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COLOR SHI FTI NG MULTI LAYER POLYMER FI BERS AND SECURI TY

ARTI CLES CONTAI NI NG COLOR SHI FTI NG MULTI LAYER POLYMER
WO-b®ERB383 el d of the Disclosure The di scl osur ePCEUS108%035685

to optical devices, and nore particularly to optica

articles that include |ayered polyneric fibers that

inpart color to light that is reflected or transmtted

by the fibers, including secure articles, and nore

particularly to articles, for exanple passports,

b IO RSHITEFIAG: MELTTLAYER POIAAVIER FHBERSeNDISBCURITY

RIS AT RINNG B RN sl LR EaveR roLYMER
Background Many types of fgypgiges used for making, for

exanpl e, cloth, contain dyes or pignments to inpart
different colors to the fibers. These dyes and

pignents typically o t [ ng sone

wavel engt hs of Iightﬁﬂ%@i énggﬁﬁﬁgpgﬁg ot her

wav @hedgthsurcaclbes tedpteat doiccRalndmrerefpabrubirlgrte optical articles
different class of fjber in that they inpart color by

thag greideilapersd pedymerde fibgs Sumplenlenigiiest dat wagflqcignr
traggﬁglt%rﬁe?yrr{@ fidrd] gncth!&ﬁIng %%ﬁge éé‘?é’l@é SRI LR Péﬂﬁcﬁlgﬁy g?eﬁ‘&icles, for

I bers "have anar constfruction
cx@nple padspadts, danlatotasgerediy endidohtits chfdar @it scpmdity nays that use
terials: the refractjve indices and thicknesses of
mttlniﬁéyqrs BRlymaEe EbRss heand gl@%&@éﬁ@t%@r@h%@%ﬂ@&
refl ected and those that are transmtted. Fi bers of
pl anar | ayers are, however, difficult to manufacture
and are |linmited to usingBggkgiomafls that adhere well to

eac I : S 1l | : :

b S SRRt RS b, ity agpigmens
to B diffeR8t cdes Mo theiicelS , THeske fdsfand didnaumtLapidslly bperate by

cards) or passports. These types of inportant articles
absprling seme Hayelprashs eldéehii winlePmiag ober waralenaths to be reflected.

POl HLER R RE SR P STRE PR LGB vy
refedhlf bdriye fveadlengelss @itie Dffitand tasdnittiiy bl othicewalhidsghs. In the

fromdifferent technol ogy fields, manufactured by
pagi Rl wpeinfibestprpyiciused 2 Plafef npiseRtien of peverd plp@ating fayers of

SFRGP e B SR SERNEL 1 BEASL T BBt
theobdaigmgdlslthat are reflected and those that are transmitted. Fibers of planar layers

are, however, difficult to manufacture and are limited to using materials that adhere well
to each other.

One use for polymer fibers is in the manufacture of important articles, such as
bank notes, securities, permit cards, identification cards (ID cards) or passports. These
types of important articles are commonly provided with a number of security measures
whose object is to make counterfeiting difficult, if not impossible. Several layers of
security features are often used, which are chosen from different technology fields,
manufactured by different suppliers, and embodied in different constituting parts of the
security article. To break the security document, the counterfeiter would need to obtain all

of the implied materials and to get access to all of the required processing technology,

which is an extremely difficult task.
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of the inplied materials and to get access to all of

the required processing technol ogy, which is an
wexawamsBy difficult task. The manufacturing of PEI/US2009/035685

banknote, for exanple, requires a special banknote

paper (which may contain watermarks, security threads,

fibers, planchettes, |um nescent artlcles W ndows,

f oi IT§e MyautcaIring o4t ibAggI0t Y oxa > EHUEPER prestail hendgote paper
(wﬁ\fcfl Elnaﬁ/acrohiaﬁl% S sg(‘fﬁ}ltf lﬂ}r @9&?& ) cﬁ&?elﬁrlluhxne%xgﬁ

and er 'secu

palfﬂlems CRindewb, oAy Idle@al@ rRat@iddedtc. b],IV@hcls aeumphmea rwlﬂi pat@cular inks
eq ui prrent Contra&%/ t o _conmmerci al r|nt|n

(W]élﬁb Iy NG SCCYR DI FRGHS arrﬁgfurtépﬁ SR aéé\‘?léf%)l using
de(ﬂlcét&? gl?%]loglql? %ttl*\e/‘g 4 ﬁﬁ%@@l glf)%%tlggg&& g gnt Qﬁﬁi‘rg to QMQFCiaI

ecen ave een
prlﬁﬁlﬁg/apjﬁldamﬂsmeﬁﬁwrprﬁlﬁng mlies o8 rsdve@ﬁlrt&fferad@rmg todhinefoes
are applied b¥ dedi cated equi pnent. The materials and

compiged &ﬂﬁeﬁ’ﬁé b heesahs dop gmeAlk S1dre BeasRiAB thankasesivy been provided
leer f t
e T S
mabﬁylaﬂid(aﬂdl i) e@pprhﬁit@fesded'ﬁh enake @llfahkr}bté lmreem@z available thived
tradition eleq§§L of antl- | sification p

r for . .
Sp%ﬁ«\l%%ﬁwﬁsma@t ARy GayP o‘E%PF@ﬂ’t‘%e V%g@géécurlty printing
“@ﬁgg ghh ${g%g§ are particularly difficult to

cou ter ecause a) the thread is made by a
spedha btbCZlady thagidusuetepasiaditonabslcratierf ahti-giibijication paper for

speci al i, zed techni or Is.a [tilayer film but b
bankpatesppd gHheh srcyEty Cs@epﬁc%mb%@@éacqw Bireads a{?rmw@ﬁ

dlf‘ﬁ 1d PufitcHidlt BWat e ﬁiébcﬁieraa'i%??é@qé'g}?eﬁaﬂ%dqgacﬁﬁﬁplieposmon

IS necessary acces to two erent” manuracturin
or btﬁeh]mghkyg;pecialmd$¢dhmque,sorama ahdtilagdreilino butviy) uhathibead needs to be

(G R R AT

ne&@éa’fﬁéceﬁ Hitho d?@érbﬁt%%u%&ﬁrﬁ% tt 'lc%yés Hﬁfe? & sztacle for

paper, aut henti cat e-abl e ei I ng at
wwmhibaamsmﬂ&mnmy, or by detecting its electrlc or

% ti c pro erties mngg thg@hel of a corr e(fzrondlnﬁ.
devi'CE. “SWF% redphiesHiiptEad GRSY WEs ¢ st et gty lized
pofy'ﬂ{e? Adip BeikE8,M:a %ﬂﬁﬁ ﬁfé%ﬁ%mcy"ﬂh’p@p afld §utﬁ@1{tfclaﬁé B él%r by

thin the paper and partly [ié open at the surface of
lodkh@ gapernranilhcecpl drdyslefasting itsl eleetric ovingagaétic properties with the

e e R e Mo SR SR, L S et
anapbt%ll (E:lg‘&lid; C\ggﬁﬁ g%@ﬁﬂr@%&%d"évfﬂﬁﬁ%é MiRAghd SRIPYE Sh&Patdhe surface
of the paper. This allows for a direct visual authentication of the thread's overt security
features at the sites where it appears at the paper surface.

One particular laminated window thread, comprising an optically variable
interference coating manufactured by the vacuum deposition of a multi-layer interference
stack onto a carrier plastic sheet, and subsequently protected by laminating a second

plastic sheet over it. Currency paper containing such optical threads, which change color

depending on the viewing angle, is currently available.
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interference coating manufactured by the vacuum
deposition of a nulti-layer interference stack onto a

W@ 2a0091ex38pl asti ¢ sheet, and subsequently prot eRCEUSI999/035685
| am nating a second plastic sheet over it. Currency
paper containing such optical threads, which change
col or dependi ng on the view ng an is currently .
avaiVagwine CoMtgURRIE SERANAIYC PEOCEY, xfg@rs:@m@m;ﬁ%ldéggh prjgetfigr such

0 | r here is

e GO AP, s I B TIPSl
expensively. Summary [to be revised once clains are
finalized! One enbodinment of the disclosure is
directed to a secure arti eW@DMHYi ng a menber having a
first surface a I |1 r fiber on
the first surfa@g}%m%ﬁ&%ﬁgﬁgf%% gﬁsurng/(f:%&ﬁll?n this
conextentbedingent bAthca@lisclosastis dirféd fonscofirctahtéclé hbﬁﬁg h snember
in contact with the first surface. The first paly

ha¥ipga firg shireesid adirstemplitrysraolymer fhenssthntirsd ergface "%0n the first
suf ﬁ{‘ﬁﬁ% &nke@&yﬁlre ntf esdlspag%(ﬁ"n&? f’?l:e'fﬂ)g sq}{ %&ﬁaa gp the first
I rs rs

pol yner eria aV|n ractlve In

surdand. Ths e Ipdly@@ﬂr)ﬂbéf comapriyeh ah aft@deAgneofsabsattially concentric
refractive index different_ fromthe first refractive
layereRprispgtaematng Sarivee fret nolynaeraaicriy hgviag firet refractive

1nd%g< gh& ngeéo%atpn‘[}/%'? e ?naftér{aﬁ b 0 Ogg %500%?\%1{]&‘[1@6 ﬁﬂd& tdlf?éf%}%[g?oqn the

rst 'ayere pr oxi mat e
fhﬁmﬁkmusanﬁhge The first nultllayered polyner flber
has reflecting layers of at |east a first

mat érPHIer B0 m§é Brirepisd Y recHEr BHFlg that |ha§/§ PSSt gembgghaving a
ﬁr% Fﬁ %ce%’ih%rfﬁrgt |¥'glae|d ﬁf}‘él?ﬁ?a Jep g1%§ﬁgatp %e"ﬁ@ﬁsu#ﬂ%ﬁ I Phe first

e second po y ast one o
multilagdredipelysec fibe Hao Irgﬂmfmgmitye]rslod laslcbeiarfgstypol when magerl.and a

squEa BP DT i rahdoy sy et B Brst paly s Sttt By hBPaC e
s%f?ﬁé?efy a%#&b ehafa{ egs%neﬁﬂhb'fﬁwage Wﬁg@on

ber PSSV S| wthin a selecte
matdriaf steeing lswdfrmga]pefhncklmssafs of thid lagérs pﬁﬂarﬁrthtalymersnatleal and

nd in ent endicular to fiber ngjit udi I
thegyers g @eﬁ?%@rw NGy na3tegial ag sgf?ftqdﬁotﬂwé thq ﬁfét multfayered
e%'b&%ﬂea §fsﬁﬁ@h%ﬁﬁ$ltﬂ1ﬁ g3cleUt$ h&%oﬁ e th%eleﬁﬁlte%gectrum ina
rtion of e vi si Bl e spectrum and i nci dent

ﬁrsp @Dkaalzd:ucmusltae atdinchienf pdvpendictagitod a cﬂibna]ongntmchnal ArRBtane transmits
thod ver i

visil REah B e o o B Mg el ﬁﬁe%{ FOTFip Af thg visible
sp Qi8S dNBEREn: BlFhdRYIBE toRRE YBEN oh§iRRfnALLached to the

Another embodiment is directed to a method of verifying an article. The method
includes illuminating with light a birefringent multilayer polymer fiber attached to the
article. A wavlength range of light in at least a first polarization state of light reflected or
transmitted from the multilayer polymer fiber is detected. An spectral fingerprint of the
detected light is verified.

