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Field of the Invention The invention relates generally to silica optical
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and subsequent drawing down of an optical fiber from the molten pre-form. Generally the
20  glass fiber includes one or more polymer coatings, also known as buffer coatings, applied
in-line to the outside diameter, or cladding, of the optical fiber. A coated optical fiber,
known also as a GGP fiber, includes a permanent polymer (P-coat) applied over the silica
cladding before application of additional buffer coats as discussed previously.
United States patents U.S. 5,381,504 and U.S. RE 36,146 describe commonly used,
25  commercially available GGP fibers (Glass, Glass, Polymer) that include a doped silica
core, a silica cladding, and a permanent polymeric coating or P-coat encircling the
cladding. The dimensions of the layers of material comprising a commercially available
GGP fiber produce an accumulated fiber diameter of approximately 250 microns to which
a silica core and a reduced silica cladding contribute 100 microns. Addition of a P-coat
30  increases the diameter to approximately 125 microns. After application of two standard
buffer coats (the first to provide microbend protection, the second to provide abrasion

resistance), the coated optical fiber reaches the final diameter of approximately 250
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20  coated around the cladding. The non-strippable thin coating provides protection to the
underlying cladding and glass core during fiber connection to an optical fiber connector or
planar lightwave circuit (PLC). An optical fiber ribbon includes a primary coating having
a thickness up to twice the diameter of an optical fiber and a secondary coating that may
be from 20 microns to 100 microns thick. U.S. 5,644,670 and EP0953857 Al both address

25  the effect of thickness of a polymer covering or non-strippable coating on the incidence of
damage to the cladding layer while clamping a crimp connector on the end of an optical
fiber from which primary and secondary coatings have been removed. There is no
information related to the overall mechanical strength of bare optical fibers.

In many optoelectronic devices and optical fiber containment structures, there is

30  limited space to accommodate large diameter fibers that include primary and secondary
coated layers, as described above. This has produced a desire for finer optical fibers,

preferably capable of withstanding bending around small radii for a range of
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coat. A P-coat typically contains an iodonium salt as a cationic photoinitiator that interacts
20  with suitable radiation to cure the polymer. One or more protective buffer coats, applied
over the cured P-coat, provide protection and abrasion resistance while raising the overall
diameter of the GGP fiber construction to approximately 250 microns.
The following discussion refers to other cationic photoinitiators, most of which
have been used in applications unrelated to coated optical fiber production. United States
25  Patents, U.S. 5,340,898, U.S. 5,468,902, U.S. 5,550,265 and U.S. 5,668,192 discuss
various iodonium borates and organometallic borates as photoinitiators. These patents,
however, do not mention borate anion containing photoinitiators as curatives for
polymeric materials applied to optical fibers. United States patent, U.S. 6,011,180
discloses organoboron photoinitiators suitable for photopolymerization of monomer
30  compositions having acid group functionality. The photoinitiators are described by the

generic formula G* (R)4B” wherein G* includes onium cations, particularly sulfonium

cations or iodonium cations and (R), represents substituted alkyl and aryl groups.
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United States Patent U.S. 5,554,664 describes energy activated salts with

20  fluorocarbon anions. The reference discusses the advantage of catalysts with non-
hydrolyzable anions for adhesives and related coatings used in electronics applications.
Hydrolyzable anions exemplified by hexafluorophosphate (PFs) and
hexafluoroantimonate (SbFs') ions react in the presence of moisture to produce corrosive
hydrofluoric acid. The reference otherwise addresses onium salts containing methide and

25 imide anions and gives examples of borate anion initiators.

The mechanical properties and lifetime of a coated optical fiber may be adversely
affected by inappropriate selection of a photoinitiator to cure polymeric fiber coatings. The
previous discussion of fluorinated photoinitiators describes formation of hydrofluoric acid
in the presence of moisture. In the presence of corrosive materials, such as hydrofluoric

30  acid, some GGP fibers exhibit a decrease in fiber strength, as shown in dynamic fatigue
tests, when they are placed in a high temperature/high humidity environment.

Unfortunately, high temperature and high humidity conditions are relatively common
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according to the present invention, readily interface with a number of standard fiber optic

U

20  connectors, without stripping, to provide connections wherein the optical fiber has a high
tolerance to bending stresses. This provides a useful benefit by decreasing the time needed
to join an optical fiber to a suitable connector. The lack of a stripping step also enhances
optical fiber reliability, because there is no need to expose the bare glass of the fiber to
make a connection. Additional reliability for coated optical fibers according to the present

25  invention accrues from polymerizing the permanent polymeric coating of a GGP fiber
using a photoinitiator that does not produce potentially corrosive byproducts. In the
absence of corrosive byproducts a coated optical fiber retains its strength for use in
applications that include exposure to humid conditions at elevated temperature.

More particularly the present invention provides a coated optical fiber, preferably a

30  GGP optical fiber comprising an optical fiber core, and a silica cladding over the optical
fiber core, to provide a silica clad core. A permanent polymeric coating is applied to the

silica cladding during exposure to actinic radiation of a photocurable composition
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As used herein the term “cladding” refers to a layer of material, typically silica,

20  around an optical fiber core. Preferably the cladding has a lower refractive index than the
core to substantially confine light signals to the core.

Terms such as “polymer coat” or “P-coat” or “protective coating” or the like refer
to a coating that adheresjstrongly to silica, e.g. optical fiber cladding, and is not easily
removed. The coating represents a barrier to water vapor, dust, and other agents that attack

25  the glass optical fiber, either mechanically or chemically. Also, a polymer coat forms
strong bonds with adhesives used to affix optical fibers to optical fiber connectors.
Description of a polymer coating as a “permanent polymer coating” relates to the fact that
optical fiber connections may be made without removing the P-coat. Polymer coating
materials preferably comprise cationically cured, non-ester containing epoxies and polyols

30  preferably using a diaryl iodonium methide initiator. Suitable compositions may include

mono- and poly-functional epoxies and polyols as diluents.
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EIA/TIA-455-28B - EIA=Electronic Industries Association and TIA=Telecommunications

20  Industry Association).

Use of the terms “consistent performance” or “consistent strength” or the like
refers to the behavior of optical fibers according to the present invention when subjected
to dynamic fatigue testing. Consistent performance requires that the relative frequency
distribution of test results shows that >85% of multiple test samples, for a given optical

25  fiber, reach their failure point, under tensile stress, within a narrow range of values.
Preferably, for dynamic fatigue testing, a coated optical fiber meets a requirement of 49.2
x 10’ kg/em? (700kpsi) or greater within a range of 3.5 x 10> kg/em? (50kpsi) to 7.0 x 10°
kg/cm?® (100kpsi). A relative frequency distribution of >90% is preferred. Dynamic fatigue
values of >95% represent the highest level of consistent performance.

30 The term “coated optical fiber diameter” or related terms refer to the maximum

diametric separation of the outer surface of the outermost coating around an optical fiber.
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outer diameter less than 160 microns and preferably less than 130 micron, while
maintaining strength characteristics comparable to coated optical fibers twice its diameter.

20 Under the force of bending stress, a coated optical fiber according to the present invention
survives a 6mm (0.25 inch) radius bend. Other beneficial properties include resistance to
abrasion, and insertion and attachment without stripping, for retention in optical fiber
connectors. Although there are no outer buffer coats to strip, secure attachment of a fiber
to a connector usually requires an adhesive.

