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the fibers are directly related to molecular orientation. Resins with higher molecular weight

15 produce higher strength fibers if processed under the same processing conditions. The higher
the degree of orientation the higher the tensile strength for a given fiber. However, the degree
of crystallinity and crystalline structure play a very important roll in producing fibers with
good dimensional stability. Selecting high molecular weight polyolefin polymers with
narrow molecular weight distribution keep the impurities to a minimum. These polymers can

20 easily be extruded and drawn into extremely transparent fibers with controlled morphology.

The high molecular weight allows the formation of strong fibers and obtain a very high



Therefore, it is nuch cheaper to produce optical fibers from polyolefin
sem -crystalline fibers than those from glass and ot her anorphous
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drawing them down several times in diameter. The filaments formation process is known as melt
15 spinning, the solid state stretching process as drawing.

It has been well established in the melt spinning process that polymer melts are converted to
uniaxially oriented filaments. The orientation in melt spun filaments has been investigated by various
researchers using wide angle x-ray scattering (WAXS), birefringence and small angle x-ray
scattering (SAXS). Generally molecular orientation has been expressed in terms of Hermans-Stein

20 orientation factors, with WAXS being applied to crystalline orientation and birefringence to detect
amorphous orientation [Kitao, T., Yamada, K., Yamazaki, T, Ohya S.: Sen-i-Gakkashi, 28,

p- 61 (1972); Kitao, T,. Ohya, S., Furukawa, J., Yamashita, S.: I. Polym. Sci. Polym. Phys. 11,

p- 1091 (1973); Abbott, L.E., White, J.L.: Appl. Polym. Symp. 20, p. 247 (1973); Dees, J.R.,



JR, Spruiell, J.E: J. Appl. Polym Sci. 18, p. 1055 (1974); Spruielt,
JE., Wite, JL.: Polym 10 Enj. Sci. 15, p. 660 (1975); Nadella, H P.
Henson, MWoObd2/Speviell, J.E., Wite, J.L.: J. Appl. Pol ynrCBUS01/B877 p. 3003
(1977); Katayama, K, Amano, T., Nakanura, K Koll Z-Z Polym 226, p. 125
(1967); Noether, H D., Witney, W: Koll Z-Z Polym 251, p. 991 (1973);
Sprague, B.S.. Macronmol, J.: Sci. Phys. B8, p. 157 (1973)]. Fromthe work
of Kel | er?4fl Jfpachirpl Relymesci. 18, p. N%é I61974); Wpduiell, J.E., Niititepitbl: .PoBai.. Efphy's.
131, p. 41 (1967)], Dees and Spruiell 15 [Dees, JR, Spruiell, JE : J.
Appl . PoBeiniS, 8c660 (1975)Nadk DG 5 P 92Ajk, B, SRl my%ttjz,gm..om%djpi. i's
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| evel s of polymer chain orientation [Fankuchen, I, rk, H: J. 3
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Polyrn. Sci. 62, P. 83 (1962); Kasal, 0,

A2, p. . .oa s, RJ.: J. Polym Sci. A2 6, p. 2021 (1968);
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(1974);9? e Gwh Spruiell, J.E, Wite, J.L.: J. Appl. Polym Sci. 20, p.
1823 (1 é) Serigllef £-a ). AgplPaym. $pir 18, 01 1055 J8974); \Bhibed], LB Wi, J BpiHolynRol i n.
Sci. 22, p. 3121 (1978); Kitao, T., Spruiell, JE., Wite, J.L.: Polym

Eng? Sci B Sci.fi5, 7.680 (19T NadelAn 6t heHeRbe FONE SpREE Gl Tivis, JEring %rlge
drawi ng process is the devel opnment of fibrillation which transfofhs the
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J. B V‘@‘}?ﬁfg’uef}gl&_’. , Ma&]r'omﬁ;,) .F}l ' Sclzoflhgllgl B8, p. 157 (1973)]. From the work of Keller and
Machin [Keller, A., Machin, M.J.: J. Macromol. Sci. Phys. B1, p. 41 (1967)], Dees and Spruiell
15 [Dees, J.R., Spruiell, J.E.: J. Appl. Polym. Sci. 18, p. 1055 (1974)] and later investigators it is
generally hypothesized that the structure observed by SAXS and WAXS consists of folded chain
lamellae. These lamellae are arranged in aggregates to form a spherulitic superstructure when melt
spinning is carried out at low spinline stresses but at higher spinning stresses they nucleate along lines
parallel to the filament axes and grow radially outward to form a so called “row structure” or
20 cylindrite morphology.
In the drawing process, filaments first exhibit local necking but they eventually become

uniform at a point known as the natural draw ratio. The necked regions and drawn out filaments

exhibit significantly increased levels of polymer chain orientation [Fankuchen, I, Mark, H.: J.



Sci. 20, p. 1823 (1976); Nadella, H P., Spruiell, J.E., Wiite, J.L.: J.
Appi. Polym Sci. 22, p. 3121 (1978); Kitao, T, Spruiell, J.E, Wite,
J.L.: Polwown2/EB12e2 Sci. 19, p. 761 (1979); Statton, WO.: BCT/BSON28577SCi . 41,
p. 143; Sakaoku, K, Peterline, A J. PoI ym Sci. A-2 9, p. 895 (1974);
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W.0.: J. Polym. Sci. 41, p. 143; Sakaoku, K., Peterline, A: J. Polym. Sci. A-2 9, p. 895
(1974); Glenz, W., Morossoff N., Peterlin, A.: Polymer Letters 9, p. 211 (1971); Muzzy, J.E,,
15 Hansen, D.: Textile Res. J. 41, p. 436 (1971); Vonk, C.G.: Colloid Polym. Sci. 257, p. 1021
(1979)]. It is this problem and its interaction with melt spinning that is a concern. In general,
observations of fibrillation have been qualitative in character, with authors noting the existence of this
phenomenon, and sometimes hypothesizing mechanisms [Sakaoku, K., Peterline, A: 1. Polym.
Sci. A-2 9, p. 895 (1971); Peterlin, A.: J. Polym. Sci. 9, p. 61 (1965)]. Investigations [Sze,
20 G.M., Spruiell, J.E., White, J.L.. J. Appl. Polym. Sci. 20, p. 1823 (1976); Kitao, T, Spruiell,
J.E., White, JL.: Polym. Eng.Sci. 19, p. 761 (1979)] using SAXS and scanning electron

_ microscopy (SEM) have indicated that in high density polyethylene and polypropylene fibrillation

tends to increase with draw ratio and decrease with increasing draw temperature.



birefringence. Crystallinity was determi ned by the DSC techni que. The
devel opnent of fibrillated superstructure was followed by SEM and the
voi d struweouores2ems studi ed by SAXS. Void fractions 15 wer PCERUS@/28617 mat ed
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Wi th i ncreasi MYy RIFSSH IFYHER 7 2BPaARMt %’ﬁﬁ@?‘é%%ﬂ‘%n%%lcéﬁg’eﬁ’é‘ﬁéﬂ%éﬁm‘af fect ed
by nol ecul ar weight in the range studied. 3) Qualitative observation of the
| evel of cifysthiting pelyinens. Be Sietapisdndwdesr dgreaipider heath prdtneet redimato préduioe imoltet i on
is very extensive after drawing at 25C. Fibrillation decreases with

i ncr easi pelyMbald Supied e 23328 phsheRALoRR S fresh@ATDL padrpulyp idMlflvid | ncreases

wWith increasing draw rati o and pol ynmer nol ecul ar weight. Filanments spun
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10 spinneret to maximize crystallization of the molten polymer.

The fibrillation and void development during drawing of melt spun polypropylene filaments is
also shown. The filament orientation was characterized by wide angle x-ray scattering and
birefringence. Crystallinity was determined by the DSC technique. The development of fibrillated
superstructure was followed by SEM, and the void structure was studied by SAXS. Void fractions

15 were also estimated through a combination of density and crystallinity measurements. The following
conclusions were reached:
1) The usual changes in orientation were observed. Orientation increased with take up
velocity during melt spinning, polymer molecular weight and draw ratio. Orientation decreased
slightly with increasing draw temperature.

20 2) Crystallinity increased with increasing draw ratio and draw temperature but was not much
affected by molecular weight in the range studied.
3) Qualitative observation of the level of fibrillation by SEM photomicrographs indicated that

fibrillation s very extensive after drawing at 25°C. Fibrillation decreases with increasing draw



15 size increased with increase in draw tenperature and decrease of

nol ecul ar wei ght, but was not a strong function of draw ratio or spin

ori ent at ivom 02/8229The voi d nunber density increased wi th deperase/asb77dr aw
tenperature, and with an increase of draw rati o, nol ecul ar weight and spin
orientation. 9) The fiber direction nechanical properties tend to correlate

with the orientation. devel oped 20.and wer.e not substantiall .unct jon of
1 bri | 1 aierBhegre ot R PR R Pl B Eo BT AR e kR

FIG 1 is a schematic view of a first enbodi nent of the apparatus of the
present O loy takegp\ielogy (¢ smin prigrtation) fibwierlessmomparatiyaly thag thossrpc

vi ew of a second enbodi nent of the apparatus of the present invention;

FI G 3A wih hdigberaslewgeadloodgal vi ew of a spinneret of the present invention;
FIG 3B is an end view of a spinneret of the present invention; 5 FIG 4 is
a first af tenpaljoAinGfaARBn 8f middoldsRslze® fromM®oRIRBAL, 6.0YEMI04e82.895! G 5 is
a second attenuation graph of the fiber of the present invention; "FIG 6
is cl ose-up.of FIG .5 at 850 n FIG 7.I.s C -up _.of FI 5 at 1310
o e 6 | SR veli et shmgr e pnde il SRRG i Rutie N & 571
an attenuation graph of the fiber of Table 6; FIG_ 10 is an attenuation

gr aph of carfeéats quaierwedfwittapicgovpid frgotiaps estimpted Aemeg qoaphingtipn af gyughnisi ¥e
fiber of Table 8, FIG 12 is an attenuation graph of the fiber of Table 9;
15 FI G {e3hiigueanddehsinuatisarnghdph of the fiber of Table 10; FIG 14 is an
attenuation graph of the fiber of Table 11; FIG 15 is an attenuation

graph of ¢f he TS frd@h 6f hrovoidsGherdRed witRN attenuation graph of the
fi ber of Table 13;

a) increased draw ratio,
10 b) decrease of draw temperature,
c) increased molecular weight,
d) increase of take-up velocity during melt spinning.
7 The Guinier analysis showed that the average void size had dimensions of 25 to 40 nm

parallel to the fiber axis and of order 15 to 30 nm perpendicular to the fiber axis. The average void
15 size increased with increase in draw temperature and decrease of molecular weight, but was not a

strong function of draw ratio or spin orientation.

8) The void number density increased with decrease of draw temperature, and with an

increase of draw ratio, molecular weight and spin orientation.

9) The fiber direction mechanical properties tend to correlate with the orientation developed
20 and were not substantially a function of fibrillation or void fraction per se.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a first embodiment of the apparatus of the present invention;



FIG 17 is an attenuation graph of the fiber of Table 14; and 20 FIG 18 is
an attenuation graph of the fiber of Table 15. 7 WD 02/23229

PCT/ USOLM2@ 6727322DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBEDI/WENTZ86771
Apparatus and Materials 5 The present invention enploys sem -crystalline
honopol ynmer resins instead of inorganic glass, anorphous, or other
copolyners as raw materials. This wll give the_follow ng advantages
conpared to dilSs3 isghamadievigy e ?t‘}g’@émfeéé?frﬁ‘? anppfaiys of fhegeestipurity i s
present due to selecting high nolecular weight polyners with very narrow
nmol ecul amvewioght di stribution and m nimzed processing additives.

Pol yet hyl ene resin 10 contains only a very m nute anount of antioxidant,

whi ch is | essprighan i690oRBMidMaL 418w b A isnerdt 81 thd pRAedt GnRhgeNt  t her mal
degradati on during processing, as even trace anmounts of netals and ot her

inmpurities o resing . shoul d be avaided. 1 ing for this resin is
under 14 PPMnIgErT{éngsoﬁnyecri‘lasvbe ré%: S\ylngfref/%lgge ﬁﬁsa?n%]%.gg@ﬁ%h narr ow nol ecul ar

wei ght distribution is the npst crucial factor in order to elimnate
radifal mor phoflig ésa fisseaticnation gragh ef the fibereotithanrerspicdavedionhear at the die
wal | before 15 extrudate exits the die as well as formation of the fiber
final struct ufi€. 5H gleedensiebyatioh gghh nithe fibdranf theyeesghtinpatiygl ef i n, resins

wi th nol ecul ar wei ght rangi ng from 50, 000- 300, 000 and pol ydi spersity of <3

are the nost geskiefdRlgydraa. 5 £ghetmsen -crystal line honopol yners such as
pol ypropyl ene, isotactiC polystyrene, polyethyl ene oxide,

pol yoxynet hyl .nyl.ons ( (g , r_exanple, nylon 6066), polyvinlidene
fluoride and @ﬁ'ﬁﬁés %%Jl?lsealfpsoﬁ '%%eléh?%mform advance fibers for such optical
20 applications. Since the degree of crystallinity for these resins are not
as high as t hd&k8éfan giignyasion gfaph ef the Siberof Takle®i | | “i ncorporate up to 5%
clearing agents during polynerization in order to formsmall crystals of
conklr ol | ed stFIiE Oy & ameouagioh graphbethe filesif Tabledensi ty variations within the
formed fibers. By "semi-crystalline" it is neant that the final fiber
product produced by the teaching herein has from about 30%to about 99%
crystallinity. ‘

FIG. 10 is an attenuation graph of the fiber of Table 7,

FIG. 11 is an attenuation graph of the fiber of Table 8;

FIG. 12 is an attenuation graph of the fiber of Table 9;

15 FIG. 13 is an attenuation graph of the fiber of Table 10;

FIG. 14 is an attenuation graph of the fiber of Table 11;

FIG. 15 is an attenuation graph of the fiber of Table 12;

FIG. 16 is an attenuation graph of the fiber of Table 13;

FIG. 17 is an attenuation graph of the fiber of Table 14; and

20 FIG. 18 is an attenuation graph of the fiber of Table 15.



8 WD 02/ 23229 PCT/ US01/ 28677 Second, sem -crystalline resins are very easy
to process and can be fornmed into pure fibers at nmuch | ower processing

t enrper at we@sg2/g320mer energy costs during production) as coPpEUSE/I8677 gl ass
and anor phous pol ynmers. They have | ower density therefore are much |ighter
than glass and easier to handle. 5 Fiber spinning is perfornmed by two
different nmethods. These are traditional spinning and high speed spinning.
Traditional spinning is donéniﬁxP@BI§g§§p§tgﬂ§ s. First, fibers are

i mredi ately cool ed or quenidhlR RREDUAIBODIMENISNd t hen are col | ected as
spun fibers. These fibers then are drawn in a second step of the process.