The above summary of the present disclosure is not intended to describe each

illustrated embodiment or every implementation of the present disclosure. The figures and

the detailed description which follow more particularly exemplify these embodiments.
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article. A wavlength range of light in at |east a
first polarization state of light reflected or

W e@ssm3ss ed fromthe multilayer polyner fiberP@BUS2009/035685
detected. An spectral fingerprint of the detected
light is verified. The above sunmary of the present
di sclosure is not intended to describe each
illustrated enbodi nent or every inplenentation of the
present di scl osurgriefi&ctiptivh 08 R Wrdwifigslet ai l ed
description which follow nore particularly exenplify
t hede disblodingerysheBnprsfcompdaiely pniaptood in ¢rmsPeraongs the

The di,sclosure. more conpl etel y . understood in .
follfuf HERUET S S BP S REPaghS oY i BELRBRIR chfhesion
withahé @dednpaRAdh BRAseQtn Whighdi scl osure in connection

W th the acconpanying drawi ngs, in which: FIG A

sché&ffat 14 a¢he;naitlp¢lt/)sﬁlr1@ttaé@ arexenphsy sxwiilaydrt ganggudric polymer

concentric pol r £fiber according to principles of
fivgrit e grle QeI oL e RN e mmt | cal |

i1 ] 36T BB ShematiE ARSI BQEdsCros- Rt QXS @(%Mlpfﬂﬂ* briull @y P

concentric polymer fiber, according to principles of

cOnWQtr%@rmqr fihet cceryding: to !pm@ip@og ﬂ@\me@ﬁ@#ﬁﬂw,
tr ﬁfeh:?ét ié’ tQhoS s(:"ec}:ﬂterrlngla]c o{ref'!(elcﬁ%%e sﬂfelg ) 90%'111':%89 %%%%thﬂe%eln%{cuiag to the

ongi tudi nal” axis © er a
longgradipelr Henet thelFiBer dnd nohekpagictlad ok 1engitadinkl £8s; 2A
and 2B schematically illustrate exenplary

cr o§80s 2éy i shemaberdbritlpsteate eremnlars geass-sentipre for concentric,

R R S E Sy R R s
exemphany-8Dasisensaietil phlub@dte BérhplhBYy&bsspRbtidefor iudtiager

according to principles of the present disclosure;
polymgg fibgra ageording doratineiples 9f thepgesentadisclasuge vi ews of

0SS TSR AR (513, LI e

fibsishecamtingad byindiplesi st thatpeesarnt disdiesirdjsi ng nul ti ple
polfner fibers according’to princi ples of the present

di s&T6sdreandiBscheppatignlly iBpstsEhEHalcs BEng jrultinle gelyeee fibers
- o ' | &4 ol ymer fibers according
ac%%%ggpﬁ%%%$@§§%gﬁ%ﬁgmgyé%%ﬁ%ﬁrFsclosure; FIG 7
schends.iceadddyvB bdhesiatiadlBsllastgystverar aticlommsih@atultiplipolymer
mul til ayer palymnmer fibers according to principles of

fibpycenrdidg e PHpGRIcy 8lithe presspt disclosure;

FIG. 7 schematically illustrates a system for manufacturing multilayer polymer
fibers according to principles of the present disclosure; and

FIG. 8 schematically illustrates incidence of light relative to a birefringent,
multilayer polymer fiber, according to principles of the present disclosure.

FIGs. 9A-9D schematically illustrate different embodiments of secured article that
employ multilayer polymeric fibers, according to principles described in the present
disclosure;

FIGs. 10A-10E schematically illustrate cross-sections through exemplary security
articles that include multilayer polymer fibers according to principles described in the

present disclosure;
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FIG 8 schematically illustrates incidence of |ight
relative to a birefringent, nultilayer polyner fiber,
waewondisgy to principles of the present di scl oBCF/ES2009/035685
FI Gs. 9A-9D schematically illustrate different
enbodinents of secured article that enploy multilayer
nmeric fibers, according 8r|n0|ples described in

ItO heFipeddAtandi 48 S@@@m@twaﬂvé@wt@ Mlam o Gesyeseeliqnabyicy's
b B S SRR HER ST EREVher
poBeRerfidemg to principles descrlbed in the present

di scl osure; FIGs. 11 A and 11B schematically illustrate

pl aR1Gnk schematcdydilesiates ¢n éﬁ%’oii]é%%lé@f 3 yeshjtygtigle that includes
I t
tw? ﬁﬁl‘ﬁﬂh%lp%[ I ae(f ef?)egaa]\é;c/%glr %ftB %?ﬁcc'lﬁi._e? &e&%%gcg %{]t%r%ﬂélggﬁl isclosure;
] oG B ﬁﬁenﬂﬁm@lﬂb@lﬂmmms aflembodidount of eyse&[ﬂfltyCdrﬁclfe hl&tt 1ncludes
i ncludes two nmultilayer polymer fibers according
twey proging Masdtilaes ppl ey ﬁbﬁrwéoréw@ste REingiples descgibed 1I1ﬁ|h@present
distiesSghematical l'y illustrates an embodi ment of a
security article that includes two crossing nmultilayer
poIFnﬁrhfabemsn@MQ@Hmmm@shﬁeﬁmbd@mﬂﬁeﬁaﬁﬁ&ﬁ@hﬁﬁdeﬂﬁﬁhwh@es
the present disclosure; FIG, 14 schenatlcal
a wqamgf maltiayes ROMSHHPFRE AFCAHing & BIARAPEY %%"Elbi’ﬂ i@ thepgesent
dmbﬂ&&%des a weave of rmultilayer polymer fibers
according to principles described in the present
di sEIGsLr gherhtigally5llwstdaeath icodblimadnk biis };ercatl'@&u’aﬂe that includes
nﬁﬂbOdl nt of a security artlfle t hat incl udes
fikayer yf@r apq pREPrIGRY I EEUPICMP ST At MHgO- t@sée%ﬁﬁmdﬁrrgef@ pgigciples
des’&fﬁé@mttﬁéﬁxes Ql‘?srcgdsﬂﬂe gfpd principles described in the
present d sure FIG 16 schematically
i 1| b$Gr Bt memmtlcmﬂmhimstmtm apfermbodiacur bf y sentitycdrclt hiadt includes
qc%yde a_multilayer fiber featuring mcro-printi E%
a ngylts AR UrReCBIcE -GS Y Siip%»sacg@fhn@& PHOFIRlCH gt forth
n1@k%®%@ﬁuﬂ&§&%ﬁ§ure . Wile the disclosure is anmenabl e
various nodifications and alternative forns,
spe@thﬁhedheb&nﬁ1hanambéanvshmmnnb@ﬁmaymshnéxmﬂpmswﬁhnn&

aw be descri be tail. |
soeflGiiacrae e sy 8/“ T Sxapp in Qe Ringhendiiy e
dedfibed B ddedN. t1t §RRi1d be understood, however, that the intention is not to limit the
disclosure to the particular embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the disclosure as defined by the appended claims.
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di sclosure to the particul ar enbodi nents descri bed. On
the contrary, the intention is to cover al

worwofiless i ons, equival ents, and al ternatives PEI/UBI009/035685
within the spirit and scope of the disclosure as
defined by the appended cl ai ns. Detail ed Description
The present disclosure is applicable to optica
devices and is nore particularly applicable to optica
devices that use fibepgtdiRdW&¢iipgtonol or effects. A
new type of colored fiber is a polyner fiber that can
ap pdae presciialisslagirerie ppplicablolto pptiché é@ﬂmswd@mmmpm@laﬂy

f the

o RS pfetd O TiEen PR ARC Fh JoploP Tt af s, Agrew type of

colotddumBenat d ff')“tgyllnblgfﬂﬁer tHNRaP ppeario Halvb arffara c@l@)@@@épeh@m%
produce different colors at different points alon

Vatﬁ¢tt$efactomomh@ﬁ therpagte @fthétrlpgientsﬂld@mﬁmé rhughbandtth@polarlzatlon of
thegﬂles en%n | S 121 n?ymerqubglé éag arﬁ%et QeC%rogldce dl{ p %o“:iors nt

(SR 0 “app

difs&lt patd ﬂ@ﬂg thkiflbat | Noncaf tlsse PRESROIdpRnd &t 0 Itﬁe Mesence of a
debit cards, security tags, banknotes and the like, to

plaﬁm@t@tdyeagéhmﬁbert he fraudul ent use or copying of such

art e%fc'esergadrlsg osure &EVEI %H&{ca%féttloq %nt | (f‘ tr'tlglgs tsﬁgla 1(ag1%§ficatlon

can use varl OUS

card®rpasspar®] edit &&ie@ﬁﬁ‘sﬁrd@f sebﬁt@tytt@gshﬂatﬂms&s ﬁﬁd ieilike, t*ocprotect
the value of the information or goods being prot ect ed.

agapyt thodamsiutent BermrepEag iohsrdideticlay. i Yarious daclr arguthgntication
eS8 A8 SRl BB DO 4 o costore

techaliduéd ﬂaratitvs taTihe &alue adfkid ifbamatior bicgiods 8Eihgiptdted@cd. For example,
met hods such as the use of watermarks and patterns

bankpgtes Apcdudgayagiopy feabisgs. to spduse dhaipssibilitn ef frgpnanknotes can
ro e YRR PSP S B P B A
coﬁp@felfmgmﬂiodg swha@ aled @kios twacdmafkarané yatgrhethaoire hael tofcopy.

characteristic may be that it reflects light in only a
Acgrdingtp cheryegnt BiaplaswiRech peayrmdratiees e RO with agmltﬂayer

pob R R ENT i Bc P RS G AR B ERRNRET ko Brale.

on€dlod¢ eattgistit hevydeltvdat itlhfcasctightiis bnt;& speeifideprndent when
n the polarization of the jncgident ght. It is

ﬂhgmflaﬁeé dith whytendightrthe vay eengil pt theisalog bm Prite denendeigiopghe
1nc'icfe?1P Qﬁg@hf tlﬁE ?l‘f‘drﬁﬂgﬁn % n ko?n@érﬁ@o rL1 ﬁﬂs CtyL tolbP characterlstlcs

tet erf or mance bers us
aresdebsmdetlubretlie@lumzqmmsof tAe mrmmggm Itmsl kitfﬁbﬂy&rmmmfycmme such
f h f
ﬁbgﬁgstfel‘[@ﬁg%ﬁgggveﬁgéld Ctéi 5%\{9 o gﬁe argj[}g% also (ﬁ? Ccl{ﬁtltg ¥ep11%gtte l‘Ellgeeoptlcal

performance of the fibers using substitute techniques. Accordingly, multilayer polymer

s
—!

fibers may be used to provide another security feature that enhances the security of such
articles.

An embodiment of a polymer fiber 100 is schematically illustrated in FIG. 1A. An
exemplary cross-section of the fiber 100 is provided in the FIG. 1B. The fiber 100
includes an arrangement of layers of a first polymeric material 102 disposed between
layers of a second polymeric material 104. In some embodiments the first and second

polymeric materials are isotropic, and their refractive indices are selected to be different

6
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articles. An enbodi nent of a polyner fiber 100 is

schematically illustrated in FIG 1A An exenplary
wee@egisetti on of the fiber 100 is provided i nPETESIDL35685

I B. The fiber 100 includes an arrangenent of |ayers of

a first polynmeric material 102 disposed between | ayers

of a second polyneric material 104. In sone
froengrsliothertse tg é%/ﬁf fibayt] 08 sampEsRsricsefet gty 4re ohelfcsnqtiggefractive
infdke isotropic, and their refractive indices are

S8l ected to be differentfrom each ot her, so that the

fi beris 10 knowprtha@s afraS@mMdas oﬂiltdrmtmgi’ta}&frs ot diffemat d'he@ctnc
refractive index. It is well known that an arrangenent

maggriay elpdintighigt payparisngh Adpheisithpeptifabihicknesscof the layers (the
phgggéa? Eﬂl?lnt% 1{2%52‘[21% %ef#a{ctgﬂée rﬁitg))(/)glrss \((@hg&%lﬁtl#le o}fvﬂﬁlr eAcIcBFdlngly,

whehd th& fesigchd, mesf th dayeef TRcind\ike ihivkexys, i,Sofahe laytaleg@n are
multiple of 1/4. Accordi ng , where the thickness,
?