25 A typical commercial GGP fiber construction has a silica core and a reduced silica
cladding forming a structure of 100 microns diameter. A permanent polymeric coating or

~ P-coat, 12.5 microns thick, and two standard buffer coats, each approximately 31.0

microns thick, give the GGP fiber a final diameter of approximately 250 microns. The first
buffer coat provides microbend protection and the second buffer coat provides abrasion

30 resistance. Suitable coating compositions include acrylated urethane polymers that are

commercially available from DSM Desotech, Elgin, IL.
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t he di ar Woatings, optical fibers according to the present invention may be con51dered as “non-

20 embedded” or “unsupported,” having a diameter from 120 microns to 160 microns while
maintaining consistent strength at least equal to known optical fibers protected with
coatings to diameters of 250 microns or greater. Comparative Examples C1A - C1E
(Table 1) provide coated GGP optical fibers including a silica clad optical fiber core
having a single permanent polymeric coating (P-coat) applied to its surface. The silica clad

25  optical fiber core has a diameter of 100 microns, and the coating has a thickness of 12.5
microns to produce a coated optical fiber having an outer diameter of 125 microns. In
Comparative Examples C1A - C1D the coating comprised Swt % of bis(dodecylphenyl)
iodonium hexafluoroantimonate (SbFs") photoinitiator solution and 95wt % of an epoxy
functional, photocurable resin. The curable resin contained 90wt% of EPON 828 (a

30  Dbisphenol diglycidyl ether resin available commercially from Shell Chemical Co.,
Houston, TX) and 10wt% of TONE 0301 (a caprolactone triol based polymer with
hydroxyl functionality available from Union Carbide, Danbury CT.). The photoinitiator
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(40 part she Rfwer limit of dynamic fatigue to approximately 28.1 x 10° kg/cm”® (400 kpsi). The -

20 outer diameter of the coated optical fiber also reaches 160 microns (Example 1A - 1C),

which lies towards the upper limit of preferred GGP coated optical fibers according to the
present invention.
The coated 160 micron optical fibers, of Examples 1A and 1B, included a P-coat
polymer that was photocured using bis(dodecylphenyl) iodonium hexafluoroantimonate
25  photoinitiator. The photocurable resin contained 75wt% of EPON 828 (a bisphenol
diglycidyl ether resin available commercially from Shell Chemical Co., Houston, TX) and
25wt% of GP 554 (a silicone with a high level of epoxy functionality, available
commercially from Genesee Polymers Inc., Flint MI). The photoinitiator solution
contained 38.5wt% (40 parts) of an iodonium hexafluoroantimonate, 57.7wt% (60 parts)
30 decyl alcohol and 3.8wt% (4 parts) of isopropylthioxanthone.
Replacement of the hexafluoroantimonate photoinitiator in Examples 1A and 1B

with dodecylphenyl iodonium methide photoinitiator (Example 1C) provided noticeable

10
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consi st enkdtingwb 5 N3O kg/chi’qir®0 kpsi) with infrequent failure at 45.7 x 10° kg/cm?
(650kpsi). The range of dynamic fatigue, from 45.7 x 10° kg/cm? (650kpsi) to 51.3 x 10°
20 kg/em® (730kpsi) is narrower than for coated optical fiber structures discussed above, even
though the upper limit (i.e. 51.3 x 10° kg/cm?® (730 kpsi)) was exceeded previously.

A preferred coated optical fiber having an outer diameter of 125 microns
comprises a silica clad fiber having a diameter of 80 micron coated only with a permanent
polymer coating or P-coat. The thickness of the P-coat is approximately 22.5 microns to

25  provide a coated optical fiber having an outer diameter of 125 microns. Polymer coating
compositions for a preferred single coated fiber include commercially available acrylated
urethane compositions cured using a free radical photoinitiator (Example 4). Suitable
protective coatings are available from DSM Desotech, Elgin, IL, particularly a
composition identified as DSM 3471-2-136 that includes the photoinitiator. As an

30 alternative, a cationically photocurable P-coat may be used containing epoxy functional
monomers crosslinkable with e.g. diaryl iodonium methide photoinitiators (Example 5).

Results for dynamic fatigue testing suggest improved strength characteristics for 125

11
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mi crqps t@@ﬂ&%%&pqg«%h@edofqmoﬁﬁe.lcpﬁthﬂaﬁ{ H8itieg an outer dianmeter of
125 mcrons. Polynmer coating conpositions for a preferred single coated

fi ber i ncl ude Exempéasoif abhhydrokizkblb pbomortydtatsenrluderdatyhiodoniompsadts t i ons cur ed

using a f.ree.radi.cal photoinitiato 4) . i ahl.e rofective
Coat  ngs 508 a1 P At RS RaTye TR o P0G BT Bl db e,
conposi t icoftaird@iludridedoms a Prdvtddti/diasd -of abiohdid catibsic gﬁ@ﬁ)iﬂiﬁlﬁoﬁ hietgrtmigtie at or .
As an 30 alternative, a cationically photocurable P-coat may be used

cont ai ni ribe Biseshy ivgnéqr wakyde ﬂm&%{ tg1s apybriapfdapfoaylymnethides gnd dj ar y|

i odonjisum AELH A LA L jﬁﬁﬂ t I 1.¢ fatigue
testpﬁg suggggg&Pg%%%ggﬂ éﬁ%ﬁ%&?ﬁéc a?%%?@?%g??§§a¥§}%¥§§Pf%*@%@%gfﬁgzogg
PCT/ US02/fatdlfe toregresamt typtthode!' afid tietide"cnaine despedtively. cur ed epoxi de resin

conpared with the same thickness of a urethane acrylate resin. Regardless
of the relative results both coated optical fibers exceed a generally

sati sfactory dynam c fatigue VGLSGZ?f'4%$%nﬁuﬁQ? kg/ cn2 (700kpsi).
Preferred optical fibers according 'to the present invention include GGP

fibers
.20 (RSO,),N "~ (Formula IT)

Each Ry is independently selected from the group consisting of highly fluorinated or
perfluorinated alkyl or fluorinated aryl radicals. The methides and imides may also be
cyclic, by linking together any two R¢ groups to form a bridge. Typically, the Ry alkyl
chains contain from 1-20 carbon atoms, with 1-12 carbon atoms preferred. The Ry alkyl

25  chains may be branched or cyclic, but are preferably straight. Heteroatoms or radicals,
such as divalent oxygen, trivalent nitrogen or hexavalent sulfur, may interrupt the skeletal
chain. When Ry is or contains a cyclic structure, such structure preferably has 5 or 6 ring
members, including 1 or 2 heteroatoms. The alkyl radical R is also free of ethylenic or
other carbon-carbon unsaturation, e.g. it is a saturated aliphatic, cycloaliphatic or

30  heterocyclic radical. By "highly fluorinated" is meant that the degree of fluorination on the
chain is sufficient to provide the chain with properties similar to those of a perfluorinated

chain. More particularly, a highly fluorinated alkyl group will have more than half the

12



5 having an outer diameter from 120 mcrons to 160 m crons. These coated
optical fibers overcone problens of strength degradation to consistently
mai nt ai n wpransw3f at i gue performance conparabl e wi th GEPPCIThmns2domc| udi ng
two buffers that raise the coated fiber dianmeter to 250 mi crons. The use
of a P-coat formulation conpri si ng a preferred non- hydrolyzable
photoinitiator, such as a diaryl _iodoni um net h'fﬁﬁ elimnates the probl ens

of 10 hydeta) gumber éf/EYfifP%F’k%‘émﬁPéél&f@émde lpgedovith Buewng APmS-ytheyelt | es.

