 110 gm optical fiber which was
freshly drawn from a Diasil™ preform at a draw speed of
30 MPM (meters per minute). The coating was cured and

ect Has Been Replaced
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Optical fiber 12 has a nunerical aperture (NA) value ranging fromO0.08 to

0.34. Further, optical fiber 12 may be either a single node{rt; o

supports only one path that a light ray can followin trave Iingsli%f‘f?\lseaem
PLAGED

optical fiber elenment) or a multi-
a subsequent layer of an acrylated urethane (Desotech
950~-103) buffer was coated and cured to a diameter of
250 um.

5 Dynamic Fatigue Analysis N
The completed optical fiber element was subjected to
tensile testing to failure (dynamic fafigue analysis).
The Weibull statistics for such testing are shown in
FIG. 2.
10
Pull-Out Test
The buffer coatings on this and similarly coated fiber
elements were easily removed using conventional
stripping tools. Connector pull-out testing gave the
15 following results:

Hot melt Adhesive 5.2 lbs
Two-Part Epoxy 6.1 lbs
20 . .
Example 2 - E -Function lysiloxane/Bisph A
Coat

Protective Coating Formulation

A mixture of 75 parts of the epoxy-funétional

25 polysiloxane used in example 1 was mixed with 25 parts
Epon" 828 bisphenol A diglycidyl ether resin (from the
Shell 0il Co.). 5.3 parts of the catalyst formulation
was added and thoroughly mixed and filtered though a
l1.0um Teflon filter disc into an amber glass bottle.

30
Coating Process
This formulation was coated and cured to a 125 um
diameter on a 100 um glass fiber which was freshly
drawn from a graded index preform at a draw speed of 45
35 MPM. A buffer coating of acrylated urethane (DSM 950-

-21- This Sheet Has Been Repla
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nDQeifiber (i.e., capable.of supporting nultiple paths for light rays to
follow in travelling down the optical fiber elenent). Wen optical _fjber 12
is a single node fiber, the NA thereof preferably ranges frgmdSotHERD. HAs B@ENJ

about 0.20. When optical fiber 12 is a nulti-node fiber, thd_NA tREPleafeD
preferably ranges from about 0.26 to about 0.29. Protective —
coating 14 is affixed to the outer surface of optical fiber nor e
precisely, to @os drom Dﬂannsntﬁchuaihndﬁ}:maﬂlnq1ﬁ|ngﬂuln5pﬁécb%%oof

connectori zat i ‘Hﬁﬁf d length of a
termnal end o tlcéal%?aj% erren O&Eo Sﬁfﬁi éekf to be properly

inserted into and bonded mnth an opti cal fiber connector or splicing
device. Protective ?ﬂﬁ&b fie Tagever, remains on the outer surface of
optical fiber 12 (i.e., 1s nd? stripped fromthe fiber) during the process
of 5 The completed optical fiber elément was tested for

microbending according to FOTP-68 resulting in a
maximum loss of 4.4 dB (see FIG. 3).

Pull-Out Test

10 A similarly coated optical fiber element gave the
following results for connector pull-out tests:

Hot melt Adhesive | 7.2 lbs
Two-Part Epoxy 4.4 lbs
15
am - Epoxv-Funct si :
Triple Coat
20 Protective Coating Formulation

The protective coating formulation was that described
in Example 2.

Coating Process

25 The material was coated and cured to a 125 um diameter
on a 100 um glass fiber which was freshly drawn from a
graded index preform at a draw‘speedhof 45 MPM. Inner
and outer buffer layers (DSM 950-075 and DSM 950-103,
respectively) were applied then cured simultaneously to

30 diameters of 183 and 226um, respectively. The inner
buffer layer had a modulus of 3.8 MPa while the outer
buffer layer had a modulus of 1300 MPa.

Pull-Out Test

35 The optical fiber element gave the following results

for connector pull-out tests: T
ect Has Been Replaced
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connectorization and permanently thereafter. In this manner
coating 14 prevents optical fiber 12 from bei ng danaged by
stripping tool (used to renove buffer 16) or weakened by ch
physi cal attack from e.g., water vapor or dust,
occur if the bare glass surface of optical fiber

protective

| heidsersHAS BEEN
EM calRBPLACED

whi ch woul @
12 were exposed.

otrnerw se

Protective coating 14 shgphdwgg¥eAahﬁggggciently thhlgggree of hardness
n

that the coating is resista 0 nechani cal force and abras

i on.

Specifically, protectiveTwoaPrrg§ Epoxioul d al | ow 6pRi 88 fiber el ement 10

‘to be handl ed,

splicing device w thout
12. Further, once cMiexabending

stripped, cleaned, and cl anped inside of a connector or

incyrring damage to the surface of optical fiber
ded inside of a connector or splicing

does not exhi bi

cos ‘ot "exth brpecpEETpaorien dshers e, SateA cofnictonetamer

10

15

20

25

30

according to FOTP-68 resulting in a maximum loss of
1.15 dB (see FIG. 3).

Example 4 - volac

Protective Coating Formulation
A protective coating formulation was prepared-by
thoroughly mixing 95 parts of an epoxy-novolac (Dow DEN
431) with 5 parts of catalyst formulation. This
formulation was filtered to 0.5 um through a Teflon

filter disk into an amber bottle.

Coating Process
The protective coating formulation was coated and cured
to a 125 um diameter on a-100 um glass fiber which was
freshly drawn from an unpolished preform at a draw
speed of 45 MPM. A buffer coating of acrylated
urethane (DSM 9-17) was coated and cufed to a 250um
diameter.

Pull-Out Test

The optical fiber element gave the following results
for connector pull-out tests:

6.2 lbs
6.5 lbs

Hot melt Adhesive
Two-Part Epoxy

This Sheet Has Been Replaced
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the coated fiber inside of the connector or splicing device.

coating 14 is sufficiently hard for
t hese purposes when it has a Shore D hardness val ue of

Protective
9

THIS SHEET HAS BEEN
REPLACED

10

15

20

25

Xam - Epoxy-Functi (o) ilo s o) :
Triple Coat ‘

Protective Coating Formulation
A mixture of 75 parts of the eﬁbxy-functional
polysiloxane used in example 1 was mixed with 25 parts
Epon" 828 bisphenol A diglycidyl ether resin (from the

Shell 0il Co.). 10 parts of the catalyst formulation
was added and the formulation was thoroughly mixed and
filtered though a 1.0um Teflon filter disc into an

amber glass bottle.

Coating Process

The protective coating formulation was coated and cured
to a 125 um diameter on a 100 um glass fiber which was
freshly drawn from a graded index preform at a draw

speed of 45 MPM. Inner and outer buffer layers (Shin-
Etsu OF 206 and DSM 950-103, respectively) were applied
and then cured simultaneoqsly to diameters of 184 and
250 um, respectively. The inner buffer layer had a

' modulus of 2.5 MPa while the outer buffer layer had a

modulus of 1300 MPa.

Pull-Out Test

The optical fiber element gave the following results
for connector pull-out tests: .

Hot melt Adhesive 3.0 1lbs
Two-Part Epoxy 6.4 lbs
30
Microbending Test

35

The optical fiber element was tested for microbending
according to FOTP-68 resulting in a maximum loss of
0.76 dAB (see FIG. 3).

———
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65 or nmore (as deternined in accordance with ASTM D- 2240).
addition to a Shore D hardness value of 65 or nore, the ideal protective

coating would al so provide the foll ow ng: 1) a barfri
and ot her agents of chem cal and mechani cal attatﬁfsag@blggg%r%%EN
f\h

vapor, dust,

gl ass opti cal

In

fiber; : 2) surface characteristics sueh—that

SHEE

o
LY N A

protective coating adheres strongly to the glass outer surface of the
optical fiber so thgherobehdingCreseasi |y removed, and at the sane tine

adheres weakly to the buffer 'so that the buffer can be easily stri
the coated optThealfiberwas ttesked fox MacrokeRding 1and (thg Tegplt

gped from

3) the abi Iit)érteo SrdWR s‘%r{%_bopgs with the adhesives used to affix
c

optical fibers'to conne

5

10

15

20

25

30

ors

AN

Numerical Aperture
The numerical aperture was determined to be 0.258

Spectral Attenuation

The spectral attenuation, based on the modified FOTP-

46, was determined to be as follows:

@850nm = 6.03 db/Km
€1300nm = 3.5 db/Km
mpa jve a 6 - C in 5

The fiber used for this comparative example was
Corning™ Optical Fiber with the following
identifications:

Product: LNF (TM) 62.5/125 Fiber
Coat: cPC3 '

Fiber ID: 262712272304

Pull-Out Test

The fiber gave the following results for connector
pull-out tests:

Hot melt Adhesive - 5.9 1bs
Two-Part Epoxy 4.6 lbs
Microbending Test

The fiber was tested for microbending according to
FOTP-68 resulting in a maximum loss of 0.42 dB (see
Figure 3). '
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and splicing devices. Any coating having a Shore D hardness val ue

of ‘65 or nore

and whi ch provides, at |least to sone degree, _all_ or nnst of

the above-listed properties may be utilized as protective [G&(S BGEEMHAS BEEN
The protective coating conprises an epoxy- functional pojysil| &&h&CHAvI ng

the structure

10

15

20

25

30

35

Macrobending Test

The fiber was tested for macrobending and the results
are shown in Figure 4.

Numerical Aperture s

A value for numerical aperture of 0.269 was provided by
Corning (method unspecified).

Spectral Attenuation

The spectral attenuation values provided by Corning
(method unspecified) were as follows:

essonm =2.7 db/Knm
ei1300nm =0.6 db/Km

e - s

Shore D hardness values of various protective
coating formulations were evaluated using a Shore D
durometer mounted on Shore Leverloader following the
general procedure of ASTM-D-2240. The samples were
prepared by curing thin layers on top of each other
such that large discs of the material resulted.
Samples were at room temperature (23°C) for testing.

Formulation 1
95% Epoxy-functional polysiloxane in which
the a:b ratio is 1:1 and R is a methyl
group; and
5% Catalyst

Formulation 2

71.2% Epoxy-functional polysiloxane in which
the a:b ratio is 1:1 and R is a methyl
group;

23.8% Epon™ 828 bisphenol A piglycidyl ether '

resin; and

This Sheet Has Been Replaced ™
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THIS SHEET HAS BEEN

REPLACED
5% Catalyst
Formulation 3
31.7% Epoxy-functional polysiloxane in which
the a:b ratio is*2:1 and R is a methyl
group;
63.3% ERL-4221 cycloaliphatic epoxide; and
5% Catalyst
Formulation 4
95% Dow D.E.N.™ 431 novolac epoxy; and
5% Catalyst
RESULTS: 8hore D Hardness
Formulation No. of Tests Average Value Deviation
1 %* * *
2 6 70 2
3 6 : 71 3
4 7 77 4

*due to brittleness of the sample it fractured upon penetration of
the durometer point; therefore, accurate values were unattainable.

This Sheet Has Been Rep

[T

-27-



wher ei n: the ratio of < fromabout 1:2 to about 2: 1, and

R is"'anm al kyl group of ﬂ“ﬂ@ bon at ons. Such

epoxy-functi onal polys ribed in U S. PatentirNe—4-822,-687
and in WO - A - g3 20.163. Preferably, the protéc FV@é*E%HlW%@BFTN
further "i ncl udes a bi sphenol A diglycidyl ether resin having_theR&§PFAfcir e:

[err] . .
What is claimed is:

1. An optical fiber element, comprising:
an optical fiber having a numerical aperture
5 ranging from 0.08 to 0.34; and_
a protective coating affixed to the outer surface
of said optical fiber, said protective coating having a
Shore D hardness value of 65 or more.

10 2. The optical fiber element of claim 1 further
including a buffer which substantially encloses said
optical fiber and said protective coating, said buffer
comprising an inner, resilient layer and an outer,
rigid layer.

15
3. . The optical fiber element of claim 2 wherein
said inner, resilient layer has a modulus ranging from
0.5 to 20 MPa, and said outer, rigid layer has a
modulus ranging from 500 to 2500 MPa.
20 |
4. The optical fiber element of claim 1 wherein
said protective coating compriées an epoxy-functional
polysiloxane having the structure:
25
R R R R
R—éiO—(éiO);(é'iO)B—éi—R
R R R
30
KZ

35 - |
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wherein the average val ue of n_Langg§ fromO to 2. More preferably, the
average value of nis |ess than . ' '

ether resins are comercially a

vl

~Suitabl e bi sphenol A di gl yci dyl
!MH r" m,m Dow Cheni ca - prp—
D.E.R 331 and D.E.R 332, and al Corpany  ag @gﬁ%ﬁ{r PERN

828. The bi sphenol A dlegC|dyI ether resin nay be present imrtfe

ACED

protective coating at a weight percentage ranging fromabout 0 to 20, and
the epoxy-fungjHe&r@inol ysil oxane nay be present at a wei ght percentage

rangi ng f
gi ng from about t%o to

10

15

20

25

30

atio of a to b ranges from about 1:2 to about
2:1; and
R is an alkyl group of one to three carbon atoms.
S. The optical fiber element of claim 4 wherein
said protective coating further comprises a bisphenol A
diglycidyl ether resin having the structure:

wherein n ranges from 0 to 2.

6. The optical fiber element of claim 5 wherein
said bisphenol A diglycidyl ether resin is present in
said protective coating at a weight percentage ranging
from about 0 to about 20, said weight percentage based
on the total amount of epoxy-functional polysiloxane
and bisphenol A diglycidyl ether resin present in said
protective coating.

7. The optical fiber element of claim 4 wherein

said protective coating further comprises a
cycloaliphatic epoxide having the structure:

—_—
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100. The wei ght percentage-of—bisphenol—A-diglycidyl ether resin in the

protective coating may b mnun m'l ut 30 by decreasing the upper
limt of the ratio rangeﬂ I] |HI|I Iﬂ ﬂ epoxy-functional poirMsl drpeagsd BrEN
about 1.5:1 (so that the rangeis™Mrém#:2 to 1.5:1). It shoul d bespoied

that the protective coating may contain other constituents (-0
catal ysts, sensitizers, stabilizers, etc.). Thus, the above wei ght

per cent ages are based only upon,the total agount, of _epgxy-fuynctional
pol ysi | oxane and bi§phen$¥eA98FéF?iiG}PeEtﬁgng§§iﬂfpgggémt i YRSt&ein
protective said protective coating further includes an alpha-

olefin epoxide having the structure:

~

5 0\
e

10 wherein R is an alkyl of 10 to 16 carbon atoms.