I n hi gh $peedApgaras adg Muta@tdss, fibers are nmade in a single step fromthe
initial resin into final drawn fibers. 10 It is well known in the art that
t he sconvent i

fi bgr s wth gﬂﬁ: (E]férlslgfrPc lgiegl?célgag}? B%Mné@ﬂ,o%g %gﬁoﬁﬁ§lg%§%1§ l\lﬁli&%azi Ogl’l e %S:t ion.
In contrast qual.i ber s are oduced. hi eed |nn|ng

S nce 1 hEReioHRR ot b oRg v E T St his ke 8° RIS s etitsn ot o
is much higher for the high-speed spinning as conpared to conventi onal

fi ber sprompay to Alashandgithen ptppdnily osiddesiedd and very strong fibers are 15
produced by such methods, structural variations within the fibers have not

been el i m nat®giest, 1¢s8 impany iAstsent die tSsdjcEad hioh wRMcuRAwpighthitescre®ith Reer ed
fibers with controlled structural nor phol ogy havi ng a maxi num degr ee of

both cryghakl fn?%f@%ﬁ%ﬁrd RalSioRk ﬁcﬁﬂ&?ﬂniz@&‘@oc@é&ﬁ Qﬁcﬁté@egt Pblﬁé{tﬁ?%h&%sm

preci sely cont oglca varl atlon deve ope ur i Spi nni ng
of fibers nd i ncorporates the s W Se dr ce 0. fiber
o e Cortihs qrly 4V arbtic e of SRenEar e %@Ué’?‘%\)&% Seddur e
and in a continuous manner. This invention ellnlnates i nconpl ete

cryst al | seditd pueveanh thetmal alngredation duird prgcesphgias agpndrade rmpws efemeizlopnd other
transforns the spherulitic norphology into |anellae crystals, and renoves
al | m cr oyeirgiss aitie 8dshie KhouldbPRoidedl Oalgaskefsefet sisvkdibisunibel 4/APdeEsd The
above is acconplished in the present invention by 9 WO 02/23229

PCT/ USO 1faa§(ﬁzgersity of less than 4. Such narrow molecular weight distribution is the most crucial factor in

order to eliminate radial morphological variations due to the influence of shear at the die wall before

15 extrudate exits the die as well as formation of the fiber final structure. High-density, high molecular
weight polyolefin, resins with molecular weight ranging from 50,000-300,000 and polydispersity of
<3 are the most desired materials. Other semi-crystalline homopolymers such as polypropylene,
isotactic polystyrene, polyethylene oxide, polyoxymethylene, nylons (such as, for example, nylon
6066), polyvinlidene fluoride and alike can also be used to form advance fibers for such optical

20 applications. Since the degree of crystallinity for these resins are not as high as those of
polyethylene resins, we will incorporate up to 5% clearing agents during polymerization in order to
form small crystals of controlled structure and eliminate undesired density variations within the
formed fibers. By “semi-crystaliine” it is meant that the final fiber product produced by the teaching

herein has from about 30% to about 99% crystallinity.



precisely controlling both tenperature and tension during the fiber

formati on process. Tenperature is controlled by providing heating zones
around kayoonmponents during fiber manufacture, such as porUSX286Tier and
the spinneret. Additionally, an air heater provides warmair to the point
of egress of the nolten filanents fromthe spinneret, this area preferably
surrounded by a porous skirt in order 5 to allow slow, contralled cgoling
of the fi ber SSEPRhHBHEETallin 55T WA VY TATYSP BFPCPSS a8t ks fPaepdpyto purs fihess i ty
of take up rollers and tension rolls that pass the cooling fibers in an
unwound sitratoh 1betrweaessitpgempeatiuss (lewpr aceysostg dedra frohstion) af torsparehtbodi ment
of the apparatus of the present invention is shown in Fig. 1. Special

pol ymer pe&iang «fefhbeNsSlyRRe Vend ievadeddniPhbRerH AR RRIch kgﬂ{elo&maglla@&m uder
103. The extruder = 10 supplies the nolten polyner to a gear punp 105 at a
const ant Sreeg%r at, for exanple, between about 50 barn and about 250
barr, an b SyE Iy about 200 barr. A precision gear punp 105 is wused to
provi de a constant polymer flow rate to the spinneret 107, The spin punp
1055 s a posikibaspimingiineafpened by by diferentmmefcds. Shess ats traditiopalsaipning 28¢)| j t s,
and provides a constant flow rate of polyner through the spinneret 107 of,
f or exanhigh spdedtspieeing. Thadaioaltspinfihg ¢udiine ircevit depatte stepe ittstytfibens asnd about 3
ccmrev., and preferably about 1.2 ccmrev. This punp 105 is very crucial

so that gnMedibON H&EE oVchel AN a ARteR bhillaR@ineA aletoREcHRNas kR FEEs. ITHRQAr
density along the filanments, and subsequently along the tow. As filanents

d
109 ener fromthe spinneret. 107, .they ar ccelerated (at, for, exanple,
bet ween JOBHICBAS HRTBFAIRLSH LB Ics0 SRR APe R e drosr RS aBut 500
mmn.) away from 20 the out|let, allow ng stretching to occur while the
pol ymer mgdaig singlesterfiom theintighresip dato fingl dsawnelibirheat ed by air heater 112
and communicating with skirt 111, preferably a chanber having an ingress
andiegr ess t hitdagéil kdvivaiin filiel aainfeatttlse dodGempiasa twod kiep sgihiong yndovakisg trtechod
stretched, sem -nolten filanments. Mdre specifically, air heater 112 passes

varm air ojys fRans ersdviti OMBker d%@eééﬁi Hoth drldrphokd a9 RA1BRL fenkfibh UBD1/ 28677

The air fromair heater 111 s of a tenperature between the tenperature of

;Bgu{m lzgg%t%lhtld Peg%cg%fltyifg%rse%] grﬁglgctéiri gqu%‘rhgéhr %;/)teee(f@nenrh%gy gigée tLg xrlle&)éﬁﬂ:gll fawigg tween

step is missing. However, the production rate is much higher for the high-speed spinning as

compared to conventional fiber spinning. Although highly oriented and very strong fibers are

15 produced by such methods, structural variations within the fibers have not been eliminated. In
contrast, the subject invention produces engineered fibers with controlled structural morphology
having a maximum degree of both crystalline and amorphous orientations.

The present invention precisely controls morphological variations developed during the

spinning of fibers and incorporates the stepwise drawing procedure into the fiber spinning line to

20 produce the optical fibers in one effective procedure and in a continuous manner. This invention
eliminates incomplete crystallization which can occur during spinning under low tension, transforms
the spherulitic morphology into lamellae crystals, and removes all microvoids and other

morphological defects within the fibers. The above is accomplished in the present invention by



about 100C. The air is blowm fromair heater 112 at a speed of, for
exanpl e, between about 5 cubic feet/mn. and about 100 eft./mn., and

pr ef er abiwoabzazeo 50 cft./mn. While only one air heater 5palPSawrasewkirt 111
are shown, the subject invention contenplates one or nore air heaters 112
and skirts 111 form ng one or nore tenperature zones, with each
tenperature zone having a tenperature gradient |ower than the preceding

t enper at preeiselp prntrollingdgtHembératire 4nd tension tenegthe fber foemation prasest E@}PP‘%IPFEW
cooling. The speed and tenperature of the air streamfromair heater 112 is
contr ol | Batohteollealbp paovidifichdatihd 2omes irnywal laygoinpenehisl dariepfiber ntanefattore swwhaet er s
bel ow t he spinneret, 10 these filanents 109 are brought together and
passed, - . u i is
O 1 cal e R B, P e bl SR R T P e
godets 113 detern.nes the tensi.on in the thre |ine, .the speed of .godets
05 bei ngt t gk diapee’ Mopu B aumemot Saieedy Firndsy ZB50E Beot i n.
and preferably about 550 mmin., to achieve tension of, for exanple, about
10 er cetnalioprsiony, sgniesfliefl cpding of ghedibstsrieome mokien tpragbisnt, whi ch 15 i ncreases
the strength of the filanents by increasing the orientation of the polyner
mol ecul es t o Tégionpigcadttotied Bix b pluedlity biRtaltd dpasers and ©hdod 1os that gabeths obdlitg
state is much nore effective at producing orientation of the nolecul es

than t heﬁﬁérgﬁlt%mn%uwét% b%t?\%ﬁfhgge . ﬁittsgl%tcﬁggfn gf\%’tigx%s@t e during extrusion

| i ke high speed spinning. st age, filaments 109 is

transferred vig two feed rolls into t first.zone hot. 20 draw oyen
15 this Mt en S RRgs of it iR shoxda T T SBect
tenperature above the glass transition tenperature, and bel ow the nelting
t enper at pelamer wgsinhmefitionsd abhvawierpgdest ialy, the hepper H of paextendes103f dhe extandet e,
bet ween about 1 and about 3, and is preferably about 2, while the

t enper at wiplied the rdoltén FXGKEA 16 2 gbGtpMRRN 08 RPAIEonSRPressare al) Gortexdmfle, beawedni S
preferably about 100C. Drawn 11 WO 02/23229 PCT/ US01/28677 filanents are

stretc hegb(gult' 58 B%F aﬁcﬂ[bgm Otblaﬁ, &%@g{fg{gﬁgﬁ%lﬂ 906 BAE A ézecﬁﬁoneéegr\ﬁhﬁdl% is

t enperat ures an eventual I'y ann t station 119 under tension to
P St A0 BSFER b B R L GRS Tl 5 S 19 ot
g(r)(éf :Lgbg_%oﬁf %ﬁ%@@]ﬁ f)un\{\é1 i1(|)Seis ta?)gsitti\?e iseprla?cterlrjlrer?t, fi‘o?n,r stiacr)rg ge?a)r( gur?;l}l) (vav,ith %gctlr\éﬁinsp%g?m
and provides a constant flow rate of polymer through the spinneret 107 of, for example, between
15 about .01 cubic centimeter/revolution and about 3 ccm/rev., and preferably about 1.2 ccm/rev.
This pump 105 is very crucial so that any flow rate variations be eliminated in order to have linear
density along the filaments, and subsequently along the tow.
As filaments 109 emerge from the spinneret 107, they are accelerated (at, for example,
between about 200 meter/min. and about 600 m/min., and preferably about 500 m/min.) away from
20 the outlet, allowing stretching to occur while the polymer is still molten. A transverse air stream
heated by air heater 112 and communicating with skirt 111, preferably a chamber having an ingress

and egress through which filaments 109 pass, then slowly cools the stretched, semi-molten

filaments. More specifically, air heater 112 passes warm air, by means of a blower, to skirt 111.

10



5 and is preferably about 150C. The fibers are anneal ed under tension at
bet ween about 90C and 155" C, and preferably about 150'C. The fibers then
are wounov@uor/zared i cal | y and packaged for shipnment at stapPCDUSM2B677Ther e
are several heating zones 123, preferably being electrically controlled
heating units and associated blowers or fans within an encl osure, which
mai ntai n_the desired tenmperatures around 10 the extruder 103 d the

spi nni ng TR&3H r‘i’@‘f‘ﬁ’@ﬂ?’l Md IE%@WP?YBWE#’C%‘?EHﬁli’%tﬁ‘f‘p%@“‘f%‘g.ﬂ?ﬁfp&?ﬁafﬁ?q’%{%ﬂ}ds
are exiting the die, warmair is applied sinultaneously around the fibers
by heat ethe bipienbairisaiperateenonenihplefefwden abeud 8P ° ¢ andeabioni 178( €, and ared¢rably

nor phol ogi cal variations. As stated above, these fibers are then carefully

sol i di fi gghubyogodate of id é®n BBm 2 Heatkd Bl 20 d pectliofTorsqxampieig:twédh@bsutisn or der
to maxi mze crystallization, and are drawn down on a feed role rotating at

t he desi - . i I I : f d
e 00 S PP Sh A g B e eapheice

drawi ng station. 115, where natural draw ratio of up to seyen tines jis
appli eg. ighgnd sgjry Wraé“r%\?@’na%? S‘ﬁ’d%mﬁ%‘?:t}?& cawanw%a&ﬁg%ﬁ?rdﬁorf A& %ﬂ%?ﬂfﬁdi c

crystals into |anmellae norphol ogy. These fibers then, under high tension
f r om t enskion1tlofotming 6ne enmmer tihmraae eonts.dvidviacly temataton zaehawhere t hey.
are continuously drawn at maxi mumdraw rati os and at nmuch hi gher draw ng

t enper at whgRrandt glabicht 18RAesth@dBe preBsdind @MberbiuReione akddLEH Whigh ¥He ilackdn@l 09- axi s
orientation of tﬁe pol ymer crystals (extended chain norphol ogy at the core

O shoat R sorB S " Tho R Ao R A B Do

a sheat ering cryst and anor phous

regi ons having a high degree of both anorphous and crystalline .

or i ent at Ftollsthiodilnr snsyry upHoradly ¢lpng iﬂl‘.‘r’e‘?q%mf’rﬁ% ng’b%l@§erf IHF%ﬁé’ﬁJOT’fHWEle %3229
PCT/ US01/ 28677 the final heat setting station 119 under tension from

t entl on tlekd filam8nts d0%B@e bromghtiegeather pydbpaased) wawown axo talwip galststld3 r Bnidomn al |
other inmpurities. One exanple of these inpurities is extrenely small voids,

rangi ng ikpeed o odelsQNs NQiticsl t6 Geailahend idd g6l ARGt afiforkdig! Th@ybesd b the €Xi St
within the structure of these fully oriented fibers. Inconplete

in the struc o, Incomlete
and or awieb 13 dsRrRh B BRI ton BEk BablBiH b 08 FELPR 1 SUERE S Plc

ke- ion 121. which incl W, n in 125, X
take-up %tet%vteer? about 220 meter/min. andcablélgte 60 ?n/min.,dalillg plr)e%el:)rgﬂ)ly a%ou? 550 m/min., to achieve

tension of, for example, about 10 percent. Drawing of fibers is a stretching process, which
15 increases the strength of the filaments by increasing the orientation of the polymer molecules to the
parallel axis of the filaments. Drawing in the solid state is much more effective at producing
orientation of the molecules than the stretching which occurred in the molten state during extrusion
like high speed spinning.
At this stage, the tow of filaments 109 is transfgned via two feed rolls into the first zone hot
20 drawing oven 115. In this first drawing step the filaments are stretched at a temperature above the
glass transition temperature, and below the melting temperature. In the first drawing step, the draw
ratio is, for example, between about 1 and about 3, and is preferably about 2, while the temperature

is, for example, between about 250°C and about 110°C, and is preferably about 100°C. Drawn

11



Fi bers drawn by this invention at drawing tenperatures close to their
nmelting points will be extrenely transparent at the core and have highly
ext ended woyseabkd i ne structures. Such fibers exhibit a hpghudegmser of
C-Axis crystalline orientation, which contribute extensively to a higher
transm ssion 10 rate as well as reduction in the attenuation loss. In
addition, such highly crystalline fibers will have a very high tenacity
rangi ng filaments aestrefchrslfingher threwghcthe secowt drgivinggond bigrat plvatedigmBergtuggs@adhi er .
Percent elongation to break for sem -crystalline fibers of this invention
ranges fé&efub 200%ed £stsisn | 1 Deider tehdmetoprife@ahd fbap gatfirahfib sthiceak. e
1% 25% Hi gh degree of crystallinity for fibers of this invention prevents

any nol e [ i L ' cgldient
di nensi O%eg{n?cf%%b@%%? 1g[|ﬁ% 9’%@%’2@55" r 6%?%” Séﬁal{‘%iu %?%H %gt?@ijsed under
different envyirqgnnental .cgonditions. .Si.nce these senj-crystal]ine fibers
have exc]érlei%éamy fgl‘fl'}ft ’i""h’i}e &ﬁé?}nl%ﬁr@m@é%iﬁgrcx?‘ﬂplﬁ W@nghﬂ‘tggnéf}g@é?m IfgSV\ﬁ’c hout
fractures. They can be produced al nost endless due to their unique radius
of dur vatnsrie pefadably ewait 1 ¥SE. Abaifibers afe anaeahddaider thrsidnot fetuiest 2heoed0°C and
applications. They can also be easily connected to |ight source or other

fibers. 2Ashandeendlyambadisrant TR fibdiether asenind Brembbidany kel Hokaed fir FI G
2. The second enbodinment of FIG 2 shares many of the same conponents of

the firsg. i FIG 1, and |ike conponents in these two
enbodi ms*lél1 ﬁ%ﬁg{%%g%rl?ged above regarding FIG 1 and share like elenent

nunbers. Simlarly, all _of the pressure, speed, fenperatur d draw.ratio
par anet ers of e W?Yﬂaég%ﬁﬁ‘gg BEFP %%@Pf%@é‘“’ﬁ%ﬂpéefeim&% IVanleglq’éau@.unlﬁﬁl i ke
t he enbodi nent of FIG 1, the enbodinent of FIG 2 facilitates the

manuf act emdeasedcidt¢dddowerh avfangwiihin aneeslowitre athich ofairtaif ithesdesipres! tymperatures droynd

i nner core section of a second polyner. Alternatively, the inner core

sect) on gRRxRRIAHI Md thd Heir@acheall 10R1 UhlileQoRVantiekhl innifg, 36 ¢ MEb1RA IiYHints
When the inner core section is hollow, it may contain air (which transmts

light 5 Q‘g;egl% ttﬁ?:acﬁ'ﬁ,gfaﬁﬁ:alr?s %giixm&u}%epg% L@Ergc{thg fbéts Iﬁgﬁéatm)lgtgﬁo\%uﬁam

or a gas ( r Xxanp ! ogen or f’iCI . ates | .
coat o ar BTG OHER 1 TS KA PSR AL ERORR 147 OOt h &1 B BF ¢ he
present invention has an outer sheath of a first polyner, cladding is not
r equi r edthen carefully solidified by godet or take up roll 113 under high spinning stress in order to maximize
crystallization, and are drawn down on a feed role rotating at the desired take-up speed. At this
15 point the filaments are transferred under higher tension from tension roll 114 through the first hot air
drawing station 115, where a natural draw ratio of up to seven times is applied. This will remove all
the necks and transforms the spherulitic crystals into lamellae morphology. These fibers then, under
high tension from tension roll 116, enter the second drawing station 117 where they are
continuously drawn at maximum draw ratios and at much higher drawing temperatures. At this
20 stage, resultant fibers exhibit a very high c-axis orientation of the polymer crystals (extended chain
morphology at the core region of the fibers, which is perfectly crystalline) and are surrounded by a

sheath with a two phase morphology of altering crystalline and amorphous regions having a high

degree of both amorphous and crystalline orientation. These fully oriented fibers then pass through