selggted %th@fat;aé eBtiaad shighfiesy plehe Hivereriean integer mydtinlp af Né)f@fras
seldQéd %%léﬂaﬁcl{gﬁgaﬁﬁe Eegim@r{t? A e %#gltlf% ie#l&t&hwa bk, gﬂ%ht at

ayers is t eger or as ecte
othwwabaa@tlns mhby gbparatlly k@lesebl aad partialy ehesngittbd,ics may be
reflecte y the fjber. ght ~at ot her wavel engt hs may

subsgangally F‘li rrﬁgfsmlétﬁqi &@P@ah%w S §19t9rs g anthe dgderorge 1 N the
l‘eff%ﬁy?ﬁldgg BedRnh bl di% hhg iaﬁ/@gf‘{l@?ﬁeegarlaqggﬁp %ﬂe&@s of the

various factors, suc erence Int
alterebtimclhjore. Ima:&almdmesmenf thh élghi dtehansddongl Wayebmgthamely be
e alternat]

tra%é‘@gﬁi {w "1},?' alzfa,. c{]eipt 4 H(l:é gr,?,gl%g;nt éOF feytre aad H}@r@%@ﬁ%@é’&e
reﬂ‘%ﬁ@%ﬁf&gi B (RY Wén P\% atltreﬁﬁﬁﬂ%iag@& by Sé’?? elfnbpﬁfnen%,ef‘% 2)9{1&9

on the nu | ayers the erence I n
thiclafessaaftd pegr ofilalgecs bﬁtﬁlwéiest ahtheccahtl @blymdr ngltérayﬂnsy sumto a value

some di ment s pt t hi ck pai r. of
eqqag%}/gn% IS 4pBrqach gtay &S%@gwhaf%’aw rg?rl %Eftgrlar}ﬁiﬁ
|
sul‘lfjsgﬁé‘tlhﬂ’y \;\ﬁlﬁ}é%ée}&bgﬂgq%fﬂla? tﬂ% (gg%yor Qi TSl Iu???h IHR¥mP&mbodiments,
gosdifeslcemmtitydias peerooscaxp evisrosthe bhacal ttlhekn@tssheﬁqach) pf the refecting

shart sug I%. Ia some enbodi nents, good reflectivity
laygtyds grouRd SRS RAVEE Sher e the opti cal thickness of each

of G £(d ROApRS i B Stnt BoAl QML PRY RlRRE gt s

will also be appreciated at the peak wavel ength™o
depdmdenteﬂllth@mdieht glule oﬁhdhghimdﬁht ﬁbcr tH6E. 1 Gohaenan aragrh;éary

erighapive CUf PErelBBionR. raf FUSTPBR! YRGS K igdt f BRimgidtnt at he
fib¥EMR) B AR cfieH thhi RpprbindtfGidahdRllal B longitudinal axis of the
fiber 100. The wavelength at which peak reflection occurs is dependent on the refractive
indices and thicknesses of the alternating layers 102, 104 of the fiber 100. In the
illustrated example, the peak reflected wavelength is about 550 nm. The spread in
reflection curve 120 is dependent on inter alia the variation in the thickness of the
alternating layers 102, 104, the size of the refractive index difference between the
alternating layers 102, 104 and the number of layers 102, 104. When the light 112 is
incident at the fiber in a direction away from the normal to the longitudinal axis of the
fiber, the value of the peak reflection wavelength becomes shorter. In the illustrated
example the peak reflected wavelength shifts to about 500 nm. It will be appreciated that
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fiber 100 in a direction that is approximtely

perpendi cular to a |longitudinal axis of the fiber 100.
wab@omenes engt h at which peak reflecti on occurBCT/ES2009/035685

dependent on the refractive indices and thicknesses of

the alternating |layers 102, 104 of the fiber 100. In

the illustrated exanple, the peak reflected wavel en

thej fgbeg 4 BQ magdeve, mmeméersxﬂh@a@f neak peffected tvayglcagthvaad iy %{esvvldth
of SERFRLEGh p3lk (et Kanibly B S0y R6. B8 A et G2V ERDFRRT oy e

diffe@ért dein At innde ﬂltﬁtrﬁti\&feﬁ;ﬁﬁ*@leb floreeimplocthaptad Ratitd@wavelength
| ayers 102, 104 and the nunber of |ayers 102, 104
(fopmamal rengifegidight) maysbe; 1ﬁélilqj@ﬁtre%?n phie ppgséun] dzshift towards the
[ 0
blu% f&eﬁ%}#t?%@e\@@){tbﬁlgﬁ ah aﬁ{,le Ot 0 eeq%%lg ﬁ s e‘#e?gxéatggfength (for
noMMErl iecigért lighoan®mslisinahé asar infrarédend dhif ito deedsibkappdtaim for
peak reflected wavel ength shifts to about 500 nm

hghttm@\ifipm apBighspeise 5tk§§’1ﬂehﬁl@tpﬁék feflseted vauclgpgth hioy sogpty

t .
n TR L Rty LR, SRRSO e e Bl
spastrdinhfor Hghtfinerdxit auhighkMEM. Wi dt h) may be di ffer ent

fromthat in the illustrative exanple. For exanple
t he Tpe ke Bpy E%\teeaalywav@q %ﬁ@mher(lwﬁrs Ko7 B 0 someq erabpdiments

' ) r I r

ong R 158 108 e B ] o LRI Ry

huadrgdsasf. layans Hel]il104.0m sotrﬂmeofnhakxanqﬂémt@dsemmenm fibers include
I'ly .incident %é(t) may lie in the near

(for nor
arquﬁgpa?gwr@%p%qtatpwang oRyil8¢ bl - spectrumfor i ght

i nc '](:_\\Fa% tdlﬁ&??ﬂ t?B erlnll L%@d ﬁt §1 flll}ee% %& 104,

wav ent | € 1in
1noﬂ1hbng3th|eanas1ﬂg§t1© mndﬁh@*ﬂnesesml@pdlwmmnhiatam tfrztnspznbmt dweethe desired
near. .u trav ectr r | i ght incident
rangr of dg! e qng r iﬁ%@rﬂ RSy PRI Pﬁﬁ%@%ylué that the

pol%rpn?ers 3bn-ddhutiO ﬂiew%p oﬂirfﬁ%P tsﬁlt‘%lé ﬁglgnfef" ﬂﬂa'téfi‘%éf‘srrﬁafgegamorphous

may be used, while in other e dinments the f
or syi-drpsthllide and rmmlatyedeiudsf héraymd a6 2copdBdnerd or semds thdreof.

R A R g
syﬁ&é‘tactm?ﬁﬂ 1%t£cft1%rp%[§(st§y09@)s(£@f) ORICEEEy 1 %Yeﬂ%@ H8@AdarbRhtic, and

the alternating | ayers 4, incl
aliphegic mmlgl-camtaumng (‘tdeth}aeryhisgnnqlutrgn@pély(m@thyltrWdtac@dae) (PMMA)

an(\sng%ﬁgﬁrgg m%\f/qi re@fggila‘%ﬁﬁéé E)?%{qgglggeﬁg(ﬁmg%tgates multifunctional
o UL o ey O BELAGRS S i
cydwmigfhmmd@yclaewtaﬁmp yepaymieneacraloditrigybuitadedngdeyrene (ABS);
styrenreT%FcJIQy rrttleques copo §P r\é I@Aﬁl’) er)ogllese r})do?y(%lrl]lgfcg(c)lfohexane);
PMMA/poly(vinylfluoride) blends; poly(phenylene oxide) alloys; styrenic block
copolymers; polyimide; polysulfone; poly(vinyl chloride); poly(dimethyl siloxane)
(PDMYS); polyurethanes; unsaturated polyesters; poly(ethylene), including low
birefringence polyethylene; poly(propylene) (PP); poly(alkane terephthalates), such as
poly(ethylene terephthalate) (PET); poly(alkane napthalates), such as poly(ethylene
naphthalate)(PEN); polyamide; ionomers; vinyl acetate/polyethylene copolymers;
cellulose acetate; cellulose acetate butyrate; fluoropolymers; poly(styrene)-poly(ethylene)
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to, poly(carbonate) (PC); syndiotactic and isotactic
weas3ss ene) (PS); Cl-C8 al kyl styrenes; al KpET/US2009/035685
aromatic, and aliphatic ring-containing
(rret h) acryl ates, including poly(nethyl met hacryl at e)
(PMVA) and PMVA copol yners; et hoxyl ated and
COWWB@B@W%T and Phdt q@paldﬂyerm@éudu@mmlwleﬁmc|P@rTa4nd PEN; and

po@?c%h%p 4 a%é;%i?f%l%%@t ?‘ill W n?eistpagr&?af{ %Sdeﬁﬁgéjas%@ﬁé either

theadmelresptmldhfg rﬁétﬁﬁdrgallace &@p@ilawempomsymai the ick&ption of
but adi ene styr ene (ABS); styrene acrylaonitrile

syncpsaetiaY. ¢ e(ssmbymeéwﬁy be use;sidn;awph lbyeatemisdena) ;
PMV‘@’e@e%lycff‘{h&X hoE yg;f’e %ﬁ% O HIK refﬁﬁ%éﬁ]( RAER éh&ﬁ@d %l Hdcular,

al |1 oys; yers;
PEEOPENU htfcbcr@plymﬁﬂrs/ (Hétd(b}?l and hiqﬁfd daedtal p@(b;l'mérd,l m@tifegl relatively large
si | oxane) yur et hanes; unsat ur at ed

Val'ggq g,fégfe@i{ggenﬁ%w ?Iét)]ﬁ?ﬂt%q’i elgolymﬁ@rmy bﬁgor}e@\‘rﬁd using different methods,
| : .
B ) BEASR RN Y ORS00 g for i
a pb@lh&@}l‘iidcalh?tl‘ieper(nBEI)hI{]glﬂ&llgye(eaiﬂoalﬁﬁtaﬂalpﬁl:itainajz 868 rontsdllet by a
ol y(et ene napht at e) ( PE ol yam

numgﬁgqf&%éﬂy Qﬂynﬂ;ryi ablg éiEfﬁ’EDé %ﬁ%t(erﬁy g)éc#@%é@%m%ﬁ ad stretch ratio.
Th% F{%#lgg% Fnd?c%§ tf(ﬂ'taenunf(f’[felr lo%%‘?plﬁgf%to%erp Wbl Snd unoriented, are
prqamlejd(iﬁﬂybleﬂéa)elqml y(et hyl ene) copol yners; PET and PEN

copol ymers, including polyolefmc PET and PEN, and

pol y(car bonat e)/aliphatic PET bl ends The term

Tai)fﬁelt s ) n:ydll I@éf?adtﬁfe qﬁfié!{'@ glu@§ f(HBS lgﬂfe'i' l\t[mr

corres] ing nethacr or acry COITDOUF] W t

t he RosteBitandn of synd.Rt acti cTPS,) th=se ile]] er’EI‘SanTB_/ ny

be useppny an optitally 1sotropc fofm Several of

these ?%'Nymsrs ey be% e [Di refsrou ngeq vyngg"l on enLed | 55

- £ Ly
| LIl IJal llj'EtIUI al, |"l:| r'li\l, Cllu L;UlJUl yll"l S lilfl CUt, Aty
| | o d vt ol nnl narc fa nl F tre afl \/ | argae