9. The optical fiber element of claim 1 wherein
said protective coating comprises a novolac epoxy
having the structure:

20 CH,— CH,

wherein the average value of n ranges from 0.2 to 1.8.
25 '
10. The optical fiber element of claim 1 wherein
said protective coating comprises a bisphenol A
diglycidyl ether resin having the structure:

30
wherein n ranges from 0 to 2. e ——
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coat i ng. As an additional exanple of a protective coating
etherxresln set forth above nay al one

materi al, the bisphenol A diglycidyl
be used as the protectlve coating (i.
pol ysi | oxane).

materi al includes-the above-described epoxy-

wi t hout any epoxy- f
“A further exanple of a suitable prot
functional polw

wth a cycloallphatlc epoxi de having the structure:

stract he Disclosu

[err]

T

/ FENI
JAgﬁ ?Sné

An optical fiber element includes an optical
fiber having a numerical aperture ranging from 0.08 to
0.34 and a protective coating affixed to the outer

5 surface of the optical fiber.

The protective coating

has a Shore D hardness value of 65 or more and remains
on the optical fiber during connectorization so that
the fiber is neither damaged by the blades of a

stripping tool nor subjected to chemical or physical

10 attack.

—_—
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Sui tabl e cycl oal i phatic epoxides are commercially available from Union

Car bi de” under the tradnane ERL- 4221. In this:instance, the[raid oardT BAS BEBN
in the epoxy-functional polysiloxane preferably ranges from aboutRePLRCED

about 1.5:1, and the cycloaliphatic epoxide is present int PTOTECL! Ve
coating at a weight percentage ranging fromabout 0 to 50 (with the
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-12- ~ bal ance conpri si-ng-epoxy-functional polysiloxane). As before, the
melght “percent ages are a d aon the total amount of epoxy-fjug "
pol ysi | oxane and cycl oal’ din the protective
Anot her exanpl e of an ap ?}m ctlve coating inclu
af orenmenti oned epoxy- fun oxane a cycl oal i phati c epoxi de

al ong with an QL;ha olefin epOX|de haV|ng th gaucture: [err]
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wherein Ris an al kyl REPLAGEMT' C&F @ﬂ- fat ons. Such al pha-ol efi n epoxi des
~-are conprercially availa IE—ag“V"koon[efr frém Atochem North Aneri ca,

I'nc., 'Buffal o, New York. the al pha-ol efin epOX|de |s pr esent
in the- protective coati hgla WEI ght pert ga&& %
cycl oal i phati c epoxi de iis g fr about

27 to 53, and the epoxydfunctional polygL loxane nakes up the bal ance.

Furt her,

the ratio of a%e—b—TmThe epoxy-functional

OPTICAL FIBER ELEMENT AND METHOD OF MAKING

Field of the Invention
The present invention relates to an optical

fiber element and, more particularly, to an optical
fiber element comprising an optical fiber having a
protective coating affixed to the outer surface thereof
to protect the optical fiber during connectorization.

Background of the Art
In the construction of glass-based'optical_

fiber elements, a coating is usually applied to the-
glass optical fiber immediately after drawing to
protect the glass surface from the detrimental effects
of chemic¢al and/or mechanical attack which would
otherwise occur. Such forms of attack, to which glass
optical fibers are particularly susceptible, greatly

‘decrease the mechanical strength of optical fibers and

lead to their premature failure.

Conventionally, several coatings are applied
to optical fibers, with each serving a specific
purpose. A soft coating is applied initially to .
protect the fiber from microbending losses, and a
harder, secondary coating is applied over the soft
coating to provide resistance to abrasion.

The connectorization procés$‘(i.e., coupling
an optical fiber ‘element to another optical fiber
element or other optical element via a splicing device
or optical connector) conventionally entails the
removal of all coating layers such that the bare glass
surface is exposed. The glass surface is usually
cleaned by wiping it with a soft tissue which has been
moistened with an alcohol such as isopropanol. The
fiber is then fixed intoc a connector ferrule or
splicing device using an adhesive such as an epoxy,
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pol ysi |l oxane desirably ranges fromabout 1.5:1 to 2:1. Again, ft ’*ﬁﬁéﬁﬁﬂfs ?FT
Sl Lo

percentages are based on the total anount of epoxy-functional |p

cycl odl i phatic epoxi de, and al pha-ol efin epoxide in'the protectlve coat i ng.
A further exanple of a protective coating according to the prgsgntt0 MAR 1997
I nvention is a novol ac epoxy having the structure:

hot melt, or acrylic adhesive. Upon curing (or

cooling) of the adhesive, the fiber end face is
polished and the connectorization process is complete.

During the connectorization process, the
optical fiber is very vulnerabie. Initially, the fiber
may be nicked by the blades of the tool used to remove
the outer coatings during the stripping operation.
After stripping, the bare fiber is exposed to elements
in the local environment. These are likely to include
water vapor and dust particles. Water acts chemically
on the surface of the glass and dust acts as an
abrasive. Both of these effects contribute to failure
of the glass fiber. Most failures in optical fiber
systems tend to occur at the sites of connector
installation.

One solution to the problem of fiber
stripping and exposure during connectorization has been
proposed in U.S. Patent No. 4,973,129. That patent
‘discloses an optical fiber element wherein a resin
composition having a Shore D hardness value of 65 or
more {specified in the Jaﬁanese Industrial Standards at
room temperature) is applied to the surface of a glass
optical fiber having a numerical aperture (NA) value of
0.35 or more. The resin is then cured to form a
primary coating layer which does not have to be peeled
from the optical fiber at the time of connectorization.
Instead, the primary layer remains on the fiber during
connectorization (and thereafter) to prevent the fiber
from being damaged as described above. Useable optical
fibers are said to be limited to those having a NA
value of 0.35 or more because the optical losses caused
by microbending ("microbending loss") increase upon
covering the optical fiber with such a hard resin. 1In
optical fibers with a NA value below 0.35, microbending
loss was found to be so great as to make optical
communications impractical. When the NA of the optical
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fiber is 0.35 or more, however, microbending lossS was
not found to be a problem.

Unfortunately, optical fiber elements which
require an optical fiber having a NA value of 0.35 or
more are not commercially useful. As is known, NA is a
measure of the angle of light which will be accepted
and transmitted in an optical fiber. Optical fiber
elements having a NA value of 0.35 or more find limited
use in communication, data transmission, and other high
bandwidth applications for two reasons: 1) limited
information-carrying capacity and 2) incompatibility
with existing, standardized communication fibers (which
normally have NA values less than 0.29). The
informatidn—carrying capacity of an optical fiber is
usually expressed as bandwidth. Bandwidth is a measure
of the maximum rate at which information can pass
through an optical fiber (usually expressed in MHz-km).
Bandwidth is inversely proportional to NA because the

‘higher order modes (analogous to higher angles of

incident 1light) have longer paths in the fiber, thereby
resulting in pulse broadening or dispersion. The
bandwidth limitation of an optical fiber element occurs
when individual pulses travelling through that fiber
can no longer be distinguished from one another due to
dispersion. Thus, the larger the NA value of an
optical fiber, the smaller is that fiber’s bandwidth
(and therefore information-carrying capacity). Most
commercially useful optical fibers have a NA value of
0.29 or less. As compared to the information-carrying
capacity of such commercially useful optical fibers,
fibers having a NA value of 0.35 or more carry far less
information in a given period of time and are therefore
undesirable.

Incompatibility becomes a problem when one
optical fiber element is spliced or connected to
another optical fiber element. 1In this instance, it is
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The preferred value is 0.2. Such novol ac epoxi es are comrer Ci |ﬁ§PQ$§NE§LHﬁECT
f.rom The Dow Chenical Conpany as D.E N [err] 431, D.E N.[err] |438, and

D.E. N 439. As noted above, buffer 16 preferably incliudest @MAR 1997
inner, resilient layer 18 and an outer, rigid layer 20. It hag Keen found
that by including a relatively soft, resilient layer (18) to tlh uter,

| ongi tudi nal surface of protectiyve cqat4ng 14, mcrobending | qsses_are

mini mzed. Thimportemt HeugH ndrzdize: 15 ignab At trpuat iR %thg’@ﬁ BedREe of

har dness (Shorg %éﬁ $h.0f e lanWicd e ivdat évahentowlithnaer,
resilient layer, all ows optical fibers haVIGf,Vlrtu ly a NA val ue to
be used in thépﬁﬁﬁgémﬁ(Xﬁﬁq%ﬂlﬁi%R%IQﬁQHﬁﬁua P HRRRItYWE u?r?ﬁﬂeﬁn§ cept abl y
hi gh ni cr obendiyigid ,0930S -1 ikt tdiiceedianpthe MWevalue | gf ushéul opti cal

[ ers, ot 10 M Ve AL IR LA Gbeduod? Btche-Uilying 11
capacity is proportional to the square of the NA.
Thus, as an example, 38% of the light will be lost when
transmitted from a fiber with a NA value of 0.35 to a
fiber with a NA value of 0.275. This is a significant
and unacceptable loss in signal.

Accordingly, a need exists in the art for an
optical fiber element which protects the optical fiber
during connectorization and which allows the use of
optical fibers having NA values smaller than 0.35.

Summa the Inventio

The present invention provides an optical
fiber element comprising an optical fiber having a
‘numerical aperture ranging from 0.08 to 0.34 and a
protective coating affixed to the outer surface of the
optical fiber. The protective coating has a Shore D
hardness value of 65 or more and remains on the optical
fiber (i.e., is not stripped from the fiber) during
connectorization so that the fiber is neither damaged
by the blades of a stripping tool nor subjected to
chemical or physical attack by, e.g., water vapor or
dust. |

It is preferred that the optical fiber
element further include a buffer which substantially
encloses the optical fiber and the protective coating.
The Buffer may include an inner, resilient layer and an
outer, rigid layer. The inner, resilient layer is
preferably of sufficiently low modulus (e.g., 0.5 to 20
MPa) to provide the optical fiber element with
protection against microbending losses. The outer,
rigid layer is preferably of sufficiently high modulus
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"M




from m crobending | osses, inner, resilient layer 18 preferably ENT SHEE
modul us ranging fromO0.5 to 20 NPa It is also preferred that imﬂ%éngLNrSH'tr
resili‘ent | ayer 18 be capabl e of bonding with protective coat]jng 14. In

this manner, protective coating 14 and buffer 16 together formn hnlithMaGr W97
coating for optical fiber 12. However, & he bond between proteft}ve coating

14 and i nner, élliggbf%gysépétg%Fg @ %%A%QHE‘Eﬂﬂ“dﬁaé¥¥§iﬁiat buffer 16

can be eaS|Iy StFPT pp

layers from abrasion and: mechanlcal damage.

The protective coating preferably forms an
adhesive bond with both the optical fiber and with the
inner, resilient layer of the buffer. In this manner,
the protective coating and buffer form an integral
coating. During connectorization, however, enough of
the buffer must be removed to allow the optical fiber
and protective coating to be inserted in and adhered to
a connector or splicing device. To facilitate this,
the bond formed between the protective coating and the
optical fiber is greater than that formed between the
protective coating and the inner, resilient layer,
thereby allowing the buffer to be easily stripped from
the fiber and protective coating.

‘The present invention also provides.a method
for producing an optical fiber element. The method
comprises the steps of:

providing an optical fiber having a numerical
aperture ranging from 0.08 to 0.34; and

affixing a protective coating to the outer
surface of the optical fiber, the protective coating
preferably having a Shore D hardness value of 65 or
more.

The method may further include the step of
applying a buffer which substantially encloses the
optical fiber and the protective coating, the buffer
including an inner, resilient layer and an outer, rigid
layer.

Brief Description of the Draw
FIG. 1 illustrates an optical fiber element
constructed in accordance with the present invention,
including an optical fiber, a protective coating, and a
buffer;
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14 coating 14. Specifically, the bond between protective coa}iREPLAGEMENT SHEET
gptical fiber 12 should be stronger than the bond between pro}efpttve

coating 14 and inner, resilient layer 18. In this manner, bufjef 1'6 mﬂ%
readily stripped fromoptical fiber element 10 without also rannviﬂb 7
protective coating 14 or causing dagage to optical fiber 12. -
Inner, resilient |ayer 18 may be co structed fromany material having the

f or egoi ng physi cal [F6pe2t igraphicaddiyed Idushnatas a rAyranies +netde— - -

acryl ate S rafg%gggﬁ@;adwéiwﬂa%%msiﬂdch&eé ,opei YAt £8peand epoxi es.

Material s
Such nat eeilgmeng: ©fc FmamPdiealldy avail able within the desired

cured using ultraviolet radiation are preferred.

FIG. 3 graphically illustrates microbending
test results for Examples 2, 3, 5, and 6; and

FIG. 4 graphically illustrates macrobending
test results for Examples 5 and 6.

Detailed Description of the ;nvenﬁion

FIG. 1 shows an optical fiber element 10
constructed in accordance with the present invention.
Optical fiber element 10 includes an optical fiber 12,
a protective coating 14, and a buffer 16. Optical
fiber 12 further includes a core 12A and cladding 12B.
Core 12A and cladding 12B are preferably constructed of
glass, but may also be constructed of any suitable
material. For example, core 12A can also be made from
poly (methyl methacrylate), polystyrene, polycarbonate,

alloys of the foregoing, fluorinated or deuterated

analogs to the foregoing, fluoropolymers and alloys
thereof, and silicones. Cladding 12B can also be
constructed from materials other than glass, such as
fluoropolymers, fluoroelastomers, and silicones.
Buffer 16 longitudinally encloses optical fiber 12 and
protective coating 14, and preferably includes an
inner, resilient layer 18 and an outer, rigid layer 20.
Inner, resilient layer 18 provides. optical fiber
element 10 with protection against microbending losses
while outer, rigid layer 20 protects the underlying
layers from abrasion and mechanical damage.

. Optical fiber 12 may have any desired
numerical aperture (NA) range, but preferably has a NA
value ranging from 0.08 to 0.34. Further, optical
fiber 12 may be either a single mode fiber (i.e.,
supports only.one path that a light ray can follow in
travelling down the optical fiber element) or a multi-

THIS SHEET Has prpn
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nmodul us range of 0.5 to 20 MPa. Acrylate functional silicones] RRPCACEMENT SHEET
t hose which are comrercially available from Shin-Etsu Silicongsfof Arerica,
I'nc., “Torrance, CA, are preferred. A particularly preferred af Vla%?MAR'H97
functlonal silicone is Shin-Etsu OF-206, which was determ nedjtp ' '
nmodul us of 2.5 MPa at roomtenperature:7- Quter, Hgldlx G*

D

-

Phis end, 11 POUE, e (12H. 00 BaphBTlel BE Hupod ¥ br Hhix f%é%%ﬁ%ang. 0
from 500 to 2568 m@ghtNmayslMptfnglewampl&QaUBL&mﬂﬁﬁﬂﬂﬂnaﬁhﬁeﬂphisalrom
whi ch out erurekgeg L&&%P%@ TRYHRG B @%&Ualictﬁ%éwcﬂzuci% E’d?ré/i:ﬁ%fe Oho&ROXY

functi onal anes ones, acryl ates epoxi es
functional ur EikanestheeNpr sheresd PSG@ﬁré@ﬂyl5@Q§Q§%§4ﬂﬂmﬁp%ﬁﬁ 0.11

commercial ly gwanbailie of, 200 DiMeReoptddal ifiber ANl d lmuYtpansagul arly
fiber, the NA thereof preferably ranges from about 0.26
to about 0.29.