12



In order to produce a fiber having an outer sheath of a first polyner and
an inner core 10 section of a second polyner, two hoppers 101A and 101B
each feedavenrenzders 103A and 103B, respectively. Gear puP@BUSOBR&6ENd 105B
comruni cate with extruders 103A and 103B, respectively. Cear punps 105A
and 105B are in fluid comunication with spinneret 107. Spinneret 107 has
a uni que configuration (shown in FIGS. 3A and 3B) that allows the pol yner
(or gasthe findrettopiteg statial W9 wderteaném @B Kosine raleld8 tp saypretbdprerysialbeationevbed
by the polymer from 15 hopper 101B, extruder 103A and gear punp 105A. More

speci fi catll ¥ to $@thdiRel®thet dipliaRs.a0sd HGhPle Atthdsé BEpudilids is asrGdYEmAINVAdSSS. 3A
and 3B, through which a first polyner and a second pol yner are .
h{g:%rf these

sequent | ahlite RASAGH 8nd 8Bk huibe RO B RN RUAH, Bl Bl

pol yner an &n TAner core of a  secon polyner. §p|nneret 107 may be a

spi nneref . manuf actured by Fourne Pol ynertechni k of . Germany and .can have
e o T anEHE B IgmAIre 8 SeleleTor REGOTTL AS D AT aE JORL: Foirine
processing as described in the first enbodinment of FIG 1 starting at

t aké- up anglldravting by theprGentineention. ciiinallyn thedijersareouepnd at takestpstridensl 2lowhighe- up
station 121 of FIG 1. Wen air or a gas, instead of a polyner, fills the
i nner comeluaed wRBupbotbhel sl ber, hopper 101A, extruder 103A and gear punp
105A 14 WD 02/ 23229 PCT/ USOL/ 28677 are replaced by air/gas source 109. Ar

ges 2o o, 2l iy SRR ORI by SRR S BT S
e A ST AN G A TE ST

enpl oyed in a continuous nmanner, or in a non- continuous fashion at a |ater
ti me and4 bighldegrat of ©iAxmmOtry Salimegprisniationy,exchicht coatributeRytensigly ta dlhigher tandsaiskionent
of the apparatus of the present invention, reference is again nade to Fig.

1, and t fee asPhd@SRYERictiGPRERL atleRiEOh 3dskl Br AaHiof) savh highly @ryRaliaEibersSvilfhaltd £5
1 apply to the third enbodi nent. Special polynmer resins nentioned above

Phe oov Serl Be b6 ARBE sbfi's. 04 AREX ICHASY tolacs G id ol YifElic? HRENES

the nolt nt pressure. reci sion
ear u 105 i s used to provide const.ant lymer flo tq. th
gpi nn ePegl-g&gftyipn to break f%r semipcrystallgne f%ers or} this &ver%%n%anges omvg%-%(}e‘%. 81ass gbers

have percent elongation to break from 1%-25%. High degree of crystallinity for fibers of this

invention prevents any molecular shrinkage within these fibers. As a result, excellent dimensional

15 stability is expected from such fibers when used under different environmental conditions. Since
these semi-crystalline fibers have excellent ductility they are easier to handle and can be bent
without fractures. They can be produced almost endless due to their unique radius of curvature and
need less number of terminals in long distance applications. They can also be easily connected to
light source or other fibers.

20 The second embodiment of the present invention is shown in FIG. 2. The second
embodiment of FIG. 2 shares many of the same components of the first embodiment of FIG. 1, and
like components in these two embodiments are described above regarding FIG. 1 and share like

element numbers. Similarly, all of the pressure, speed, temperature and draw ratio parameters of

13



The spin punp 105 is a positive displacenent, gear punp, and provides a
constant flow rate of polyner through the spinneret 107. This punp 105 is
very cruov@b2/sx2¢ hat any flow rate variations be eli m napedusel/asstier to
have |inear density along the filanments, and subsequently along 15 the
tow As filaments 109 enmerge fromthe spinneret 107, they are accel erated
away fromthe outlet, allowng stretching to occur while the polyner is
still noFkGd.applytie B Ve &dikaihe egthodiarenheldti€d!. ke embodirmena peF1G1 2 Zacilrigtes the
comunicating with skirt 111, preferably a chanber having an ingress and

egress  ibidhigite Whfibdts havigimibuter LRtHIEFRirsttgdBnes,| Bkl ime0dose debBorsdfiaet ched,
sem-nolten filanments. Mire 20 specifically, air heater 112 passes warm

air, by I . K rt : i i 11y 1es of
2 erpor Sonepdimd, MBHRLs IEShb ol ikt B foloh Rl or RFE ipoli dr
anbient air enperature. Wiile only one air heater 112 and.skirt 111 are
shown, th éeCQE‘LP‘gIé)'Pefr M‘?ﬂth%ﬁmer&%ﬁ CHHP B@i% & B3 GoBREn A &”%FZ’&’E"‘QP@“%L 19 and
skirts 111 form ng one or nore tenperature zones, 15 WD 02/23229

PCT/3USO1 ba®6Than awplidpadeodr it dhepareatore sectiomea Mapuimgorp gas (foe examples nijrogeh emt

| ower than the preceding tenperature zone, through which the filanents 109

pass to B&f)@hat ERBItAteLIQM: tribmiskiinDefQAhdn . ORIl RbSOhdAGhe AR iHIMBE, fiberone
or nore hot water baths, as opposed to air chanbers. The speed and

t enper at i . I OM:Al L i 5 p
cnsar ¢ ulTorHoPl 4 i S0 A Ry SR e e L O BB Pl Bfton BT T
123, preferably being electrically. contralled heating units and associ ated
bl ower s BWE?%ﬁghﬁf?ﬁF%P@%m@h@P 2% & notsAdFedmai ntai n the desired
tenperatures around the extruder 103 and the spinning head 107. Unlike
convent i onal bpirdaritogrodecs at fiter hafingeam qutdr alatit of a fasteokywier pmbpantiheergpre, war m
air and/or warmwater is applied sinultaneously around the fibers by 10

heater 13etib@ofdRbodd Mk tworhtbivers N010Y &30 B efdh foddir@ddradd and 103B,
nor phol ogi cal variations. As stated above, in this third enbodi nent of the

present %%é%@gg?ﬂge%ﬂﬁg&g?&ﬂ§m&ﬁ%ﬁ%ﬂm%ﬁ%mﬂ%& uB&QE@ﬁg%§@¢O§ ntrolled

t ensi on ons as described in the Tirst ment. either
i mMmedi ately or  after passage of_ tinme.
res%a/ectively. Gear puPnps ?0 A anJ IOSIB are in fluid communication with spinneret 107.

Spinneret 107 has a unique configuration (shown in FIGS. 3A and 3B) that allows the polymer (or
gas) from hopper 101 A, extruder 103A and gear pump 105A to be enrobed by the polymer from

15 hopper 101B, extruder 103A and gear pump 105A. More specifically, spinneret 107 has a single
orifice 301, as shown in FIGS. 3A and 3B, through which a first polymer and a second polymer are
sequentially passed to form a fiber having an outer sheath of a first polymer and an inner core of a
second polymer. Spinneret 107 may be a spinneret manufactured by Fourné Polymertechnik of
Germany and can have one, or more than one, orifices. The formed filament then undergoes

20 processing as described in the first embodiment of FIG. 1 starting at take-up roll 113 of FIG. 1 and
continuing through all stations to take-up station 121 of FIG. 1. When air or a gas, instead of a

polymer, fills the inner core section of the fiber, hopper 101A, extruder 103 A and gear pump 105A

14



A fourth enbodi nent of the present invention enconpassing the tension
control protocol is 15 next described, either with or without the

t enper at we o2y ol process of the first enbodi ment of theCT/pRessnt?
invention; and if with, either immedi ately thereafter or after passage of
time (i.e. continuous or non-continuous). Again, the pressure, speed,
tenperature and draw ratio paraneters of FIG 1 apply to this fourth
enbodi meae repRetéby dingastsoule ¢09. 1Air igad somen 81 jsrikusiin flsidcopmomisewidh t her with
or wthout the controlled tenperature protocol of the first enbodi nent of
t he presghinetddyenti on are 20 brought together and passed onto take up
godets 113. Uniform speed of godets 113 is critical to the filanment speed
and structur ' 1t V. t .nes the
tension in ta%eeﬂéJ éﬁﬁ‘tr"rglgg\ 9 %’t%l@%{bg@mﬁmﬁgt og;thefﬂlil Sgg@g?%lﬁgl&iﬁ? g@éﬁlﬁgﬁpr ocess,

whi ch increases the strength of the filanents by increasing the . X

ori ent at FQ?HmBFSS?SHEe {sBIPgHIBIT FRptaLemPlosol Y ﬂmr}'gst&a}baﬁmm ofhepistent mEentionaiidht s
Doc. 430201803 V23. WD 16 WD 02/ 23229 PCT/ USO01/ 28677 Drawing in the solid
st atSe i stheuensiomsemrad pfotaiol bengoptivnadtuemipigyedin & perdinhoys nadfnneher inglneoul es t han
the stretching which occurred in the nolten state during extrusion |ike

hi gh spegghtisRd3Tashtbn afh 1dtdtiSneSdndBelochlNer ﬂo@wéiggf ethplopteihl. £6Ihis shitd ansf erred
via two feed rolls into the first zone hot rawi ng oven 115. In this first

dr awi ng -t h i n . at r 5
gl ass ¢ SHEREMES of e 3R, & e B PO EoReRer PrRGRb R BRECL WP,
filaments are stretched further through the second draw ng[ zone 117 at

el evat edPIeaTFe pReedieaperpfaresnd dravaehig PEAREss Of FHE- | @phite g hiadepbpipentensi on
to perfect and freeze the final fiber structure. The fibers then are wound
aut omat i Spdcia) palmohepasikagedtidned alstve preedtedantoshabapper 102 bf a\sxtsidat EI3. dibeve,
these fibers are then carefully solidified by godet or take up roll 113

undgy  1@xthidePsupplidd Mhdteolbdn R%Endr o &L purhP 10PatiaBoRRark HHeshad. | Aqaf-&cisnﬂgeand
are drawn down on a feed role rotating at the desired take-up speed. At

this poin h {]i'%ﬂg .ar e f %Q ion from tension
roll 114p§rﬁé (l)ﬁsg 3 the E’%ofvé %cggagt%ﬂ}og{n%%ﬂ%g'?%gg%@% %@%quer e a natural
draw ratio of _up to seven tinmes is applied. This will renove all ftihe necks
and transf or nbi% Y& MR 5 p pestitys dsplcempnis gear puimgs PpdropsEhers gyt ofhese
fibers then, under high tension fromtension roll 116, enter the second 15
dr awi ng sataod mhyniet Throwgdr the sienereil 87.c Bt pwrop UQT ip velryawweidso thakdnynflovoratew
rati os and at rnuch hi gher
variations be eliminated in order to have linear density along the filaments, and subsequently along

15 the tow.

As filaments 109 emerge from the spinneret 107, they are accelerated away from the outlet,
allowing stretching to occur while the polymer is still molten. A transverse air stream heated by air
heater 112 and communicating with skirt 111, preferably a chamber having an ingress and egress
through which filaments 109 pass, then slowly cools the stretched, semi-molten filaments. More

20 specifically, air heater 112 passes warm air, by means of a blower, to skirt 111. The air from air
heater 111 is of a temperature between the temperature of the molten filaments and the ambient air

temperature. While only one air heater 112 and skirt 111 are shown, the subject invention

contemplates one or more air heaters 112 and skirts 111 forming one or more temperature zones,

15



drawi ng tenperatures. At this stage, resultant fibers exhibit a very high
c-axis orientation of the polyner crystals (extended chai n norphol ogy at

t he corewegtoan2of the fibers, which is perfectly crystabPCT/H8)/metd are
surrounded by a sheath with a two phase norphol ogy of altering crystalline
and anorphous regions having a high degree of both anorphous and
crystalline orientation. These fully 20 oriented fibers then pass through

t he fi natitheah tseparatmy zeta@liaving alid@peradergradiens icover thaprhd pesidog tangleraturg 18 t o
secure their crystallization as well as to renove all other inpurities. One

exanpl e ffnelthR%8h whivRWd fila@8nts $0EYdsé RMERBhirol R dooMBs. dBhis EGUAL Bh d1dd tei ze from
one to several hundred angstrom that may still exist wwthin the structure

of these_full ri ed f.bers. I i ' ' revent ed, as
77 o oor it B OB Tty ph e ATheSlR G Shainehd eledaduT BV O 2L
drawi ng by the present invention. Finally, th I bers are wound at take-up
station Emperaiire efihe HE plrraEsrom gt herier 168momr91§@.t0 helpepsipre witorgie alopgthep s
fourth enbodi ment of the present invention, the fibers may or nay not have
beers, ei filrernismmedi ately or after passage of time, first processed with

the tenperature control protocol of the first enbodinment 5 of the present
| eenton Nl 8 50081 AP B o, AR Sl SRRt ot 1
E: NNN EC %%sﬁ)czq%rblgwygywﬁkmﬁ% gle)%lﬁgllﬁgﬁf%ch?na'i:ntglntthe%egireod tQererm(%s cOirochT ZN
the extruder 103 and the spinning head 107. Unlike conventional spinning, as the molten filaments
are exiting the die, warm air and/or warm water is applied simultaneously around the fibers by
10 heater 112 to cool them uniformly in order to eliminate radial morphological variations. As stated
above, in this third embodiment of the present invention, the fibers may or may not next proceed to
controlled tension processing stations as described in the first embodiment, either immediately or
after passage of time.
A fourth embodiment of the present invention encompassing the tension control protocol is
15 next described, either with or without the temperature control process of the first embodiment of the
present invention; and if with, either immediai.tely thereafter or after passage of time (i.e. continuous
or non-continuous). Again, the pressure, speed, temperature and draw ratio parameters of FIG. 1
apply to this fourth embodiment. Referring to Fig. 1, filaments previously processed either with or
without the controlled temperature protocol of the first embodiment of the present invention are
20 brought together and passed onto take up godets 113. Uniform speed of godets 113 is critical to
the filament speed and structural uniformity. The speed of the godets 113 determines the tension in

the thread line. Drawing of fibers is a stretching process, which increases the strength of the

filaments by increasing the orientation of the polymer molecules to the parallel axis of the filaments.