\4 rJ T C TAT A>3

val lpoPrEfTJh::;afrl n ;;Iq’\/\lrpn 0 bpnf ed lﬂr’@%m:r lﬁ‘ﬂy h$-54
ori enGoREDi ng differdnt nethods. inkludidf extrusibn

and stGoPEdhing. Stretching is Boarticulla8dy uséfSal | 1.56

met ho@MMIA orienti pg a pollyner,- because 149 perfmts a

hiph CgBEesleRl Or ! entation and Jyay be condg ol lled by|a

nurmer T?]TV easi | y cpnt I'IOI abl e external El?g@ner ers,

=] 4 4 la R A
bubll LI %A~ atut daitu SUrciiir 1 att . Illf ' abl T ¥y«
\Inﬂ]'l’ 6

| nrll Fal 'lr a hIIM\ r QVQWY\' arv NN nrl ent ej

\"A wxw T T T LALE SR B f PO yIrci—o

and Iln§A| bnt ed, ar nr]n\/l ded inm Tabhle | ]hidnw PCTG

and P& Ga gl ycol I nodified polvyethy|end.55

tP@IfIéMMAnabmﬂmlerare types of copol yestel.§5d\vi ||abl e

from fpp exanpl e, | East man Chem cal (o.,1.4 ngsport,

TN symBRelctic PS 6 130 1.57 1.61 | 161

PCTG and PETG (a glycol-modified polyethylene terephthalate) are types of
copolyesters available from, for example, Eastman Chemical Co., Kingsport, TN, under
the EASTAR brand name. CoPEN is a copolymer of napthalate and terephthalate ester
moieties, and in the example listed in the table had a molar ratio of 90/10. THV is a
polymer of tetrafluoroethylene, hexafluoropropylene and vinylidene fluoride, available
from 3M Company, St. Paul, MN, under the brand name DYNEON. The PS/PMMA
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t he EASTAR brand nane. CoPEN is a copol yner of
napt hal ate and terephthal ate ester noieties, and in
wo b@gxaspl e |isted in the table had a nol ar rBE€T/0S2909/035685
90/10. THV is a polynmer of tetrafl uoroethyl ene,
hexaf | uor opr opyl ene and vinylidene fluoride, avail able
from 3M Conpany, St. Paul, M\, under the brand nane
COIINKEBENS 2T KEarmse PRveeRPpIghwhosed chigrtivg sk anayfbeg tuned” by
chﬁ%ﬂ%}%gﬂt* Vge}{%t?ee %Jngflgxﬁﬁtt%é&c%%g ?f(tth ﬁ}g&ﬁrgﬁ% trlé‘;hr%ﬂle?]g ¥ dﬁSll‘ed
valaopoteffkfivd ddac heelumrmiabee@tS Rall ¢umtddhs thekfrach ratid. A stretch
i ndex. The columm | abeled "S.R " contains the stretch

ratiogfi Igneans $hat dacopplymen sgmple wanwasiistchechend was pejiogigaied. A stretch

t h
raefFR, et BN RS sUBR0 00k B LR B ool bR e
strabhfedtumlesthb tcSrrecrtlt@nptahtufeecn@tihmnk fthS polginerie cholsvdess atd@iented
correct .t enper ature conditions, the polyneric

andrthieapaierial baramesrhithingenh nd s inssikies Bewayerje sbeigh the material
w1ttﬁb{1tec§r{énpg§ﬂﬂ{e mblkcidiSs. PRSI rﬁ?]la% Vgl Fn&&t%ttﬁg{eﬁfbe}me at
um

thout orienting ecu he co
whhc&hﬁb gt pl& wais Batetckdde s Thd arettﬁmdaampws &vedd stidichel ab kigeets without
anpl.e was stretched. The stretched sangjes wer e

CO%SW@&I%@@ cdgesdRBaTEsipthottet éfilrr%“r‘?iﬂ he Gelugyy dabeled ny, ny
anaf flatréfe\f (g(l; S bﬁr%fﬁ%%gﬁteﬁ%t% 1&&1):65(16{" tﬁggil %qllfal. T%eféq{om 18 listed

abe nz refer to the ef r'i ngent
in theftatde for\ne ahchd; tlesvabiestolia, amt wrarathe sdyne rae foran, valdubke taterial is

. listed in the table for nx and ny, the val ues of nx
ISOHARICny OB IENE Wét%la{?efoé?%h’le hEN AKEPIE b RfiBes v Inex is given for

the F%%Jp?ﬁét&te (J#: reRRBE JRLLHY Bl Sine bRER r&g@mlta% REMABE S R. =6).

e refractive index Is given r the I'sotropic
st aSemelpngﬂmeemmmls ForRxamplk) ﬂlmmlatekiepotymﬁarﬁ suchgeAtHV, adhere to

Oth‘cr%%?g@sx%ﬁ%a%lﬁr ﬁ%%smék thgn B@‘F%&?@ i 331? mtﬁ%@ﬁ%‘?’% in planar
mufiPla Pl Ferd TR ard T8 i fgﬂez) o8, Wl thd hﬁ%}t Enbgée? aparfl B the

i's a di sadvantage when used In p nar
cofidebercsyrasgaherasadhegom ssddssiimpbitentpn keapisg the fbenogethbie since the
[ eel part Lﬁr% t he concentric arrangenent,

fipers c p
Oufgaﬁasﬁsm?%ew&eg AYRBSIR PRS- i n keeping the fiber
t 008! §88s-scSliBIE S FldehcP eﬁl%adlh?ex%isa éugmelt hserlzno & sclh@ﬁﬁ%&llly

in place. A cross-section of anot nmbodi ment of

illypohteder FIG ey mﬁlswm‘twdhmm,tthc &ibény20i0| Has 8 teomet 203 attheFdemer with
2A. .In thi di the fiber 200 has a core 202

ol gyt 2o G Tl orgett Y s) SPe B 5Bt gE the core 202

Thé 'csétzo%gt@ﬁfaﬁp P! iy BRKs- mlsﬁmhﬁe@%my@qieregogst@@cuonal
core he ctore 202 is typically larger is

thidmgssefsbe tayomaﬂ04d206e rgir erarmplantht kere03 3sa2ystlest |a®n@slS-sectlonal

du%%{s&%%ﬁ%sl o{}ez}?g tagﬁpé@ﬁ Oog'ﬁ]af}: f%@er%’éﬁ?p iO% or rnore In the
illustrated embodiment the fiber 200 is circular in cross-section, with the core 202 also
circular, and the layers 204, 206 being annularly shaped, surrounding the core 202. In
such a case, the cross-sectional dimension of the core 202 is its cross-sectional diameter.
The fiber 200 need not be circular in cross-section, however, as is discussed below.
Another embodiment of a polymer fiber 210 is schematically illustrated in FIG.
2B. In this embodiment the fiber 210 has a core 212 surrounded by alternating layers 214,
216 of the first and second polymer materials. A ring 218 of material is disposed between
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dinmension that is at least ten tines the thickness of

the layers 204, 206, or nore. In the illustrated
wepiodieht the fiber 200 is circular in crossPGBEUS10091035685

with the core 202 also circular, and the | ayers 204,

206 being annul arly shaped, surrounding the core 202.

In such a case, the cross-sectional dinension of the

thecgore2 Bhgnd; the {aysrscilds3L6s ebhc astsceliensb thagknessr the peg t: is

R T N N e
thitldpor mdtd) Insomehaimdtintaltd the icbtel2I0[ 2122 fbiindd| dBthe2fest pdlymer

this enbodiment the fiber 210 has a core 212
maggyial. s0A desgring 2 By may hafqragd phihsrsscandpolymy ragtetitle i r st

. . r i . i 0 ) i .

A G RGOSR TR L B Wty 18D ey o il nsion of
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relatively |arge conpared to the thickness of the )
exqraRler astiber ghat hagonglengesd nsers of aktepatingRadymey lakeas, vlere each pair

naPEiphR BRI ARND bl FORZh ottty A Fh L IFE
thiflateseebnafibutiva feme dredefaltygedy cnad et ralcronfetedr & sowhd fppdications

. Without a ring, may be used to jncrease the

it ragyolasdesable dmae fehichehainge brear siges Phercappn whpdarger fibers may be

do{RRLF S0 BEOHTERS Ol L SR B SR L BB o

fibbr) mdhile dopadcessanfy iatitcasimathicngycp dliylmess drayetser ofilager in order to
each pair has a conbi ned thickness of around 360 .nm )

magHainsnediag shar st %aqqrfimglérsaﬁbgr tisﬂﬁt Igs prePE Hathor without a ring,

ma %tsu)@éﬁd.a‘ﬁ? l{rg%tcﬂ%s-rs&{doﬁglt diﬂl%nii@ﬁ/,%kﬁcl‘? é1§ge more E}fiteable for

crometers sonme applications 1t may esira
sotho apideafiodeasd ay bogasicrltahgetle. s iAdditicdaky rtkap@senshpf a ring and

| arger fibers may he desifreq in. so pplicatiops is
Coﬁeg‘egﬂw@r’%ﬂg’g&q%gvi ?fﬁiSp?%lﬁcaiwhs? fhédticbts extmdé(f the ring and
coférh%f(ﬁdi%&@ (fbl‘aﬁlecﬂl‘f oh06r Bcﬁcg o the\;ﬁgl%ﬁe@ %n%ﬂgrﬁ%stﬁ deblire at the exit

increasing the layer thickness ‘or nunber of yers in
of thedatrusion dgi tvad mek pelynread naxhatlp hesstwoAtitforedt fighvyatea By
fiber that has a core, with or without a ring, may he .. .
preé%r_s%fe%fxt NIYE fheguer flow EtoBelyakE g B aPreqﬂw_%?Wﬁ,at e die exit
calMbach RN wRE pARE e SEHHE RN P Fats RIFRr AP PIHIEAsk QlRos Mt match
may be easier to handle.” Additionally, the presence of

at the diengxitathe heghree phsbype matarmhof @apowers tige. othraad layer thickness
specifically, en the fiber is extruded, the ring and
be%%?§fﬁgﬁb“ﬂ¥%@$@ vol ume of one or both of the polymers
to mk&m&&nﬁ)&ﬁmeﬁ@%&ﬁ&r%aytiplaugeﬁaﬂ o®fr §hla§t_h]§2?br q’ﬁtb 80ter sheath

die. Two nelt polyners norrma ave two differen
226 ey be aresdedBypr pragdctioe of ihel fiber A2V er mian e sdlecttdbive spdcifomsurface

R RN N L TN T,
or fRY Bk ifémed!df aldM@erBf&ROIHh&SmAleifot mat ch

Multilayer fibers having different types of cross-sections may also be used. For
example, multilayer fibers need not be circular in shape and may have some other shape,
such as elliptical, rectangular or the like. For example, another exemplary embodiment of
a fiber 300, schematically illustrated in cross-section in FIG. 3A, may be formed with
concentric layers of alternating first polymeric material 302 and second polymeric
material 304. In this embodiment, the fiber 300 is non-circularly symmetric and is
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at the die exit, the higher pressure materi al

overpowers the other and | ayer thickness becones
wharodat13sd control. In sonme enbodi nents the fiBPEr/USMYI/035685

i nclude an outer sheath 220. The outer sheath 220 may

be provided for protection of the fiber 220 or may be

sel ected for specific surface properties. The outer
w%%%@%WWWWW%WW%&W@%W&%MMMHWMM
d1r98+0¥1r{§5 dﬂgétf‘o lg4n§ pﬁﬁ{e%lg%él)a}g fo t{bg g&%ﬂug na],aax% (Eﬁ tﬁ gﬂr%erh tUsmg the
coioycﬁﬁae Q¥ st&@h 08 theSRAIkd, BINSTiTERY:ra3b-Sectda isl sladgatEden tax arddleetion and,

mul til ayer fibers need not be circular in shape and
thepgfgren dgeragriectimpbdimensige, dxsiidhe aylineptiqnyislarger than the cross-

I th
s BN A, B b I W feucht | oy 500 senomat i cal |y

i usibthat eslbodinehose mekildyen fiber PGas ssAcmatigallb élldsoatsddn FIG.
wi th concentric |ayers of alternatlng first polynerlc

3Bphaser oar mg@izar&m&%vé@ﬁdmééﬁ formed ef sHereating|laysou322, 424
sullrmnﬁlrﬁg)&% g%]t Th% éb%e EQ@ grag%g Qoﬂn?edmﬁé:éa%%%hyl as elther of the

I ¢ and i sel ongate 'ong one cross-sectl
laydrsrmt 3N or ilaly bs tfo@iceichfasifibventxmastisl. A
Cross- sectlonal direction iis a_ direc yi ng

per PERHICE Grearp ety anthedinasgiof am%lrlyqj{f ber § %0 SeeTagtisally illustrated
in FG. N, (R0 RHS e[é]] ongg&ﬁ%ﬁ{%gg‘[ rh!ﬂﬁlgf dlhg&g 6 2 hif® Rgf’ypr{%'f material

cross-section Is ction a
332 hed efa@oed polyence nassiab 834, larthis embnémnnnhe fiker also Haka core 336.

x dlrectlon s larg n the crosssectian
Thg crastregcsigna dbmelilsfaort wfet 9%?&@&%@? X-AHBE 1S an%}tﬁjd‘ihﬁé’fﬂss'
sec?llforlﬁ dﬂﬂlsﬂléga%ﬁ[ﬁ% Er éﬂ%%té&%% d, 3FhS ﬁ’ﬂ@rr@b'&?l {rlé’ated in a direction

ustrate . has a non-circu
pmaﬂdggﬂ&ﬁmdnanmmnmdM&nhdbMQﬂ,nﬁy@bh&ypﬂmnngvhhyehsyﬁﬁﬂ

24. surrqundj ng core 326. The core 32 be for
mgpdlpwe S hﬁ@é@ﬂgr 1 gEeaterthary ongy iy gfher) %@@@@%&theg@ ¢ of
d/a0is :%?/até}%afnof Eﬂjﬂn%h& eﬁibfoﬁﬁﬁei%&t thg%l% al; /d%@%%é&?efr than 10.