Protective coating 14 is affixed to the outer
surface of optical fiber 12 (or, more precisely, to the
outer surface of cladding 12B). During the process of
connectorization, buffer 16 is stripped from a
predetermined length of a terminal end of optical fiber
element 10 to allow the fiber to be properly inserted
into and bonded with an optical fiber connector or
splicing device. Protective coating 14, however,
remains on the outer surface of optical fiber 12 (i.e.,
is not stripped from the fiber) during the process of
connectorization and permanently thereafter. In this
manner, protective coating 14 prevents optical fiber 12
from being damaged by the blades of a stripping tool
(used to remove buffer 16) or weakened by chemical or
physical attack from, e.g., water vapor or dust, which
would otherwise occur if the bare glass surface of
optical fiber 12 were exposed. Protective coating 14
should have a sufficiently high degree of hardness that
the coating is resistant to mechanical force and
abrasion. Specifically, protective coating 14 should
allow optical fiber element 10 to be handled, stripped,
cleaned, and clamped inside of a connector or splicing
device without incurring damage to the surface of
optical fiber 12. Further, once clamped and bonded
inside of a connector or splicing device, protective
coating 14 should be hard enocugh that optical fiber 12
does not exhibit signal loss due to radial movement of
the coated fiber inside of the connector or splicing
device. Protective coating 14 is sufficiently hard for
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preferred acryl ated urethane, having a modul us of 1300 MPa (23] HEPLEFEMINT SHEET

avail able from DeSotech, Inc. as DeSolite 950-103. Th | anet ers 1
of optical fiber el ement 10 and optical fiber 12, as well as the 419 umap 1997 |
t hi cknesses of -15- protect)i e coating ;

14 and buffer 16, will vary

[

-8-

these purposes when it has a Shore D hardness value of
65 or more (as determined in accordance with ASTM D-
2240).

In addition to a Shore D hardness value of 65
or more, the ideal protective coating would also
provide the following:

1) a barrier to water vapor, dust, and other
agents of chemical and mechanical attack against the
glass optical fiber;

2) surface characteristics such that the
protective coating adheres strongly to the glass outer
surface of the optical fiber so that it is not easily
removed, and at the same time adheres weakly to the
buffer so that the buffer can be easily stripped from
the coated optical fiber without causing damage to the
fiber; and .
3) the ability to form strong bonds with the
adhesives used to affix optical fibers to connectors
and splicing devices.

Any coating having a Shore D hardness value
of 65 or more and which provides, at least to some
degree, all or most of the above-listed properties may
be utilized as protective coating 14. While the
present optical fiber element is not limited to any
particular group of protective coating materials, a
number of suitable materials have been identified. .For
example, the protective coating may comprise an epoxy-
functional polysiloxane having the structure:
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dependi ng upon the particular application in which the optic .
element is used. Cenerally, it is preferred that the conbine orlET
EIerr] of optical fiber 12 and protective coating 14 be conpdti{bl e with the'7
connector, splicing device, or other optical elenment into whifc thehuuat

opti cal flber Is to be inserted. Thus, éhe dianeter Derr] showl d be no __]
| arger (nor nuch snaller) than that mhlch can be acconmmodat efl by such
elenents. In this regard, it has been found that when the di
ranges from about 120 to 130 mcr netqi aEd i sgpreferably about 125

mcroneters, optical fiber elenen e cofpatible with nost
comercially avail able connectRf-s 10s-p-l( 1@ essR and ot her optical

el enents. At such a di aneter, ectyge co tlng 14 may range in thickness
fromabout 8 to about 23 nlcronet rs Ing 12B may range in thickness

fromabout 8 to about 24 mcroneters, an
This Sheet Has Been Replaced
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wherein:

the ratio of a to b ranges from about 1:2 to about
2:1; and

R is an alkyl group of one to three carbon atoms.

* Such epoxy-functional polysiloxanes:are
described in U.S. Patent No. 4,822,687, and in
copending U.S. Patent Application Serial No.
07/861,647, filed April 1, 1992. -
Preferably, the. protective coating further

includes a bisphenol A diglycidyl ether resin having
the structure:

wherein the average value of n ranges from 0 to 2.

More preferably, the average value of n is less than 1.
Suitable bisphenol A diglycidyl ether resins

are commercially available from The Dow Chemical

Company as D.E.R.. 331 and D.E.R.” 332, and also from

Shell 0il Company as Epon 828. The bisphenol A

diglycidyl ether resin may be present in the protective
coating at a weight percentage ranging from about 0 to
20, and the epoxy-functional polysiloxane may be

present at a weight percehtage ranging from about 80 to




core 12A will generally be about 62.5 microneters in dianeter. REP@HQ&H@Tb@ﬁf?_
ynder st ood, however, that such thicknesses/dianmeters are nerelly

representative of current industry standards, and nay be chanded mﬁbﬂ@gﬁ‘m i
devi ating fromthe scope of the present invention. lin |f u 597

accordance wth current industry stand st, the total dianeter optical ___j
fiber element 10 preferably ranges fro dbou%,240 to g&oat'ﬁG&igéﬁggneters.
As such, the X0 -ckithe weighhdercentage of | Bisphenol, 4 gigpy s—f+om
about 15 to RYHHr 3L’ DiELIes Sprovective t bbskirgsmay bet extendgial | ayer
20 preferably ranges, from about 25 to apout 4 ' t LS. A0Q) s Ssuch
di mensi ons ar¥® rﬁr.l?‘?-:}‘ﬁi/ ?%ﬁ%s ?1?5??%%“%&&&?%&?{1} géﬁggéks:ttgﬁd?raggo The
scope of the fimfendf i @veotboini theoepbiyifenctbonay paﬁ.y'sdmoana_ reettaof
w' cknesses of, JIEPIEIF (so that iR LERGe 1BCErENCH?R! £50178% 448 produced

It should be noted that the protective coating may

contain other constituents (e.g., catalysts,

sensitizers, stabilizers, etc.). Thus, the above .

weight percentages are based only upon the total amount

of epoxy-functional polysiloxane and bisphenol A

diglycidyl ether resin present in the protective

coating.

el

As an additional example of a protective
coating material, the bisphenol A diglycidyl ether
résin set forth above may alone be used as the
protective coating (i.e., without any epoxy-functional
polysiloxane).

A further example of a suitable protective
coating material includes the above-described epoxy-
functional polysiloxane along with a cycloaliphatic
epoxide having the structure:

Suitable cycloaliphatic epoxides are commercially
available from Union Carbide under the tradname ERL-
4221. In this instance, the ratio of a to b in the
epoxy-functional polysiloxané preferably ranges from
about 1:2 to about 1.5:1, and the cycloaliphatic
epoxide is present in the protective coating at a
weight percentage ranging from about 0 to 50 (with the
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any conventional optical fiber production technique. P
REPLACEMENT SHEET ' -16 - Such techni ques

general ly involve a draw tower in which a preforned glass rod | § hé&&teéikted?

produce a thin fiber of glass. The fiber is pulled vertically tihrough the

draw tower. Along the way, the fiber pggses t hrough one or norfe coating
stations in which various coatings . .
balance comprising époxy-functional polysiloxane). As

before, the weight percentages are based on the total
amount of epoxy-functional polysiloxane and
cycloaliphatic epoxide in the protective coating.

Another example of an appropriate protectiie
coating includes the aforementioned epoxy-functional '
polysiloxane and cycloaliphatic epoxide along with an
alpha-olefin epoxide having the structure:

\
R i-—?—%ﬂ
H H

wherein R'is an alkyl of 10 to 16 carbon atoms. Such
alpha-olefin epoxides are commercially available as

' ™
Vikolox from Atochem North America, Inc., Buffalo, New

York. Preferably, the alpha-olefin epoxide is present
in the protective coating-at a weight percentage of
about 20, the cycloaliphatic epoxide is present at a
weight percentage ranging from about 27 to 53, and the
epoxy-functional polysiloxane makes up the balance.
Further, the ratio of a to b in the epoxy-functional
polysiloxane desirably ranges from about 1.5:1 to 2:1.
Again, the weight percentages are based on the total
amount of epoxy-functional polysiloxane, cycloaliphatic
epoxide, and alpha-olefin epoxide in the protective
coating.

A further example of a protective coating
according to the present invention is a novolac epoxy
having the structure:
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are applied and cured in-line to the newwy drawn fiber. The coat;ng e
stations each contain a die having an exit orifice which is sizZed- t0- appLym
the desired thickness of the particular coating to the fiber. ¢bhcentr|0|ty
moni tors and | aser measuring devices are provi ded near each coatind stdfi an/
to ensure that the coating applied at that station is coat'ed cbncentrlcally
and to the desired dianeter. o facilitate the coating pr ocess,
the conpositions giving rise to protective coating 14 and buffer.16_. .
preferably have a viscosity rangi ngrfrom 800- to-l5, 000 cps, and nore
preferably from900 to 10,000 cps. fonveniently, finner, resilient |ayer 18
and outer, rigid | ayer (o40) in the sa oating station and
t hen cured simultaneouslYy. I ordQr M h t in on nmay be
nore readi ly understood, nce (s de tV theg fol] owi n

CH,— CH, -

- -n

N
(op
D
3

wher

ein the average value of n ranges from 0.2 to 1.8.

The preferred value is 0.2. Such noveolac epoxies are
commercially available from The Dow Chemical ‘Company as
D.E.N.- 431, D.E.N." 438, and D.E.N.” 439.

As noted above, buffer 16 preferably includes
an inner, resilient layer 18 and an outer, rigid layer
20. It has been found that by including-a relatively
soft, resilient layer (18) to the outer, longitudinal
surface of protective coating 14, microbending losses
are minimized. Thus, even though protective coating 14
has a high degree of hardness (Shore D hardness of 65
or more), the relatively soft inner, resilient layer 18
allows optical fibers having virtually any NA value to
be used in the present optical fiber element without
incurring unacceptably high microbending losses. For
this reason, commercially useful optical fibers having
NA values ranging from 0.08 to 0.34 may be used.

In order to provide sufficient protection
from microbending losses, inner, resilient layer 18
preferably has a modulus ranging from 0.5 to 20 MPa.

It is also preferred that inner, resilient layer 18 be
capable of bonding with protective coating 14. 1In this
manner, protective coating 14 and buffer 16 together
form an integral coating for optical fiber 12.

However, the bond between protective coating 14 and
inner, resilient layer 18 should be sufficiently weak
that buffer 16 can be easily stripped from protective
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not intended to be limting in scope. FI BER W NG
PROCESS Preform Preparation A fiber optic prefor Safn
prepared in accordance with U S Patent No. 4,217, 027. Fib A\tg ﬁéﬁ kel
The fiber optic draw tower used in théléraM/process was basedj o A

encl osed Noki
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coating 14 and optical fiber 12 should be stronger than
the bond between protective coating 14 and inner,
resilient layer 18. 1In this manner, buffer 16 can be
readily stripped from optical fiber element 10 without
also removing protective coating 14 or causing damage
to optical fiber 12.

Inner, resilient layer 18 may be constructed
from any material having the foregoing physical
properties. Examples of suitable materials include
acrylate or epoxy functional urethanes, silicones,
acrylates, and epoxies. Materials which are easily
cured using ultraviolet radiation are preferred. Such
materials are commercially available within the desiread
modulus range of 0.5 to 20 MPa. Acrylate functional
silicones, such as those which are commercially
available from Shin-Etsu Silicones of America, Inc.,
Torrance, CA, are preferred. A particularly preferred
acrylate functional silicone is Shin-Etsu OF-206, which
was determined to have a modulus of 2.5 MPa at room
temperature.

- outer, rigid layer 20 protects the underlying
coatings from abrasion and compressive forces. To this
end, it is preferred that outer, rigid layer 20 has a
modulus ranging from 500 to 2500 MPa. Non-limiting
examples of acceptable materials from which outer,
rigid layer 20 may be constructed include acrylate or
epoxy functional urethanes, silicones, acrylates, and
epoxies. Acrylate functional urethanes are preferred.
Such acrylated urethanes are commercially available
from DSM Desotech, Inc., Elgin, IL. A particularly
preferred acrylated urethane, having a modulus of 1300
MPa (23°C), is available from DeSotech, Inc. as
DeSolite’ 950-103.

The diameters of optical fiber element 10 and
optical fiber 12, as well as the thicknesses of

-——— ——
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-17 - Finland). To begin the draw process, a downfeed syst ﬁqvtar T
control the rate at which the optical preformwas fed into a 135 {gi N '”:

zirconia induction furnace (Lapel Corp., Mspeth, NY) in whicH

—

he preform
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protective coating 14 and buffer 16, will vary
depending upon the particular application in which the
optical fiber element is used. Generally, it is

preferred that the combined diameter D, of optical
fiber 12 and protective coating 14 be compatible with
the connector, splicing device, or other optical
element into which the coated optical fiber is to be
inserted. Thus, the diameter D, should be no larger
(nor'much smaller) than that which can be accommodated
by such elements. In this regard, it has been found
that when the diameter D, ranges from about 120 to 130
micrometers, and is preferably about 125 micrometers,
optical fiber element 10 will be compatible with most
commercially available connectors, splicing devices,
and other optical elements. At such a diameter,
protective coating 14 may range in thickness from about
8 to about 23 micrometers, cladding 12B may range in
thickness from about 8 to about 24 micrometers, and
core 12A will generally be about 62.5 micrometers in
diameter. It should be understood, however, that such
thicknesses/diameters are merely representative of
current industry standards, and may be changed without
deviating from the scope of the present invention.

In further accordance with current industry
standards, the total diameter of opticél fiber element
10 preferably ranges from about 240 to about 260
micrometers. As such, the thickness of inner,
resilient layer 18 preferably ranges from about 15 to
about 38 micrometers, and the thickness of outer, rigid
layer 20 preferably ranges from about 25 to about 48
micrometers. Again, such dimensions are merely
representative of current industry standards. The
scope of the present invention is not limited to any
particular set of thicknesses or diameters.

Optical fiber element 10 may be produced by
any conventional optical fiber production technique.
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was heated to a tenperature at which it may be drawn to fiber 'Klq;q;p\yggm;;:
gbout ;2200 to 2250[err]C). Below the heat source, a LaserM ke[Frf}~La%e

telenetric measurenment systemwas used to neasure the drawn fi di aneter _ %
as wel | as nonitor the fiber position within the tower. THe¥rawWiNy7 |
formed fiber was then passed to a prinahw coating station at ich the .}
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coating naterg% apﬁif%ﬁnﬂl (%&ééér§hf 1t|ngo the newly drawn fiber.
'The coating stations each contaln a die having an exit
orifice which is sized to apply the desired thickness
of the particular coating to the fiber.  Concentricity
monitors and laser measuring devices are provided near
each coating station to ensure that the coating applied
at that station is coated concentrically and to the
desired diameter. '

To facilitate the coating process, the
compositions giving rise to protective coating 14 and
buffer 16 preferably have a viscosity ranging from 800
to 15,000 cps, and more preferably from 500 to 10,000
cps. Conveniently, inner, resilient layer 18 and
outer, rigid layer 20 can be wet coated in the same
coating station and then cured simultaneously.