Doc. #30201803_V23.WPD 16
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U U u7stiblohbh NN dNutedNinfthdNnbltdN shdte during extrusion like high speed spinning.
At this stage, the tow of filaments 109 is transferred via two feed rolls into the first zone hot
drawing oven 115. In this first drawing step the filaments are stretched at a temperature above the
5 glass transition temperature, and below the melting temperature. Drawn filaments are stretched
further through the second drawing zone 117 at elevated temperatures and eventually annealed at
station 119 under tension to perfect and freeze the final fiber structure. The fibers then are wound
automatically and packaged for shipment at station 121.
As stated above, these fibers are then carefully solidified by godet or take up roll 113 under
10 high spinning stress in order to maximize crystallization, and are drawn down on a feed role rotating
at the desired take-up speed. At this point the filaments are transferred under higher tension from
tension roll 114 through the first hot air drawing station 115, where a natural draw ratio of up to
seven times is applied. This will remove all the necks and transforms the spherulitic crystals into
lamellae morphology. These fibers then, under high tension from tension roll 116, enter the second
15 drawing station 117 where they are continuously drawn at maximum draw ratios and at much higher
| drawing temperatures. At this stage, resultant fibers exhibit a very high c-axis orientation of the
polymer crystals (extended chain morphology at the core region of the fibers, which is perfectly
crystalline) and are surrounded by a sheath with a two phase morphology of altering crystalline and
amorphous regions héving a high degree of both amorphous and crystalline orientation. These fully
20 oriented fibers then pass through the final heat setting station 119 under tension from tension roll
118 to secure their crystallization as well as to remove all other impurities. One example of these
impurities is extremely small voids, ranging in size from one to several hundred angstrom, that may

still exist within the structure of these fully oriented fibers. Incomplete crystallization is prevented, as
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embodiment of the present invention, the fibers may or may not have been, either immediately or
after passage of time, first processed with the temperature control protocol of the first embodiment
5 of the present invention.

Non-limiting examples of extrusion conditions are shown below in Table 1.

18



O.--NMI

NNMCd

~DNAco 5r,~ 3 80 'C NYN ' N

Mg ~C'b OOO19 V\D 02/ 23229 PCT/ USOL/ 28677 Non-limting exanpl es of

pol ymer r@® ®3tPat can be enployed with the enbodi nent ofpdil€soer3sat e
shown in Table 2, below. TABLE 2 Starting Melt G ade Number Melt Fl ow MAD

Tenp., C Sanple w.

WDR5- 1567
Nar r ow 244
VRD5- 1565
10 Broad
for manu

preferab

U7

=

5
A
il 6
sieml 4 g
os| i

[Temp

[40] huml (@]

=
b ¢ —
Q
)%:

pol ytetra
pr ef er abl y
Under 600

TABLE 1

Y
have t he §

T+ o1 -
21

PN

> 25

-

O o !

75
75
75
75

z.T. )

150 & AT 4w

50 | o b = O

TS0 2h
150 | D
150

150

150

Winder

Wobb
400
400
400
400
400

400
400
400
400
500
350

350
350
350
350

[ Staticmixer

100u | Without

250
250
250
250
250

(m/min) (DH/min)

Wind,

250
250
250
250
540
250

250
250
250
250

260
250
250
250
250
250

50

2.

250
250

450
250
250
250
250
250

Godets
260
250
250
250
250

(m/min;

1

250
250
250
250
450
250

250
250
250
250

Spin

head
260,0
760,0
760.0
260,0
260,0
260,0

252.0
53,0
48,0
3430

Spinneret 0,3mm was no running

7430
245.0.
745.0
743.0
743.0

0,3/0,5/0,65/0,8

pipe
260
260
260
260
260

Melt

260
252
245
252
252
252

245
245
245
245

Spinneret
259,7
259,7
259.7
759.7
259,7
259,7

MH,,

25714
7448
51,5
3515

0. 8mm/1000

51,5
3515
7515
751.5
2515

©C)

MH

262
262
262
262

Temperatures
262

262
252
245
252
252
252

252
252
252
252

260
260
260
260
260

ZIX

260
252
245
252
252
252

(3) Spinneret

252
252
252
252

Extruder
250
250
250
250
250

Al

250
250
245
245
245
245

245
245
245
245

225
225
225
225
225

ZI

225
223
225
225
225
225

225
225
225

225
0, mm/100u

85
135
18,3
185
133
13,3

P4

37,5
37,3
27,0
22,6

(bar)
200
200
200
200
200
200

Spin finish
P:

Pressure

190
190
190
190
190
1990
190

75
75
75
75
75
75

P

(2) Spinneret

75
75
75
75
75
75
75

Spin
1
12,5
12,5
125
12,5
12,5
12,5

0,0
0.0
0,0

2.6

(rpm)
Spin
1
12,8
12.8
128
2.8
12,8
2.8

Pump Speeds

with hot godets no goog running

25,0
25,0
15,0
12,8
0,_mm/80u

Material
Polypropylen
575
575
57,5
575
575

Exir

57.5
330
53.0
755

5]
533
522
535

Doff

1
1

Sam-

ple

(4) without quenchair

(1) Spinneret

Juni 2000
Spin-
dete
06/27
06/28

Spin date

06/29

5 1 WRD5-1561/LR-10207-80-A 1.5 Broad 260 50 Ibs. 2
al juim

4
fer
ry

r
S1

3 WRD5- 1563/ LR-10207-80-C 10

D 3.5 Broad 250 50 | bs. 5

10 6 WRD5- 1566/ LR-10207-80-F

le 2, the resin enployed therein
ber of the subject invention may
(parts-per-mllion) nagnesium

Ti 02 or

t percent. 30-50 ppm al um num
e, preferably under 24 ppm



20 0.02 to 1.00 weight percent Irganox 1010 (anti oxi dant manufactured by
Rhom Haas), preferably under 0.03 weight percent. 400 to 500 ppm I rgafos
168 manufve@vex by |.C. 1., preferably 400 ppm M-I (el pCtiosew/asntiex) of
0.1 to 1,000, preferably under 10. 1 to 10 wei ght percent Xyll ene,
preferably under 2 weight percent. 25 1 to 10 wei ght percent Decalin

Sol ubl e, preferably under 2 percent weight. 0. Ito 10.0 weight percent CH
B (di scoNon-diiting qxempken bipdljreerresini tha tcan Belerhylogsdi wivh the adbedimemtlof EN@17 aal
Corp.), preferably under 0.3 percent weight 20 WD 02/ 23229 PCT/ USQOL/ 28677
1 to 5 vwaightinAgkiceNdeid! (an anti-static agent manufactured by Freenman
Chem cal Corp.), preferably 2.5 weight percent Qutgassing to 1-50 ppm
preferably under 15 ppm 5 Draw ng cﬁgﬁthifzons for selected resins of Table 2

enpl oyi ng—the—p+retecol—ef—H-—2—a¢ Shewr—-r—Fable—3—belew—FABEE 3
Sampl e 1f Ovens Rol | stands Speed 10 Rol | stands (FjtaffagINgdlands Factor (fpm
Takeup 1} 300 1 5 gs@ehgasena 959 M R84 6 M¥yTensitmple 3 286Gmblehni34| Gage 2
15 4 6.2/ 35 Sanple 3 Ovens Rol |l stands Speed RolTstands (F) RolTstangs
Factsor (fFpnm) WRDSUPONLRIG07-88-AJse Lbésona Begl 260 50 1bs.
2 WDR5-1562/1.R~10207-80-B 6 Medium 250 50 1bs.
3 WRD5-1563/LR-10207-80-C 10 Narrow 245 50 1bs.
|4 WRDS5-1554/LR-10207-80-D 3.5 Broad 250 50 1bs.
5  WRD5-1565/LR-10207-80-E 10 Broad 245 50 1bs.
10 6 WRD5-1566/LR-10207-80-F 10 Broad 245 50 1bs.

Still referring to Table 2, the resin employed therein for manufacture of the semi-crystalline

fiber of the subject invention may have the following composition:

15 . 3-7 ppm (parts-per-million) magnesium, preferably under 5 ppm.
. 1-5 weight percent TiO, or polytetraflouroethylene, preferably 1 weight percent.
. 30-50 ppm aluminum, preferably under 42 ppm.

. 20-50 ppm chlorine, preferably under 24 ppm.
. Under 600 ppm calcium stearate.
20 . 0.02 to 1.00 weight percent Irganox 1010 (antioxidant manufactured by Rhom
Haas), preferably under 0.03 weight percent.
. 400 to 500 ppm Irgafos 168 manufactured by I.C.I., preferably 400 ppm

. MEFT (melt flow index) of 0.1 to 1,000, preferably under 10.

. 1 to 10 weight percent Xyllene, preferably under 2 weight percent.
25 . 1 to 10 weight percent Decalin Soluble, preferably under 2 percent weight.
. 0.1to 10.0 weight percent CH B (discoloration preventative manufactured by Geigy

Industrial Chemical Corp.), preferably under 0.3 percent weight

20



20 2 293 8 46 Tension 15 3 301 9 52 Gage 2 4 10 58 Sanple 6 Ovens

Rol | stands Speed Rol |l stands (F) Rollstands Factor (fpm Takeup 25 1 293 1
5 Use Leswonz222® 21 WO 02/ 23229 PCT/ USOL/ 28677 2 292 9r6I/UTeressn 15 3
288 11 63 Gage 2 4 11.5 63 5 Next referring to Table 4 the three fiber
sanpl es of Table 3 provided tensile strength data for the draw ng
conditions of Table 3. As Table 4 shows, the fibers of the present

i nventi on exhi bi t ddo Stvenglit percett i garhantisstatic gpend matvfagiidd by Erecenad Chemisalnt

el ongation as |ow as 6; both values being substantially better than those

for pol yner and gl@$§) _Fyg;gﬁgymagw&gmtpéfc@ﬁt with prior art systens. 10 TABLE
4 Tensile Linear enacity at strain at Energy at Density Load Maxi num

Ma Modul f f/d f 1 12.00
16)7“ ggm13 93 1{2 N%%ggg% dﬁ%p’%ﬂ Br‘}‘{e%{ygg‘@iég QEE‘( %3 9?])16(g 1?{) 59 4530. 95
15 3 12.00 169.01 14.08 16.7 147.74 4574.25 Mean 12.00 167.98 14.00 16. 7

138.49 4527.72 S.D. 0.00 0.89 0.07 0.0 8.33 48. 22

5 Drawing conditions for selected resins of Table 2 employing the protocol of FIG. 2 are

shown in Table 3, below.

TABLE 3
Sample 1
Ovens Rolistands Speed
10 Rollstands 3] ‘Rollstands Factor (fpm) Takeup
1 300 1 5 Use Leesona 959
2 299 6 34 Tension 15
3 296 6.1 34 Gage 2
15 4 6.2 35
Sample 3
Ovens Rollstands Speed
Rollstands C°F) Rollstands Factor (fpm) Takeup
1 293 1 5 Use Leesona 959
20 2 293 8 46 Tension 15
3 301 9 52 Gage 2
4 10 58
Sample 6
Ovens Rollstands Speed
Rollstands (°F) Rollstands Factor (fpm) Takeup
25
1 293 1 5 Use Lessona 959
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C.V. 0.00 0.53 0.53 0.0 6.02 1.07 ininu 12.00 167.42 13.95 16.7 131.59
4477.96 20 axinmu 12.00 169.01 14.08 16.7 147.74 4574.25 1 10.00 110.57
11. 06 18W0 8423249 3323.90 2 10.00 89.52 8.95 11.7 87.54 pEFUSORS6T 12. 00
96.27 8.02 13.3 71.52 1928. 63 Mean 10.67 98.79 9.34 14.4 90.49 2269.85 25
S.D. 1.15 10.75 1.55 3.5 20.60 931.55 C V. 10.83 10.88 16.64 24.0 22.76
41.04 ininmu 10.00 89.52 8.02 11.7 71.52 1557.03 axinmu 12.00 110.57 11.06
18.3 112. 40 3323.90 1 12.662114.86 9.5P 6.7 167. 7451150. 06 Tgeion 1§, 0o
114.23 12. 69 67 176.86 10838.01 3 9.00 130.84 14.%3 8.3 2400G34c2628|. 25
Mean 10.{00 11% 98 12.27 7.2 195.05 128684 S.D. 1.633 9.42 2.51 1.0 {39.66
298.02 C V. 17.32 7.85 20.46 13.3 20.33 23.17 35 ininu 9.00 114.23 9.57
6.7 167.74 1081.01 aximnmu 12.00 130.84 14.54 8.3 240.54 1628.25 22 WO

02/ §3229Ng>glr_é£r%%llto2 %a?o e7 glrléitog:% 'iﬁgerros uclgg oibyab}e%e r?gitdgcg%réééfe Oslilrgl%egﬁ}gﬁaﬁ% fc{? E)}\ll?li ng

I nvént i on "'wasS assesse CArP TP ahem S

protocol. An approximately 50 cm|ength of fiber having an outer_dianeter
of 710 niierEgeraditonsnd TaplsPosdlablpdeshpyvy e fabsyy ofdle present inssrdion aXhabiéd nodel
AQ 4303B white |ight source, an Ando nodel nunber AQ 4139 1310 nm | aser
sour ce atedsinrtrEnglingkchighoatel4 gidemie and\Q2rdehildlogdafiomns lowss 16; bathivalees baimgAndo
nodel nunber AQ 6310B optical spectrum analyzer and an Ando nodel nunber

AQ 1 12551p0MBkallyBb&d: thintthoBRES oS ind AR & bers manufactured with prior art systems.

10 TABLE 4
Tensile
Linear Max Tenacityat | strain at Energy at
Density Load Maximum | Maximum | Modulus Max Load
(den) (gh) (gf/den) (%) (gf/den) (gf~mm)
1 12.00 167.52 13.96 16.7 136.13 4477.96
2 12.00 167.42 13.95 16.7 131.59 4530.95
15 3 12.00 169.01 14.08 16.7 147.74 4574.25
Mean 12.00 167.98 14.00 16.7 138.49 4527.72
S.D. 0.00 0.89 0.07 0.0 8.33 48.22
C.V. 0.00 0.53 0.53 0.0 6.02 1.07
inimu 12.00 167.42 13.95 16.7 131.59 4477.96
20 aximu 12.00 169.01 14.08 16.7 147.74 4574.25
1 10.00 110.57 11.06 18.3 112.40 3323.90
2 10.00 89.52 8.95 11.7 87.54 1557.03
3 12.00 96.27 8.02 13.3 71.52 1928.63
Mean 10.67 98.79 9.34 14.4 90.49 2269.85
25 S.D. 1.15 10.75 1.55 3.5 20.60 931.55
C.V. 10.83 10.88 16.64 24.0 22.76 41.04
inimu 10.00 89.52 8.02 11.7 71.52 1557.03
aximu 12.00 110.57 11.06 18.3 112.40 3323.90
1 12.00 114.86 9.57 6.7 167.74 1150.06
30 2 9.00 114.23 12.69 6.7 176.86 1081.01
3 9.00 130.84 14.54 8.3 240.54 1628.25
Mean 10.00 119.98 12.27 7.2 195.05 1286.44
S.D. 1.73 9.42 2.51 1.0 39.66 298.02
C.V. 17.32 7.85 20.46 13.3 20.33 23.17
35 inimu 9.00 114.23 9.57 6.7 167.74 1081.01
aximu 12.00 130.84 14.54 8.3 240.54 1628.25
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AQ 1950 and AQ 1951 heads were also used. Initially, the fiber was anal yzed
w thout any fiber end preparation. The white |ight source was first

directl y woopteed to the spectrum anal yzer to obtain a refprerusa&/mszph. The
fiber of the 10 present invention was then inserted and neasur ed.
Subtraction of the reference graph fromthe resulting fiber graph is shown
in FIG 4. Vertical lines in FIG 4 show attenuation values of 9.6 dB at
850 nm and 1Fisrgmdacediyitbe mathop of the prepont inyapticnayas@sienisA ferptiem

wavel engt hs. Next, the ends of the fiber were polished, and the above

descr i begadsmgeivity bgiad of terfodswiag frotqeolvesn fppk@imuelyesOanpleayth df fibsr havingan
accurate attenuation neasurenents. First, the laser |ight 15 sources were

directl y, 69 At ?r::og 7t d’ﬁ?&?&ﬁﬁ&s ek @ﬁl{)gyed’?‘ et uRBE ule@ v & Andosh&degNCe

data. Next, er of the present invention was inserted in place of the

gl ass fi ber btraction of the reference dat r the resulting fiber
data FoROrO st febcurSngdito eShRBte: ARHRD AR TR bn TodE ey ofin | 3°%
dBm (reference) - -7. d Bm(fiber)). For the 1310 nm wavel ength, the fiber
at t nuat Aode mede! 1ombY AB414B383) Btas¢setee-efie dpdo mode] numbeBAQ(B] B pptical 20
Finally, the first white |light analysis was repeated with fiber of the
present igevienh hedlyRRaid e Afilrhsiabslingied 2.Q- FI2Gpower tetshaith hdo Aibtid muaibeon
results. FIG 5 shows attenuation nmarked at both, 850 run and 1310 nmwth

vertical A\ 188 nFhB.18B 11188 w9965 Weqof the 850 nmattenuation of FIG 5.
FIG 7 iébawél S‘Ee-%%fl B RS IR enuation of FIG 5. 23 WO 02/ 23220

PCT/ US01/ 28677.. Next, .fi ber prodyced by t met.hod of, t present invention
was conpar ed IPH“@? ’Hé? ﬁ{"?r e ?g?li'ﬁﬁ &ﬁtgf’@ya?f’y {ésg{ﬁghipgﬁg ATy hﬁ?& %Eglg%ﬁoluff’ﬁl

Fi ber Anal ysis System manufactured by Netest, Inc. was used for all tests.
Li ght wawe$ Bispditestly eiplegioo therspeatrurcoalyren toeblaingassesice geph ghretfiver ¢f ther s .