“exenpl ary enbodi ment  of [ayer £ ber’
schd lhabrors&lsd:cmonall filety illigtchtechinFAHIGs IBC,’ZAL 2B fand ﬁﬁd3 Crsbow

an arran of aI ern t|ng | ayers of a fj
disGi51S RRACO R F Nasing P9I 13V <B0 dBIRUh HYope i b B ol first polymer

rna%pff]al is _[ﬂﬁyhlahl?y SPRAddRSh andiher hY QT R s%&e%&?teﬁal%?raelayer of the

hé cross-sectional di nension of the fiber
seotohé anymelr ectdrmh This ab(nai radlebd:seamrcosdmen,thwreabr dndrmme o n

direction is The f| 330 is_.elon

crmpdigpeg ot ﬁCIB%‘F%ma¥ it SN b OB Mg o discussed
in g@ﬁﬂepdéiéﬁ’i HYURYafRt ’?@2’7 ﬁﬁ%doﬁ@ra%@h&%m By reB@8Re. A spiral

nbodi nents, the value of dx/dy is greatér than one,
wqund tibereis ﬁmrbadd]yrrehmg atrhetileybugolpier sheet. The sheet may be formed of
two polymer layers, of first and second respective polymer materials. The sheet is rolled
on itself or may be rolled around a core. One example of such a fiber 340 is schematically
illustrated in FIG. 3D, which shows the fiber 340 formed of a multilayer sheet 342 would
around a core 344. The fiber 340 may be stretched after winding so as to reduce the
thickness of the layers of the sheet 342 to a desired value and, if desired, to orient the first
and/or second polymer materials. Where the spiral wound fiber uses a core 344, the core
344 can have any desired cross-sectional shape, for example circular, square or

rectangular, polygonal, or the like. In the illustrated example the core 344 has an
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dx/dy is greater than 5 and in other enbodi nents the
value of dx/dy is greater than 10. The cross-secti onal
WO pwens13ss | ustrated in FIG IB, 2A, 2B and 3A PGIIUSI0%035685
di screte, concentric reflecting polynmer |ayers. In
ot her words, one layer of a first polynmer material is
physically separated from anot her | ayer of the sane
essqpfadly sgrafgyerepsisggiomabthaph bus with siennsisfl yeimersiapisk ingyinding. The
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notxuiel fol h@fdreds@f vetaddyersasA episdt wonad fibor iglcediédred to have
detail in U S Patent 7,327,923, i ncor porated herein
subsfanfiakl penesntric Aayeps. euen theugitithe spist waand dpyestrarpyot discretely
Tgc%udcng a multilayer polynmer sheet. The sheet may be
ned of two polyner |ayers, of first and second
r es fae brdsesmbyﬂ&ﬁmem(ar ofaths pollher sibeahay sr may h@tdoe(lﬁmforrn
self or be rolled around a core. One exanp

a10§a &b langthifiher ShIG. 1 sshranigaily allysiratep pgiervagve af ¢ ﬁbm 4@0 that has
o SR RN, T BRI

40beAstarginghe elvairﬂhafg sMserigbiimgeqmal, dse pedcaieduodortdfiehe fiber 400 is the
t hi ckn ss f the |ayers of the sheet 342 to a desired

sanye ptfac kY Flf et a8 dhe segongt flktend 4841 i r st and/ or
Sec%rl]lden%d:im%& Z?% ref 2 (}c‘whg%%@ss SQ 10?1@ &ﬁ?ﬂen%@& 1) é'ugl%rrn

uses core e core can ave any
aloap disslesgth t(z-diradtionh apthe fiber 4 Exarphematicaidy il Astratsd|iraFi&. dB. In

| I nal , the |ik h
thiy pphedsP e ioci y‘i’ Nliica b oo befisiondhe BEERd 413 gpd the sccond
end;@}@ vﬁth‘:ﬁlg S&uR &k er %m er Ahe s? P% J opnged tlfe%regcﬁ{dsend

to ai |nvv|n|ng The spiral woun may, oOf
414. omeatldnaMG:raﬁ seetnahinrsioaydyr mapbe ﬂﬂmdredobvhen the fiber is

i ncl udi ng, t .not limt to, hundre of wound
formgdlefox exa@gls. PERS GHTHSPDS | Thseress- SEGF@F‘E%F@B“PB njy\pg varied by

vaigHRAEDHCR oy EAAGS N G bRYGHS on BSRIRIUBDINE P intashe

vvoun ['ayers are n concentric. The
exteusossdis bt tammiratdicrog tisd oiyoérst the dpot ypreed, dnidoke likkaylnarther

may not_. be. uni form al on thelengthflber IG 4
A A h%ﬁlﬂ?rynw pbiegt Dopost-fqrpation pipeeFIng. frsEmRise
coﬁlﬁﬁltatl&{iéf @re@cr Qﬁatﬁl%ftcb?ﬁ?ésmg{l VRIS IR g)lféﬁt’edt @%hséqﬁently, the

uni form al ong t | eng direction
lay4DthickAcssarfdhanfgbor,is gmetteywhamgleeﬂ‘tse ciipes- s@tleqa,laillmeﬁshml is greater,

er cei ved.c Io OE tgﬁ) figer 400 .i.s t
a5 & oefesiaed antar abuedbet kB Gagory mln A hoslehg. n the
Im%{m%é Ieszfﬁﬁfsleotfhe @efféc’ééarcof&fqt W& HHQAIS 0P ﬁfétﬁb%ﬂ 310 has a shorter

dimension is not uniformalong the I ength
waf glenigth doni the yeﬂ@fzteﬂ leelof abtér: sekb@d iesd 4 thehtht ifibat 4 10.

I||lAS atedl(? fEB g
her embo 1rnent of a fiber 420 whose cross-sectional diameter is non-uniform

along its length is schematically illustrated in FIG. 4C. In this embodiment, the value of
the cross-sectional dimension, dy, varies periodically along the length (z-direction) of the
fiber 420. Periodic variations in the cross-sectional dimension may be produced during
fiber formation, for example by varying the process parameters, such as pressure on the
polymers being fed into the extrusion die, the temperature of the polymers, the draw
speed, and the like. A periodic variation in cross-sectional dimension may also be

imparted to the fiber in post-formation processing, for example by passing the fiber
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this enbodinent, the fiber 410 is linearly tapered

between the first end 412 and the second end 414, wth
wob@onessit that the fiber is thinner at the fPEBUSHOU035685

412 than the second end 414. A variation in

cross-sectional dinension, df, may be provi ded when

the fiber is fornmed, for exarrple duri ng extrusion. The

betpress sve B lerowhesC SEREHEINIA NARSONB@NY At CEpPOdiIoE Boyigwher
R L L I ) R

colbohef mingamweldnlg&l alrienthsqkeeportiamoid 34nef thé Keer 440. ot her
approaches, the fiber may be subject to post-formation

pr odestiepgmbedimeatefadier 430 bavng étvlaﬁ’ﬁng)lfeﬂ§@ti@t PREtFYN along its
lengﬂpi/s %Ehe%%%% ﬁllugt?atg\@k ]tghd; gPIn n%@“f%gr th@&%&%ﬁ%@ﬁ%l%ﬂ d¢, of the

I"ayer thi‘tkness o ber Ts greater

fibei 488X is ot S Bloticotrathedhiokmsi ofthe seficeag iyersanichis chd fiteer is
perceived color of the fjber 410 is not uniform al ong

Vartlwe ?hlfo@ﬁfeqt aryths. achigvediwhen thg diberis ogigmedinskaudady he flow rate of
ther fakd aﬁl‘ﬂt t gd ‘?55\@ Jitgﬁalg h{tﬁ ee'}ﬁg%ﬁ {d Jeggnfs Bktadt 1t the

has a shor engt re ect col or at
matdralssaapbepefigertidly divdrfee té theebraddn@. rindn ot Weich case the core and
. enbodi nent, of a fiber 420 vvhose Cross-sect.i onal
ringiggavefasecriie dpgiiginv it e raflerigeilnery @waliﬁlgi ig thickness, or the

po ﬁ%‘? b a{r¥ felfér Hl@gcﬁgerkrdtg W@ reftSetinka O}e? $ncreasing the

nent e va € Cross-sec
thld{IﬂSESﬂ(Sﬁ tha reftd:ﬁtmg/hyere angh exduomig clad dilyrnaiecm@ thhieing emdjtdre. In the

rection) of e fiber 420. Periodic variatio |
ﬁgtlﬁeq@r%‘éf‘g Aigmieqtery ﬁﬁr caPehyi B9 Ahile e HioHE é%e%&eﬁfﬁ@ the
dadhlcB®hed, OFHIR! @Vﬁ&e thor€ 2@%&1#%43%’5 ¥ e E{f‘chgag 9&%&??34 the
0 e po elhg fed

par aneters, such as pressure yners
reﬂentm)g talyerseal(et thusiconndirezion Hd prefqnﬁrtmﬂyl reflats ligheof a shorter
A per.i odi.c

ol r t he draw speed, t he
Wﬁéﬁ%’%ﬁi e o e e T @leanﬁ)ﬁﬁvr%nlg Erein 436, the
ref}e@ﬂﬁ%faggrs a?e ﬁlﬂﬁ’(ef' L R§ %o lre{éhdho% b[;e rOf PRL BP LGS eg rQ/-éwelength

paSS| ng rbetween two rol
lighthose separ atl on is not constant. In this enbodi nent,
[ a col r of sharter h at

a viewer perceives vel t
¢ he DRHEIRR prftar%%gs A uping ghultylgper T AE. g st fiber
tov@fJ'O@ls s@ﬂ&ﬁa[thc\ﬁﬁy al_rakh idF1d ha tnlﬂbv‘lzﬁ%%rtwg‘ﬂok}n%f{ib%?s%@f 504 are

.~ Anot her enbodi nent of a fiber
pohamadgnd;: wasige.richerféferedi2, 66¢ spgbavasmalkoogor prepérang tior
IS si)heﬁt tically illu trgted |n1FIG 4D. In .tﬁhis
exgmiplg Pothy fRETHBEL APRAR f Sargg colgk of ey hppedifigrgt por
propRARL A3k exJARNEYRE ﬁbérhﬁaﬂ ve Iﬁrb%fb? dotferb NI Eﬂeecﬁfiérrfg)er The
l'layers wthin the fiber is varied. This effect may be
ﬁbanslﬁloévﬁbﬂ oMednap tivd dtlnebe!t ovelappingiregibhsys @x whatetic fibére 502, 504

e WS ST L ot A0S Spoohd BOLTEL L EEL Sl
for example, an adhesive, or may be “welded” to each other, via the application of the heat
and pressure. The colors of the fibers 502, 504 at the overlapping regions 506 may
appear to be different from colors of the fibers 502, 504 where the fibers do not overlap.