Exanpl es I [ nium sal ts
i ncl udi né&grnol%glggtmsfg ngigy %@Qﬁo%@%@%&%ﬁg%ﬁed %%%Z&Sl?ﬁygh%é N;i(tos%gz)%%S) 2 Even

t hough cqriamrmtigﬂtidrmrtodmn mp@“ﬂueropkkef gpulecBmhmormhlcame@nmns mayat i oni c
phot oi nitiators rdln i.nv Ilonlnlud rlnated
Prvs Ca kyrotacsny S ol hos B SR Fuouhe Pl otils nikire et ik

aryl syl f WY lout &fitHRS hyEl@"gBﬁH Githk aBtlgiolip B@Eé?)\l‘éce@mm filriengilhoref Or rrul ae to
represent "nethide" and "im de" anions respective % (RfSOZ )3C - ([Forrml a

1) 20 (ﬂerr@f@zqdzmat at (qast thigepfifpyr hydeqgerptoms heqgplp flyoring andtraeptf r om t he
group Cogﬁégé apilhﬁg:cg%e\ﬁ e%ﬁf?fsé {%ﬁ gé’d Q/fth RELiRL %A Fﬂ rigsé ed%{/kéf .

fl uori nate es an I'mdes nay ‘a
I i nki ng tg&gepther any two Rf groups to forma bridge. Typically, the Rf

al kyl  chai ns tai.n from1-20 c tonms, with 1-12 caro at ons

ot ot errod . ThdhRRhaT Ry 551 Eidkaeo B bRaHEAAY St BPTO ORI o

pr ef @pablyrbph ) brefdigbl§ rsqﬂg%ﬁb&lrat&ﬁglmk&at lea3ti6ib, @Rd PleY@hinDtat R¥f9eN,
trivalent nitrogen or hexaval ent sulfur, may i nterrupt he skel etal chain.

Wien Rf itwognngesmbon atgmaOEwhlacylgadleadtlmstltgmmﬁtaﬂu@mneeat@m@rerhaﬁbllx/ has 5
or 6 ri nq.luoggr}?(ﬁ qs%rll’hlqgrln{]a ednéﬁh%l rgcqlca%l%ﬁétene%b% ve e TF@F al kyl radical Ris

also free' o I'c or rocar car uration, e.g. it is a

saturated ali rspadlﬁe ex:ﬁmﬂb@@f a:@dnﬁ;tdsefuorn tB@pfaeﬁ@ermh@btegemaweﬁﬁdm inBjdéhi ghl y
fluorinated" is neant that the degree of fluorination on the chain is

suf fi ci edf2l{s§0pkly i(‘él@ﬁﬂe)ﬂﬂhé?ﬁ 2%%&85&@4)& EFP PNy LCEpSDof a
1| oy e R e P o s s b B L mper -
of hydr ogerflmraatisyl onlitdibavihgili capireatens, wiatticuldriyor tidls@nﬁumnmatwwtfomgh
Y 00en SRR S AN & B e Akt b oL B el Uy 9T ogen
chlori ne £8031®7M8)S. 5,021,308, U.S. 4,387,222, U.S. 5,072,040, U.S. 5,162,177 and U S.
5,273,840 and in Turowsky and Seppelt, Inorg. Chem., 27, 2135-2137 (1988). Turowsky
20  and Seppelt describe the direct synthesis of the (CF3S0;);C anion from CF3SO,F and
CH3MgCl in 20% yield based on CF3SO,F or 19% yield based on CH3;MgCl. U.S.
5,554,664 describes an improved method for synthesizing iodonium methide.
Salts of the above described anions, generally known as onium salts, may include
sulfonium and iodonium cations. These salts may be activated by actinic radiation or heat
25  or may require two stage activation involving actinic radiation followed by heat. Suitable
salts include those producing reactive species for polymerization of P-coat compositions,
when exposed to sufficient energy having a wavelength from 200nm to 800nm. Initiation
may occur during exposure to energy from various sources including heat, accelerated
particle beam (electron beam), or electromagnetic radiation sources.

30
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repl ace any hydrogen atons not replaced with fluorine. It is nore preferred
that at least 5 two out of three hydrogens on the al kyl group be repl aced
with fluowone3®si|| nore preferred that at |east three eCTtfusoz2doyadr ogen
atons be replaced with fluorine and nost preferred that all hydrogen atons
be replaced with fluorine to forma perfluorinated al kyl group. The
fluorinated aryl radicals of Fornulas I and Il nmay contain from6 to 22
ring 10 EXRewsEntal ops, preferably 6 ring carbon atons, where at |east one,
and pref erabl yryat hRARE sedtiR prédifl LREGPHRIPEEndhl RE&AuRkYor thedi cal i's
substituted with a fluorine atomor a highly “fluorinated or perfluorinated
al kyl r adnaafactige dE¢aatesiopdisalfghersaqgordin@ltp3hepresdnt inyventtempl es of ani ons
useful in the practice of the present invention include: (C2F55Q2)2N ,
(AF9SQ2) 2N , (CBF17SQ2)3C-, (CF3S2)3C-, (CF3S2)2N, (C4F9soz)3C, 15 and
t he | iske.Fibdmaawineifebésd ani ons are those described by Fornmula |, wherein R
is a perfluoroal kyl radical having 1-4 carbon atons, particularly a

tris(trifluor dnbekipMalletsiber dawitpverd Vantagntinlapdbwas wiedap the apjisdravand

nmet hods f ' | ' : - , : 1, 308,
s i Tk Ry 25, ARRETHPING Bt Tu8thor Y nitB 500
Tur owsky wmetla Sappietd systamo tagconGokbthe fecdhg ratke38-a8 bplicql pEB&rm ifitoroIEKY 20 and
Seppelt descrj.be the direct synthesis of fhe S@R)3C anion fr CF3SQ2F
onh  Cranesl ZFoatoRgaEn TGRS GeredeStith S5Y) e PSS oGS Cr
U.'S. 105, afhdse RSHuLES G iR fiecHARER VESbr B EL9Ebrf MC YD) H&Ring I thROpre FIRRN i M

met hide. Salts of the above described anions, generally known as onium
salts, ndbe funeacegaiseddtn temppamre robatwersri 20T € and 309°Cries deaveing e optigal be

activate LD | ati [ [ .

ot vati a5t RGeS BhAMOR GlashiiBlometi BLasl AP RNIGP CRPNTIESE, | o

i ncl ude tlbeasel Helodtirilegt sona®) méasusqiathe @Rwnofibep diayaedri widld rAonitfing-tko at
conposi tifg{gs, .when_exposed to sufficient energy having a wavel ength from
200nm t o ORIt VIthiRthePWeRay occur during exposure to energy from

vari gys sourc i J ; 1 GleB y=Yok beam ,
o el'eot r omgriat e L e e i o B 5503 AP 3 o
Exper i merpeahankheprotactiveoaging €biie avatipg sieticteincladetbs codtipgidonassémilgnaer al

r r for, th : . . .
procedu Fusion Sytsterens R Corp. microwave UV curing system, a concentricity monitor, and

another laser telemetric measurement system. The coating die assembly included sizing
dies, and a back pressure die inside a containment housing, mounted on an adjustable

20  stage having pitch and tilt control and x-y translation for coating concentricity. The
protective coating material was supplied to the coating die assembly from a pressurized
vessel for application to the optical fiber followed by curing of the coating and
measurement of the coated fiber dimensions within the primary coating station. Preferably
the UV source is a Fusion Systems UV lamp with H+ bulb that emits actinic radiation in a

25  range of wavelengths from 254nm to 365nm. The duration of exposure to UV radiation
depends upon the draw speed of the optical fiber and is typically less than one second.