In order that the invention may be more
readily understood, reference is made to the following
examples, which are intended to be illustrative of the
invention, but are not intended to be limiting in
scope.

FIBER DRAWING PROCESS

Preform Preparation
A fiber optic preform was first prepared in
accordance with U.S. Patent No. 4,217,027.

Fiber Drawing

The fiber optic draw tower used in the draw
process was based on an enclosed Nokia system which
featured a Nokia-Maillefer fiber draw tower (Vantaa,

e
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di e assenbly froma pressurized vessel and was applied, cured
w thin the primary coating station. The coated fi ben
proceeded on to a secondary coating station where a buffer was
the coated fiber. In certain cases it was desirable to apply t
| ayers sinultaneously in a wet-on-wet f i cation at the seco
station. In this case an additi onal srzﬁgg di e was used and af
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a E hgasured

hen

PPt DMAR 3997
buf f er

Ty coatimy

addi ti onal

vessel was used to supply material to this die. The coatings were appli ed,
one after th@‘mﬂ}wrd) andd ttmrgiaunﬂte ahtav Ipragess, i ahevefeadasystan As

required, UI { :af’?lat r%% q_&?tdd}gﬁ. ],% t| Cg%ﬁ &eh Vd1R agigllé epahjcoating

stati1 ons. e COTTp

f1ber elenent was drawn through

a control camv&rt@omndvamtﬁﬁda Jtnsﬁ@ mpl dobI Lap@k &irconia induction
furnace (Lapel Corp., Maspeth, NY) in which the preform

was heated to a temperature at which it may be drawn to
fiber (between about 2200 to 2250°C). Below the heat

source, a LaserMike™ laser telemetric measurement

system was used to measure the drawn fiber diameter as

well as monitor the fiber position within the tower.

The newly formed fiber was then passed to a
primary coating station at which the protective coating
was applied. The coating station included a coating

die assembly, a Fusion Systems® Corp. microwave UV

curing system, a concentricity monitor, and another

laser telemetric system. The coating die assembly,

based on a Norrsken Corp. design, consisted of a sizing

die(s), back pressure die and a containment housing

which was mounted on a stage having adjustment for

pitch and tilt and x-y translation. These adjustments

were used to control coating concentricity. The

protective coating material was supplied to the coating
die assembly from a pressurized vessel and was applied,

cured and measured within the primary coating station.

The coated fiber then proceeded on to a

secondary coating station where a buffer was applied to

the coated fiber. 1In certain cases it was desirable to

apply two buffer layers simultaneously in a wet-on-wet
application at the secondary coating station. In this

case an additional sizing die was used and an

additional vessel was used to supply material to this
die. 'The coatings were applied, one after the other,

and then cured and the outer diameter measured.

As
required, additional coatings could be applied via

additional coating stations. Ultimately, the completed

optical fiber element was drawn through a control

capstan and onto a take-up spool (Nokia).
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Coating di nensions ahd concentricities are

TESTING Coating Di nension

-17 -

TESTING

Coatin imension

Coating dimensions ahd concentricities are
measured using an Olympus STM-MJS Measuring Microscope
and MeasureGraph 123 software (Rose Technologies). The
technique fits a circle to a number of points selected
about the circumference. The size of these circles and
their offset from center (from various components of

the fiber structure) were determined and reported by
the software. ' '

Connector Temperature Cvcle

This test was modeled after Bellcore test TR-
NWT-0003236 (June 1992), “Generic Requirements for
Optical Fiber Connectors”. The Bellcore test cycles
from -45 to 70°C for 14 days. The test procedure used
herein spanned -45 to 60°C for 48 hours. The values
reported are the maximum within this time.

Dynanmic Fatigue Testing

This test was performed similarly to Fiber
Optic Test Procedure ("FOTP") 28. The_exceptions are
as follows:

Strain Rate = 9% /minute
Gauge Length = 4 meters
Environment = Ambient Laboratory

Micrdbending Testing
_ Microbending testing was done in accord with
FOTP-68. The highest value obtained was reported.’

[;HHSSHEETHASBEEN
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measured using an A ynmpus STM MJS Measuring M croscope and reGraph--123-- -
software (Rose Technol ogies). The technique fits a circle tofa"aupbemiof . (o7 |
points sel ected about the circunference. The size of these cijfr¢les and "™ |
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their offset fromcenter (fromvarious conponents of the fibﬁ;;st{gc$gggiﬁ ;

were determ ned and reported by the software. Connect or Te raiuféicySVe f

This test was nodel ed after Bellcore te- TR- NW- 0003236 (JUnE—$992)~ e i |
"Generic Reqyy iy T 5 Fi ber Connectors”. The Bell core test :
cycles from:= 0 Tr or_ 14 days., The test procedure useqd Rereif— -
spanned -45 to 60[ er r | ¥aEobendigig Lesthing FRS1IFRRPEI8ECTPABIREX num

within this &hetransmission of a fiber that was turned 180° about
mandrels of various diameter. The transmission was
determined as the ratio of the power out of the wrapped
fiber /power out of unwrapped fiber. Care was taken to
insure that other loops in the fiber were large enough

(radius> 10cm) such that they did not contribute to the
loss.

Numerical Aperture Testing

The numerical attenuation was determined
using a Photon Kinetics Model FOA-2000 which refers to
FOTP-177 for “Numerical Aperture Measurement of Graded-
Index Optical Fibers”. The test procedure was modified
to accommodate experimental fiber by using shorter
lengths of fiber (0.2 - 0.5 Km) rather than the > 1 Km
lengths specified in the FOTP.

Pull-Out Test

- A tensile pull-out test was utilized to
determine how well the connector adhesive adheres to
the protective coating (which remains on the fiber
during connectorization and permanently thereafter).
An "ST" connector design was chosen due to its
availability and compatibility with the test equipment.
It consists of a zirconia ferrule mounted in a barrel
to which was attached a bayoneé assembly.

Fiber Preparation

In all of the following examples, 12 inch pieces
of the completed optical fiber element were
stripped to reveal 1.5 - 2.0 cm of the protective
coating which was then cleaned with a tissue
moistened with isopropyl alcohol. The fiber ends
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Dynam ¢ Fati gue Testing This test was perfornmed sim
Qptic Test Procedure ("FOTP') 28. The exceptions are as follo
Strain Rate = 9% m nut e Gauge Length = 4 nefe
Envi r onnment = Anbi ent Laboratory M cr obendi na Testi ng
M crobendi ng testing was done in acco[qgwith FOTP- 68. The hi ghegt

obt ai ned was reported.

were allowed to dry prior to installing
connectors.

Two-Part Epoxy

A standard two-part epoxy for fiber optic
connectors (either Tra-Con #BA-F112 or 3M #8690,
Part No. 80-5107-4207;6) was used. It was mixed
according to the manufacturer’s instructions and
poured from the mixing envelope into a syringe
body. A plunger was installed taking care to
avoid incorporation of air into the liquid. The
syringe was fitted with a blunt-end needle. This
assembly was used to inject adhesive into the
ferrule from the barrel end until adhesive
appeared at the tip end. The fiber was inserted
such that the buffer coating bottomed in .the
barrél. The adhesive was cured for 25 minutes at
g0°C.

Hot Melt Adhesive

A polyamide hot melt adhesive was provided pre-
installed in ST connectors as a product (3M 6100
HotMelt™ Connector, Part No. 80-6106-2549-5). The
connector was heated in the required oven (3M Part
No. 78-8073-7401-8) for two minutes and removed.
The optical fiber was immediately installed such
that the buffer coating bottomed in the barrel.
The connector was then left undisturbed until
cool.

Pull -Out Testing

Pull-out testing was performed using an Instron
tensile tester (Model 4201). Peak loads (before
.~ pull-out) were recorded. The avérage of five or
ten tests was reported as the pull-out value for
each sample. — . _
This Sheet Has Beeﬂ Replaced THIS SHEET HAS BEEN
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determ ning the transm ssion of a fiber that was turned 180[efr]—_a ¥ : -

mandrel s of various dianmeter. The transm ssion was determ ned}a
of the power out of the wapped fiber /power out of unw appedff|bdr( M&R ©97
was taken to insure that other |oops itpothe fiber were [arge ¢n

Spectral Attenuation

The spectral attenuation of the fiber was
determined using a Photon Kinetics Model FOA-2000. The
operational reference was FOTP-46.

Catalyst Formulation
For each of the examples, the following catalyst
formulation was used:

40 parts of bis(dodecylphenyl)iodonium
hexafluoroantimonate

60 parts of a C10-Cl4 alcohol blend

4 parts 2—isopropy1thibxanthone

EXAMPLES
Example 1 - Epoxy-Functional Polysiloxane

Protective Coating Formulation

A protective coating formulation was prepared by
thoroughly mixing 95 parts of an epoxy-functional
polysiloxane with 5 parts of the above-described
catalyst formulation. The epoxy-functional
polysiloxane had the structure set forth above in which
the ratio of a to b was 1:1 and R was a methyl group.
This formulation was then filtered though a 0.2u
polysulfone filter disk into a amber glass bottle. 1
part of 3-glycidoxypropyltrimethoxysilane was added and
thoroughly mixed.

Coating Process

The protective coating formulatlon was coated to a
diameter of 125pum on a 110 pum optical fiber which was
freshly drawn from a Diasil™ preform at a draw speed'of
30 MPM (meters per minute). The coating was cured and
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(radius> 10cm such that they did not contribute to the | oss.¢{
Aperture Testing The nurerical attenuation was deter{n] e
Phot on Ki netics Mddel FQOA-2000 which refers to FOTP-177 for "Nuperical i
Aperture Measurenment of G aded- |Index Optical Fibers". The te&t pride sie@r €57 !
was nodi fied to acconmodat e experlnentgi fiber by using shorter | engt hs of ;
fiber (0.2 - n% rat her than the # 1 Kmlengths specifi€edin the
FOTP. Pull-%n¥u§% guent 1aYerAPfeﬂ§|P§ry&PFBéuPr ng, DR Q#%ERitg

determ ne hovgsetioshebaenaeciyas adhesdvanadeares @ a diameter of
250 pm.

Dynamic Fatigue Analysis
The completed optical fiber element was subjected to
tensile testing to failure (dynamic fatigue analysis).
The Weibull statistics for such testing are shown in
FIG. 2.

Pull-Out Test
The buffer coatings on this and similarly coated fiber
elements were easily removed using conventional
stripping tools. Connector pull-out testing gave the
following results:

Hot melt Adhesive 5.2 1lbs
Two-Part Epoxy 6.1 lbs

Example 2 - Epoxy-Functional Polysiloxane/Bisphenol A: Dual
Coat

Protective Coating Formulation

A mixture of 75 parts of the epoxy-funétional
polysiloxane used in example 1 was mixed with 25 parts
Epon" 828 bisphenol A diglycidyl ether resin (from the
Shell 0il Co.). 5.3 parts of the catalyst formulation
was added and thoroughly mixed and filtered though a
1.0um Teflon filter disc into an amber glass bottle.

Coating Process

This formulation was coated and cured to a 125 um
diameter on a 100 um glass fiber which was freshly
drawn from a graded index preform at a draw speed of 45
MPM. A buffer coating of acrylated urethane (DSM 950-
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the protective coating (which remains on the fiber during co nBEPMGEMB}‘-.ﬁ?ph LT
and permanently thereafter). An "ST" connector design was chgdsdn Tits g
avai lability and conpatibility with the test equipnment. It c¢n isi]@[FMR%‘)?
zirconia ferrule nounted in a barrel to which was attached afbayo - i
assenbl y. Fi ber Preparation In all of the follo

| ement were
was

30.5cm (12 inch) pi eces of the conpleted optical fiber
stripped to réP3alfrpms DSM Desotedh t Hingr ot dravirg a modeius

then cl eaned wpd vad ictitea ana BN 41 350k PL&RYLepl cONO! . The
| ber ends

Microbending Test

The completed optical fiber elément was tested for
microbending according to FOTP-68 resulting in a
maximum loss of 4.4 dB (see FIG. 3).

" Pull-Out Test

A similarly coated optical fiber element gave the
following results for connector pull-out tests:

Hot melt Adhesive 7.2 1bs
Two-Part Epoxy 4.4 lbs

Example 3 - Epoxy-Functional Polysiloxane/Bisphenol A;
Triple Coat

Protective Coating Formuldtion

The protective coating formulation was that described
in Example 2.

Coating Process

The material was coated and cured to a 125 um diameter
on a 100 um glass fiber which was freshly drawn from a
graded index preform at a draw'speed'of 45 MPM. Inner
and outer buffer layers (DSM 950-075 and DSM 950-103,
respectively) were applied then cured simultaneously to
diameters of 183 and 226um, respectively. The inner
buffer layer had a modulus of 3.8 MPa while the outer
buffer layer had a modulus of 1300 MPa.

Pull-Out Test

The optical fiber element gave the following results
for connector pull-out tests:
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- 20- were allowed to dry prior to installing connectors. Two- Part Epoxy

A standard two-part epoxy for fiber optic connectors (either TrgeddRc. ity opper
#BA-F112 or 3M #8690, Part No. 80-6107-4207-6) was used. |t whas Hix é‘.i_':..._:..._._,.__;!
10 MAR 1 [
-23 - 1997 ;
Hot fielt Adhesive 2.6 lbs ‘ -
Two-Part Epoxy 6.2 lbs R

Microbending Test

The optical fiber element was tested for microbending
according to FOTP-68 resulting in a maximum loss of
1.15 dB (see FIG. 3).

Example 4 - Novolac

Protective Coating Formulation

A protective coating formulation was prepared:by
thoroughly mixing 95 parts of an epoxy-novolac (Dow DEN
431) with 5 parts of catalyst formulation. This
formulation was filtered to 0.5 pm through a Teflon

filter disk into an anmber bottle.

Coating Process

The protective coating formulation was coated and cured
to a 125 um diameter on a-100 um glass fiber which was
freshly drawn from an unpolished preform at a draw
speed of 45 MPM. A buffer coating of acrylated
urethane (DSM 9-17) was coated and cured to a 250um
diameter.

Pull-Out Test

The optical fiber element gave'the_following results
for connector pull-out tests:

Hot melt Adhesive 6.2 lbs
Two-Part Epoxy 6.5 lbs

{ THIS SHEET HAS BEEN
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envel ope into a syringe body. A plunger was installed taking
i ncorporation of air into the liquid. The syringe was fitted
bl unt-end needle. This assenbly was used to inject adhesive

ferrule fromthe barrel end until adhesipye appeared at the ti
fi ber was inserted such t hat the buffer coatlng bottoned Jn the
adhesi ve was AR Fungi 1o 2

pol yam de ho
a product (3

t,p,e G ars A

Protective Coating Formulation

A mixture of 75 parts of the epoxy-functional
polysiloxane used in example 1 was mixed with 25 parts
Epon 828 bisphenol A diglycidyl ether resin (from the

Shell 0il Co.). 10 parts of the catalyst formulation
was added and the formulation was thoroughly mixed and
filtered though a 1.0um Teflon filter disc into an

amber glass bottle.