The 2500 Optical Fiber Analysis Systemprovided light transmssivity

val 1es i pregdBt inladdloasvad tHeh isdiavd Mmdidi@sired hSubihaierof s refetancey/ ghptesoritie dB)
for wavel engths from 600 to 1600 nmfor, respectively. 62.5 mglass

opti cal %é'_smgﬁg %geg%kﬁhﬁg shoflmr i F1ETR, '\%Q%ta?n&fs if PR Pyt &ﬁaﬁéﬂ vk LE QL dB' ber

(Table 6 engt subi shi optica er enpl oying the
overfill e of t 00 tical,  .Fiber al ysi s stem(Table 7); a 390
| engt FLGP TH06 14 BF et S Db Fh RS e o, © 7

Next, the ends of the fiber were polished, and the above described laser light sources and

power meter were employed for more accurate attenuation measurements. First, the laser light

15 sources were directly coupled to the power meter by a glass fiber to obtain reference data.

Next, the fiber of the present invention was inserted in place of the glass fiber. Subtraction
of the reference data from the resulting fiber data. For the 850 nm wavelength, the fiber attenuation
- was 3.7 dB (-3.8 dBm (reference) - -7. d Bm (fiber)). For the 1310 nm wavelength, the fiber

attenuation was 10.88 dB (3.3 dBm (reference) - -14.18 dBm (fiber)).

20 Finally, the first white light analysis was repeated with fiber of the present invention having
polished ends. FIGS. 5-7 show the attenuation results. FIG. 5 shows attengation marked at both |
850 nm and 1310 nm with vertical lines. FIG. 6 is a close-up of the 850 nm attenuation of F IG. 5.

FIG. 7 is a close-up of the 1310 nm attenuation of FIG. 5.
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390 mm I ength of the optical fiber of the subject invention (Table 9); a
390 mMmlength of the sem 10 crystalline optical fiber of the subject

i nventi owenptxyd ng the restricted node of the 2500 Opti ceCT/URMRS677Anal ysi s
System (Table 10); a re-test of the Table 10 exanple (Table 11); a 390 nm

| ength of the sem -crystalline optical fiber of the subject invention

enpl oying the overfill node of the 2500 Optical Fiber Analysis System
(Tabl e 12); aNgadibenpiodvrst by difc roeti@! ofithaspspsentinyeytigh Wap eomhpasesto ofhghfibeiet ur ed
by Stern, Inc. (Table 13); a 390 mmlength of 0.87 nmsem-crystalline
fiber 15forapidabeidsmedivity. 3OO0 dpeicd FidenAnalfsiaBystend Aahufatidred by BletegtsIncofvad he
Tabl e 14 exanple (Table 15). 24 WO 02/23229 PCT/ USOL/ 28677 TABLE 5 (nm)

dB 610
0-06 a70--¢ 0p4~T1 398 G5a- 1By SR 1 A G5 B

1400 0.0 30 0..027 890. Q. 002 1150 Q. 000 1410. 0. 004 6 24900 -0.009
1160 0. Ogsloo ’63&1%6ﬁnag’??’é%d?tﬁ@?f‘évi‘%dg%ggb‘?nf’?ﬁvﬁ? § Eesfﬁég' %a’g'ﬁfzﬁgé@"b. 002
920 -0.005 1180 0.005 1440 0.001 10 670 0.020 930 -0.003 1190 0.002 1450
0.001 68e lighGrmseissvitp vaoes (Ipdh) for wozlengboiiomd®y to 6619 m Hogewsoively. 615
1210 -0.003 1470 0.006 700 0.009 960 -0.004 1220 0.005 1480 0.003 710

0. 006 970 gasOFichPBELr QTAHXE5)1 4990 BnDIOretA 51 7520uH MIBGHIIBGpBcD8Bert24fle 692002
1500 0.002 730 0.006 990 0.006 1250 -0.001 1510 -0.001 740 0.003 1000

0.003 128 fin Whben'or %0 1 AR duvishPGpilaliter SAHBy R BRloviA fhuldaO0Pnd 30 GRA3
Fiber Analysis System (Table 7); a 390 mm length of 1000 un Mitsubishi optical fiber (Table 8); a
390 mm length of the optical fiber of the subject invention (Table 9); a 390 mm length of the semi-

10 crystalline optical fiber of the L;‘,ubject invention employing the restricted mode of the 2500 Optical

Fiber Analysis System (Table 10); a re-test of the Table 10 examplé (Table 11);a390 mm length
of the semi-crystalline optical fiber of the subject invention employing the overfill mode of the 2500
Optical Fiber Analysis System (Table 12); a 390 mm length of 0.40 mm semi-crystalline fiber
manufactured by Stern, Inc. (Table 13); a 390 mm length of 0.87 nm semi-crystalline fiber

15 manufactured by South Bend, Inc. (Table 14); and a re-test of the Table 14 example (Table 15).
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760 0.001 1020 0.005 1280 0.006 1540 0.004 20 770 0.001 1030 0.005 1290
0.004 1550 0.005 780 -0.004 1040 0.007 1300 0.000 1560 0.004 790 -0.003
00a 043329 0. 001 1570 0.005 800 -0.003 1060 0. 005 RGPOSA/BOHFT 1580
0.003 810 -0.003 1070 0.004 1330 0.004 1590 0.004 25 820 -0.001 1080
-0.001 1340 0.004 1600 -0.001 830 -0.005 1090 0.004 1350 0.005 840 -0.003
1100 -0.003 1360 0.001 850 -0.005 BABBES 000 1370 0.002 25 WD 02/23229
PCT/ US01/ 28677 TABLE 6 (i) dB (nm dB (nm) dB (nm dB 600 9.653 860

1050 -0.

12.939 1120 36 183 1380%&6%1%90
51. 206 5 0
iR G Sttt T o 3 A
Lo 53 81,4408 70030, 010 Bugls 90 TS0, Sagos1dg
46. 306 1]4%@047. 32730700 {897 96HodA. 529 1iZR0 370385 148Q0A8. 22801 7ﬂ0
10.891 970 14.878 1230 31.794 1490 49. 126 15 720 11.307 980 19. 763 1240
28. 213 1560049. 000027 890 0.002 1150 0.000 1410 0.004
640 0.024 900 -0.009 1160 0.001 1420 0.004
650 0.022 910 0.002 1170 0.001 1430 0.002
660 0.002 920 -0.005 1180 0.005 1440 0.001
10 670 0.020 930 -0.003 1190 0.002 1450 0.001
680 0.019 940 -0.004 1200 0.003 1460 0.002
690 0.008 950 -0.005 1210 -0.003 1470 0.006
700 0.009 960 -0.004 1220 0.005 1480 0.003
710 0.006 970 -0.007 1230 0.006 1490 0.004
15 720 0.006 980 0.006 1240 -0.002 1500 0.002
730 0.006 990 0.006 1250 -0.001 1510 -0.001
740 0.003 1000 0.003 1260 0.001 1520 -0.001
750 0.005 1010 0.001 1270 0.002 1530 0.003
760 0.001 1020 0.005 1280 0.006 1540 0.004
20 770 0.001 1030 0.005 1290 0.004 1550 0.005
780 -0.004 1040 0.007 1300 0.000 1560 0.004
790 -0.003 1050 -0.001 1310 0.001 1570 0.005
800 -0.003 1060 0.005 1320 0.003 1580 0.003
810 -0.003 1070 0.004 1330 0.004 1590 0.004
25 820 -0.001 1080 -0.001 1340 0.004 1600 -0.001
830 -0.005 1090 0.004 1350 0.005
840 -0.003 1100 -0.003 1360 0.001
8§50 -0.005 1110 0.000 1370 0.002
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730 11.

826 990 21.971 1250

25.444 1510 47.731 740 11.710 1000 24.198 1260

23.784 1520 45.981 750 11.218 1010 24.064 1270 23.439 1530 45.159 760
10. 915 169002232788 1280 23.367 1540 45.879 20 770 10. 858 ROBOS®ZSEL7 1290
23.818 1550 47.166 780 10.842 1040 21.274 1300 24.745 1560 49.660 790
11. 097 1050 19.048 1310 26.557 1570 53.145 800 11.309 1060 18.157 1320
30. 705 1580 54.326 810 11.375 107GFABLE 60 1330 42. 133 1590 52.994 25 820
11. 346 1080 16.933 1340* 51.076 1600 53.190 830 11.308 1090 17.679 1350*
52.223 §40 11. 442 1100 1 .%69 1360* 52.35 850 11.868 1110.26.225 1310*
53 068 |26 iééﬂLEﬂlg§8ﬁl7 ) 8 (nm)
dB 600 |13, 185 860 16.547 1120 38. 302 0 50. 610 13.284 870 18.477
1130 49./5290 1390 95833526%® 620 12497377 8%33%0.96§z%¥ﬁ0 55%%83 1468J§é.187
630 13.424.890 25.402 1 51. 1410 49,,687 13. 900 26.316 1160
51. 587 14§8§ }gﬁ9650%§§_44g%$§5 .§§3911704§ £523 ﬁ%@o 48, %66C
13. 497 92Q,38. 89D £E80 Bdo 901 15440 48. 434010 67P23B. 57TMEB30 16.87261190
51. 2447 1450 48.472 680 13.742 940 16.180 1200 50. 783 1460 48.809 690
13. 797 958306. 310.75210 88 332 21436 49. 4330*  51.787 1410 48.580
640 9705 900 22.855 1160% 52,027 1420 47.288
650 9.709 910 19.023 1170*  52.589 1430 46.482
660 9.726 920 15.504 1180% 52791 1440 46.280
10 670 9.778 930 13.474 1190% 52,094 1450 45.967
680 9.926 940 12.555 1200  50.873 1460 46.420
690 9.926 950 12.635 1210 46906 1470 47.327
700 9.997 960 13.529 1220 37395 1480 48225
710 10.891 970 14.878 1230 31794 1490 49.126
15 720 11307 980 19.763 1240 28213 1500 49.070
730 11.826 990 21.971 1250 25.444 1510 47.731
740 11710 1000  24.198 1260 23.784 1520 45.981
750 11218 1010  24.064 1270 23439 1530 45.159
760 10915 1020  22.788 1280 23367 1540 45.879
20 770 10.858 1030 22217 1290 23.818 1550 47.166
780 10.842 1040 21274 1300 24745 1560 49.660
790 11.097 1050  19.048 1310 26557 1570 53.145
800 11309 1060  18.157 1320 30705 1580 54326
810 11375 1070 17.160 1330 42133 1590 52.994
25 820 11346 1080  16.933 1340  51.076 1600 53.190
830 11308 1090  17.679 1350 52223
840 11442 1100 19.569 1360  52.356
850 11.868 1110 26225 1370 53.068
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700 13.

891 960 17.174 1220 39. 306 1480 50.362 710 14.113 970 18. 554 1230

34.122 1490 50.929 15 720 14.557 980 22.844 1240 30.902 1500 50.813 730
15. 021 9300852065 1250 28. 144 1510 49.505 740 14.928 100PCRUSOI$61260
26. 744 1520 48.227 750 14.497 1010 26.788 1270 26.378 1530 47.660 760
14. 235 1020 25.712 1280 26.461 1540 48,127 20 770 14.202 1030 25.210 1290
26.982 1550 49.52? 780 14.333 1040T4BLBZ5 1300 27.931 1560 51.57? 790
14.575 1050 22. 073 1310 29.901 1570 53.019 800 14.786 1060 21.122 1320
ijzggg 1588 53.47& 810 E4.858 1&50 2o.éo§ 130% 43.172 1530 53g§os 125320
49,824 8&0&% 82?%%8%88 é@r?ﬁ%o%%%% I%E&BLEE’% oo, 2% 0
1130+ 52 004 130655 2787 520137 20%2‘% 198 15%9112%*9%3 523°1490 $1. 769
630 512. 7iH0890 245 #l 13&0* 532848 1419450. 822 58640 420686 960 18%. 747 1160*
54.627 1420 49.575 650 12.695 910 22.089 1170* 55.801 1430 49.141 |660
12. 706 9PEBOL17. 7813.42430* 8901, 9092344D 481876 51.112 1410 49.687
640 13417 900 26316 1160 51587 1420 49.143
650 13443 910 22574 1170 51923 1430 48.707
660 13497 920 18.897 1180  51.901 1440 48.454
10 670 13.576 930 16972 1190 51.447 1450 48.472
680 13.742 940 16.180 1200 50783 1460 48.809
690 13797~ 950 16310 1210 46332 1470 49.437
700 13.891 960 17.174 1220 39306 1480 50.362
710 14113 970 18.554 1230 34122 1490 50.929
15 | 720 14.557 980 22844 1240 30.902 1500 50.813
730 15021 990 25.065 1250  28.144 1510 49.505
740 14928 1000  27.014 1260 26744 1520 48.227
750 14497 1010 26788 1270 26378 1530 47.660
760 14235 1020 25712 1280 26461 1540 48.127
20 770 14202 1030 25210 1290  26.982 1550 49.529
780 14333 1040 23925 1300  27.931 1560 51.577
790 14575 1050 22073 1310  29.901 1570 53.019
800 14786 1060  21.122 1320  34.052 1580 53.479
810 14.858 1070 20200 1300  43.172 1590 53.508
25 820 14.863 1080  20.035 1340  49.178 1600 53.042
830 14857 1090  20.808 1350  49.163
840 15005 1100 22955 1360  49.287
850 15501 1110 28954 1370  49.824
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10 670 12. 760 930 16.409 1190*

1200*

34.
13.
26.
13.
26.
13.
33.
14.
54.
55.
dB 5600

452
963
607
808
748
987
506
262
737
373

10

15

20

25

54.460 1450 48.563 680 12. 751 940 15.502
53. 748 1460 49.238 690 12.773 950 15.575 1210*
700 12.

49. 565 1470 49. 329

84V0o 9588226. 511 1220 39. 981 1480 50.800 710 13. 024POV@OSW728839 1230

1490 52.058 15 720 13.431 980 22.523 1240 30.977 1500 52. 202

990 24.717 1250 28.272 1510 740 13.891 1000 26.897 1260
OSRES,

1520 48. 722 750 13.399 101 1270 26. 256 1530 48. 033

730

760

790
L320
PS5 820
L1350*

'370*

dB (nm

15. 428

59. 706

102025 542 1280 26284 1540 48 689 20 770 13 748 1030 25 092 1290
1550( )omdB 780 2@!@31 1%0 24, ﬂﬁ 130ng7 673 @ggo 5%13‘340
g8 % Sapiouid, 52 1470 1,560 13t sy 500 S
8461014. 3584400 82 301 13663 541805 85%7344. 73401110 %@27@3
D8 WD 02/ 23229 PCT/ USOL/ 28677 TABLE 9 (nm) dB (nm) dB (nm |
1620381 8ED7AB. 7&&) 11201961424 11380 1(G06.4260 BDO 10.4(56 7690
1130* 49} 603 1390 66 298 5 620 10.486 880 17.358 ;1140 50.821 1400 ﬁ
630 10. 5ﬂ@30890 242848 1§%<b* 5129431 14185%%6. 478.248 1410 50.822
640 12.686 900 25787  1160*  54.627 1420 49.575
650 12.695 910 22.089 1170 55801 1430 49.141
660 12706 920 17.781  1180* 54909 1440 48.976
670 12.760 930 16409  1190% 54460 1450 48.563
680 12.751 940 15502 1200% 53748 1460 49.238
690 12773 950 15.575 1210 49565 1470 49.329
700 12.847 960 16511 1220 39.981 1480 50.800
710 13.024 970 17.839 1230 34452 1490 52.058
720 13431 980 22,523 1240 30977 1500 52.202
730 13.963 990 24717 1250 28272 1510 50.357
740 13.891 1000  26.897 1260 26607 1520 48.722
750 13.399 1010  26.852 1270 26256 1530 48.033
760 13.808 1020 25542 1280 26284 1540 48.689
770 13.748 1030  25.092 1290 26748 1550 50.001
780 13731 1040 24195 1300  27.673 1560 52.540
790 13.987 1050 21934 1310 29447 1570 55.611
800 14216 1060  21.040 1320  33.506 1580 58.537
810 14292 1070  20.028 1330  44.486 1590 58.610
820 14262 1080 19.773  1340%  52.828 1600 57.155
830 14233 1090 20471  1350%  54.737
840 14359 1100 22301  1360*  54.805
850 14774 1110 28793  1370*  55.373
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640 10.
52.
10.
51.
10.
31.
11.
23.
11.
23.
11.
30.
12.