Where desired, a buffer was applied to the coated fiber at a secondary coating

station, to provide a dual coated optical fiber having a second permanent coating. Dual
coating of this type requires the use of an additional sizing die supplied with material from

30  aseparate pressurized vessel. The coatings were cured, as above and the coated fiber outer
diameter was measured. The coated optical fiber was collected using a conventional form

of cylindrical take-up.
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manuf acture of coated optical fibers according to the present invention. 5
Fi ber Drawi ng Process A Nokia-Maillefer fiber draw tower (Vantaa, Finland)
was used we oBhsoepti c draw tower for coated optical fibersTasopeaiing to
the present invention. The fiber draw process, used a downfeed systemto
control the feeding rate of an optical pre-forminto a 15KW Lepel Zirconia
i nduction furnace (Lepel Corp., Mspeth, NY). Suitable pre-forns include 10
t hose produced via nodified chem cal vapor deposition (MCVD). Heating the

pre-for ml_bn\tﬁ‘lamtié‘ﬁatf ERRG hs&fhrd ts tenperature to between 2200C and 2250C,
for drawmg a Ica Iber to the required di nensions. A |aser

tel emetric nmeddedgnenic fayymteaficottad eptidak 6B¢vp accordivatathe padsent invention atas

sour ce, sured the dra i i r while nonitori the fiber
bos! ¢ on eI ehBE p gk Red BRSBTS winea el ot R 5 B ghEE
pri masy GRatd RAgthotd? Mdterk uadd! dntidnt @sndifiord. ARQIBMARMesEHR0AGF thetegtOat i Ng.
The coating station included a coating die assenblﬁl% a_ Fusion Systens R
&

Cor p. mi dnethed eseethebrgsadikey Sinsis Test Rraerdarn ¢ TOITPY) T sntitdad "Mgthod fokot her
| aser tel ] Ei[e o ' el uded
Si ii ng &\?I %ﬁﬁ}%g?ﬁﬁﬁ%gﬁeﬁ%ﬁ%@%ﬁ%%&Iﬁbﬁlsflggﬁsgqgog%&;%m ) %Bu @gggl,gqrmunt ed
on an adjrusitiahlo€EPA-455-284. BdA istagdpfor Ehecandictindustross mssadiationchnd-H At stands| at i on

for coating._concentricjty, The protective coating material was supplied to
t he coatifjl%bT‘?:lP"é’“%{g‘é‘BﬁaéW?Shdd‘ﬁﬁr}éAﬁF%%aéWP}'zed vessel for application to the
optigal fiber followed by curing of the coating and neasurenment of the
coated fiber dinensions within the primary coating station. Preferably the
WV sour ceMatsriads Fusi on Systens UV lanp with H+ bulb that emits actinic

radi ation in @iS range of wavel engt h Q S54pm t 0,,.365nm_The duration of
exposure to O AT L&@B‘@H&%Snﬂbto/sﬁ Oghlémcﬁ’%gwl%rﬂﬁggg TR optical fiber

and is tyHekefldryankigfehale{BBFOPhotasitia@r so A& shddSsitI% af a phétoéiralsle vesn appl i ed
to the coated fiber at a secondary coating station, to provide a dual

coat ed opntiing Yiyere abbPAY &2 3Jabisnbenobdiglysid ctsatesiavaiple  coating of
this gy pecfohﬁx?éf&iégf bR HEREC H¥migd Caoqcf'_lédsgﬁ?fngﬁd f@vt‘% G PORR 0% (M th

material from a Sseparate pressurized ves he coatings were cured,
as above capobldckmecoaitbased pdipmenwitk hydtoaylehmstionalstypeasable domfteecialbat ed

optical f) bt asoCRl onl 0 URhlna SOMENL) 29\ i oLl s g b

parts) of an iodonium hexafluoroantimonate, 57.7wt% (60 parts) decyl alcohol and

3.8wt% (4 parts) of isopropylthioxanthone.
20

Polymer coating B comprises Swt % of bis(dodecylphenyl) iodonium methide

photoinitiator solution and 95wt % of a resin containing 60wt% of EPON 828 (a bisphenol
diglycidyl ether resin available commercially from Shell Chemical Co., Houston, TX) and
40wt% of GP 554 (a silicone with a high level of epoxy functionality, available

25  commercially from Genesee Polymers Inc., Flint MI). The photoinitiator solution contains
38.5wt% (40 parts) of bis(dodecylphenyl) iodonium methide, 57.7wt% (60 parts) decyl
alcohol and 3.8wt% (4 parts) of isopropylthioxanthone.

Polymer coating C comprises Swt % of bis(dodecylphenyl) iodonium methide

30  photoinitiator solution and 95wt % of a resin containing 80wt% of EPON 830 (a bisphenol
diglycidyl ether resin available commercially from Shell Chemical Co., Houston, TX) and
20wt% of TERATHANE 2000 (a polytetrahydrofuran diol available form Sigma-Aldrich,

15



Dynam ¢ Fatigue Testing Procedure The dynam c fatigue of coated optical
fibers according to the present invention was determ ned using a nodified
El A/ TI A- 456-038B0331si ng a strain rate of 9% per m nute andraT/Bogaege | engt h
of four neters under anbient conditions. An alternate description of the
test method uses the phrase Fiber Optic Test Procedure ("FOTP") 28,
entitled "Met hod for Measuring Dynamic Tensile Strength of Opti cal

Fi bers, " Milwaulkee AWH) AThephiopaipitiatey sqlufian contaigs, 3& S wWiye 640 paris) @65 28A. El A
stands f r SORLB4 faQro

Tel ecomnc}{rlu(ggcfe?glhg&}}ﬁ oggllrﬂii/ﬁl Adsigcgcﬁtl on). t%%?%%;yg?lé$}%gg ?/?rggrtéb(gti ng A
conpr i segabwk oftisapirofilth{ckadthoyt.phenyl ) i odoni um hexafl uor oanti nonate (SbF6)
photoi nitiator solution and 95w % of a photocurable resin containing

90wt % of EPON 828 (a bi sphenol diglycidyl ether resin avail able 15

comenci al |y fpodymheeblindDeshfpaiseswt, %H@uﬁtdmcecyme ?I)Qod&{ﬁr%rf&hlap\'E 0301

(a caprolactone triol based polyner wth hydroxy unctionality, avail able

COMMET Ci athogmmflatemwﬁl@hm@aﬂ%wta@ of mmt@ryg 4Q‘ﬁe/0 ehBPON$30 Gatbesphenstl ut i on

cont ai ns %% of Qant te q Wt %
(60 parts(f@éf \(l:i%/' &ﬂ% Shlﬁ)?{ le angl\?&ré} ;§4 par &?)@I Lrngs)a!‘:I)pr d&?f%@b one 20
Pol ymer c:f_m&tt‘i/orrg“ 2B’ e@mﬁm(éeﬁaﬁmycl&ﬁdfo he)&bdp(demwbwmmmhérciaugl@muﬁigmt hi de
phot oi ni t orﬁgl uti on d 95wt %glf a res con i ni ng 60w % of EPON 828

(a bi sph 9‘8?6894’ £ Dm0t gt exafbameads) peangrofurer gil shel |
Chemigal a@gllabléﬁsﬁtsqgmaﬂihnaﬂ%ﬂé}%&eﬁwi%%eiir‘ﬁémﬁﬁu%¥ 516161 Wntdind hi gh

| evel of epoxy functronality, avail able conmmer ci al from Genesee
Pol yrer s 38dovt% FﬂolmrtsMﬁbls(dh@cplpbmwlhpdmraumrm@bidax ﬂﬁwt‘V@ (eCpants) d®F1 5wt % ( 40

f bis d i d % (60 decyl
B conon g3t SREEEVE DR o RoBBEMRIT MG, ani hone.  bol yier  cbat 1 ng

conprises 5wt % of bi s(dodecyl phenyl) i odon| um met hi de 30 photoinitiator

solution and 95w % of _a resin cont ai ni ng 80wt % of EPON 830 (a bi sphenol
di gl yci dyI et Holympergoating Bicpmpriseschte pEPis(dogeqyirhengh érdontimeni cal  Co. |

Houstan, iliies tl%%ﬁ\%f/ a(gli)l(::% 5%}?@4}150125@)91910(16&n8 Qs ¥k &1 5?2[%91&1% Htraﬁﬁ'néﬁ ol

avai | abI e orm
75wt% of EPON 828 (a bisphenol diglycidyl ether resin available commercially from

Shell Chemical Co., Houston, TX) and 25wt% of GP 554 (a silicone with a high level of

epoxy functionality, available commercially from Genesee Polymers Inc., Flint MI). The
photoinitiator solution contains 38.5wt% (40 parts) of bis(dodecylphenyl) iodonium
20  hexafluoroantimonate (SbFg'), 57.7wt% (60 parts) decyl alcohol and 3.8wt% (4 parts) of

isopropylthioxanthone.