Coating Process

The protective coating formulation was coated and cured
to a 125 um diameter on a 100 pgm glass fiber which was
freshly drawn from a graded index preform at a draw
speed of 45 MPM. Inner and outer buffer layers (Shin-
Etsu OF 206 and DSM 950-103, respectively) were applied
and then cured simuitaneoqsly to diameters of 184 and
250 um, respectively. The inner buffer layer had a
modulus of 2.5 MPa while the outer buffer layer had a
modulus of 1300 MPa.

Pull-Out Test

The optical fiber element gave the following results
for connector pull-out tests:

Hot melt Adhesive 3.0 lbs
Two-Part Epoxy 6.4 lbs
Microbending Test

The optical fiber element was tested for microbending
according to FOTP-68 resulting in a maximum loss of
0.76 dB (see FIG. 3).

i

?aLLeLmthQM_

thg%é aegéélve was prOV|ded pre- |nstalled in ST '-’ﬁeﬁfﬁFS"aSmw~
| t[err] Connector, Part No. 80-6106-2549-5). The
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connector was heated in the required oven (3M Part No. 78-80

twe .-m:nutes and renoved. The optical fiber was i mediately i

that the buffer coating bottomed in the barrel. The connecto

Jas then |eft

undi sturbed until cool . Pul | -Qut Testing Pull-out testing|wds perMAR o3
using an Instron tensile tester (Mdel_ ﬁ@Ol) Peak | oads (befjorle pul | -out)
were recorded. The average of five or tén tests was reported jas—the

pull-out value fop eac entﬁgg Test
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The fiber was tested for macrobending and the results

are shown in FIG. 4.

Numerical Aperture

The numerical aperture was determined to be 0.258

Spectral Attenuation

The spectral attenuation, based on the modified FOTP-

46, was determined to be as follows:
@850nm = 6.03 db/Km
€1300mim = 3.5 db/Km

Comparative) Example 6 - Corning 62.5/125

The fiber used for this comparative example was

Corning™ Optical Fiber with the following

identifications:
Product: LNF (TM) 62.5/125 Fiber
Coat: CPC3
Fiber ID: 262712272304
Pull-Out Test

The fiber gave the following results for connector

‘ pull-out tests:

Hot melt Adhesive - 5.9 1bs
Two-Part Epoxy 4.6 lbs
Microbending Test

The fiber was tested for microbending according to

FOTP-68 resulting in a maximum loss of 0.42 dB
Figure 3). '

(see
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Macrobendirié Test

The fiber was tested for -macrobending and the results
are shown in Figure 4.

Numerical Aperture

A value for numerical aperture of 0.269 was provided by
Corning (method unspecified).

Spectral Attenuation

The spectral attenuation values provided by COrning
(method unspecified) were as follows:

€850nm =2.7 db/Km
€1300nm =0.6 db/Km

Example 7 - Hardness Testing
Shore D hardness values of various protective

coating formulations were evaluated using a Shore D
durometer mounted on Shore Leverloader following the
general procedure of ASTM-D-2240. The samples were
prepared by curing thin layers on top of each other
such that large discs of the material resulted.
Samples were at room temperature (23°C) for testing.

Formulation 1
95% Epoxy-functional polysiloxane in which
the a:b ratio is 1:1 and R is a methyl
group; and
5% catalyst

Formulation 2

71.2% Epoxy-functional polysiloxane in which
the a:b ratio is 1:1 and R is a methyl
group;

23.8% Epon™ 828 bisphenol A piglycidyl ether

re51n, and
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formul ati on was used: 40 parts of bls(dodecylphenyl)lcmkﬂﬁ1ﬁﬁ-~m- mmmmm

hexaf | uor oanti nonat e 60 parts of a Cl0-Cl4 al cohol bl end U”A¢‘bahféﬁ&“7
2-i sopropyl t hi oxant hone EXAMPLES anpre 1 —= |
Epoxy- Functi onal Pol ysil oxane Protective Coating Fornuka iqqﬁﬁﬂﬁ 0y7 | |
-27 - S
5% Catalyst

Formulation 3 :
31.7% Epoxy-functional polysiloxane in which

the a:b ratio is‘2:1 and R is a methyl
group;
63.3% ERL-4221 cycloaliphatic epoxide; and
5% Catalyst

Formulation 4
95% Dow D.E.N.™ 431 novolac epoxy; and
5% Catalyst

RESULTS: Shore D Hardness

Formulation No. of Tests Average Value Deviation
1 * * *
2 ' 6 70 2
3 6 : 71 3
4 7 77 4

*due to brittleness of the sample it fractured upon penetration of
the durometer point; therefore, accurate values were unattainable.

This Sheet Has Been R,

[T

P NﬂSSHtFPH‘:Bf _
| RrEPLACED f




A protective coating formulati on was prepared by thoroughly m xing 95 parts

of .an .epoxy-functi onal polysiloxane with 5 parts of the above- §F¢Q@§q__ s
: Nir &

catal yst for nctional polysil oxane had
set forth above oof atobws 1:1 and R ya§ a nethyl ~
group. This for aﬂﬁﬂlmgml ﬁ!llfl | tered though a 0.2[err] Ipql y$0 MARE097
filter disk into a ass vottle. 1 part

3- egC|doxypropyItr|nethoxy5|lane maS'éHHed and t hor oughly M xE0: ) e
Coati ng Process The protective coating fornul ati on was coat to a dianeter

A

of 125[err]m a,_110 rel moptical fiber which was freshly drawn from a
Diasil[err] Q?BFn%ﬁtLS &#5 gﬁeed of 30 MPM (neters per mnute). The
coati ng was cured and

1. An optical fiber element, comprising:

an optical fiber having a numerical aperture
ranging from 0.08 to 0.34; and_

a protective coating affixed to the outer surface
of said optical fiber, said protective coating having a
Shore D hardness value of 65 or more.

2. The optical fiber element of claim 1 further
including a buffer which substantially encloses said
optical fiber and said protective coating, said buffer
comprising an inner, resilient layer and an outer,
rigid layer.

3. . The optical fiber element of claim 2 wherein
said inner, resilient layer has a modulus ranging from
0.5 to 20 MPa, and said outer, rigid layer has a
modulus ranging from 500 to 2500 MPa.

4. The optical fiber element of claim 1 wherein
said protective coating comprises an epoxy-functional
polysiloxane having the structure:

R—%iO—(%iO)—(é_iO)b—%i—-R

a
R R R

O

g
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-22 - a subsequent |ayer of an acryl ated urethane (Desotecg

950-.103) buffer was coated and cured to a diameter of 250 [er{]mppyL CEMENT Qﬁé
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wherein: ' !

the ratio of a to b ranges from about 1:2 to about

2:1; and
R is an alkyl group of one to three carbon atoms.

5. The optical fiber element of claim 4 wherein
said protective coating further comprises a bisphenol A
diglycidyl ether resin having the structure:

wherein n ranges from 0 to 2.

6. The optical fiber element of claim 5 wherein
said bisphenol A diglycidyl ether resin is present in
said protective coating at a weight percentage ranging
from about 0 to about 20, said weight percentage based
on the total amount of epoxy-functional polysiloxane
and bisphenol A dlleCldyl ether resin present in said
protective coating.

7. The optical fiber element of claim 4 wherein
said protective coating further comprises a
cycloaliphatic epoxide having the structure:

St
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The COﬁp|eted_DpLLQaL_LLbﬁL_ELEﬂEnt was subjected to tenfrﬁnﬂfgnjng~§g:jm

fai.l.ure (dynam The Weibul |l statistig¢s ‘tor~stich’
testl ng are sh ml nﬂll 'ﬂ]mn Iml Pul | -Qut Tes The buffer
I N

atings on this amn oated fi ber el ements were¢ easifwsir w37
reaned usi ng conventlonal strlpplqﬂ)tools. Connect or pulil {out testlng
gave the follow ng results: -V Hot nelt Adhesive T

2.4 kg (5.2 1bs) g,  meos5eitaEPPX¥er element of claim 72whdibitP: 1. Ibs)
said protective coating further includes an alpha-
olefin epoxide having the structure:

R—C—C—H
H
wherein R is an alkyl of 10 to 16 carbon atoms.
9. The optical fiber element of claim 1 wherein

said protective coating comprises a novolac epoxy
having the structure:

o%o o/v o/\/o

wherein the average value of n ranges from 0.2 to 1.8.

10. The optical fiber element of claim 1 wherein
said protective coating comprises a bisphenol A
diglycidyl ether resin having the structure:

wherein n ranges from 0 to 2. | THIS SHEET HAS BEEN
: REPLACED
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Exampl e 2 - Epoxy-Functi onal PonS|onane/B|sphenoI A: Dual far s erT
Prot.ecti ve Coating Formnul ation ‘A mixture of 75 parts of IﬂEPLEeﬁ “‘T SHEE!
epoxy-functi onal pol ysi | oxane used in exanple 1 was m xefl Wwth 25 parts
Epon 828 bi sphenol A diglycidyl ether resin (fromthe Shej | 1@ MARO19R7
5.3 parts of the catalyst formulation was added and thorpuphly m xed

and filtered though a 1.0[err]m Tefdlon filter disc into|laln anber grass™
bottl e. Coati ng Process Thi.s fornul ation was goated and.

cured to a 125 [err]lm dianeter on a 100 Jerr ass,. fiber which was
Frehiy’ " dr awn PPEACALJUHO, KLEakNG, AND METHGD HEMARINE of 45

Abstract of the Disclosure

An optical fiber element includes an optical
fiber having a numerical aperture ranging from 0.08 to
0.34 and a protective coating affixed to the outer
surface of the optical fiber. The protective coating
has a Shore D hardness value of 65 or more and remains
on the optical fiber during connectorization so that
the fiber is neither damaged by the blades of a
stripping tool nor subjected to chemical or physical
attack.
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MPM A buffer coating of acrylated urethane (DSM 950- REPLACEMENT E—;‘
-23 ;- - 103 from DSM Desot ech, Inc.), having a nodulus of 1300 jiVHa Was Ty
coated and cured to a 250[err] m di aneter. 10 MAR 1997 i
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M cr obendi ng Test The conpl eted optical fiber elenent was tes
m ¢r.obendi ng according to FOTP-68 resulting in a maxi num | oss

(see FIG 3). Pul | -Qut Test A simlarly coated optical
gave the following results for connector pull-out tests: H
Adhesi ve 3.2 kg (7.2 1hs) Two- Part Epoxy
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Protective Coating Fornulatlon The protective coating fornulatlon was t hat
descri bed i n Exanple 2. ... Coating Process The material was coated and
cured to a 125 [err] mdi anet’t* on a 100 [err]m gl ass fiber which was

freshly drawn froma graded index preform at s; d of M 4 nner
and outer buffer |ayers (DSM 950-075 ane1BSM v~ wek e i
applied then cured sinultaneously to dianeters of 183 and 2 [ edr MENT "SHEE
respectively. The inner buffer |ayer had a modul us of 3.8 MPa |FEPL(E E ki

outer buffer layér ppdreatPduipen HLEMM® MRD METHOD OF MAKING

0 1 NOV 1999

Fie +he Inventio

The present invention relates to an opti
fiber element and, more particularly, to an optical
fiber element comprising an optical fiber having a.
protective coating affixed to the outer surface thereof
to protect the optical fiber during connectorization.

ac nd _of the Art

In the construction of glass-based optical
fiber elements, a coating is usually applied to the
glass optical fiber immediately after drawing to
protect the glass surface from the detrimental effects
of chemic¢al and/or mechanical attack which would
otherwise occur. Such forms of attack, to which glass
optical fibers are particularly susceptible, greatly
decrease the mechanical strength of optical fibers and
lead to their premature failure.

Conventionally, several coatings are applied
to optical fibers, with each serving a specific
purpose. A soft coating is applied initially to
protect the fiber from microbending losses, and a
harder, secondary coating is applied over the soft
coating to provide resistance to abrasion.

GB-A-2 096 353 describes a comblnatlon of buffer coatings and

jacket materials. The layer of the buffer coaring adjacent the

optical fiber is derived from an epoxy thermosettlng resin and

has a modulus of about 2000 MPa. 2 second- coating layer is

cerived from a silicone rubber elastomeric material with a modu-~

lus of 2 to 5 MPa, and a third coating layer is derived from
- 2 polyamide resin with a modulus of 1500 Mpa.

EP-A-0 405 549 describes an optical fiber having a rigid protec-
tive layer coated directly thereon. The constricting force
generated_by the protective layer is specified in terms of its



¢ _ BEPQACEMENT SHEET
Pul | -Qut Test The optical fiber elenent gave the follow ng resuL ant
connector pull -out tests: - 244 .

mel t Adhes?ve 1.2 kg (2.6 Ibs) - _ | 0‘1NOV‘Wg9
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cross sectional area, Young’s modulus, and a defined shrinkage
factor. '

JP—A-66071551 describes a primer layer of 10 um or less Which
is applied directly to an optical fiber to prevent deterioraFion
in mechanical strength at the time of connection. The primer
‘layer includeé'an epoxXy resin, a curing agent, and a gaturated
fatty.éﬁid. The fatty acid component is included to reduce
adhesion between the primer layer and applied exterior layers.

Chemical Abstracts, Vol. 97, ref. no. 42968e describes an
optical fiber element with a thermosetting .resin, such as an
epoxy, adjacent the cptical fiber. The innermost layer is coated
with.# stress-absorbing material, such as a silicone resin,.and
the stress-absorbing layer is coated with a reinforcing layer.
such as nylon.

"ECOC B3-Ninth European Conference on Optical Communication”,
22 October 1983, pages 377 to 340 describes optical fibers
coated with an epoxy silicone protective layer.

JP-A-58204847 describes optical €fibers covered with high
strength coatings derived from epoxy resins such as bisphencol

diglycidyl ether resin and phenol novolac polyglycidylether
resin.

The connectorization process (i. e., coupling
an optical flber element to another optical fiber
element or other optical element via a splicing device
or optical connector) conventionally entails the

removal of all coating layers such that the bare glass

surface is exposed. The glass surface is usually

cleaned by wiping it with a soft tissue which has been

moistened with an alcohol such as isopropanol. The

fiber is then fixed into a connector ferrule or
splicing device using an adhesive such as an epoxy,



~Test The optical fiber element was tested for microbending ac¢ofdifig to
FOTP-68 resulting in a maxi mum |l oss of 1.15 dB (see FI.G 3). mlh%.vﬂfif;gg
Novol ac = Protective Coating Formul ati on A-protective coatiing !
fornul ati on was prepared by thoroughly- 31 xing 95 parts of an e¢péxy—nevetac—
(Dow DEN 431) with 5 parts of catalyst formulation. This forn@lation was

filtered to 0.5 [err]mthrough a Tefl on
hot melt, or acrylic adhesive. Upon curing (or

cooling) of the adhesive, the fiber end face is

. | , T T T
Two- Part Epoxy 2.8 kg (6.2 1bs) M grREUAGERENT SHEET |
l

|

polished and the connectorization process is complete.