50.
53.

(rim d

409
560
269
680
541
818
688
638
857
834
863
102
333
052

10

15

20

25

477 900 23. 733 1160* 51.824 1420 64.875 650 10.486 910 19. 890 1170*
1430 61.195 660 10.502 920 16.278 1180* 52.229 1440 61.173 10 670
9300 021223% 1190* 51. 870 1450 58.226 680 10.576 94PCI/BSB4B6717200*

1460 58.376 690 10.605 950 13.482 1210* 46.580 1470 63. 069

700

960 14.474 1220 36.992 1480 100.000 710 10.864 970 15.841 1230
1490 100. 000 15 720 11.283 989BEB9733 1240 28.047 1500 100.000 730

260

790
1320
25 820
1350*

dB

990 21.897 1250 25.301 1510 100,000 _740 12.449 1000 24 073
iSZg 1200 8%0 750é1]) 9491é010 23% 9é7 127% 23. 327é1§30 7§%387 ]7-280
155 20 g3, 120,41 Sra.1000 28,31 13ghske asi0e0 g Qe
g 100,pa, o1 Lag gfro 5821 1otz 550 1590 s
81462012. 22644400 880 422 17360* 51193 HHB212. 654001110 260.9@9 1370*
P9 WO 02/ 23229 PCT/ US01/ 28677 TABLE 10 (nn) dB (nm) dB (nn)
§63@00 8173145 89089®. 71225280* H05U37 1428244. 398
640 10.477 900 23.733 1160* 51.824 1420 64.875
650 10.486 910 19.890 1170* 52.409 1430 61.195
660 10.502 920 16.278 1180* 52.229 1440 61.173
670 10.560 930 14.237 1190* 51.870 1450 58.226
680 10.576 940 13.348 1200* 51.269 1460 58.376
690 10.605 950 13.482 1210* 46.580 1470 63.069
700 10.680 960 14.474 1220 36.992 1480 100.000
710 10.864 970 15.841 1230 31.541 1490 100.000
720 11.283 980 19.738 1240 28.047 1500 100.000
730 11.818 990 21.897 1250 25.301 1510 100.000
740 12.449 1000 24.073 1260 23.688 1520 100.000
750 11.949 . 1010 23.917 1270 23.327 1530 73.387
760 11.638 1020 22.597 1280 23.372 1540 56.705
770 11.588 1030 22.152 1290 23.857 1550 60.803
780 11.577 1040 21.191 1300 24.809 1560 100.000
790 11.834 1050 18.951 1310 26.646 1570 100.000
800 12.059 1060 18.037 1320 30.863 1580 100.000
810 12.126 1070 17.021 1330 42.283 1590 62.133
820 12.102 1080 16.791 1340%* 50.471 1600 67.620
830 12.083 1090 17.505 1350%* 50.933
840 12.225 1100 19.422 1360% 51.943
850 12.657 1110 26.089 1370* 53.052
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610 8.781 900 20.948 1190* 49. 714 1480 45.387 5 620 8.817 910 17.129 1200*
48. 895 1490 46.535 630 8.763 920 13.537 1210 44.677 1500 46.814 640 8.705
930 11. 50W0 2222285. 174 1510 45.806 650 8.639 940 10. 623 RCBOS®RS6T/ 1520
44.834 660 8.641 950 10. 757 1240 26.079 1530 44.156 10 670 8.642 960

11. 797 1250 23.382 1540 44. 316 68,95%.]%‘93@ 970 13. 159 1260 21.769 1550

46. 065 690 9.340 980 18.509 1270- 1560 47.567 700 9.385 990 20.578

1280 21 Qﬂ 1l:7n /10 fmn 71n 0 R’)Q 10(1(\ ’)’) RI'LI: ‘LDQ(L ’11 QnA 1E8{,LAQ -50 15
720 9.925 %@égo 22454 13qgm§2 844 1590 ;594 73@; 10 427@1920 24p 089 {1310
54.8(15(6)91(130@)019 607724330 46 369 1620 46. 55230760 §b44_;56 1050 17. 354, 3@340*0
47.805 11630 44.963 20 770 9.368 1060 16.428 1350* 48.403 1640 42.440 |780
9. 435 1070015. 40%781360+9%0. 78024.88H 39. 5180* 790#%71828 14880 15. 1@238137d*
0787 1100017, 758" 200+ R 338 1880 a1 178725 6505, 606 P110 240556 1400*
36'7217131%2@9 28. EZ;WI@ 2382@424%112@7 842331@m410*444t5770101510n82035 @7&54484230
43. 374 17%(9 6%205186093101 147%%@%* 49, %2@ 14 g“zll’% 35 730 21 870
12. 791 11&0* 50.@3319 1450442. 87706730 21.1028 29.607 1520 44.834
660 8.641 950 10.757 1240 26.079 1530 44.156
10 670 8.642 960 11.797 1250 23382 1540 44316
680 8.630 970 13.159 1260 21.769 1550 46.065
690 9340 980 18.509 1270° 21396 1560 47.567
700 9.385 990 20.578 1280 21.430 1570 49.000
710 9.528 1000 22.655 1290 21.904 1580 49.604
15 720 9.925 - 1010 22.454 1300 22.841 1590 50.594
730 10.427 1020 21.089 1310 24.669 1600 50.383
740 10321 1030 20.612 1320 28.871 1610 48.200
750 9.810 1040 19.607 1330 40369 1620 46.552
760 9.456 1050 17.354 1340 47.805 1630 44.963
20 770 9.368 1060 16.428 1350%  48.403 1640 42.440
780 9.435 1070 15.401 1360*  49.780 1650 39.513
790 9.528 1080 15.152 1370*  49.881 1660 36.347
800 9.715 1090 15.839 1380% 49464 1670 33.743
810 9.757 1100 17.729 1390* 48338 1680 31.170
25 820 9.699 1110 24.290 1400% 46343 1690 28.274
830 9.643 1120 34.236 1410 45.010 1700 25.575
840 9.757  1130*  47.850 1420% 44113 1710 23.906
850 10.145  1140*  48.804 1430 43374 1720 22.672
860 11.147  1150*  49.823 1440 43.019 1730 21.781
30 870 12.791  1160*  50.674 1450 42.877 1740 21.028
880 15378  1170*  50.694 1460 43518 1750 20.876
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880 15.378 1170* 50.694 1460 43.518 1750 20.876 30 WD 02/ 23229

PCT/ US01/ 28677 TABLE 11 (nm) dB (nm) dB (nm) dB (nm) dB 600 8.842 890
19. 778 138002/5029187 1470 44.163 610 8.844 900 21.001 119PETAS013BE6771480
45.399 5 620 8.895 910 17.171 1200* 49.269 1490 46.504 630 8.834 920
13.584 1210* 44.796 1500 47.308 638ﬁ§g§1€ 930 11.554 1220 35.128 1510
46.253 650 8.713 940 10.670 1230 520 44.695 660 8.715 950 10. 802

1240 26 17 1530-44-003- 10 640811296011 -835—125023-418-1540-44-3+%2
» JETTT 0 A~ A A A4 _ NIV =TT AU - I \T T e NI

680 8.689 9¥) 13. 2B3 126Qnd}. 801dA550 46mP25 690B9. 397 (880 18. B9 1270
21126 oG 17 1, 1003, 037 000 615, 1002350 1075 (067, 710 o s
1590 49. 6811) 7308804 48090020 221.080 13101924. 689938600 SM4E17 7445.390. 378
1630 20, B 1520, 050,1510 49,090 15,5, 864 404 19,45 1220,48,201 1020
16. 470 13531)* 48. 8834 16402@2. 2623.58?0 9. 190*107@4175644613B60* 494RIB 1650
25,493 g, . SERAOED 15108 1 0., 100038y 4444800 0 700
31. 205 650 8.713 940 10.670 1230 29.623 1520 44.695
660 8.715 950 10.802 1240 26.117 1530 44.003
10 670 8.712 960 11.835 1250 23418 1540 44372
680 8.689 970 13.203 1260 21.801 1550 45.225
690 9.397 980 18.539 1270 21.426 1560 47.746
700 9.437 990 20.618 1280 21.459 1570 49 846
710 9.588 1000 22.696 1290 21.931 1580 52.131
15 720 9.979 1010 22.499 1300 22.869 1590 49.697
730 10.480 1020 21.130 1310 24.689 1600 50.017
740 10.378 1030 20.661 1320 28.895 1610 48.099
750 9.864 1040 19.655 1330 40.207 1620 47.789
760 9.511 1050 17.399 1340%* 48.274 1630 45.442
20 770 9.420 1060 16.470 1350* 48.161 1640 42.262
780 9.491 1070 15.446 1360* 49,510 1650 39.443
790 9.582 1080 15.198 1370* 50.007 1660 36.444
800 9.769 1090 15.882 1380* 49.489 1670 33.776
810 9811 1100 17.771 1390%* 48.667 1680 31.205
25 820 9.752 1110 24.334 1400* 46.397 1690 28.315
830 9.698 1120 34,298 1410% 44,995 1700 25.745
840 9.812 1130* 48.105 1420* 43.993 1710 23.890
850 10.198 1140%* 48.903 1430 43.481 1720 22.747
860 11.203 1150%* 49.750 1140* 43,126 1730 21.823
30 870 12.848 1160* 50.283 1450 42.946 1740 21.117
880 15.432 1170* 50.295 1460* 43.454 1750 20.854
TABLE 12
(mm) dB - (um) dB (nm) dB (nm) dB
600 -5.337 890 6.285 1180 34.527 1470 28.480
35 610 -5.219 900 7.104 1190 34.051 1480 29.817
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25 820 9.752 1110 24. 334 1400* 46.397 1690 28.315 830 9.698 1120 34. 298
1410* 44.995 1700 25.745 840 9.812 1130* 48.105 1420* 43.993 1710 23. 890
850 10. 19%0lobAQ32048. 903 1430 43.481 1720 22. 747 860 11. 2G7tidsedAséd?. 750
1140* 43.126 1730 21.823 30 870 12. 848 1160* 50. 283 1450 42.946 1740 21.117

880 15.432 1170* 50.295 1460* 43,454 1750 20.854 TABLE 12 (nnm) dB (nn) dB
(nm) dB [ /8 dB -56G8 -59887 890 84085 1189034, 538B6147014% 480 350810
520 -5, 108°810 3288 1208 33, 3611300 31094 640 % 083 b20 -0 18T 110
28.392 1568032, 04010564093%. 105 93048 2. 048220220 24133332 1510 31. 852852650
15100 310502, TOR NRR0 10 15H00FL 220 OO0, 090,250 -2 S460200
-5. (26 9V ®600. 11F.08560 9508 1550.58@. 165124690 -¥B.B63 9863%. 426 i@IW 8. (852
0,432 12h6 78, a58-580 380806 723525 1381810 o080 13080, 44a2kE80 36 471
730 -3.6B8433020 $.@%1 1819 12. 44311600 356000 W4fps- 3. 188 1030 32.5&7 1320
16. 621 1610 34.083 750 -4.228 1040 6.224 1330 25, 734 1620 32.850
690 -4.873 980 5.426 1270 8852 1560 33.794
700 4791 990 7.565 1280 8.918 1570 35.159
10 710 -4.578 1000 9.432 1290 9.458 1580 35.596
720 4138 1010 9.160 1300 10444 1590 35.471
730 -3.684 1020 8.061 1310 12442 1600 35.000
740 -3.788 1030 7.527 1320 16621 1610 34,083
750 -4228 1040 6.224 1330 25734 1620 32.850
15 760 4511 1050 4348 1340 32.038 1630 31.360
770 -4.562 1060 3.383 1350 32.876 1640 29.434
780 4563 1070 2475 1360 33.594 1650 27.083
790 -4.318 1080 2.323 1370 34212 1660 24.387
800 4121 1090 3.128 1380 33.824 1670 21.959
20 810 -4.059 1100 5.301 1390 32.602 1680 19.552
820 4041 1110 11.301 1400 30.827 1690 16.856-
830 -4.068 1120 20.617 1410 20406 1700 14.300
840 3922 1130 31.783 1420 28317 1710 12.590
850 3.444 1140 32.959 1430 27.606 1720 11.334
25 860 2401 1150 33.651 1440 27220 1730 10.415
870 -0.691 1160 34237 1450 27192 1740 9.701
880 1.974 1170 34,593 1460 27618 1750 9.340
TABLE 13
30 (nm) dB (nm) dB (nm) dB (nm) dB
600* 62.255 860* 100.000 1120* 100.000 1380* 100.000
610* 100.000  870* 59.091 1130 100.000  1390% 66.298
620%* 47328 880* 100.000 1140% 60.253 1400%* 69.706
630* 57.769 890* 100.000 1150* 59477 1410* 56.471
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15 760 -4.511 1050 4. 348 1340 32. 038 1630 31.360 770 -4.562 1060 3. 383
1350 32.876 1640 29.434 780 -4.563 1070 2.475 1360 33.594 1650 27.083 790

-4.318

1080022328 1370 34.212 1660 24.387 800 -4.121 109PCEUSPR8E380

33.824 1670 21.959 20 810 -4.059 1100 5.301 1390 32.602 1680 19.552 820
-4.041 1410 11.301 1400 30,827 1690 16.856 830 -4.068 1120 20.617 1410
29. 406 17000487, 3005184 - 39832 113031, 783‘1€LQT20 28139% 1718%2. 59487850
5 400 L0040 S0 gap 2R LT2RL 3345 200 By0L 4aRD 03 Ao
1.974 1170 64+ 593 14666 27. 638 17505@59340 T#BLE 130360 ( nnj44dB (nrd1.1dB {( nm)
dB (nm) dB 600* 62.255 860* 100.000 1120* 100. 000 1380* 100. 000 _610%
100. 000 B70%70%9, 091561’%130* 5. 000 IRYG+ 66138 6P000Y 7. 3¥HIBg0* BFEe Qo0
M4%71 V27 2995800 3D 2ae9r Loaon 20t 761 006 01 B 1165278 202
1420* 87@0* 650* 63000 00098k0* 6050%E 117010*61. 934.235130* 1470+ 195 63630
50.556 9p0* 54.693 1180* 60.940 1440* 61.173 670* 56.721 930* 57.117 {1190*
100. 000 {L4509* 58. 2198.080 680960f00. 000!-@40* 682872 128447 61. &6 1468P0.998 1376
690" 63. 77071350* 5%4%9’? 12&‘90** 64. %(?(?00%470*12 (%’ 039 64.532 1490% 100.000
720% 55.631 980* 60.502 1240* 65.634 1500* 100.000
10 730* 100.000 990* 62.316 1250* 61.977 1510* 100.000
740* 100.000 1000* 100.000 1260* 59.644 1520* 100.000
750% 60.805 1010* 100.000 1270% 59.936 1530%* 73.387
760* 100.000 1020* 63.868 1280* 57.734 1540* 56.705
770%* 100.000 1030* 62.990 1290* 61.049 15350% 60.803
15 780* 100.000 1040* 60.415 1300* 100.000 1560* 100.000
790* 63.502 1050* 100.000 1310* 70.399 1570* 100.000
800* 58.857 1060* 69.162 1320%* 58.090 1580% 100.000
810* 75.356 1070* 100.000 1330% 67.198 1390* 62.133
820* 57.289 1080* 64.076 1340* 59.067 1600* 67.620
20 830* 100.000 1090* 60.938 1350%* 100.000
840* 100.000 1100* 100.000 1360%* 67.702
850* 100.000 1110* 58.979 1370* 100.000
25 TABLE 14
(nm) dB (nm) dB (nm) dB (nm) dB
600* 4738  860* 57702 1120* 57.180  1380*  60.461
610* 100.000  870% 55810  1130* 59.590  1390%  66.785
620% 100.000  880% 58310  1140*  63.530  1400*  61.388
30 630* 46934  890*  63.055  1150* 64.065  1410%*  100.000
640* 48358  900* 57220  1160* 70487  1420%  61.483
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700* 100. 000 960* 61.624 1220* 63.147 1480* 100.000 710* 64.007 970*