Polymer coating F comprises Swt % of bis(dodecylphenyl) iodonium methide
photoinitiator solution and 95wt % of a resin containing 75wt% of EPON 828 (a bisphenol
25  diglycidyl ether resin available commercially from Shell Chemical Co., Houston, TX) and
25wt% of GP 554 (a silicone with a high level of epoxy functionality, available
commercially from Genesee Polymers Inc., Flint MI). The photoinitiator solution contains
38.5wt% (40 parts) of bis(dodecylphenyl) iodonium methide, 57.7wt% (60 parts) decyl
alcohol and 3.8wt% (4 parts) of isopropylthioxanthone.
30
Polymer coating G is an acrylated urethane coating identified as DSM 3471-2-136
(available from DSM Desotech, Elgin, IL)

16



WO 03/ 032033 PCT/ US02/ 26010 M | waukee, W.). The photoinitiator solution
contains 38.5wm % (40 parts) of bis(dodecyl phenyl) iodoni um net hi de,

57. 7wt % (WO pams103) decyl al cohol and 3.8Wm % (4 parts) of PCT/US02/26010

i sopropyl t hi oxant hone. 5 Pol yner coating D conprises 5wt % of

bi s(dodecyl phenyl ) iodonium nethide photoinitiator solution and 95wt % of
a resin containing 40m % of EPON 830 (a bi sphenol di gl ycidyl ether resin
avail abl e conmercially from Shell Chem cal Co., Houston, TX) and 30wt % of
2,2+ Oxybl o( & sl 31O SRSk NN ReARERITHOU 3471 noryrS! gre:
Al drich, MI|waukee W.) and wt % of Terathane 2900 (a polytetrahydrofuran
di ol 10 a(‘amllahblfmnleSMSIegwtachNEdgm,dh) M | waukee, W. ) The photoi niti ator
solution contains 38.5wt % (40 parts) of bis(dodecyl phenyl) iodonium

nmet hi de, 57. 7wt % (60 parts) decyl alcohol and 3.8w % (4 parts) of

i sopr qpylmm hone. Pol ynmer coating E conprises 5wt % of

bi s(dodecyl ph i odoni um 15 hexaf | uor oanti nonat e (SbF6) phot oi ni ti at or
sol uti on and é@\ﬁe bprevidgs Feriparatiye Exampleyof costgdogpgeal @’@W@Bge@é}ﬂ@g§phenol

Foust on. P dRerSE Bp e B fe AT e b BRI e fGRCT 00

f unct i onahvdnyion al@in aliTable2.rBath ¢dbdds! 1yc1ﬁdmnf<@a&smmdmtmgréramden£ for sifca nt

M). The otoinitiatar solution contai 38. 5w % arts) o

bi 5 dodecRITERTIbr DB HEER StrRBRgPBr D BAt NG ‘o @hBamyTesel opateds ( 60
partspy degyiaidiveghol and 3.8w % (4 parts) of isopropylthioxanthone.

Pol ymer coating F conprises 5wt % of bis(dodecyl phenyl) iodoni um nethide
photoi nitiator solution and 95w % of a resin containing 75m % of EPON 828
(a bi sphe(_@qn é?ve$ q {Ae r resin available comercially from Shell

Chem cal 5wt % of GP 554 (a silicone with a high

| evel of epoxyE)a‘amp(IdslcomLCtlE reffrésint edaked optioalTiedd wepared ung Separsentol ymer s
I nc. int M) phot oj ni tiator sol ution contal ns 38. 5vvt%(40 parts)

of bis( d&fé%%}?%éﬂ‘}qr)su‘i’%%ﬁi Y B semeidRY toyver 2Rdipws0 The pelymen-gPat) al cohol
and 3158Wtcé’aﬁfi]g_?E l?s%ﬂ?&)Eﬁﬁnﬂléﬂ?f&pﬂlmb%r@p%%\k‘/lﬁesnp&rgcpﬁ%?ﬁ Eﬁ%ﬁd ng Gis an

acryl ated urethane coating 1dentified avai l able from
DSM Des otmhokpinikhtgi having 3 he_)@ﬂuoroantlmonate anion. Example C1E used a cationic

photoinitiator having a methide anion. Table 3 shows that the strength of optical fibers of

Examples C1A - C1D was variable with only a small percentage of samples exceeding
49.2 x 10° kg/cm? (700kpsi). The use of a different photoinitiator for Example C1E
20  improves the percentage of fibers breaking above 49.2 x 10° kg/cm? (700kpsi) without

satisfying consistent strength requirements.

Comparative Example C2

Example C2 is a coated optical fiber prepared by draw tower application of two

25  permanent coatings to a silica clad optical fiber. The polymer (P-coat) coating was an
epoxy resin cured using a cationic photoinitiator having a methide anion. This was
overcoated with an acrylated urethane coating identified as DSM 3471-2-136 (available
from DSM Desotech, Elgin, IL) that cures by a radical polymerization mechanism.
Dynamic fatigue (tensile to failure as in FOTP-28) of multiple samples of Examples C2

30  gave results spread over a range from 49.2 x 10° kg/em? (700kpsi) to 56.2 x 10° kg/cm?
(800kpsi) (Table 3). The structure of coated optical fibers of Example C2 was similar to
that of Example 3 of the invention. Although exhibiting some higher values than Example
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WO 03/ 032033 PCT/ US02/ 26010 Polyner coating His an acryl ated urethane
coating identified as DSM 3471-2-137 (available from DSM Desot ech, El gin,
IL) 5 Exawploa®3abl e 1 provi des Conparative Exanpl es of ceatraonpioical

fi ber prepared using a simlar process to that used for optical fibers of
Exanpl es according to the present invention shown in Table 2. Both tables
include information indicating dianeters for silica. clad_optical_fibers,

t hi ckness, /namsdatigys tesps PEEXAMRIE SPoshoxyed mete vepabilitydhamBrample 3t T at ed

10 optic ' q;g‘q%a, ' = el : ohieLE
repr esen? l;:S(:ufcl)t'j:fttg lg%g%(sz)tpct I C rh?llte L%’?%E%r@gg‘lé?’z?%}g“%&s“ é“é’g‘r“a%@%ﬁg ugc!)@nr%tgeri al
under sulretmpatatist byanple vemnethd imentiawExargpedi ti ons. The pol yner (P-coat) 15
coating used for Exanples CIA - ClD was an epoxy resin cured using a
cationic photoinitiator having a hexafl uoroanti nonate ani on. Exanple ClE
used & catdpbrivelahPidCsi ator having a nethide anion. Table 3 shows that
the strength of optical fibers of Exanples CIA - C1D was variable with
only a small percefixagwlof3 sangstates aptieddihenprepargd by dravp ® vy AppHratiqnok psi ) .