During the connectorization process, the
oﬁtical fiber is very wvulnerabie. 1Initially, the fiber
may be nicked by the blades of the tool used to remove
the outer coatings during the stripping operation.
After stripping, the bare fiber is exposed to elements
in the local environment. These are likely to include
water vapor and dust particles. Water acts chemically
on the surface of the glass and dust acts as an
abrasive. Both of these effects contribute to failure
of the glass fiber. Most failures in optical fiber
systems tend to occur at the sites of connector
installation.

One solution to the problem of fiber
stripping and exposure during connectorization has been
proposed in U.S. Patent No. 4,973,129. That patent
‘discloses an optical fiber element wherein a resin
composition having a shore D hardness value of 65 or
more (specified in the Jabanese Industrial Standards at
room temperature) is applied to the surface'of a glass
optical fiber having a numerical aperture (NA) value of
0.35 or more. ' The resin is then cured to form a
primary coating layer which does not have to be peeled
from the optical fiber at the time of connectorization.
Instead, the primary layer remains on the fiber during
connectorization (and thereafter) to prevent the fiber
from being damaged as described above. Useable optical
fibers are said to be limited to those having a NA
value of 0.35 or more because the optical losses caused
by microbending ("microbending loss") increase upon
covering the optical fiber with such a hard resin. 1In
optical fibers with a NA value below 0.35, microbending
loss was found to be so great as to make optical
communications impractical. When the NA of the optical



filter disk into an anber bottle. | Coating Process THe REPLAGEMENTeSHEET
~coating fornmulation was coated and cured to-a 125 [err] m di B

a.
[err]mglass fiber which was freshly drawn from an unpol i shed pgzbﬁgﬁy oF
draw speed of 45 MPM . A buffer coating of acrylated urethane | - ?@

was coated and cured to a 250[err] mdi anet er. Pul | -
optical fiber elenent gave the follow ng results for connectjor pull-out
tests: '

fiber is 0.35 or more, however, microbending loss was
not found to be a problen.

Unfortunately, optical fiber elements which
require an optical fiber having a NA value of 0.35 or
more are not commercially useful. As is known, NA is a
measure of the angle of light which will be accepted
and transmitted in an optical fiber. Optical fiber
elements having a NA value of_0.55 or more find limited
use in communiéation, data transmission, and other high
bandwidth applications for two reasons: 1) limited
information-carrying capacity and 2) incompatibility
with existing, standardized communication fibers (which
normally have NA values less than 0.29). The
information-carrying capacity of an optical fiber is
usually expresséd as bandwidth. Bandwidth is a measure
of the maximum rate at which information can pass
through an optical fiber (usually expressed in MHz-km).
Bandwidth is inversely proportional to NA because the
‘higher order modes (analogous to higher angles of
incident light) have longer péths in the fiber, thereby
resulting in pulse broadening or dispersion. The
bandwidth limitation of an optical fiber element occurs
when individual pulses travelling through that fiber
can no longer be distinguished from one another due to
dispersion. Thus, the larger the NA value of an
optical fiber, the smaller is that fiber’s bandwidth
(and therefore information-carrying capacity). Most
commercially useful optical fibers have a NA value of
0.29% or less. As compared to the information-carrying
capacity of such commercially useful optical fibers,
fibers having a NA value of 0.35 or more carry far less

. information in a given period of time and are therefore
undesirable.

Incompatibility becomes a problem when one
optical fiber element is spliced or connected to
another optical fiber element. In this instance, it is
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 important to minizize signal attenuation at the point

' of connection. When an optical fiber element with a
higher NA value is spliced to a fiber with a lower NA
value, all light exceeding the NA value of the
receiving fiber will be attenuated. Light-carrying
capacity is proportional to the square of the NA.
Thus, as an example, 38% of the light will be lost when
transmitted from a fiber with a NA value of 0.35 to a
fiber with a NA vailde of 0.275. This is a significant
and unacceptable loss in.signal.

. Accordinglfﬁga need exists in the art for an
optical fiber element which protects the optical fiber
during connectorization and which allows the use of
optical fibers having NA values smaller than 0.35.

Symmary of the Invention

The invention provides an optical fiber element as defined
in claims 1-6 and 11-14, a method for producing an optical fiber

element as defined in claims 7-9 and a coating formulation as
defined in c¢laim 10. -

The present invention provides an optical
fiber element comprising an optical fiber having a
‘numerical aperture ranging from 0.08 to 0.34 and a
protective coating affixed to the outer surface of the
optical fiber. The protective coating has a Shore D
hardness value of 65 or more and remains on the optical
fiber (i.e., is not stripped from the fiber) during
connectorization so that the fiber is neither damaged
by the blades of a stripping tool nor subjected to
chemical or physical attack by, e.g., water vapor or
dust. '

It is preferred that the optical fiber
element further include a buffer which substantially
encloses the optical fiber and the protective coating.
The Yuffer may include an inner, resilient layer and an
outer, rigid layer. The inner, resilient layer is
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epoxy-functional polysiloxane used in exanple 1 was mixed witH 35 parts

Epon 828 bi sphenol A diglycidyl ether resin (fromthe Shell O
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. rigid layer is preferably of sufficiently high modulus
{e.dg., 500 to 2500 MPa) to protect the underlying

. layers from abrasion and -mechanical damage.

. - The protective coating preferably forms an
adhesive bond with both the optical fiber and with the
inner, resilient layer of the buffer. In this manner,
the protective coating and buffer form an integral

coating. During connectorization, however, enough of

the buffer must be removed to allow the optical

fiber

and protective coating to be inserted in and adhered to
a connector or splicing device. To facilitate this,
the bond formed between the protective coating and the
optical fiber is greater than that formed between the
protective coating and the inner, resilient layer,
thereby allowing the buffer to be easily stripped from

the fiber and protective coating.
-The present invention also provides .a

method

for producing an optical fiber element. The method

comprises the steps of:

providing an optical fiber having a numerical

aperture ranging from 0.08 to 0.34; and

affixing a protective coating to the outer
surface of the optical fiber, the protective coating
-~ having a Shore D hardness value of 65 or

more.

The method further include the step of

applying a buffer which substantially encloses the
optical fiber and the protective coating, the buffer
including an inner, resilient layer and an outer, rigid

layer.
escri o) t w

FIG. 1 illustrates an optical fiber element
constructed in accordance with the present invention,
including an optical fiber, a protective coating, and a

buffer;



and then cured si mul taneously to dianeters of 184 and 250 [e rthyACEMENT SHEET

respectively. The inner buffer l'ayer had a nodulus of 2.5 M e—tre
outer buffer l|ayer had a nodul us of 1300 MPa. Pul | - Qut} Test Th
optical fiber elenment gave the followi ng results for connectqgr pd@FLM6Y
tests: . Hot melt Adhesive -7- 1.4 kg (3.0 Ibs Two- Part
Epoxy " 2.9 kg (6.4 1bs) M cr obendi ng Test The

optical fiber elenent was tested for m_crobending

) - FIG. 2 graphically illustrates a dynamic
'ﬁatigue analysis (Weibull plot) for the optical fiber
. element of Example 1;
FIG. 3 graphically illustrates microbending -
test results for Examples 2, 3, 5, and 6; and
FIG. 4 graphically illustrates macrobending
test results for Examples 5§ and 6. :

etailed Descri n_of the Inventio

FIG. 1 shows an coptical fiber elément 10
" constructed in accordance with the present invention.
Optical fiber element 10 includes an optical fiber 12,
"a protective cpating 14, and a buffer 16. Optical
fiber 12 further includes a core 12A and cladding 12B.
Core 12A and cladding 12B are preferably constructed of
glass, but may also be constructed of any suitable
material. For example, core 12A can also be made from
poly(methyl methacrylate), polystyrene, peclycarbonate,
alloys of the foregoing, fluorinated or deuterated
analogs to the foregoing, fluoropolymers and alloys
thereof, and silicones. Cladding 12B can alsc be
constructed from materials other than glass, such as
fluoropolymers, fluoroelastomers, and silicones.
Buffer 16 longitudinally encloses optical fiber 12 and
protective coating 14, and preferably includes an )
inner, resilient layer 18 and an outer, rigid layer 20.
Inner, resilient layer 18 provides optical fiber
element 10 with protection against microbending losses
while outer, rigid layer 20 protects the underlying
laye;s from abrasion and mechanical damage.

Optical fiber 12 has a numerical aperture (Na)

value ranging from 0.08 to 0.34. Further, optical
fiber 12 may be either a single mode fiber (i.e.,
supports only- one path that a light ray can follow in
travelling down the optical fiber element) or a multi-



according to FOIP-68 resulting in a maximum | oss of 0.76 dB (REBiAﬂ1$EN$)5HC =T
= 26- Macrobendi ng Test The fiber was tested for macro mmﬂ+ﬁg~an .
the results are shomn in FIG 4.
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mode fiber (i.e., capable of supporting multiple paths
for light rays to follow.in travelling down the optical
fiber element). When optical fiber 12 is a single mode
fiber, the NA thereof preferably ranges from about 0.11
to about 0.20. When optical fiber 12 is a multi-mode
fiber, the NA therecf preferably ranges from about 0.26
to about 0.29.

“ Protective coating 14 is affixed to the outer
surface of optical fiber 12 (or, more precisely, to the
outer surface of cladding 12B). During the process of
- connectorization, buffer 16 is stripped from a
predetermlned length of a terminal end of optical fiber
element 10 to allow the fiber to be properly inserted
into and bonded with an optical fiber connector or
Spliéingrdevice. Protective coating 14, however,
remains on the outer surface of optical fiber 12 (i.e.,.
is not stripped from the fiber) during the process of
connectorization and permanently thereafter. In this
manner, protective coating 14 prevents optical fiber 12
from being damaged by the blades of a stripping tool.
(used to_remofe-buffer*lsy or weakened by chemical or
physical attack from, e.g., water vapor or dust, which
would otherwise occur if the bare glass surface of
optical fiber 12 were exposed. Protective coating 14
should have a sufficiéntly high degree’ of hardness that
the coating is resistant to mechanical force and
abrasion. Specifically, protective coating 14 should
allow optical fiber element 10 to be handled, stripped,
cleaned, and clamped inside of a connector or splicing
device without incurring damage to the surface of
optical fiber 12. Further, once clamped and bonded
inside of a connector or splicing device, protective
coating 14 should be hard encugh that optical fiber 12
does not exhibit signal loss due to radial movement of
the coated fiber inside of the connector or splicing
device. Protective coating 14 is sufficiently hard for



Nunerical Aperture The numerical aperture was determined to ngé rASY: R nrmmj“

Spectral Attenuation The spectral attenuation, based on the fﬂédLFOfP
46, was determ ned t.o be as foll ows: _ [err]850nm = 6.]0 db/-Km
[err] 1300nm =-3.5 db/Km (Conparative) Exanple 6 - Cqrni rg4 NOY 1559
62.5/125[err]m The fiber used for-8Yhkis conparative exanple was
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. these purposes when it has a Shore D hardness value of
- 65 or more (as determined in accordance with ASTM D-
 2240).

. In addition to a Shore D hardness value of 65
or more, the ideal proéective coating would also

' provide the following:

1) a barrier to water vapor, dust, and other
agents of chemical and mechanical attack against the

. glass optical fiber;

2) surface characteristics such that the
protective coating adheres strongly to the glass outer
surface of the optical fiber so that it is not ‘easily
removed, and at the same time adheres weakly to the
buffer so that the buffer can be easily stripped from -
the coated optical fiber without causing damage to the
fiber; angd :

3) the ability to form strong bonds with the
adhesives used to affix optical flbers to connectors
and splicing devices.

Any coating having a Shore D hardness value
of 65 or more and which provides, at least to some
degree, all or most of the above-listed properties may
be utilized as protective coating 14.

The protective coating comprises an epoxy-
functional polysiloxane having the structure :

Fiber with the follow ng identifications: e e




Product : LNF(TM 62. 5/ 125 Fi ber - Coat : ; -
.Fi ber 1D 262712272304 Pul | -Qut” Test The fi ber géﬁ@LQQQﬂ?ﬂT SHEET
following results for connector pull-out tests: Hot nel}t JAdhesi ve

2.7 kg (5.9 1bs) Two- Part Epoxy 2.4 Kg 04 ROV9H9
M crobendi ng Test The fiber was tested-fl8r- m crobendi ng acclriding to

FOTP-68 resulting in a maxi num | oss of 0.42 dB (see

: R R
R—%iO-—(éiO};—(éiO)F-éi—R
R R R
O
_ wherein: o _
the ratio of a to b ranges from about 1:2 to about
2:1; and ' ' ' '

. R is an alkyl group of one to three carbon atoms.
* Such epoxy-functional polysiloxanes-are )
described in U.S. Patent No. 4,822,687, and in

WO - A - g3 20163.

Preferably, the. protective coating further
includes a bisphenol A diglycidyl ether resin having
the structure:

wherein the average value of n'ranges from O to 2.
More preferably, the average value of n is less than 1.
- Suitable bisphenol A diglycidyl ether resins
are commercially available from The Dow Chemical
Company as D.E.R. 331 and D.E.R.” 332, and also from
Shell 0il Company as Epon 828. The bisphenol A
diglycidyl ether resin may be present in the protective
coating at a weight percentage ranging from about 0 to
20, and the epoxy-functional polysiloxane may be
present at a weig_h_t percentage ranging from about 80 to
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The fiber was tested for macrobending and the results are shpv
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100. The weight percentage of bisphenol A diglycidyl
ether resin in the protective coating may be extended
to about 30 by decreasing the upper limit of the ratio
range of a to b in the epoxy-functional polysiloxane to
about 1.5:1 (so that the range \is from 1:2 to 1.5:1).
It should be noted that the protective coating may
contain other constituents (e.g., catalysts,
sensitizers, stabilizers, etc.). Thus, the above
weight percentages are based only upon the total amount
of epoxy-functional polysiloxane and bisphenol A
'diglycidyl ether resin present in the protective
coating. . .

As an additional example of a protective
cpating material, the bisphenol A diglycidyl ether
resin set forth'above-may alone be used as the _
protective coating (i.e., without any epoxy-functional'
polysiloxane). '

A further example of a suitable protective
coating material includes the above-described epoxy-
functional polysiloxane along with a cycloaliphatic
epoxide having the structure:

Suitable cycloaliphatic epoxides are commercially
available from Union Carbide under the tradname ERL-
4221. In this instance, the ratio of a to b in the
epoxy-functional polysiloxane preferably ranges from
about 1:2 to about 1.5:1, and the cycloaliphatic
epoxide is present in the protective coating at a
weight percentage ranging from about 0 to 50 (with the
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balance comprising epoxy-functional polysiloxane). As
before, the weight percentages are based on the total
amount of epoxy-functional polysiloxane and
cycloaliphatic epoxide in the protective coating.