A number of factors may contribute to the change of color at the overlapping regions.
First, the combined effect of reflection from each of the fibers 502, 504 in the overlapping
region 506 results in a mixture of the colors of light reflected by the two fibers 502, 504.
For example, in the non-overlapping regions the first fiber 502 may reflect blue light while
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materials may be preferentially diverted to the core
and ring, in which case the core and ring grow | arger
wopooditansges er, with the reflecting |ayers shri nkE€TgS10n9/035685
t hi ckness, or the polynmer materials are preferentially
diverted to the reflecting |ayers, increasing the
thickness of the reflecting |ayers and redu0|ng t he
4

thegicgenst fdhes S84 reflestsrpd fekin d%tékw everlapping ecgipgpit0s, bethdlue and red
[ f ri
llgﬁt%tég ?eef%rcggglﬁg 8‘3 th% ovteﬂgppgrgéﬁeg d)?ﬁ% ﬁgeqlr Q&F%&nQQn a rfﬁgtuél”% ﬁoth red and
blueaight, 431pﬁpré 1fghn gAﬂ&Beraﬂ‘aEtoir g eontribuRho as dhaggoin cbbt at the
the reflecting |ayers are thinner, and region 434
ovestaPPEYESREIPALY t%atr"éﬁ figett Iy erithieknass atthe RyeHaPINgRIOB Q6 May be
t
redifS0 Syt SRR e b iR e paTEle Hhery 2 spare
attéohdd socdchgilan. 436 preferentially reflects |onger
wavel engt h light. Different types of articles

be
f or ABQthGE PRIV tbagERet Pha e S 0 & %?r@atfqalhé rrlht%weé@oFIG-
d
SBL R OAALLK hloktpEA At L ST i ord oMV B0
ovditeppinghegiond 0QyerbPdingaygibad el fichidesan ovdrizp hetvogarthd ﬁst and

for exanple_ both flbers may appear to be the sane
secopf! éﬁersgﬁn%lf HAvealapIng avam Sebinghud Bt YpRyarfapdeticgp the first and

. ' f f
i RS 71576 D EignFiy 221G 224 EHPLBlap LENER 1 R thir
fibeng &1 ¥ aflwi. MY ficspt onslapPitg redienses 18 620,582 nsay3 e dﬁﬁﬁetarcelors,

al so attached to ea ot her. The fi s 502, 504 may
depradiggionckiygh P%ﬁlé‘éléh‘f: g?fﬁ are QysrlaRpeds gy %@seéfhﬁ@téhoyﬁ in the
IRHRES, Yewillde Yecpﬁ d el rﬂ&% thitpt\x%af%kr@ﬁﬁﬁ be oVl b@f at the same

appliéation o the fieat an pressure L Colors
ovérhpprghregion 502y il150sb &t appheeiasadethhtapfibardow egiyansludds diffeyent

e e different fro colors of the fibers 502,
nuggor ﬁﬁb@éﬁ o8 thasgspvyyin theil Wé‘ilYea?inb%ﬁW%er of
f aCtAQiBﬁle%e%‘P Qﬂfclé’ﬂiﬁﬁn&fu&%lcﬁ@ﬁﬂﬂ% ﬁ(ﬁléﬁl@% ﬁf)erﬂs J@@ave One

over | app regions. First, the conb
cmbedineat olmweaen08abdt usés mhlkildycbpelgmbOibers Mchﬂnathtally
over |l a ion 6re ults..in a xture Q
ilhghpie & gﬁ %Ag h‘?ol%fhlg wertfrb@rst%v qrpehast cslze W3@4602 and/or
par'f Gf tHRXATRb®, THR 60'[@ sﬁﬁﬁné’ﬁ@lph@i@ﬁb&g da?%'ll%%e tHSafkc8lor
ber 502 may reflect blue Iight whiléthe second fiber
che&@cztemﬂfcls ectngy hevk diffghent color ¢heactarstitsa @nhngtypamfdﬁx:rs may also

e GySided g 455 PBlLah Sfiouded H0a S SbEhAE helie St A2 ane

e'ft%l‘Mar@th@ HRed biibers | incﬁlde PrE Blenid, gﬁ‘érgalﬁ*@ ‘Pi'b@l%ror 8k 1c8lor

may contribute to the ch ange i n col or "at
Shlﬁ‘lﬁ@ payppéemiibare gdwhblesypdvatf indrearfic Gbers Inay'ate glmwk ghsgceramic

ﬁbers WHICh %/a%r‘t!eaa%ﬁec[] & prog gges?%%lenggchggical properties to the weave 600.

An example of non-color shifting fibers includes homogeneous polymer fibers. The
embodiment of weave 600 shown in FIG. 6A is a plain weave, although different types of
weaves may be used, for example a satin weave or a twill weave. An example of a satin
weave 610 is schematically illustrated in FIG. 6B.

In some embodiments of fiber weaves, the color shifting polymer fibers may

simply be woven in with other fibers. In other embodiments, the color shifting polymer
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reduced due to the application of the heat and

pressure when the fibers 502, 504 are attached to each
woeleniidghot her exenpl ary enbodi mnent of a tow BADUSX09/035685

schematically illustrated in FIG 5B. This tow 510

includes three fibers 512, 514, 516, which overlap at

vari ous overl appi ng regions. Overl appi ng region 518
fibpiganaydeesatigphashie oty fibetswios sxample f perlappige gecap i a fiber weld or

4. Overl apping regi on 520 includes an
Vlaot\i}gr![:i eaopfsaéﬁ%s\}\‘/g%n the first and third fibers 512, 516.

Ove dpplified diagiagnNshoRang sn aenglay ingpubeturenyttt® 700 for making
second and third fibers 514, 516. Different
col@wrlﬁmgmc)hgn@réghem sehegnatisglly illgsipatedhip HE & divior hapesis 702, 704

sto?eo hg E[\%o Bgﬁ%%jfthﬁ%gg ﬁsé’&%? Eh %%Maﬁhl% ﬁgﬂec lﬁ)%ifa [0f the color

over not own 1 n rat 1 on,

shiirgd ﬁtkbe apphegicad B2, Vddfectuhiepdlanrstin the beruglen®yo. bEhe fiber
over| apped at the sane overlapping region. It wll
7 O%Fwﬂyée%ﬁamébﬁ: axtawianlie 750 it pall be snpieaipter dkat yagoys clements of

thed%yﬁtfeﬁlr A s&lﬁn:@? lleg§ thaJ[ [ﬁl fffb%ﬂV 62!@31% tﬁ@%depw@ faye lfeen

ustrative e er type o ticlét
omityd fuae ticodiagrashi ft i ng poI yner fibers is a weave. One
enmbodi ment  of a weave 600 that uses nultilayer polynmer
fi bdhs cxigudee disnBhliusey 4 9umb¢rl9§t8hlgt5é§aﬁ detarmene thsizegfippumber of

thes‘lgﬁldg/rg i @e BRI & fideP e’?ﬁe @%ﬁgnf% ?rﬁllrr& iiPfhe! sf{h%k‘é@ﬁ Be 8% to

part o the we or s
adjjpsd thereicknickeprefilvayf tlad tindsave the sane col or
have, differ

h t nt l o
Chart B £BF L1468y DickeTolo Hrpuinsho IBEr Wiy g fber 708
is %%Eéhg? S? a 'd@sﬁe{gleanl‘gﬁﬁy eTROQretd s Etgﬁorr@meQQ aséDE r"&faﬁlgle sets of

warp 602 and we
roltefrs 6pdnahg at ddfand&,spéemlls t@pafmhethe stnctelgagi Thé stbaclangktation 712

s SBISEESRLLLLNG, POLXTEL L BET Sy SUL L3R LYRES OF, e

it if H&‘?rrea Tha%hé: B DY oPfhcafifle Hlag&la&r%\ﬂlf%%‘lﬁj&ﬁ{ n[ﬁ’é%tl(:‘etchmg

nmechani cal properties to the weave . exanpl e “of
tenmm@matoel 1o typsdaillfy thighgr fhiab elresglagsatandidion h@nprganmmfshqamlymer, which

fibers. 'Il'he .enbodigfnt Ef weagve 600 shown in FIG 6A
Peﬁf@tsam‘blF%H f ORI ringd iy T PPttt ypes of weaves

may Tie sﬁ'@t@l{jed ﬁ‘&ﬁr 78X ?(Mﬂn@tr@tcl?éﬂt fitr W@QYfechQﬁrécﬁe%ﬂa{lon is omitted),
weave. exanp e of a satin weave

masrdlhefﬂ(hta Tpdst-pradukust pratesding rstalﬁbﬁi TﬁBﬁbbm&om&iergo various
enbodi nents. of fiber weaves, col or i ft
PrAgERy ek DRIBETs Oy ich REBFGS BubiAGERTIA of £ sishipectional
dnﬁétﬂfﬂh%nd)o@ 11 B64s-LERAMA BRRES Onk '&arﬁﬁlle Of a%i@ht@ hlﬁglble to
polymerfi bers may be attached to ot bers,
achaxdnph eccaictiay ey fitzgp giasgseatioasl dimansaorf 1Sbmollwepadr dre ﬁber is fed at
an elevated temperature between a pair of pinch rollers whose separation is set to a desired
value that is less than the dimension of the fiber. The heated fiber is then squeezed
between the pinch rollers, with the result that the cross-sectional shape is changed and the
fiber dimension is reduced. This process may be used, for example, to produce a fiber that
is elongated along one cross-sectional direction (such as is illustrated in FIGs. 3A and 3C),
from a fiber that was originally circular in cross-section. Since the separation between the
rollers can be precisely controlled, the final dimension of the fiber can be controlled

within acceptable tolerances. Another approach to changing the cross-sectional shape of
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via the use of adhesive. A sinplified diagram show ng
an exenpl ary manufacturing system 700 for maki ng col or

W@ Riobti3gs pol yner fibers is schematically ill uBCT/HSZA9/035685
in FIG 7. Two hoppers 702, 704 store the two polyners
that are used for the alternating reflecting | ayers of

the color shifting fiber. The hoB pers 702, 704 feed
a fibReispe Lk ihs filher beipyeen bxe plagsr I7beth of teese ppspachgsihics
r n

chdpiCrbiRS oL SR Teh o e B R ol B By bty iyt
paﬁﬁ&&r@@ch@h ke lidetthtthdsveie pfdshﬁé tH@&n@ﬁﬁHﬂtﬁﬂ’e&he fiber is

extruder 706, have been omtted fromthe diagram The
subjgqted pehe Hresvemme pirsacdhp sisd of gre ringhllen4t Telars pisi qm-ployed)

mul til ayer

an# h% tgﬁlﬁ%ﬁ e‘téloef‘s)tﬂgﬁ%élr ‘Qllieﬁle1tt1 ghslh?%‘alfeﬁ té ﬁreeggs],u? %ck can be

var iTaéd ptazesdil fider 118es thinckneasd poof tht poafprédirtion pgRessing

The _fiber 708 may be sent to_an optional stretcher

statipm{ | ndrmoy hpeplicctedeontd 1ogler 749s0risiored petosireh fwnaémer
desiyf ?&n@gﬁl?&& ;[1!3% Férrtﬁé RREbr tc@ﬁd gé\ylgéf HRYialH51Ghe gﬁtllayer
exanpl e, sets ers opera Ferent speeds

fibeQ opbeth dirsnainb eed)tnﬂ eﬁaldfnamg maltte ‘tﬁltelﬁertgeht rlgefsﬂmtglmn/ t6]FZG 8,

al. so includes heaters to heat the fiber 708 and t
whichy Sheps atcepsa sedian tbrpugle Ap e¥ aRRIre. MyltiEwer fperiseo d*@ta ﬁﬁ&?et toa
e
coffiyc Sl iR Radbve kel Be LU CEAR Bt ons for the fipst fiber
polyngheratdriadR02 hnay @h asfsrred @nsint i, an, dndnmpeaad theecidctivh mdlces in
mts nmol efpul e orientat] gn during the

pol ymer
thestr v 8t 34“ for thpecagd e RRlaET Biafers 204 Bry bereferred to
S ed e l
T R IS HEAETE, S SRS o
all sulasttamually itaechd b8 henathe dinstdibgomuariabis ipfropests esleadt one of ny,

this i nt uch ess i s the adjustnment of
. B S GG GAROE ISR and) or & ne |
Cr OSBRR CAAHRY: 8B0ARE: atg?ﬁulﬁ%@'mkﬁ"a&fs 80 ‘f‘(ﬁ*\ﬂeﬁ%etween the layers

suitable to achieving a reduction In
of thedsst-pe&oheronatridi8iRnsd dre sesoral pod)jrﬂlerqutaml 80th&of exmenple, if

is fed at, an el evated te rature, bet a|r f
thefnQaRateiatls Breseffirdiex-aRdb ardtachne indiccs at t 5 e Nix # iz 1.
thevﬁ]s%at'éﬂﬁ‘ltls bﬁefrﬁ%éntt Man tﬁehﬁtegﬂag@ﬁ%t‘éﬂlr%femt he f ' ber

The heated fiber is then squeezed between the pinch
r ol [Tae $ibewQ0his titsqaosedsmﬂt it¢ loagitidieal eksesageldy panhtl to the z-axis,
hape 1.s heflbrdl isre ed, .
os FGT oS B ROHE nB ilDEntd ) e, e En? iyt e S Sihin the

fibkd R fob h@lﬁt 808 polarlzed parallel to the x-axis, njx — nyx, may be different from the
refractive index difference for light 810 polarized parallel to the z-axis, n;, — ny,. The
interface is said to be birefringent when the difference in refractive index at the interface is
different for different directions. Thus, for a birefringent interface, Any # An,, where Any
= [n1x — o] and Any = 0, — 0.