The use of ' h L.t at: [ t he

per cent ag'aep e%?qg#elf : g‘?"‘gﬁgr@%&‘ﬁ% QQES@EQangogF. Qﬁ?g@j@ @l rfgo%gf)(%fk%gé %g\?l\nnt hout

sati sfyi npogwpslystresit coimbaagbm cueduisingrisatidnic phopatiditboykavimgpaipethide? Exanpl e
C2 is a coated optjcal fiber _prepared by drawto wo 25

r. applicatiaon of
per manent2tBaDyRgRictfatigiedtansiglodpiyre gpin %%TPf%e}_fAr.%u ieﬁm%af Fxpopisat )
coal I eheRl reRRONMEAPSID AT RTdR UAY 01 PRL)CAM G50UAh % 52§ kAPkgA?! NG 2
on. This S I a;ag,

nmet hi de ani T overcoated wth an acry ar et hane coati ng

i dent i fi g@SCkpsiSht Brjdritp of 8Bichaveae belbivet9. X x o KW DEOOkmsi(Talled)n, 1L) that
cures by a radical polynerization nechanism Dynamc fatigue (tensile to
failure as in FOTP-28) of nultiple sanples of Exanples C2 30 gave results

spread ovE®{anmldsageldrom 49.2 x 103 kg/cnR (700kpsi) to 56.2 x 103 kg/cnR
(800kpsi) (Table 3). The structure of coated optical fibers of Exanple C2
was simlar t @xg&s 14% - Exasppesentcogtedoptical diberss hayang adiamsiggief exhi bi ti ng
SOonme I%i 9 rh%bro\ﬁ%&gﬁf 1%'@%0%@,@13&1‘&17 us\ﬁ% Qa%é&?é%%ﬁ? of &I{e}ijﬁ%{dgrﬁ%gtantially
the same draw tower conditions. The polymer (P-coat) coating used for Example 1A and
Example 1B was an epoxy resin cured using a cationic photoinitiator having a
hexafluoroantimonate anion. An iodonium methide photoinitiator was used to cure the
polymer coating of Example 1C. In each case the P-coat was overcoated with an acrylated
20  urethane coating identified as DSM 3471-2-136 (available from DSM Desotech, Elgin, IL)
that cures by a radical polymerization mechanism. Dynamic fatigue (tensile to failure as in
FOTP-28) of Examples 1A and 1B gave results showing reasonable consistency from 49.2
x 10° kg/cm? (700kpsi) to 52.7 x 10° kg/cm? (750kpsi). Example 1C gave consistent,
improved performance close to 56.2 x 10° kg/cm? (800 kpsi). Example 1C differs from the
25  others only in the use of bis(dodecylphenyl) iodonium methide photoinitiator for curing

the P-coat.

Examples 2A - 2D

Examples 2A - 2D represent coated optical fibers, having a diameter of
30  approximately 130 microns, prepared using separate runs of material under substantially
the same draw tower conditions. The polymer (P-coat) coating was an epoxy resin cured

using a cationic photoinitiator having a methide anion. This was overcoated with an
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3, dynamc fatigue testing of Exanple C2, showed nore variability than
Exanple 3. The results suggest change in performance due to the changes in
coati ng rDesi03dos3 used in this conparative exanpl e versu®crhEsoz/eenent i on
Exanple 3. 5 Conparative Exanple C3 Exanple C3 is a coated optical fiber
prepared by draw tower application of a permanent coating to a silica clad
optical fiber. The polyner (P-coat) coating was an epaxy/ poI ol resin
conbi nat |36W13t€4,|'1‘réﬂlaﬁ%f5??§m5 ﬂé"étc}l’i?ﬁpbf applicad pRiveazaionRechagisa. FbPAmMfe  ani on.
Dynam c f P ) bl anpl es of
Exanpl es %‘%3%““55"28?%‘2‘% Eagn{s%rb’gg 29)()@%}1h1§p1r:§r%ﬁlg?érocf)%&zmd 173%)%54\18%§ kg/ cnR
(650kpsi )showecsmgﬁesmdxﬁﬁstdrgy(arr@ str¢ngBOw ik rgsplts ﬁesemajiﬁrz X yO'ofg/athi (SA0kwside bel ow
49.2 x 103 kg/cn2 (700kpsi) (Table 3). Exanples IA - 1C Exanples IA - 1C
represent coated optical fibers, having a dianmeter of 15 approximtely 160
M croRs, mhaRpaled using separate runs of material under substantially the
same draw tower conditions. The polymer (P-coat) coating used for Exanple
1A and ExanplBxampleshis ageategd optict diben havipg a dipsnaier of apaoxsnatelydRst oi ni ti at or

havi ng a f N tiator
was used T lgpcdrdé%ﬁé; %a rrgﬁv%: Ithl&gr}lgcmp(‘%Ir @%Ity?%%% E?'}]ﬂ%yé%ﬂﬁ tt(%Igtlg)&(;éthe

P- coat waslicavtdaopatadibat. ﬂl’heqmlmeerPabetdc%ngnﬁsh&mgom&tmngmdi&ntga‘| ed as
DSM 3471-2-136 6avallab|e from D chh EI ‘té’ that cures by a
radi cal FaligmMePRIGIIROTRaY SR 8 his 3as QY %“’?%t% ithan@grfaled ure as in
FOTP-138) \Rfthineait; %ldhﬁlﬁémasllfglﬁ@l@l@% }h%lﬁb%"ﬂ'(ﬁﬂ DA IRESBEE EEARSILSt ency
from49.2 X 103 kg/cn2 (700kpsi) to 52 x 103 (Otg/cmz (750kp5|) Exarrple
1C gave dbatsussbpia radlnqim@%enbrgehcbmmndmwrm Dywemiciaggue(tsnsilo ® fagnreree i 800
kpsi). rs f 25,0t hers n e _us f 3

o1 s( dodedyt pren o BefiFeRl Bt it ur gha biEeR Btabo e Boled GG A1 coar.
Exanpl es khAm* 200EpsH nples 2A - 2D represent coated optical fibers, having a
di aneter of 30 approxinmately 130 microns, prepared using separate runs of
mat eri al under substantially the sanme draw tower conditions. The pol yner
(P-cqat) goaty S oxy resin cured wusing a cationic photoinitiator
havi ﬁg a et ??éc}gm)z{i}ﬁ] Xﬂﬂplgﬁl S was overcoated with an 18 WD 03/032033

PCT/ US02/ 2601 (Examples 4 and 5 represent coated optical fibers, having a diameter of

approximately 125 microns, prepared by draw tower application of a single permanent
coating to a graded index multimode silica clad optical fiber. An acrylated urethane
coating, identified as DSM 3471-2-137 (available from DSM Desotech, Elgin, IL), that

20  cures by a radical polymerization mechanism, was used as the polymer (P-coat) coating
for Example 4.The polymer (P-coat) coating of Example 5 was an epoxy resin cured using
an onium photoinitiator having a methide anion. Dynamic fatigue (tensile to failure as in
FOTP-28) of multiple samples of Examples 4 gave results concentrated around 51.3 x 10°
kg/cm?® (730kpsi). Testing of Example 5 revealed a stronger coated optical fiber