Another example of an appropriate protective
coating includes the aforementioned epoxy-~functional .
polysiloxane and cycloaliphatic epoxide along with an
alpha-olefin epoxide having the structure:

R: l-—C—Jﬂ
H H

wherein R-is an alkyl of 10 to 16 carbon atoms. Such -
alpha~olefin epoxides are commercially available as

’ ™
Vikolox from Atochem North America, Inc., Buffalo, New

York. Preferably, the alpha-olefin epoxide is present
in the protective coating-at a weight percentage of
about 20, the cycloaliphatic epoxide is present at a
weight percentage ranging from about 27 to 53, and the
epoxy—-functional polysiloxane makes up the balance.
Further, the ratio of a to b in the epoxy-functional
polysiloxane desirably ranges from about 1.5:1 to 2:1.
Again,. the weight percentages are based on the total
amount of epoxy-functional polysiloxane, cycloaliphatic
epoxide, and alpha-olefin epoxide in the protective
coating.

A further example of a protective coating
according to the present invention is a novolac epoxy
having the structure:
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ein the average value of n ranges from 0.2 to 1.8.

The preferred value is 0.2. Such novolac epoxies are
commercially available from The Dow Chemical ‘Company as
D.E.N.” 431, D.E.N.” 438, and D.E.N.  439.

As noted above, buffer 16 preferably includes
an inner, resilient layer 18 and an outer, rigid layer
20. It has been found that by including-a relatively
soft, resilient layer (18) to the outer, longitudinal
surface of protective coating 14, microbending losses
are minimized. Thus, even though protective coating 14
has a high degree of hardness (Shore D hardness of 65
or more), the relatiﬁely soft.inner, resilient layer 18
allows optical fibers having virtually any NA value to
be used in the present optical fiber element without
incurring unécceptably high microbending losses. For
this reason, commercially useful optical fibers having
NA values rangihg from 0.08 to 0.34 may be used.

' In order to provide sufficient protection
from microbending losses, inner, resilient layer 18
preferably has a modulus ranging from 0.5 to 20 MPa.
It is also. preferred that inner, resilient layer 18 be
capable of bonding with protective coating 14. In this
manner, protective coating 14 and buffer 16 together
form an integral coating for optical fiber 12.
However, the bond between protective coating 14 and
inner, resilient layer 18 should be sufficiently weak
that buffer 16 can be easily stripped from protective
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coating 14. Specifically, the bond between protective
coating 14 and optical fiber 12 should be stronger than
the bond between protective coating 14 and inner,
resilient layer 18. 1In this manner, buffer 16 can be
readily stripped from optical fiber element 10 without
also removing protective coating 14 or causing damage
to optical fiber 12.

Inner, resilient layer 18 may be constructed
from any material having the foregoing physical
properties. Examples of suitable materials include
acrylate or epoxy functional urethanes, silicones,
acrylates, and epoxies. Materials which are easily
cured using ultraviolet radiation are preferred. Such
materials are commercially available within the desired
modulus range of 0.5 to 20 MPa. Acrylate functional
silicones, such as those which are commercially
available from Shin-Etsu Silicones of America, Inc.,
Torrance, CA, are preferred.. A particularly preferred
acrylate functional silicone is Shin-Etsu OF-206, which
was determined to have a modulus of 2.5 MPa at room
temperature.

- Outer, rigid layer 20 protects the underlying
coatings from abrasion and compressive forces. To this
end, it is preferred that outer, rigid layer 20 has a
modulus ranging from 500 to 2500 MPa. Non-limiting
examples of acceptable materials from which outer,

' rigid layer 20 may be constructed include acrylate or
epoxy functional urethanes, silicones, acrylates, and
epoxies. Acrylate functional urethanes are preferred.
Such acrylated urethanes are commercially available
from DSM Desotech, Inc., Elgin, IL. A particularly
preferred acrylated urethane, having a modulus of 1300
MPa (23°C), is available from DeSotech, Inc. as
DeSolite0 950-103.

The diameters of optical fiber element 10 and
optical fiber 12, as well as the thicknesses of
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protective coating 14 and buffer 16, will vary
depending upon the particular application in which the
optical fiber element is used. Generally, it is
preferred that the combined diameter D, of optical
fiber 12 and protective coating 14 be compatible with
the connector, splicing device, or other optical
element into which the coated optical fiber is to be
inserted. Thus, the diameter D, should be no larger
(nor'much smaller) than that which can be accommodated
by such elements. In this regard, it has been found
that when the diameter D, ranges from about 120 to 130
micrometers, and is preferably about 125 micrometers,
optical fiber element 10 will be compatible with most
commercially available connectors, splicing devices,
and .other optical elements. At such a diameter, _
protective coating 14 may range in thickness from about
8 to about 23 micrometers, cladding 12B may range in
thickness from about 8 to about 24 micrometers, and
core -12A will generally be about 62.5 micrometers in
diameter. It should be understood, however, that such
thicknesses/diameters are merely representative of
current industry standards, and may be changed without
deviating from the scope of the present invention.

In further accordance with current industry
standards, the total diameter of opticél fiber element
10 preferably ranges from about 240 to about 260
micrometers. As such, the thickness of inner,
resilient layer 18 preferably ranges from about 15 to
about 38 micrometers, and the thickness of outer, rigid
layer 20 preferably ranges from about 25 to about 48
micrometers. Again, such dimensions are merely
representative of current industry standards. The
scope of the present invention is not limited to any
particular set of thicknesses or diameters.

Optical fiber element 10 may be produced by
any conventional optical fiber production technigue.

e ot e = e e a5
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Such techniques generally involve a draw tower in which
a preformed glass rod is heated to produce a thin fiber
of glass. The fiber is pulled vertically through the
draw tower. Along the way, the fiber passes through
one or more coating stations in which various coatings
are applied and cured in-line to the newly drawn fiber.
The coating stations each contain a die having an exit
orifice which is sized to apply the desired thickness
of the particular coating to the fiber. Concentricity
monitors and laser measuring devices are provided near
each coating station to ensure that the coating applied
at that station is coated concentrically and to the
desired diameter. ' ,

To facilitate the coating process, the
compositions giving rise to protective coating 14 and
buffer 16 .preferably have a viscosity ranging from 800 -
to 15,000 cps, and more preferably from S00 to 10,000
cps. Conveniently, inner, resilient layer 18 and
outer, rigid layer 20 can be wet coated in the same
coating station and then cured simultaneously.

In order that the invention may be more
readily understood, reference is made to the following
examples, which are intended to be illustrative of the
invention, but are not intended to be limiting in
scope.

FIBER DRAWING PROCESS

Preform Preparation
A fiber optic preform was first prepared in
accordance with U.S. Patent No. 4,217,027.

Fiber Drawing _
The fiber optic draw tower used in the draw

process was based on an enclosed Nokia system which
featured a Nokia-Maillefer fiber draw tower (Vantaa,
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Finland). To begin the draw process, a downfeed system
was used to control the rate at which the optical
preform was fed into a 15 KW Lapel zirconia induction
furnace (Lapel Corp., Maspeth, NY) in which the preform
was heated to a temperature at which it may be drawn to
fiber (between about 2200 to 2250°C). Below the heat
source, a LaserMike™ laser telemetric measurement
system was used to measure the drawn fiber diameter as
well as monitor the fiber position within the tower.
The newly formed fiber was then passed to a
primary coating station at which the protective coating
was applied. The coating station included a coating
die assembly, a Fusion Systems® Corp. microwave UV
curing system, a concentricity monitor, and another
laser telemetric system. The coating die assembly,
based on a Norrsken Corp. design, consisted of a sizing
die(s), back pressure die and a containment housing
which was mounted on a stage having adjustment for
pitch and tilt and x-y translation. These adjustments
were used to control coating concentricity. The
protective coating material was supplied to the coating
die assembly from a pressurized vessel and was applied,
cured and measured within the primary coating station.

' The coated fiber then proceeded on to a
secondary coating station where a buffer was applied to
the coated fiber. In certain cases it was desirable to
apply two buffer layers simultaneously in a wet-on-wet
application at the secondary coating station. 1In this
case an additional sizing die was used and an
additional vessel was used to supply material to this
die. 'The coatings were applied, one after the other,
and then cured and the outer diameter measured. As
required, additional coatings could be applied via
additional coating stations. Ultimately, the completed
optical fiber element was drawn through a control
capstan and onto a take-up spool (Nokia).




wherein the ratio of ato b is about 1:2 to about 2:1, and R_is_an al kyl

.group of

- protective coating renains
during connectorization and

one to three carbon atons, characterized in thapt AerienT

permanently thereafter; and
-18 -

it

on the outer surface of theg opti+eat—i+

SHE

o
icid

|
|

TESTING

Coating Dimension
~Coating dimensions ahd concentricities are

measured using an Olympus STM-MJS Measuring Microscope
and MeasureGraph 123 software (Rose Technologies). The
technique fits a circle to a number of points selected
about the circumference. Thé size of these circles and
their offset from center (from various components of
the fiber structure) were determined and reported by
the software. ’ )

Connector Temperature Cycle

This test was modeled after Bellcore test TR-
NWT-0003236-(June 1992), “Generic Requirements for
Optical Fiber Connectors”. The Bellcore test cycles
from -45 to 70°C for 14 days. The test procedure used
herein spanned -45 to 60°C for 48 hours. The values
reported are the maximum within this time.

Dynamic Fatigue Testing

This test was performed similarly to Fiber
Optic Test Procedure ("FOTP") 28. The_exceptions are
as follows:

Strain Rate 8%/minute

Gaﬁge Length = 4 meters

Environment Ambient Laboratory

Micrégending Testing
_ Microbending testing was done in accord with
FOTP-68. The highest value obtained was reported.
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'VMaq;obegding_Testing
. ‘Macrobending testing consisted of determining
the transmission of a fiber that was turned 180° about
mandrels of various diameter. The transmission was
- determined as the ratio of the power out of the wrapped
fiber /power out of unwrapped fiber. Care was taken to
insure that other loops in the fiber were large enough
(radius> 10cm) suck that they did not contribute to the

loss.
- -
Numerical Aperture Testing

The numerical attenuation was determined
using a Photon Kinetics Model FOA-2000 which refers to
FOTP-177 for “Numerical Aperture Measurement of Graded-
Index Optical Fibers”. The test procedure was modified
-to accommodate experimental fiber by using shorter
lengths of fiber (0.2 - 0.5 Km) rather than the 2 1 Knm
lengths specified in the FOTP.

?u;l-gut Test

| A tensile pull-cut test was utilized to
determine how well the connector adhesive adheres to
the protective coating (which remains on the fiber
during connectorizatipn and permanently thereafter).
An "ST" connector design was chosen due to its
availability and compatibility with the test equipment.
It consists of a zirconia ferrule mounted in a barrel
to which was attached a bayonei assembly.

~ Fiber Preparation

In all of the following examples, 30.5cm (12 inch)
pieces of the completed optical fiber element were
stripped to reveal 1.5 - 2.0 cm of the protective
coating which was then cleaned with a tissue
moistened with isopropyl alcohol. The fiber ends
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were allowed to dry prior to installing
connectors.

Two-Part Epoxy

A standard two-part epoxy for fiber optic
connectors (either Tra-Con #BA-F112 or 3M #8690,
Part No. 80-6107-4207-6) was used. It was mixed
according to the manufacturer’s instructions and
poured from the mixing envelope into a syringe
body. A plunger was installed taking care to
avoid incorporation of air into the liquid. The
syringe was fitted with a blunt-end needle. This
assembly was used to inject adhesive into the
ferrule from the barrel end until adhesive
appeared at the tip end. The fiber was inserted -
such that the buffer coating bottomed in the
barrél. The adhesive was cured for 25 minutes at
s0°C.

Hot Melt Adhesive

A polyamide het melt adhesive was provided pre-
installed in ST connectors as a product (3M 6100
HotMelt™ Connector, Part No. 80-6106-2549-5). The
connector was heated in the required oven (3M Part
No. 78-8073-7401-8) for two minutes and removed.
The optical fiber was immediately installed such
that the buffer coating bottomed in the barrel.
The connector was then left undisturbed until
cool.

Pull -Out Testing

Pull-out testing was performed using an Instron
tensile tester (Model 4201). Peak loads (before
pull-out) were recorded. The average of five or
ten tests was reported as the pull-out value for
each sample.
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Spectra ttenuatior

The spectral attenuation of the fiber was
determined using a Photon Kinetics Model FOA-2000. The
operational reference was FOTP-46.

Catalvst Fo atio
For each of the examples, the following catalyst
formulation was used:

40 parts of bis(dodecylphenyl)iodonium
hexafluoroantimonate

60 parts of a C10-Cl4 alcohol blend

4 parts 2-isopropy1thioxanthone

EXAMPLES
xXam ~ Epoxy-Functio lvsiloxane

Protective Coating Formulation

A protective coating formulation was prepared by
thoroughly mixing 95 parts of an epoxy~functional
polysiloxane with 5 parts of the above~described
catalyst formulation. The epoxy~functional
polysiloxané had the strucéﬁfe set forth above in which
the ratio of a toc b was 1:1 and R was a methyl group.
This formulation was then filtered though a 0.2
polysulfone filter disk into a amber glass bottle. 1
part of 3-glycidoxypropyltrimethoxysilane was added and
thoroughly mixed.

Coating Process _
The protective coating formulation was coated to a
diameter of 125um on a 110 um optical fiber which was
freshly drawn from a Diasil™ preform at a draw speed of
30 MPM (meters per minute). The coating was cured and
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"a subsequent layer of an acrylated urethane (Desotech
950-103) buffer was coated and cured to a diameter of
250 um.

Dynamic Fatigue Analysis

The completed optical fiber element was subjected to
' tensile testing to failure (dynamic fatigue analysis).
The Weibull statistics for such testing are shown in
FIG. 2.

Pull-Out Test

The buffer coatings on this and similarly coated fiber
elements were easily removed using conventional
stripping tools. Connector pull-out testing gave the
following results:

Hot melt Adhesive 2.4 kg (5.2 Ibs)

Two-Part Epoxy 2.8 kg (6.1 Ibs)

X 2 - -Functional Polysiloxa i LA 1
Coat

Protective Coating Formulation

A mixture of 75 pafts of the epoxy-functional
polysiloxane used in example 1 was mixed with 25 parts
Epon"'szs bisphenol A diglycidyl ether resin (from the
Shell 0il Co.). 5.3 parts of the catalyst formulation
was added and thoroughly mixed and filtered though a
1.0um Teflon filter dis¢ into an amber glass bottle.

Coating Process

This formulation was coated and cured to a 125 um
diameter on a 100 um glass fiber which was freshly
drawn from a graded index preform at a draw speed of 45
MPM. A buffer coating of acrylated urethane (DSM 950-
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103 from DsM Desotech Inc.), having a modulus of 1300

ﬂPa was coated and cured to a 250um diameter.

Microbending Test

The completed optical fiber elément was tested for
microbending according to FOTP-68 resulting in a
maximum loss of 4.4 dB (see FIG. 3).