For one polarization state, the refractive index difference at the birefringent
interfaces 806 in the fiber 800 may be relatively small. In some exemplary cases, the
refractive index difference may be less than 0.05. This condition is considered to be
substantially index-matched. This refractive index difference may be less than 0.03, less
than 0.02, or less than 0.01. If this polarization direction is parallel to the x-axis, then x-
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i s el ongated al ong one cross-sectional direction (such
as is illustrated in FIG. 3A and 3C), froma fiber

WO baw/1v385 original ly circular in cross-secti onPCBUSNE/035685
t he separation between the rollers can be precisely
controlled, the final dinmension of the fiber can be
controlled within accegtable t ol erances. Anot her
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Y D Sy S BPEAAS: TN, A0 1 Cioh Sk At Eiicreag or debi
carfif (b YigE " mﬁggﬁa o0 hﬁt&fb%%&vl@&ﬁw%h bMiNod e b irbRIon8®8ut the
1 ght 808 polarized parallel to the x-axis, nix -
holmlalx ,formxymblﬁ Wpfwicalata, Employchmforafatiact dogeurit mefoxmation and the
hk% g%%slg Q. 181{ Wl?% %re]%;wgeldo ot t%le %erlrldz9%% 1g1anr;gac|o|n\§entlonal rnhethods such
as being stored on a magnetic strip.

FIG. 9B schematically illustrates a security tag 910 having a multilayer polymer
fiber 912. Luxury goods that are subject to the problem of counterfeiting may be provided
with such a tag 910 by the goods’ manufacturer to reduce the likelihood that a
counterfeited copy of the article may be passed off as a genuine article.

FIG. 9C schematically illustrates a book 920, for example, a passport, that includes

a multilayer polymer fiber 922. In this example, rather than lying across the surface of the
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interface is said to be birefringent when the
difference in refractive index at the interface is
waolpdoparesss for different directions. Thus, forP@I/US2009/035685
birefringent interface, Dnx Dnz, where Dnx = |n |Ix -
n2x | and Dny = [n Iz - n2z . For one polarization
state, the refractive index difference at the
seqyrgdericla ge Hshpnan fhedueyiseeworexapwles; the ﬁb@o%ﬂmaw%én into the

pedSIRRLY BL Yoo, drdoBRTRNEARERLASSARAR: ol BE syfce of the

paghls condition is considered to be substantially
I ndex-mat ched. This refractive index difference nmay be
| es§1GHAP sreoticallysilustraies obapsnots®3) bawing gappiplaggr polymer fiber
0 nis parallel to the x-axis,
93%H@ﬁagg%?g$ﬁ%éﬁwﬁ?%%%§%g%@es t hrough the fiber 800
Wi t The irﬂLﬂﬁley@rpoBQne’r&‘fHeecdﬂ appearl to hatdéiffeveat dslors depending on
xpol arized lig is hi transm tted through the

hly
VaIF‘P%ef?CtB@OSHCiFﬁéﬂ}eé\“iglfc‘if%%mlcﬂéé&l”ﬁwlfaémé Jight 3 thegolarization of
thetﬂl Slﬁl{altlﬂg ﬁ@ﬁ 'J:H hﬂep n{apedhsfolagﬁ ct)ggl)r?éi & different colors at

a lve Int
dlfﬁwha tploitad alomg slba‘tber T]Iibss offecte mrnmlt dependxampltespretdiec of a
refractive index differenc be at |east 0.05, and
pigmapt gedysrigdhetibers it agsdansn 1o thegpicena) STty thsefiber.
Acgm%lngllj ttﬁ%ﬂgﬁg&%f&rﬁ%i%tﬂé Fi6&G bt gé?l e%#l%atéd%sh&qess

en z-polarize
exp@ﬁk@ckﬂﬂm@hmﬁ¢m£dnwhmqw£gent |nterfaces 806. Thus

z-palarized lig efl ted by the fi
mor noeé@%dprg%nt@? é @g}g‘g Y% her 109 1Sf§cggp%t1qagy illustrated in

FId NEA YA HR 1.0 c&secﬁﬁ@vio‘ﬁ@i qie %?a lift IWhli“lf?l thd }ée%gﬁgflcﬁf the reflected

|ncorporate her by r ferenc Thus,
(orrtﬁﬁllsmdtedéigﬁelohamgeb anth amfglama‘delbemdgmthm HmWn(mmntltles and 1s constant

ol arlz ion of incident but .n ef |
OVS&}%? i & # t%%%eoamthooga%f At alra}nzaa{l?ﬂ@ Peosdin lgglyi 4 Wpectral
ﬁngér?ﬁﬁt” _ | JBHES forta B8 Wi %Fer@&) tﬁ?g&}aérﬁgeﬂ’éetlon and/or the

efractive 1 ndex for any I ncildent polarization state,
peao tsmsiisglon vesus ehlvdetghl afibangé bf llnnxclleni@mf the incident light. The

ol ari zation stat e 1 hi cknesses and ctiyv
spqeHal LSRN heeff%ﬂgg Eﬁilgﬂé’é‘&ldﬁﬁvnﬁ‘é’a&éq afifzation state, or
forlPBMERed fightr €f l ect a first color in one polarlzatlon
state and another color in the orthogonal polarization

st atAecodargly ustloéesathw cestaof mgkdayree dolanter Ebers nidydte weayied using
nmer. fi.ber, are schemati cal |

| oy mul i
bofihdepaeater felbis, Se Shrcaliongegiot Faursarygitized
eqﬁ?ﬂ'éﬁtcfbﬁ(l&ﬁictahéﬁ JREREh S @leﬁ%eﬁﬁgatmnqyéﬁg e §Rply to tilt the

lustration only and are not intended to constitute
artgehe mnlteamsg itheefibhar ehd obdeGe 69¢hasg¢1 anfelar calor yncﬂdrlauﬁmanahghtmg
condltlons o(\)fgrttvtc]ghcal%lso?lsme hé‘&‘s on J[heyo?helr% a/ Tse sgelmb %zec? equipment for
verification. For example, a device may be used to quantify the color shift of the light
reflected from the fiber when tilting the article through a specified angle.

In another example of covert verification, the light reflected by the fiber may be
polarization analyzed to determine any difference in color shift for different polarizations
of light. Polarization-dependent fibers are discussed at greater length below. In such a
case, the article may be illuminated with polarized light, or the article may be illuminated

with unpolarized light and the reflected light may be polarized before detection.
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In the particular exanple the card 900 is an

enpl oyee's identification card, but the card may be
woeeniBgpes of cards, for exanple, a buil di ngPCF/US208¥035685

access card, a credit or debit card, or the Iike. The

card 900 may be provided with additional information

about the holder, for exanple bionetric data, enpl oyee

i nf dhadibPoMaY heweoupisuitdieo pwaberdayeand0d H841 Im@mmbpdlments

onfg%f %érg i i‘%4 ?1? JS[;eolfsg(g, I’Y&}glsetlg glthﬁeg re%{bgc? glgﬂﬁskﬂg fiber may include

ona netho

hundgdedflgyess 102).104! (B sodid Gabeimtntsahd ﬁbéﬂ thaishdvata@eagt 10 pairs of
security tag 910 haV|n a nultllayer pol ynmer fi ber
laygnspor gt ksast %/(9 BB layeat oaﬂ@r%thl@p 8B pakpok lgietpr Bhiosis ffthe

I {
ex%ﬁ@9§&gé%&;nand?qx?ﬁﬁgg o reg%%%h?ﬁgﬁﬁ&feP%ﬁoggﬁgﬁ%%ng
lmwngmmanUﬂrfelted copy of the article may be passed of f

as a_genuyine article. FIG 9C schemat]j cal

i |1 ey gtideren! ypesiofgpbymar srayeaspd &or the ﬁ%@%@gtlay%b@ 104,
ing 1t
inc bl B BOLTRI A% 3R o e s
rarigh @f dghtredchinibe) & Ascubsedphonisusiyn t he previ ous tvvo

exanpl es, .the fiber 922 is woven into the
wi | Thpgubiyay&prhes fibst mey be é@phqdﬁatthet %CLF%E’é%g sggrze%gmg any

sui. %bfe Iﬂ@tht)ﬁ] eG%H@r% %Hg{% e%@gg?ﬂ?ﬂ?})ro@cﬁhe ﬁf@fe'aﬁﬁé kﬁém the

usirates a ng a nmu t| ayer
articldoy@em@BiZelwo Oan niatlical dffaetagdape thedibet trethnattel Qi3 @iscissed Wlth
mul til aye on fiber, can appear to have di ferent
referapeﬁr@ %Qpé @egﬁcwﬂeﬁg lyptrapssa crgpeteeten phan yHgied 000.
In 8 1f11t[§ra{éace'n{j[§)'a¥mérhl ‘ﬂﬂEna ﬁié ﬂﬂ)Ollk g9 ia{lrdaﬁtg[ it @ﬁl be a (ﬁpremated that this
pol ari zation o un1nat|ng
appfrobey, andhthe altlsos dnpmad‘d hadowp muﬂtb@elpﬂhécf terogindr tjqn_'ds ((»If srtates. The

ey B0 R0 e AP S ol DASRE N il Q0P rhrovgh
heéth&nf‘nh{?@{ ’wlﬁéﬁ 2@{&119 gRE @lgﬁéﬁs tH@ﬁBéle Th F&ﬁé BibodihicH& Hl iber is

cordi ng , t he Optl ca per or mance of
comhletdly ﬁeﬂtelled,rb‘lmun etasi ¢rgbdiemeep) reo dbd dunvatungmag s present in the

flbegrnxrﬁlganSI Vﬁlpdléxga%l;lso hlpgeg‘lg]pgl%togg F%ﬁggaﬁsglfag @lafgge galor shift. The
fibsClRIBRhCE dthchdd ﬂdstﬁé ﬁfrﬁt@e h 804 ﬁsqghg Acfhe%r\}g ol Ba@$e laminated to the

di scussed previously. way whi ch the spectrum of
surfdve 1084 &cthe dn(oodlmmasd]mneedm 1llg$1ta)ed01hzfﬂ@e $0Bvithdarticle 1010 is

oG S SR BT AL oA BeSRREIAE e
lanTRhS A NG 01605 HORE the fiBer BB GhA Blher elements on the article from
wear and tear.

Another embodiment of article 1020 is schematically illustrated in FIG. 10C, in
which the fiber 1022 is positioned within a recess 1026 on the surface 1024 of the article
1020. The recess 1026 may be provided in the form of a groove. The groove can have
any suitable cross section, uniform or non-uniform. The figure (10c, 10d, 10¢) shows a
rectangular cross section. The fiber 1022 may be held within the recess 1026 using any
suitable method. For example, the fiber 1022 may be held by a friction fit in the recess
1026. A lamination layer (not shown) over the surface may also be used to hold the fiber
in the recess 1026. In some embodiments, an adhesive 1028 may be deposited in the
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fingerprint”" may be defined for a fiber which refers
to the percent reflection and/or the percent

WO e@ndm38si on versus wavel ength and angl e of i PCT/U800%035685
of the incident light. The spectral fingerprint may be
defined for light incident in a particular
pol ari zati on state, or for unpolarized |

recagsci2§ite) QPV th%lfb‘i?rclloé@ gsHaschematigglly 1HfH$tf3it¢di@le &)@Qm? he inner
squféch'bgO g?é/ qg(%egse { (ﬁ fa%?éotlll§f1@&ié1%9 (,Q 18%’861[}15% ﬁg@e C@o\f&r that i is selected

to ppeadcad deadd eptidap Bﬁéﬁt afcmg wieh tht ifibait 1022 FoR examplb,qﬂe aber 1022
overt verification would be sinply to tilt the article

may difabrifated to eflact blae hﬁhfdw%ffj?slélﬂv’énaéedclﬁaﬂﬁb@cﬂ?ﬁ perpeidicular to the
ﬁb&oelx?% 111[1{}/ Fc'h c%gg)% Egﬁ aﬂd I%H thgﬁgarg %ﬁ)%atﬂhcﬁgsrn%ﬁ%ﬁough the fiber.
ot'ner ana, use