25  construction having dynamic fatigue values concentrated around 56.2 x 10* kg/cm?
(800kpsi).
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acryl ated urethane coating that cures by a radical polynerization

mechani sm Dynamc fatigue (tensile to failure as in FOTP-28) of nultiple
sanpl es oWolsaspBes 2A - 2D showed hi ghest consistency amdTatSozpgth w t h
results close to 56.2 x 103 kg/cnR2 (800kpsi). 5 Exanple 3 Exanple 3 is a
coated optical fiber, having a dianmeter of approximtely 125 mcrons,

pr epar ed b% dr aw tovver ?pl i cation of coat| ngs_to_a graded. i ndex | ti node
silica cla AJ%H#EJ“::\OPH‘J@A FIBER G@Nod JON-AND DYNAMIC FATIGUE FQR ;

cured using a cati onC@ngggyﬁmphEgl@% Bt ani on. This was
overcoated with an ac urethane coatlng Identified as DSM
3471- 2- 136ExXanyde | ablGladsrdoamddSM | DBsotis(type) Bl duffer (type) t|hddvecall dismbtgr a
radi cal |pol ynerization pechanigm Dynamic [fatigue (tensile t.o failure as in
FOTP-28) of nultigle JHHEs of EXBIHIEs 3 gaVBPB3ul tjs colt&ffPat ed| ar ound
49. 2 x Y03 ~Kg/cmg (700} bl:;_)gag‘r@e4an?f|:_xarrpleb|:xa €S 4 and 5
repr esent cggged apt i carﬁfl bers havi nq) a |di anet er of aoorog?i%natel y| 125
m crons,| pr €adred by dr a0t ower| apli@ti on of a singlle pernb%ent cpating
to a grﬂ ad inrh:\v rn||+| mmda cu I:na CI A T +ILnaI 4f| l-\nv An anuJ nted
ur et hang CGAQ ng, |den11¢]9| ed as 1-2-137 (ava| llabl e fir%?ﬁ]DSM
Desot ech), " Egpn, 1[L), Thgg 20 quUTrem Pyay@ fladi cal_ pol yneri zat{on mechpani sm
was used _as the palyner (P-coat]) coating I[for Exanple |4 The polyner
(P-coat) coé?ﬂiEng of Exaifde 5 was b?nSG?p)oxy resi n cured usingl25an oni ym

phot oi niftat-gr—havrnrg—a—pethi-de—anjo et ttenstjetoFqilure
as in FOTP-%%) of mul tiPl e sanp 1lsl(?)C)Ex gészt%ave resuljt concentrated
around 513 #3103 | Kg/ Crgg (/dUKpSI])5_5 (i ng of Exanplle 5 reygal ed a
strongerl_coated optical fiber 25 construction having dynam c fatiguelval ues
concentrated around 56.2 x 103 kg/cn® (800kpsi) 19 V\D 03/ 032033
PCT/ US02/ 260,10 k%m

FOR ""' AV LA, C3—t=canpr €6 G as 0 ms

(typeks Buffer (type) Q/era)tAMpqmtm C, DACDONS, KINTD 6NS mcrons mcrons ClA
100 12.5 - 1258

Example Glass diameter | P-coat (type) | Buffer (type) Overall diameter
microns microns microns microns

1A 100 12.5 (E) 17.5 (G) 160
1B 100 12.5 (E) 17.5 (G) 160
1C 100 12.5 (F) 17.5 (G) 160
2A 80 12.5 (B) 12.5(G) 130
2B 80 12.5 (B) 12.5 (G) 130
2C 80 12.5 (B) 12.5 (G) 130
2D 80 12.5(B) 11.5 (H) 128

80 11 (B) 11.5(G) 125
4 80 - 22.5 (H) 125
5 80 22.5(B) - 125

Table 3 includes the results of dynamic fatigue testing of the coated optical fibers
of Examples C1A - C1E, Example C2 and Example C3. Table 4 provides the results for
Examples 1A - 1C, Examples 2A - 2D and Examples 3-5. The information provides the

10 relative frequency distribution for a number of duplicate samples between ten and twenty-
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C1B 100 12.5 (A) - 125 C1 C 100 12.5 (A) - 125 CID 100 12.5 (A) - 125
ClE 100 12.5 (B) - 125 (C2 80 11.0 (© 11.5 (G 125 C3 90 15.5 (D 121

TABLE 2- vwBDB@s03F1 BER CONSTRUCTI ON AND DYNAM C FATI GUE FEeRTAISEXZWRLES

1A-C, 2A-D, 3, 4, AND 5 Exanple d ass dianmeter P-coat (type) Buffer (type)
Overal |l diameter mcrons mcrons mcrons mcrons |A 100 12.5 (E) 17.5 (Q
160 1B 100 12.5 (E) 17.5 (G 160 _IC 100 12.5 (F) 17.5 (G 160 2A 80 12.5
(B) 12. 5 fivedenepdingxm the cagtedoptmpl fiberminder)test JGbereripgmancesit agjvenjewsl o) 130

2D 80 12. . 1.5 (H). - - 22.5 (H 125
5 80 22. g% %ﬂc?f }qé‘aﬁ l%’g%égﬁthgﬁgﬁﬁé%%f(@%;a}neéﬁ{rt%s%g gtdg}/ﬁ%lr%hg%l fatigue testing
of the coat ed Ioiphbtiadablei tharExamplesEXlanpCeD shbwk relaBidly p&orgrepfoem&iteawidh Exanpl e
C3. Table 4 provides the resyults for Exanples 1 - | es - 2D
and Exanpre 4 b o e SHmbiE HbET e STHIRE farend abpie R ¥ &0 FLgGor)

di st risbug ﬁgméhﬁ&Hm&édgftmé%hdGﬁﬁ@xﬁﬁl@)ﬁ&%&ﬁﬁgﬂﬁﬁ&&%a% Ghdope it ¥- 20
WO 03/ 032033 PCT/ US02/ 26010 five depending on the coated opfical” fiber

under t edelievediskat throusk of diydenlynablg photedmitister; épdopfum Hgxedhoroahtimppaie s gi ven
as the percgnt of fiber sanple assingy.at-.that.level . 1t i.s notigeable
That  Exait Eebgampobn IR RE: AFRSLBligh SFkies i anadd aniy iRl BE2°, P
50% of t gass anpkodtedopticad A&, MHisAppeund Fosbidld gl nideien th ExempA3C KR/ cn

1(320805 ngegai}})uéq@%?h)}d?olg/ga%?ei gi?{d%%ec%léh@tﬁﬁ? iho%logiu\r/narlnlejteffidevg]hioltoei\ni?ig’;[or \tlcv)i ;iglidng to

10  arelative frequency distribution of 72% of samples tested showing better than 49.2 x 10°
kg/cm’® (700 kpsi). Coated fiber strength improvement is evident from comparison of
Examples 1A and 1B with Example 1C, where only the latter bears a P-coat cured using a
photoinitiator containing a non-hydrolyzable methide anion.

Coated optical fibers of Examples 2A - 2C, Example 3, Example 4 and Example 5,

15 include narrow diameter silica clad optical fibers of 80 microns diameter, versus the fibers
of the earlier examples, having diameters up to 100 microns. Considering the expectation
that a smaller diameter fiber may also be more fragile, it is remarkable that coated optical
fibers, including an 80 micron silica clad fiber optic core, consistently show good retention
of mechanical strength characteristics as measured by dynamic fatigue. Dynamic fatigue

20  test results (Table 4) for coated optical fibers (GGP) having diameters less than 160
microns demonstrate the consistent strength of coated fibers according to the present
invention. The use of a bis(dodecylphenyl) iodonium methide as the preferred
photoinitiator for curing P-coat compositions produces narrow diameter coated optical

fibers (preferably < 130 microns) having strength characteristics at least comparable to

25  earlier GGP coated fibers having approximately twice the diameter.
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Xi mat el Vi twice the
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RELAT) & FREQUENCY
(kgfcm )| Exanpl e {38.7 x 10