Pull-Out Test
A similarly coated optical fiber element gave the
following results for connector pull-out tests:

Hot melt Adhesive 3.2 kg (7.2 Ibs)
- Two-Part Epoxy 2.0 kg (4.4 Ibs)

Example 3 - Epoxy-Functional Polysiloxane/Bisphenol A:

iple Coat

Protective Coating Formuldtion

The protective coating formulation was that described
in Example 2.

Coating Process
The material was coated and cured to a 125 um diameter
on a 100 um glass fiber which was freshly drawn from a
graded index preform at a draw speed of 45 MPM. Inner
and outer buffer layers (DSM 950-075 and DSM 950-103,
respectively) were applied then cured simultaneously to
diameters of 183 and 226um, respectively. The inner
buffer layer had a modulus of 3.8 MPa while the outer
buffer layer had a modulus of 1300 MPa.

Pull-Out Test

The optical fiber element gave the following results .
for connector pull-out tests:
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- Hot melt Adhesive 1.2 kg (2.6 Ibs)
. Two-Part Epoxy 2.8 kg (6.2 Ibs)
. Microbending Test

‘The optical fiber element was tested for microbending
according to FOTP-68 resulting in a maximum loss of
1.15 dB (see FIG. 3).

gxamgle 4 - Novolac

. Protective Coating Formulation
A-protective coating formulation was prepared-by
thoroughly mixing 95 parts of an epoxy-novelac (Dow DEN
431) with 5 parts of catalyst formulation. This
formulation was filtered to 0.5 um through a Teflon

filter disk intoc an amber bottle.

- Coating Process
The protective coating formulation was coated and cured
to a 125 um diameter on a-100 um glass fiber which was
freshly drawn from an unpclished preform at a draw
speed of 45 MPM. A buffer cocating of acrylated
urethane (DSM 9-17) was coated and cured to a 250um
diameter.

Pull-Out Test

The optical fiber element gave‘the following results
for connector pull-out tests:

Hot melt Adhesive 2.8 kg (6.2 Ibs)
Two-Part Epoxy 2.9 kg (6.5 Ibs)

B S |
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Protective Coatmg Formulation
- A mixture of 75 parts of the epoxy-functional
polys;loxane used in example 1 was mixed with 25 parts
Epon 828 blsphenol A diglycidyl ether resin (from the

Shell 0il Co.). 10 parts of the catalyst formulation
was added and the formulation was thoroughly mixed and
filtered though a 1.0um Teflon filter disc into an .

amber glass bottle.

Coating Process

The protective coating formulation was coated and cured '
to a 125 um diameter on a 100 pm glass fiber which was ’
freshly drawn from a graded index preform at a draw
speed of 45 MPM. Inner and outer buffer layers (Shin-
Etsu OF 206 and DSM 950-103, respectively) were applied
and then cured simultaneogsly to diameters of 184 and
250 pm, respectively. The inner buffer layer had a
modulus of 2.5 MPa while the outer buffer layer had a
modulus of 1300 MPa.

Pull-Out Test

The optical fiber element gave the following results
for connector pull-out tests:

Hot -melt Adhesive. 1.4 kg (3.0 Ibs)
Two-Part Epoxy 2.9 kg (6.4 Ibs)

Microbending Test

The optical fiber element was tested for microbending
according to FOTP-68 resulting in a maximum loss of
0.76 dB (see FIG. 3).
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Macrobending Test
‘The fiber was tested for macrobending and the results
are shown in FIG. 4.

Numerical Aperture

The numerical aperture was determined to be 0.258

Spectral Attenuation
The spectral attenuat:.on, based on the modif:.ed FOTP~-
46:, was determined to be as follows:

essonm = 6§.03 db/Km

e1300nm = 3.5 db/Kn

Comparative) Exa e - Corning 62.5 5
The fiber used for this comparative example was
Corning™ Optical Fiber with the following

identifications:
Product: LNF (TM) 62.5/125 Fiber
Coat: CPC3
Fiber ID: 262712272304
Pull-Out Test

The fiber géve the following results for connector
pull-out tests:

Hot melt Adhesive 2.7 kg (5.9 Ibs)
Two-Part Epoxy 2.1 kg (4.6 Ibs)
Microbending Test

The fiber was tested for microbending according to
FOTP-68 resulting in a maximum loss of 0.42 dB (see
Figure 3). '
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Macrobending Test

The fiber was tested for macrobending and the results
are shown in Figure 4.

Numerical Aperture

A value for numerical aperture of 0.269 was provided by
Corning (method unspecified).

Spectral Attenuation

.The spectral attenuation values provided by Corning
(method unspecified) were as follows:

@850nm  =2.7 db/Km
@1300nm =0.6 db/Km

Example 7 - Hardness Testing

Shore D hardness values of various protective
coating formulations were evaluated using a Shore D
durometer mounted on Shore Leverloader following the
general procedure of ASTM-D-2240. The samples were .
prepared by curing thin layers on top of each other
such that'lartje discs of the material resulted.
Samples were at room temperature (23°C) for testing.

Formulation 1
95% Epoxy-functional polysiloxane in which
the a:b ratio is 1:1 and R is a methyl
‘group; and
5% Catalyst

Formulation 2
71.2% Epoxy-functional polysiloxane in which
the a:b ratio is 1:1 and R is a methyl
group;
23.8% Epon™ 828 bisphenol A piglycidyl ether
resin; and

e e o teememtd



7. A nmethod for producing an optical fiber elenent conpris] | ! -
.of : (a) providing an optical fiber having a nuneri&ahﬁgﬂ@gﬁﬁﬁt%¥%CT
rangi ng from _ 0.08 to 0.34; and . (b). appl yi pg a per manent
protective coating to the outer surface of said opti ¢aj fg EWOV 9%9d
protective coating having a Shore D haraggess of val ue of or nore,
wherein the coating is made by curing a formnulation conpri $i fg an
epoxy functional polysiloxane having the stucture: [err]
5% Catalyst
Formulation 3
31.7% Epoxy-functional polysiloxane in which
the a:b ratio is'2:1 and R is a methyl
group;
63.3% ERL-4221 cycloaliphatic epoxide; and
5% Catalyst
Formulation 4
' 95% Dow D.E.N.™ 431 novolac epoxy; and
5% Catalyst
RESULTS: 8hore D Hardness
Formulation No. of Tests Average Value Deviation
1 ' * * %*
2 ' 6 70 2
3 6 : 71 3
4 -7 . 77 4

*due to brittleness of the sample it fractured upon penetration of
the durometer point; therefore, accurate values were unattainable.
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"1. . Anoptical fiber element comprising:

(a} an optical fiber baving a oumerical aperture ranging from 0.08 to
. "0.34; ' :

(b)  apermanent protective coating on the outer surface of said optical fiber,

- said protective ceaing having a Shore D hardness of value of 65 or

more, wherein the protective coating is a cured reaction product of

- components compxisi&g ar epoxy functional polysiloxane having the
structure: A

R%éio—(éiO)—(éxo}B— i—R
Eok ) Tk
0
) \70 _

wherein the ratic of a to b is about 1:2 to.about 2:1, and R is an alkyl group of
one to three carbon atoms, characterized in that the protective coating remains
on the outer surface of the optical fiber during connectorization and
permanently thereafter; and

(c)  a buffer that substantially encloses said optical fiber and said protective
coating, said buffer comprising an inner, resilient layer and an outer, rigid
layer. .

2. An optical fiber element as claimed in claim 1, wherein the protective coating

further comprises an epoxy functional component selected from the group consisting
of: '




8. . A met hod as—ctaired—-n—elaim7, wherein, the protectivel }‘\E@léﬂ’:‘r SHEET
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(i) abisphenol A diglycidyl ether resin having the structure:

o.' -l L‘ ?’
’ -ch-an—cn,
: n,:-o-—cn | ;"°"°‘1 “< :}",

’ I
" wherein n is 0to 2; and

..(‘ﬁ) a cycloaliphatic epoxide having the structure:

3. An optical fiber element as claimed in claim 1, further comprising a
cycloaliphatic epoxide having the structure:

A

and an alpha olefin epoxide having the structure:

wherein R is an alkyl

of 10 to 18 carbon atoms




optical fiber wtﬁ (a) an optical fj

nunmeri cal . apertu from0.08 to 0.34; (b) zﬁEBb%wa&ﬁt SHEET
protective coatl ﬂ mﬂ outer surface of said

optical fiber, %ar at| ng having a Shore D harndne

val ue of 65 or rmre wherein the protecg8ive coating is a cyr dﬁéﬂ@‘f&?ﬁ?

product of. conponents conprising an epoxy functional polysil
havi ng the structure: - [err]

et e

: _4. - An opu:al fiber element compnsmg‘

' "(a) ~an opucal fiber having a numerical aperture ranging from 0. 08 to
: 0.34;

") a permanent protective coating affixed to the outer surface of said optical fiber, said -

protective coating having a Shore D hardness of value of 65 or more, wherein the
protective coating comprises 30 to 100 weight percent of an epoxy functional
polysiloxane having the structuse:

T f F
_'R—?ig—(sliO);(SiO)s-?i—R
R R R

L0

0

whersin the ratio of a to b is about 1:2 to about 2:1, and R is an alkyl group of one to threc
carbon atoms, and

about O to about 20 weight percent of an epoxy functional component
comprising a bisphenol A diglycidyl ether resin having the structure:

,,;sc_.‘.,.,{.,_@{‘:@_u.,,;, ,J[q.a, vy

wherein n'-m.ngss from 0 to 2;
characterized in that the protective coating remains on the outer surface of the optical fiber during
connectorization and permancatly fhemfter and -

©) a buffer which substantially encloses said optical fiber and said
protective coating, said buffer compnsmg an inner, resilient layer and
an outer, rigid layer.

5. An optical fiber element as claimed in claim 4, wherein the ratic of ato b in
the epoxy functional polysiloxane is about 1:2 to about 1.5:1, and the epoxy
functional polysiloxane is present in the coating at a weight percentage of
about 70 to 100, and the diglycidy] ether resin is present in the coating at a
weight percentage of about § to 30.
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(c) a buffer that®substrantsi akly encl o32s said optical fibey and said } i

protective coating, said buffer conprising an inner, re§| i ent Tayer—

and an outer, rigid | ayer, the method conprising: b -
" 6.  The optical fiber element of claim 1, wherein said protective coating

‘comnprises a fovolac epoxy having the structure:

- .

S eSS

wﬁerein the average value of n ranges from 0.2 to 1.8.

7. A method for producing an optical fiber element comprising the steps of:

(a) providing an optical fiber having a numerical aperture ranging from
0.08 10 0.34; and

()  applying a permanent protective coating to the outer surface of said
optical fiber, said protective coating having a Shore D hardness of value of
65 or more, wherein the coating is made by curing a formulation comprisiog
an epoxy functional polysiloxane having the soructure:

R

R
R—éxo-—(é élO x —R

3.
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A

o provide optical interconnegti

essentially of: (a) an epoxy-functional polysil oxane having

the structure [err]

" wherein the ratio of a to b is about 1:2 to about 2:1, and R is an alkyl group of one .
" " to three carbon atoms; and.

©  applying a buffer that substantially encloses said optical fiber and said
protective coating, said buffer comprising an inner, resilient layer gnd
' an outer, rigid layer.

8. A method as claimed in claim 7, wherein. the protective. coat?ng is made bv
reacting the epoxy functional polysiloxane with 2 bisphenol A diglycidyl ether resin
having the structure :

u,c':}ao—cu,{'&—@{:@-ﬂ-@,—z-d,}—c-@{. -u,—-cn/‘-Em, :
wherein n is 0-2; and

a caralyst. .

9. A method for connecting an optical fiber element to a device, wherein the
optical fiber element comprises:

(a)  an optical fiber with a numerical aperture ranging from 0.08 to 0.34;

(b)  a permanent protective coating affixed to the outer surface of said

: optical fiber, said protective coating having a Shore D hardness of

value of 65 or more, wherein the protective coating is a cured reaction

~ product-of components comprising an epoxy functional polysiloxane
having the structure:



(b) a permanent protective coating on the outer surface of

fiber,
of 65 or

epoxy functi onal

____the pretective
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| |
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10.

essentially of:

U

coating having a Shore D ralﬂﬁﬁ Mfﬂ\”v&‘i‘mfe

wherein the ratio of a to b is about 1:2 to about 2:1, and R 1s an alkyl group of
one 10 three carbon atoms, characterized in that the protective coating remains

on the outer surface of the optical fiber during connectorization and
permanently thereafter; and

© a buffét that substantially encloses said optical fiber and said protective

coating, said buffer comprising an inner, resilient layer and an outer, rigid
layer;

the method camprising:

(i)  removing the buffer from the protective coating such that the protective
coating remains affixed to the outer surface of the optical fiber; and

(i) inserting the optical fiber with affixed protective coating into the device
to provide optical interconnection.

A coating formulation for application to an optical fiber, consisting

@) an epoxy-functional polysiloxape having the structure
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L ®) a permanent protective coating on the outer surface of said aptical fiber,
' the protective coating having a Shore D hardness of value of 65 or
more, wherein the protective coating is a cured reaction product of

components consisting essentially of an epoxy functional polysiloxane
* having the structure:

wherein the ratio ofatobxsabout]ZtoaboutZl andstanalkylgtonp of
one to three carbon atoms, characterized in that the protective coating remains

on the outer surface of the optical fiber during comnectorization and
permanently thereafter, :

13.  An optical fiber elemem as claimed in claim 12, wherein the pronecuve

coating further compnses an epoxy functional component selected from the group
consisting of: .

()  abisphenol A diglycidyl ether resin having the structure:

I°\ 'u’
HyC =G Gt —©—<I -a-,—cn-cu
oMy

wherein n is 0 to 2: and

9" -2

ﬂ:‘ﬂ—olz

(if) a cycloaliphatic epoxide having the structure:

dobo




" group consistingof:

13. An optical
coating further corrprl ses an epoxy functi onal
(1) a bi sphenol
havi ng t wherein

a cycl oaqmm“mtllllﬁmwumg\r/r]ng t he sramgure:

14, An optical fiber element as claimed in
cycloaliphatic epoxide having the structure:

S

" and an alpha olefin epoxide having the structure:

fiber elment as clained in claim12, wherei

-
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claim 12, furthef comprising a

wherein R is an alkyl
of 10 to 16 carbon atoms




14: An optical fiber elnent as C“@Lﬁ?g;tn claim12, further conprising a
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OPTICAL FIBER ELEMENT AND METHOD OF MAKING

Abstract of the Disclosure

An optical fiber element includes an optical

fiber having a numerical aperture ranging from 0.08 to
-0.34 and a protective coating affixed to the outer
surface of the optical fiber. The protective coating
has a Shore D hardness value of 65 or more and remains
-on the optical fiber during connectorization so that
the fiber is neither damaged by the blades of a

. stripping tool nor subjected to chemical or physical
attack. | '

" Figure 1
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