100. 000 1230* 64.532 1490* 100.000 720* 55.631 980* 60.502 1240* 65.634
1500* 100vOO0®232@w 730* 100. 000 990* 62.316 1250* 61.977 15ROT/US@RSETO 740*
100. 000 1000* 100.000 1260* 59.644 1520* 100.000 750* 60.805 1010* 100. 000

1270* 59. 936 1530* 73. 387 760* 100.000 1020* 63.868 1280* 57.734 1543*
56. 705 77@50 100. 080695030%9162. 99000290+ 6117949 15@1060060 8330"5 78897940. 000
70. 309 1576%0°100. MBI 006009788, 85104080 colHB2 1356A Dss. 0960158090285 000
64,076 154810'59. 0P Moo+ %5362o%3égésé??%oo56éoé§€a9d82°* B85 15507
100. 000 [84@%0+100. 0QfH44100%94300. 00Q01360* 6700702 185QH 10014860 11%6%458. 979
1370* 100.000 25 TABLE 14 (nn) dB (nm) dB (nm dB (nn) dB 600* 47.346
860% 57.[70B9(120* 587935080 1B86* 60.54660 610210¢00. 00058I70* BH508B10 52206
59.590 1[390* 66.785 620* 100.000 880* 58.310 1140* 63.530 1400* 61.388 30
630* 46.19340890* 60085 1180* 64. 08551410122050. 006454640+ WE0358 190057, 220
100. 000 111" 100, 505714307083, 9794880+ 160000 G200 10014980 11889084, 519
1440% 60 596y« 56022 980* 58719 1240* 60679  1500% 57345
730* 55.009  990% 56.909  1250* 65525  1510% 68.865
10 740% 56.680  1000* 100.000  1260* 65501  1520% 65.305
750% 59.446  1010* 65.181  1270*  100.000  1530* 60.674
760* 55.141  1020* 63.892  1280* 63.028  1540% 60.979
770* 61.179  1030* 61.046  1290* 60.686  1550* 64.194
780* 65.462  1040* 63.602  1300* 62.908  1560*  100.000
15 790* 56.345  1050* 100.000  1310%  100.000  1570*  100.000
800* 54.962  1060* 100.000  1320*  100.000  1580* 58.337
810* 100.000  1070* 61379  1330* 64271  1590%  100.000
820% 59.622  1080* 60.786  1340* 60.931  1600* 61.698
830* 57.904  1090* 60.456  1350*  100.000
20 840* 62.566  1100* 57701 1360* 73.630
850* 55.194  1110% 56.981  1370* 61.903
TABLE 15
(nm) dB (nm) dB (nm) dB (nm) dB
25 600* 100.000  860* 53722 1120% 59.880  1380% 60.885
610* 100.000  870* 54951  1130% 62.199  1390*  100.000
620%* 50.427 880* 53.620 1140%* 64.085 1400* 100.000
630* 46.451 890* 60.045 1150* 64.065 1410%* 62.529
640* 52337 900* 58.050  1160*  100.000  1420*  100.000
30 650* 50.126 910* 57.288 1170* 60.911 1430* 63.744
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670* 100. 000 930* 100.000 1190* 64.591 1450* 61.274 680* 50.241 940*

100. 000 1200* 100.000 1460* 67.941 5 690* 58.952 950* 55.660 1210* 64.554
1470* 58 wd02/23200* 100. 000 960* 53. 755 1220* 64.545 1480* PADOSOQB677710*
53.527 970* 53.440 1230* 63.703 1490* 100.000 720* 56.022 980* 58.719
1240* 60. 679 1500* 57.345 730* 55.009 990* 56.909 1250* 65.525 1510*
68. 865 10 140* 56.1886000000920100. 00822460+ 1680501 19890 6514805 750+198d. 446

1010* 65, 181 1270* 000, ;.1530* 74 * 55, 1020%.63. 892 1260+
63. 028 548%060.975;9 0* &1 179 TS%@ 61?3%% 1298%6éb.68%”9550* %ﬁ%%94
780* 65.162:30040* G82602 1800* 62. H0871560%0#00. 060595 7904056, 3461 ckaH0*
100. 000 [1310* 100.000 1570* 100.000 800* 54.962 1060* 100.000 1320*

100. 000 |15800* 58. 339.16810* 9350. 0005514990+ 621879 133621 64. P7§* 159086.760d. 000

820% 59.1622 1080 6 134Q* 60. 1600% . 1. 69 0* 57.904 1Q90*
60. 456 5(%"98‘%0.088'8 84%§962.56%%%¥00*q§ 701 @@g@f 73?%@% 85%8H%5.194
1110* 56 98104370*106040003 9AABLE 1& {mm) dB3gnm diB26n) o nm 6115)60i5

600* 100} 000 860* 53.722 1120* 59.880 1380* 60.885 610* 100. 000 870*
54.951 111302062, 19909610* 980. 000 SBAG* 5024P7 8804658, 620500140 1640085

52337 9po185. 050 178+ 1807000 15200 1007000 30 B4AE 5015 0180 EY |rgs
1170* 60} 9%hd430%)06300/44 1000 61.161  1260% 66470  1520% 61.570
10 750% 100.000  1010* 61.781  1270* 77228 1530*  100.000
760* 54471  1020* 63.699  1280* 66.038  1540* 60.010
770% 55.159  1030* 61.046  1290%  100.000  1550% 60.710
780* 100.000  1040* 64.394  1300* 64.048  1560* 59.641
790* 57436 1050* 60241  1310% 60.854  1570* 66.068
15 800* 69.276  1060* 65937  1320* 67366 1580*  100.000
810* 62.692  1070* 64389  1330* 61383 1590* 68.815
820* 55412 1080* 69.632  1340* 67.698  1600*  100.000
830% 55.023  1090% 59.887  1350% 61.919
840+ 56.545  1100* 61.567  1360*  100.000
20 850* 54.599  1110* 58.704  1370* 73.806

First referring to Table 5, the 62.5 um glass optical fiber was used as a standard, showing

light transmissivity across the 600 to 1600 nm spectrum. Comparing Tables 6, 7 aﬂd 8 with

Tables 9, 10, 11 and 12 shows that the semi-crystalline optical fiber of the present invention is light

tranmissive at comparable wavelengths in comparable amounts to known amorphous optical fibers,
25 including, but not limited to the 850 nm and 1310 nm wavelengths. At 850 nm, the known

amorphous optical fibers had values of 11.868 dB, 15.501 dB and 14.774 dB while the semi-

crystalline optical fiber of the present invention had values of 12.657 dB, 10.145 dB, 10.198 dB

and 3.444 dB. Likewise, at 1310 nm the known amorphous optical fibers had values of

26.557 dB, 29.901 dB and 29.447 dB while the semi-crystalline optical fiber of the present

30 invention had values of 26.646 dB, 24.669 dB, 24.689 dB and 12.442 dB.
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34 WO 02/ 23229 PCT/USO01/28677 660* 100.000 920* 63.294 1180* 100. 000 1440*
61.192 670* 55.359 930* 100. 000 1190* 63. 065 1450* 60.548 680* 49. 226
940* 57. 680042209 62. 588 1460* 64.631 690* 46. 164 950* SBCHBS01IBITD* 61. 321
1470* 66. 751 5 700* 54.803 960* 53.292 1220* 100. 000 1480* 59.763 710*

100. 000 970* 30* 9 1490* ..64. 960 9 5
1240* 61. 625 ‘“%él? Sﬁ‘Bb"W%@p %I?L}t “gﬂbeéﬁg& Ifz%gﬁ“’i’%%’éﬁggﬂ“gpio’iéfﬁé
100. 000 740* 100.000 10Q0* 61.161 1260* 66.47Q 1520* 61.570 10 750*

100. 000 ¥ iokngyin sppy-crystaffine fipers fhablesdds 1430d. [apshows s ths knavy seppjqavsigdlines o9
1280* 66. 038 1540* 60.010 770* 55.159 1030* 61.046 1290* 100. 000 1550*
60. 710 [FOthylO6 006 phe4Benbdlly3axichB0fte B GuABESS at5ay Sdtelenggd0and 7. 436
1050* 60. 241 1310* 60. 854 1570* 66.068 15 800* 69.276 1060* 65.937 1320*

67. 366 1%%@1’{1%11 PAB508404nd031684. 10 860 n@dihd RHowhSRBi-BibaBithd fibd We Glucd 15
820* 12 1080* 69. 632 1340* 67.698 1600* 100.000 830* 55.023 1090*

87 291 03 3 0 850* 54.599
1110 a0 BA08- S P i P bR e o' oo
opti cal fiber was used as a _standard, show n ht transm ssivity across
the 600 {®-HeBbandAlsle B likedpsami- ﬁtgstﬁiézﬁﬁ égersof the pregenginyeptionpaiplles 10,
11 and 12 shows that the sem -crystalline optical fiber of the present
i nvent i oh0 asl 11i thaknown semmicspsitaliénegiolyethypeae fibbre ofvbabidsd3gthandi 1y acompkssadsl e
anounts to known anor phous optical fibers, 25 including, but not limted
to the 8hfRmAAY 1310 nm wavel engths. At 850 nm the known
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anor phous optical fibers had values of 11.868 dB, 15.501 dB and 14.774 dB
while the sem - crystalline optical fiber of the present invention had

val ues ofwQ82/6879 dB, 10. 145 dB, 10.198 dB and 3.444 dB. kCRe#wsass77at 1310
nm t he known anorphous optical fibers had values of 26.557 dB, 29.901 dB
and 29.447 dB whil e the s gi-cr%%ﬁﬁbggne gpt.ical fiber of the present 30

i nventiori had' Var'des of 26, 626-dB,  246697dB %' 24. 689 dB and 12.442 dB. 35
WO 02/ 23229 PCT/ USOL/ 28677 Cbnpariq? the sem_ -crystalline optical fiber of
the presehixtufesdpgeging poipnades topgodugq makien nofymerang fonsHPriERe themRlier) | i ne
fibers (Tables 13, 14 and 15) shows that the known sem -crystalline

pol yet hyp@peerfit beorstapopessessential |y no |ight of neasurable quantities at
any wavel ength, and specifically not at 850 nmand 1310 nm At 850 nm the

known sem - ¢f gat Rl 9 €luld RRSudiayien Wath #RSexBu®d 1336ecPal: BBmoRen Jd¢meBind dnd
54.599 dB, while at 1310 nmthe values are 70.399 dB, 100.00 and 60. 038

dB.SUnIi§§U;?%\ %p% %&¥§%%h%kne fibers of the present invention of Tables
9, Y10 ahd 21,8t é’kﬁomm sem:crystalline polyethylene fibers of Tables 13,

14 and 15 are useless as |light conduits. 36 WD 02/23229 PCT/USQL/ 28677 1
An appar at us? pEyeist Bdlyed crymwtcatian withps gear puspiior snippyng the molien pefemey igio the
heating polyner resin to produce nolten polynmer and for supplying the

nol ten palcghfifergtinda const ant pressure; a gear punp in fluid comuni cation
with the extruder for receiving the nolten polyner and for 5 controlling
the polyner flaWohRk®r BnSRli@E &lmpeRnil BT flc 6RMIRVAbG4tte? hobeR khighgear
punp for spinning the nolten polynmer into the optical fibers; and a heat
source for. controlling the tenperature of the optical fibers after the
fibers et %e spinneret, 10 wherein the tenperature-controlling

maxi m zes crystallization of the nolten polyner.
10 wherein the temperature-controlling maximizes crystallization of the molten polymer.

2. The apparatus of claim 1, wherein the heat source comprises a plurality of vertically-aligned

temperature zones, each zone having a temperature lower than the zone directly above.

15 3. The apparatus of claim 2, wherein the temperature of the optical fibers exiting the bottommost

temperature zone is near room temperature.

4. The apparatus of claim 1, further comprising a take-up roller for tensioning the optical fibers

after the fibers exit the spinneret.

20
5. The apparatus of claim 4, further comprising at least one drawing station to draw the optical
fibers after the fibers have been tensioned and temperature-controlled.
6. The apparatus of claim 5, further comprising an annealing station to anneal the optical fibers
after the fibers have been drawn.

25
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2. The apparatus of claim1l, wherein the heat source conprises a plurality
of vertically-aligned tenperature zones, each zone having a tenperature
| ower thavwoohes2zone directly above. 15 3. The apparat us oPCTAU&IIMSR]7 wher ei n
the tenperature of the optical fibers exiting the bottommpst tenperature

zone is near r gﬁg&éﬁg&gdﬁ&ﬁéggmﬁ ﬁhQ?c ﬁﬁﬁﬁ%us of claim1, further

conpri si ng a ¥ enS|on| e optical fibers after the
fibers exit the s ret. 20 5. The apparat s of clai t he

conpri sing &feF fpoaﬁeat@smywr seFiRip Bipdns TBp IE POHEE n% @aFuPP¥Y%t5“§ mfETey
the fi bers have been tensioned and tenperature- controlled 6. The appar at us
of cl ai npdyménat & henstapbprpssiisi ng an anneal i ng station to anneal the optical
fibers after the fibers have been drawn. 25 37 WD 02/ 23229 PCT/ USOL/ 28677

7. An appar atgdésr fup iR TREUHNIBuRRkibE Mith iR FrEder EQ TR A Ge nde@YdIHmbled e
heat i ng polyner resin to produce nolten polynmer and for supplying the

nnl%en &%_¥ étﬁ; gwggqﬁaﬂgg pressure; a gear punp in fluid conmunication

h t he ex receiving the nolten polynmer and for 5 controlling
the polymer flow rate; a spinneret in fluid co ni.catign with the gear
punp for spidTRIRget lﬁ@%m@ﬁurﬁeﬂﬂywtht g2 PP "g'étsm@a}lg fheeglien pahyppeninto the
take-up roller for tensioning the optical fibers after the fibers exit the
spi nner ebpticahfidrees; and he t ensi oni ng of the optical fibers naxim zes
crystallization of the nolten polyner. 10 8. The apparatus of claim7,

further co mrth@moﬁeM%ﬁﬁom@%me oplidaPlibdrsitd: R fRARKIAkdpAmelet,t he  opti cal
fibers after the fibers exit the spinneret. 9. The apparatus of claimS8,
further co np\{fﬂe§en§' gle%nsiogﬁétof s pq{:a"i“ﬁ'b&g m%&%ke%’l&s?aﬂ?iaﬁ% M}ﬁe %Bfté &lemer.

10

8. The apparatus of claim 7, further comprising a heater for controlling the temperature of the

optical fibers after the fibers exit the spinneret.

9. The apparatus of claim 8, further comprising at least one drawing station to draw the optical

15 fibers after the fibers have been tensioned and temperature-controlled.

10. The apparatus of claim 9, further comprising an annealing station to anneal the optical fibers

after the fibers have been drawn.

20 11. The apparatus of claim 8, wherein the heater comprises a plurality of vertically-aligned

temperature zones, each zone having a temperature lower than the zone directly above.