42.2 x 103 45.7 x 103 49.2 x 10 52.7 x 10 More than

tototototo 56.2 x

103 42.2 x 103 45.7 x 103 49.2 x 103 52.7 x 103 56.2 x 103 CIA - - - 18.2%
- - CIB - 9.1%- 27.3%9.1%- C1C 20% 10% 20% 10% -
5 TABLE 4- RELATIVE FREQUENCY DISTRIBUTION OF DYNAMIC FATIGUE
MEASUREMENTS FOR EXAMPLES 1A-C, 2A-D, 3,4 AND 5
Dynamic Fatigue Measurement (kg/cm®)
Example 38.7x10° | 422x10° | 45.7x10° | 49.2x10° | 52.7x 10° | More than
to to to to to 56.2x 10°
422x10° | 45.7x10° | 492x10% | 52.7x10° | 56.2 x 10°
1A 5% - 5% 90% - -
1B - - 5% 90% - -
1C 5% 95%
2A - - - - - 100%
2B - 5% - - 95% -
2C - - - - 100% -
2D - - - - 100% -
3 - 4% - 96% - -
4 - - - 96% - -
5 4% - - - 92% -
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ClD - 5% - 40%- - ClE - - 4% 72% - - C2 4% 40% 56% C3 4% 4% 56% 36% 5
TABLE 4- RELATI VE FREQUENCY DI STRI BUTI ON OF DYNAM C FATI GUE MEASUREMENTS
FOR EXAVRNBS3M0820683 2A-D, 3,4 AND 5 Dynanmi c Fati gue Measumremdarsn2/édogé cm )
Exanple 38.7 x 10 42.2 x 10 45.7 x 10 49.2 x 10 52.7 x 10 More than to to
tototo 56.2 x 103 42.2 x 103 45.7 x 103 49.2 x 103 52.7 x 103 56.2 x 103
1A 5% - 5% 90%- - 1B - - 5%90% -, - 1C 5% 95% 2A - - - 100% 2B - 5% -
- 95% - 2¢C - Loated G@Popticap fjbers retain degigaldg stremgth %&Ctege%s and athe same ggoy, -
- 5 4% - 12880 QB%&‘H i cal
fibers re{ al nl%é(%nldrsg% S\épa% e(r%%ta%%c lg?gét eris ag)?%é&g?\td at té%amestl me

wi t hst anicalefizesaeniicg wtthel puwsdrtt itventdornr mdétithofeqajpgments fatapblycaBoms (0. 25

inch). ti.cal ers d| to he esent inventi.on t the

oqu eSO IERS S i sl R RSBy iR BRAEE SRBe,

subst gnt 'aﬁbllldétlHﬁ’salfnfzﬁlﬁé &b Ry om}ﬁﬁﬁ:}? Qﬁl‘i’da'ﬂ HberS4dfd srRalidR %tbfc@hﬁ&%sfof pgitdade the
use of thinner optical fibers and snaller interconnects for optical

swi t ches, switchesy fiber-dyokeatd eemeetdensopmicabppck ddanelsaarecHpanhadcapiiselcr9ssns and
opti cal GrLoss, . connects. An unsupported, snall diameter, consistent
strength, Opti cal fiber and its conponents have been descri bed herein.
These and ot hetn wsiippdriednsmaliliagiatend dohsiktent strength, GGP optical fiber and its

components have been described herein. These and other variations, which will be

10  appreciated by those skilled in the art, are within the intended scope of this invention as
claimed below. As previously stated, detailed embodiments of the present invention are
disclosed herein; however, it is to be understood that the disclosed embodiments are

merely exemplary of the invention that may be embodied in various forms.
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10 appreciated by those skilled in the art, are wthin the intended scope
of this invention as «clained below. As previously stated, detailed

enbodi nerwe 0ef310Be present invention are disclosed herei mCcTho®Y®@I) it is
to be understood that the disclosed enbodinents are nerely exenplary of
the invention that may be enbodied in various fornms. 23 WO 03/ 032033

PCT/ US02/ 26010 dains Wat is clained is: 1. A coated optical fiber
conprising: a silica cladding; and laymsq ¢ ng applied to said cladding to
provi de sgid oo ioptical fiber having a diameter from 120 mcrons to
150 mcrons, said coated optical fiber further having a relative frequency
di stri butli on o cated qastl BEcomprislygrani ¢ f ati gue neasurenents between 49. 2
x 103 kg/cn2 and 63.31.x 3.03 kg/ cy2. 10 2. The coated optical fiber of claim
1 wherein said rel 548 F398%MY distribution is at |east 90% 3. The

coated optical fi b%rco@u‘nagswneaﬂosavmaa@diﬂg foAirdvide ad@tcested Sptidabfibér28 i crons
to 135 microns and said relative frequency distribution 1s at |east 95%

15 4. Théaviggrsiprogien Eem 120 paerops toc) 39 ricionsyised eqatedaptigal dibsr fgther s a

pol ymer| cf)a%ﬁgta!rglgti € E'e u-légg ﬁﬁfi"fbﬁgoﬂ)% Atq@zlst §5‘%%r (@fnaﬁﬁcafa 4e midtaldndhtsS a! d

pol yneri ¢ coating Yor it yy curing of a coating conpositron that contains a
cati oni c bptvadenidBi2ti #0°cdeg/dmivandg3a8 200 kgiemyd. i odoni um cation and an ani on
selected fromthe group consisting of hexafluoroantinonates, and nethide
ani ons having a general fornula (RFSO2)3C 6. A GGP optical fiber

conpripsi N9:  amRRbhe&bpfidd EbelCH cBimAOwRersin! shiddeati Al fHed\@ney Bfstribatith @Piti cal
fiber core, to provide a silica clad core; and a pernmanent polyneric
coating dgsst P&d. t o said cladding by exposure to actinic radiation of a
phot ocur abl e conmposition containing a photoinitiator, said G& optical
fiber having a diameter from 120 mcrons to 150 mi crons, said GGP optical

fiber 3. The coated optical fiber of claim 1, wherein said diameter is from 128 microns to
135 microns and said relative frequency distribution is at least 95%.
15

4. The coated optical fiber of claim 1, wherein said coating is a polymeric coating.

5. The coated optical fiber of claim 4, wherein said polymeric coating forms by
curing of a coating composition that contains a cationic photoinitiator having a
20  diaryliodonium cation and an anion selected from the group consisting of

hexafluoroantimonates, and methide anions having a general formula (R{SO;);C .

6. A GGP optical fiber comprising:
an optical fiber core;
25 a silica cladding over said optical fiber core, to provide a silica clad core;
and
a permanent polymeric coating applied to said cladding by exposure to
actinic radiation of a photocurable composition containing a photoinitiator, said GGP
optical fiber having a diameter from 120 microns to 150 microns, said GGP optical fiber
30 further having a relative frequency distribution of at least 85% for dynamic fatigue
measurements between 49.2 x 10° kg/cm? and 63.3 x 10° kg/cm?.
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30 further having a relative frequency distribution of at |east 85% for
dynam c fatigue neasurenents between 49.2 x 103 kg/cn2 and 63.3 x 103

kg/ cnm2. 2WoWRo8R8932033 PCT/ US02/ 26010 7. The GGP opti calpciriusez/2@fo cl ai m
6, wherein said permanent polyneric coating has a thickness from 10
mcrons to 25 mcrons. 8. The GG optical fiber of claim®6, wherein said
photoinitiator conprises a diaryl 5 iodoniumsalt having a diaryliodonium
cation and an T@ﬁiﬁp epticat fiber qfﬂé@t@né’h@iemﬁi‘ld RIAENERLPRlygRric coating has a

hexaf | uor [ L ®Smi g8k hiideani ons having a general formula
(Rt S02) 3 ﬁ_@f&%‘gﬁﬁ@ﬁ icPgH ifoné
8. The GGP optical fiber of claim 6, wherein said photoinitiator comprises a diaryl
5  iodonium salt having a diaryliodonium cation and an anion selected from the group
consisting of hexafluoroantimonates, and methide anions having a general formula

(RSO2):C
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