12. The apparatus of claim 11, wherein the temperature of the optical fibers exiting the bottommost
temperature zone is near room temperature.
25
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15 fibers after the fibers have been tensioned and tenperature-controll ed.
10. The apparatus of claim9, further conprising an annealing station to
anneal tivweoopeizeal fibers after the fibers have been dr an@T/US@/2BE77 The
apparatus of claim8, wherein the heater conprises a plurality of

verti cal 1yl gnetl SIRSEALMLE A808Sng SACIL SRNGAIRYLARLALLEIPALAPHLE | over

than the Zone direct ove. aratus o arm In the
tenperature of the _optical fibers exiting the bottomobst tenperature zone
i s near HBFHtEHsdibssdirge bess teygiopgd- 02/ 23229 PCT/ USOL/ 28677 13. The
apparatus of claim7, further conprising at | east one draw ng station to
draw the optical fibers after the fibers have been tensioned. 14. The
apparatus of claim 13, further conprising an annealing station to anneal

the opti eAlThE bhREfus & BithaB, fufBerfcbRBRSn AV MnBARE sEHEiBND anhSal (HRDPABN EHaE US
for producing optical fibers, conprising: an extruder for heating pol yner

resgn tomﬂga%Hﬁ%qu¥%&%n%%kxger and for supplying the nolten polynmer at a
const ant pressure; a gear punp in fluid conmunication with the extruder

for receiving the nolten polyner and for controlling the polyner flow
rate; a spinneret in fluid comunication with the gear punp for spinning
the nolten polynmer into the optical fibers; a heat source for controlling
t he t enp&s. atrappamafus fdreprapicing abtidal Bbers cafpesing:he fi bers exit the 15
spinneret; and a take-up roller for tensioning the optical fibers after the

fibers exit fhQusdi RIeEAIng poWRRE &ish th R ALENRERE! JolEnG AR TR lsﬁﬂ;p[sgngaﬂﬂg nfoltén

tensioning of the optical fibers maxim ze «crystallization of the nolten

polymer._ 16. The apparatus of claim 15, wherein the heat source conprises a
prural 1 §BnevRR R e

al'igned
10 a gear pump in fluid communication with the extruder for receiving the molten polymer and for
controlling the polymer flow rate;
a spinneret in fluid communication with the gear pump for spinning the molten polymer into the
optical fibers;
a heat source for controlling the temperature of the optical fibers after the fibers exit the
15 spinneret; and
a take-up roller for tensioning the optical fibers after the fibers exit the spinneret,
wherein the temperature-controlling and the tensioning of the optical fibers maximize
crystallization of the molten polymer.
16. The apparatus of claim 15, wherein the heat source comprises a plurality of vertically-aligned

20 temperature zones, each zone having a temperature lower than the zone directly above.

17. The apparatus of claim 16, wherein the temperature of the optical fibers exiting the bottommost

temperature zone is near room temperature.
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20 tenperature zones, each zone having a tenperature |ower than the zone
directly above. 17. The apparatus of claim 16, wherein the tenperature of
the opti oed 0t2h2e4s exiting the bottonmost tenperature zoPET/USOWESAT? I OOM
tenmperature. 39 WD 02/23229 PCT/ USOL/ 28677 18. The apparatus of claim 15,

further rising at.least. ene drawi.ng station to draw.th ti,cal . fibers
i ter it 1sepbiudhe BB BREe (BN SHa S B B DE b B Bl e gricat o
apparatus of claim 18, further conprising an annealing station to anneal
t he opt i &ofrs #ffepthedibers bayq baen tqnsionsdrnd derppspaiunsseniraliedwn. 20. A nethod for
produci ng optical fibers, conprising: heating polyner resin to produce
nol ten polynmer; spinning in a spinneret the nolten polynmer into the optical
fibers; and 10 controlling the tenperature of the optical fibers after the

fibers exg trht BgpatiisiFelagth 18, MART @bRplifify LEIRENRE WaBort & tHe RSt €S
crystallization of the nolten polyner. 21. The nethod of claim 20, further

cConpri si ond.rolling the nolten polyner flow rate before spinning. 15
ZZhEThe %%?ﬁggﬁgﬁl%y%&ﬁPgﬁvwhherein the tenperature-controlling conprises

controlling the 10 tenperature of a plurality of vertically-aligned
tenperature zones through which the optical fibers travel, each zone
havi ng a tenperature | ower than the zone directly above. 23. The nethod of
cl ai m 2220.whmrethbd fdr peodieinp eptidalifileerg tompsigpt i cal fibers exiting the
bottonmost tenperature zone is near roomtenperature. 24. The nethod of

claim 20, fu5d Iy RIs{nsth REbdLENSLIRRI G nidee optical fibers after the fibers
exit the b5 Ry o R0 02 3408 BET UscLl 26677  25. The met hod of
clai m 24, fslﬁli%}urr]lg rin 2(1: gpl relre 'thréqné]l{e%"ﬁ‘o&%é Ql%\ot Q%{)tcltc%i ﬁgelrsb;%.rrl )

10 controlling the temperature of the optical fibers after the fibers exit the spinneret,

wherein the temperature-controlling maximizes crystallization of the molten polymer.

21. The method of claim 20, further comprising controlling the molten polymer flow rate before
spinning.

15
22. The method of claim 20, wherein the temperature-controlling comprises controlling the

10 temperature of a plurality of vertically-aligned temperature zones through which the optical fibers

travel, each zone having a temperature lower than the zone directly above.

23. The method of claim 22, wherein the temperature of the optical fibers exiting the bottommost

temperature zone is near room temperature.

24. The method of claim 20, further comprising tensioning the optical fibers after the fibers exit the

5 spinneret.
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26. The nethod of claim 25, further conprising annealing the drawn opti cal
fibers. 5 27. A nethod for producing optical fibers, conprising: heating
pol ymer me@bm32e9 produce nolten pol yner; spinning in a sppaneset28stre nolten
polynmer into the optical fibers; and tensioning the optical fibers after

the fibe xit .the.spinneret. wherein the tensioni maxi m zes

cryst al 1150 BB Sf ABTRAF aiep STHEIE d4Gnb SRR A0S Of "o i m 27,
further conprising controlling the nolten polyner flow rate before

spi nning. 29. The nmethod of claim27, further conprising controlling the
tenperature of the optical fibers after 15 the fibers exit the spinneret.
30. The Metlhothetdfodof elbim 29 further tdreprist@maneding thediraw oygichlfebespt i cal fi bers.
31. The nethod of claim 30, further conprising annealing the drawn optical
fibers. 20 32. The nethod of claim 29, wherein the tenperature-controlling
conprises controlling the tenperature of a plurality of vertically-aligned
temper atyre zopes.t hr augh ich.the optical fibers travel, each zone
ha\r/ri%ng aﬁ-%g&g?f?fgfq 8&5%%0 ﬁl?eﬁséc%rgﬂrém%ﬁ'rectly above. 33. The nethod of
claim 32, wherein the tenperature of the optical fibers exiting the

bot t onmost hegtBigpelyper einite rradhes meltanaRlyResom t enperat ure. 41 WD 02/ 23229
PCT/ USOL/ 28677 34. The nethod of claim 27, further conprising drawing the
optical fi Bpinsing &ba spliteratrdichadtenfpolyar intBthe optidal fikers;aadpri si ng anneal i ng
the drawn optical fibers. 5 36. A nethod for producing optical fibers,
CONpri Si NG:tensRBRY 'tﬁ@op@i@il)ﬂﬁﬁfs eSO fib&s BLiPAESSinfiRLd en pol ymer; spinning in a
spi nneret the nolten polyner into the optical fibers; controlling the

tenper at ur € 0f A QB8 ml hBEL bRt 18 L Sl Rl e SPI nMer et and

10
28. The method of claim 27, further comprising controlling the molten polymer flow rate before

spinning.

29. The method of claim 27, further comprising controlling the temperature of the optical fibers after

15 the fibers exit the spinneret.

30. The method of claim 29, further comprising drawing the optical fibers.

31. The method of claim 30, further comprising annealing the drawn optical fibers.

20 32. The method of claim 29, wherein the temperature-controlling comprises controlling the
temperature of a plurality of vertically-aligned temperature zones through which the optical fibers

travel, each zone having a temperature lower than the zone directly above.

33. The method of claim 32, wherein the temperature of the optical fibers exiting the bottomimost
25 temperature zone is near room temperature.
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10 tensioning the optical fibers after the fibers exit the spinneret,
wherein the tenperature-controlling and tensioning nmaximze crystallization
of the mwoem32pbl yner. 37. The nethod of claim 36, furthereTwemmssvsi ng
controlling the nolten polyner flow rate before 15 spinning. 38. The

met hod of claim 36, wherein the tenperature-controlling conprises
controlling the tenperature of a plurality of vertically-aligned
tenperature zones through which the optical fibers travel, each zone

havi ng a34 dipacthod céclpign?. futhen comprisigrbaing deraplicdB§eis. 20 39. The net hod
of claim 38, wherein the tenperature of the optical fibers exiting the
bott omost tenperature zone is near roomtenperature. 40. The nethod of
claim 36, further conprising drawing the optical fibers. 25 41. The net hod

of cl ai MGy HafHASF clERTA ifﬁkt{&gc&ﬁ]{'}%& | PledIAE AW, QRIChC@erd | Ders. 42 WO
02/ 23229 PCT/ USOL/ 28677 42. An optical fibef conprising: polymer resin

heat.ed to produce nolten polyner, the nolten polynmer being spun in a
spinneret into the optical fiber, 5 wherein the tenperature of the optical
fiber is controlled after the fiber exits the spinneret, such that

cryst al | $&dt methodfor prslupipg pplicapBbspimepmprsipgixi mi zed. 43. The optical fiber
of claim42, wherein the nolten polyner flowrate is controlled before the
mol t en pol yhe#ingipdlysies fesinli0 pfliucelhslt@piolyardr; fi ber of clai m 42, wherein the
tenperature is controlled using a plurality of vertically- aligned

tenperat ur %gﬁﬁﬂ?%n 1 Bhionah tﬂé*}h&l&nfgﬁﬁm%?ﬁﬂt&ﬁk opliefindig;avel s, each zone

havi ng, a tenperature |ower than the zone directly above. 45. The optical
fiber of claimd44, wherein the tenpe ure. of. the optical .fiber exiting the
bot t oot CORE1 e P elrs e PERRRLEE S et i giepinneret

10 tensioning the optical fibers after the fibers exit the spinneret,

wherein the temperature-controlling and tensioning maximize crystallization of the molten

polymer.

37. The method of claim 36, further comprising controlling the molten polymer flow rate before
15 spinning.

38. The method of claim 36, wherein the temperature-controlling comprises controlling the

temperature of a plurality of vertically-aligned temperature zones through which the optical fibers

travel, each zone having a temperature lower than the zone directly above.

20 39. The method of claim 38, wherein the temperature of the optical fibers exiting the bottommost

temperature zone is near room temperature.
40. The method of claim 36, further comprising drawing the optical fibers.

25 41. The method of claim 40, further comprising annealing the drawn optical fibers.
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46. The optical fiber of claim42, wherein the optical fiber is tensioned
after the fiber exits the spinneret. 20 47. The optical fiber of claim46,
wher ei n tweoppt2eecal fiber is drawn using a draw ng stati oPCT/US®/28¢tTe
optical fiber of claim47, wherein the drawn optical fiber is annealed. 49.
An optical fiber conprising: 43 WO 02/23229 PCT/USOL/ 28677 polynmer resin
heated to produce nolten polyner, the nolten polynmer being spun in a
spinneret into the optical fiber, wherein the optical fiber is tensioned
af t er t h€.{AnbeticaXibeisconipeissgi nneret, such that crystallization of the
nolten polyner is maximzed. 5 50. The optical fiber of claim49, wherein
the nolten | tesfnl 1RWell & Srollife &Meh Dbl REr, BRIMSIRNHBE meBeiheHuAGh Y TEr 'S
spun. 51. Tﬁg)%gflcal flberﬁef clalmgQIy wher ei n t?e@tenpergﬁhre of the
opti cal n after the 10 fiber exits the spinneret. 52.
The optl%%ﬁﬁ¥a z?ﬁ% bﬁgakﬁgél wherein the optical fiber is drawmn using a
drawi ng statlon 53. The optical fiher of claimb52, wherein the drawn
opti°cal fi betherein the fampegaivre pkths eptica éb‘ap% ?%181011?‘1 after theibey exitsihs SPIgRIED ei n
the tenperature is controlled using a plurality of vertically- aligned

t enper at sick thmo oy stalfibationgii thehmdtenphlynepisineximizeber travel s, each zone havi ng
a tenperature |lower than the zone directly above. 55. The optical fiber of
claimb54, wherein the tenperature of the optical fiber exiting the

bott onmost 20 tenperature zone is near roon1tenperature 56. The opti cal

fi ber of im49 | ber, | [ AW
station. 4% g‘%lle cal ﬁ%’hr of 8 m% | % V}gheoefln al ol %%olng w I'at%% corgl%ll%d gefg & tﬂeg
fiber is annealed. 25 44

molten polymer is spun.

10
44, The optical fiber of claim 42, wherein the temperature is controlled using a plurality of vertically-
aligned temperature zones through which the optical fiber travels, each zone having a temperature
lower than the zone directly above.
45. The optical fiber of claim 44, wherein the temperature of the optical fiber exiting the bottommost

15 temperature zone is near room temperature.

46. The optical fiber of claim 42, wherein the optical fiber is tensioned after the fiber exits the

spinneret.

20 47. The optical fiber of claim 46, wherein the optical fiber is drawn using a drawing station.
48. The optical fiber of claim 47, wherein the drawn optical fiber is annealed.
49. An optical fiber comprising:
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WO 02/ 23229 PCT/ USOL/ 28677 58. An optical fiber conprising: polymer resin
heated to produce nolten polyner, the nolten polynmer being spun in a

spi nner etwd n2/z82ehe optical fiber, wherein the tenperaturePof/ushie2sept i cal
fiber is controlled and the optical fiber is tensioned after 5 the fiber
exits the spinneret, such that crystallization of the nolten polyner is
maxi m zed. 5Shlynidreesiphdatdlto piokdede mdltealpaiymeb8he mblangiotynhdndeing buarin pol ynmer
flowrate is controlled before the nolten polymer is spun. 10 60. The

opti cal gbﬁﬁﬁdqﬁogkgkﬂ&égmmmhereln the tenperature is controlled using a
plurality of vertically- allgned tenperature zones through which the

OPtical 1 Doy SERYR gt 300 O RATENR hEBAL LU Rao LoV B0 e FANe

directly aboVe” e e i ™ era

of the optical fiber eX|t|ng the bottomost 15 tenperature zone i s near
room t enpEhgmiplien pelymeringagisrizedal fiber of claim58, wherein the optica
fiber is drawn using a drawing station. 63. The optical fiber of claim®62,
whergin the drawn optical fiber is annealed. 20 45

50. The optical fiber of claim 49, wherein the molten polymer flow rate is controlled before the

molten polymer is spun.

51. The optical fiber of claim 49, wherein the temperature of the optical fiber is controlled after the

10 fiber exits the spinneret.

52. The optical fiber of claim 51, wherein the optical fiber is drawn using a drawing station.

53. The optical fiber of claim 52, wherein the drawn optical fiber is annealed.

15 54. The optical fiber of claim 51, wherein the temperature is controlled using a plurality of vertically-
aligned temperature zones through which the optical fiber travels, each zone having a temperature

lower than the zone directly above.

55. The optical fiber of claim 54, wherein the temperature of the optical fiber exiting the bottommost

20 temperature zone is near room temperature.
56. The optical fiber of claim 49, wherein the optical fiber is drawn using a drawing station.
57. The optical fiber of claim 56, wherein the drawn optical fiber is annealed.

25
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58. An optical fiber comprising:

polymer resin heated to produce molten polymer, the molten polymer being spun in a
spinneret into the optical fiber,

wherein the temperature of the optical fiber is controlled and the optical fiber is tensioned after

the fiber exits the spinneret, such that crystallization of the molten polymer is maximized.

59. The optical fiber of claim 58, wherein the molten polymer flow rate is controlled before the

molten polymer is spun.

60. The optical fiber of claim 58, wherein the temperature is controlled using a plurality of vertically-

aligned temperature zones through which the optical fiber travels, each zone having a temperature

lower than the zone directly above.

61. The optical fiber of claim 60, wherein the temperature of the optical fiber exiting the bottommost

temperature zone is near room temperature.

62. The optical fiber of claim 58, wherein the optical fiber is drawn using a drawing station.

63. The optical fiber of claim 62, wherein the drawn optical fiber is annealed.
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