I on nethods,
Wlsepedieahmez edrfmullqaﬁanﬂ/of thie adiedifd HRBIadnblaBlgmoa¥dopgreen Hght is
devi ce may be used to gquant the color shift of the

refectsdtbagle threughahe fibenhst e aF}CEi‘e{OZ\%h & e pthep jands avhere the inner
@{cte'l%hﬁ aﬁ&Bpﬁﬁg?dﬁesﬁ%eﬁbg' ﬁedwﬁ{@ ltl?cn th?f%&%g%?{?ﬁq@m Eflected

covert verification ght
by thdxeticlobyclbtrqahahd fibdr 1002 afat yaletlof the detfaeni0de aadryr the
difference in oIor shift for different polarizations

adhygsive; 1&%8 ne%ﬂl% £ b8 52815 8 &ety ofiiRe Eecaise Wi dhq rsathat the
ligﬁn%)?ﬂég rn Lgoah d&l% élﬁfealJ HRYER gﬁT grﬁ%olotg ?@(tilﬁdge'nﬂe%mns of

um nate arl ze
th&ﬁmﬁdbﬁznay be |Ilun1nated wi th unpolarlzed i ght and

the reflected |ight nay be polarized befo
det &¢Pthshemhedimepief W“ﬁlﬁ\} E4Qﬁ§yscé ettgg{lyé iljsipfed in cross-section

in FRYQ0E, 304is é’l@ﬁodﬂﬂ% mt?%m?@ﬁii i a%eaoxﬂnio%gﬁ rE@eVé’s h@!%()g&rc'the

102, 104 may be use e in ot er e i ments
up}ﬁérkserfa¢ea1>04i4|mcflthm&har]d4@dhl this cndbpeirsentBe fib&4L04D has @ uEOsS-
nbodi nment fiber ma ve at t
Seqﬂgyéhwé is %Pn%%eqh dong AR I’P%nadé ulgrg éh%gb%%sqﬂ& téldtrﬁgﬁm The
[ {
e e B e AR IR s Sflstrated)
amﬂbtaﬁma&engnbhy@ﬁﬁoﬂ@@am&ﬁﬂhmﬁhﬂyodlTh@ﬁgmtshqmesmwf

e use for the alternatin ers
em@eﬁlﬁeﬂlheﬁ%f s iap Pt e pE oA qnﬁgmnec?i that residual
Cu@@ﬁg@gﬁfbgBa%@ﬁqgﬂkqﬁﬁ§parent over the deS|red range

wavel engt hs, as di scussed previously. The
mul in k(ﬂy@cmmﬂlmﬂmﬁ thie depth n;ﬁghel:receap plrio¢ dotistant.hOnastdhc| e

ei.ng secured us an Gener al |

eraB L RERGT T BSFUER Tt HE 11 B paHPY & ey piin exermplary

artfc[eom dlonk t1RY fobifilo® a REQMRIHT A x;«m@nﬁmkx%ttﬁ@@m@i se@tibR6HhB drticle
e fiber to the article i's discussed wt
along the axis AA’ as indicated in FIG. 11A. The multilayer polyrner fiber 1102 sits in
the recess 1104. The recess 1104 has deeper portions 1106 and shallower portions 1108.
The fiber 1102 may be crushed into the recess 1104 so that the fiber’s polymer layers in
the shallower portions 1108 become thinner than the fiber’s polymer layers in the deeper
portions 1106, which may make the surface of the fiber 1102 uneven. Accordingly, the
fiber preferentially reflects light at a shorter wavelength at the shallow portions 1108 than
at the deeper portions 1106.
Secure articles may be provided with more than one multilayer polymer fiber. One

embodiment of an article 1200 having more than one fiber is schematically illustrated in
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reference to FIG 10A, which schematically illustrates

a cross-section of an article 1000. In the illustrated
wepodisent, the article 1000 is a card, but iPkCTE1009@€35685

appreci ated that this approach, and the others

di scussed bel ow may be appl i ed to other types of

articles. The nmultilayer Xmer fiber 1002 is

FlGt }Zadnébis @@b@ﬁ]@e@a rﬂﬂ%@@clfdéﬁ s tyeefibars 1 30% 13¢bplaced side by
h : I
Sld%“hﬁﬂ? %Eetlgqé 2rf l?gllrre éf'rp%gjcljac\éﬁ fslgwh¥ h'o%%h%é(r;u@ilezl%d). bt g{éﬁlple,

thecfitigad E202 ayf bapdsarivadd pbltallell But eépaedte @6 A alﬂ@cﬂ& Sbr the ﬁbers 1202,
resi dual curvature m present in_the fib

120 Ry e ﬁﬁVﬁ‘aﬂl@c}m@H&ﬁ%}é’l f%‘“é‘cb othst- ThsHbs 6204 1\%811 rnaageﬂect the
I ' . 1002 may be attached to the
Sa&l@g?l&o Op%lggéﬁéd dﬁg?%%gglﬁgse or may be lam nated to the
sur fhaoiﬂierl&ﬁlébduhﬁnttshﬁulﬁﬁhdﬁjeméﬂnhy sk fat éxaaiple/as taught above with
illustrated in B, the article 1010 is prov

TeSppetfo ﬁletth@dlraffﬂt ﬁﬁﬂ%rﬁf’r &yets seharpatisplly st Bl . nhis
embQ&; %16?1{] Q\Evﬁ Iﬂﬂlrltglgg& fbg‘ggr fib [‘keltﬁh tdr@ Bis @s)éﬁ n]tgélﬁ'tlgﬁyl 300.

protect errent
Tha fibes| 18021 I30Y wemk earhcbtherait ovdkt@ph@rregﬂbwtﬁ(]&?whemfthe color of the
article 1020|s schematjcally illustrated in

fiberg 1RA7-cIR Of meayrapped” ta §9 dif eéerksém thsisatprnpt the rﬁlbars 1@@%»315304 in
nork398&1 i%gggl%ﬂg-f ace 1024 of the article 1020. The
m

reces y be provided in the formof a groove.
The Iigothovembaiimbay emaltiplcSfilictaipbhe be copoyse wﬁnhmmecured article. In
uni form or non- umforgn The, figure

NelS

thegmpRpdiment of arel| 400 seheraatically 1 %Hateérweﬂr@ ér fhf@ﬁtzcl?régwo is
AL UL 0 A GO AIBE U L e
1402 may abh e off thei sank I@elolr ec esesor]rﬁ% fibard may hatei dnffeﬂeaiyc&ﬂors

not sho ove surface al so.be used t ol d
§ hetfh_f: BB R G CLSS e 26 Wit SOREI G &lﬂbﬁﬁ%rhf%tﬂres of
thAARGSH YRicFO AR @é/mgl% AEeRORL befhe 'rﬁhlﬂﬁ%rﬁ@&f‘(ﬁ %P n{agéae selected

hold the fiber 1022, as Is schematic ustra
to matchloGcort with¢hd coh@arofswothacteathf3or thé s¢duecdraatess IMHP 6

/ th dhesi. 1028 | that | .
Lo B L a8 Pl ks Wafece PTG oarptcle 1500
1nc\Mcfelé‘ af\Btifh %Qﬁf 1}119@12ﬁbeF %Ofé(tﬁf%eeor nhd?€ 1ihb oG mhl;%%nwyM

fabrica to reflect blue light when illum nated
Mlcmpandls peicting thapsregéenohcywingal | @nd diffieult itdoead awihsthe naked eye.

My R Qﬁ%ﬂg?%ﬁldqrb%%iﬁtdla?ﬁgv@%Cv?l?rh%éqr lgtfry ymbols)
writa Gn ﬁf‘%ﬁr‘intt hﬁltﬁqﬁ Hﬁiclﬁ)@t{g nat®p ﬁh@&lﬁ’offéﬁ bk ?ﬁst@f(en as a line

green Is reflec ed back throug the fiber by the
on ahet artitle. lrome énbecdments Hbe chlandf themecmptihiel 50dnesubstantially the

sarfslaésf S&Oé%gp @P {ql(r) ﬁ?(glq?oriaegglglﬁk\/\gl&elnovggwea at aVI\Qllrttlc%’lartarﬂgl%
In another embodiment, schematically illustrated in FIG. 16, the article 1600

includes a multilayer polymer fiber 1602. A pattern 1604, for example small printed
words, may be laser etched through the fiber on the article itself.

Examples

Example 1: Fiber Formation
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by the article back through the fiber 1022. The col or

of the surface 1030 and/or the adhesive 1028 need not
wheoovhe3sane al ong the | ength of the recess, WEhU$1989/035685

result that the light reflected fromthe fiber may

appear to have a different color at different regions

of the fiber 1022. Anot her enmbodi ment of an article

1046 myltdasice peler eaIceytric (cples shiftingdibas wap ddsicaisd upigg tha

| ;

fol oI\xg:h% érgz::esst % ﬁﬂg%‘epgfg%grgé %Q]&)le taﬂ?rg&fu?%&g%@tééro cc‘entrlc r(ﬁ%f of an

X pdlytbeardrd Y poBynddd 4hs préduichd Ssiggrixeitrmivn, di¢ tet ﬁzltcbcﬁ% shims that
1042 has a crosssection that is el ongated al ong an

wegkeash 0l05e AR dcicaemeters) thicks i Tee skims oYrge vigditp arodags & thick inner
rlngr%teo tfllb Qi% W%.Qés%d rokaﬁ @@ i getj Iﬂwtntéean] lﬁ%‘?’ 1Ireb g)nﬂgnglﬁgﬁﬂcﬁﬁk the

an1na ayer (no
cor&dilﬁd 902 ecf(gathg Baly'em)lrrom{dnh)ythﬁ @ing, dtrilar tonte Fidek crddesection
gure shows one enbodi ment of the fillin

111116&6*@@ én FlGy 3t nBie apstvmedat of the ripg W@ﬁ@b@}tgﬁ%@@%&ﬁ the total
crogsg-sréec‘glgﬁ | (ﬁ%é‘[@lt o tﬁ? Eﬁé(r Sss[%re@?cﬁﬁ!]dl'r&ngllaﬁ \K/hlli)eetrhe réﬂkctlng fiber

I nents, th o e recess Is
laymrmhaﬂmtedmweamcﬂboemcl Iam@ n0%its tischitesmdiantadr| )An outer sheath had
illustrated in FI G | A, _which vi ew of an

a thiglstiat ST FbORIB O A YA Br BT ar . and 11 B,

whi he
101 SO, B2 RoRREELARL e S, GRbl et

90 RPIENTEI%PED eWalﬂab&ZfrsmBM Contphey, Se.cesi$, Mib@dsotal Iaﬁd tleCe pslymer
1104 has deepe

way ROMATRD Fobot R Ty TS ooy A ddsgere ws
for‘ﬂzﬁgﬁoﬁ‘@tﬂet}@gol H{%r Eﬁ(p R}Qels}fﬂﬁ‘ﬁ d 2k "tee Eg)rolhnlﬁer The sheath in

ower I ons 11 econE t I nner t

thefmtmtedsexpm@mmas Ifayrmdsof iIPMMize atib@pdrit @ard howrsdetd OGmed of
hﬁ%@g n%ke th surfaﬁe of the fiber 1102 uneven.
L PH?‘H‘é‘W °f fidtabiegpateinlet erential Iy reflects |ight
at I
t ha%hg t@%ﬁ}&& gi’&%ﬁh@%%élfoﬁhe& &%(%ﬁ@ér AWl %H w%'?f eﬁe}kﬁﬁglly

eeper portions 11 ecur artic
deabglqdrto‘pmiednb aMaty br thiwkecss iz rasnbs muvavdlangdr sppoifigneficction after a

th{ nbod nent of an article 1200 having nore
P9 Ogﬁlélgf% éPre‘iC NEDRetically illustrated inFIG 12.

| n gBll&lﬁ%H‘B@l@étWﬁle tW & Bo ekl Ere L3RRS 8 WPod (HQ% twm screw
2, 1204 pl aced side by side. The fibers 1202,

exumu;crsb el'pl @tredersloperatvdrag a oﬁmnpdnauwm itled ®@nd QW °CRo r300°C and at

exampl e,. the fibers. 1202 _m Qsi ti oned par al
scrg PR i e T Tt T Eh il S Do pEr o ars 4 1 apge of

abéﬁim PRIPRQS hbdiRRE PP nE&‘Bre%{rhgér v&a@ §APBePHRB mdtBEng gear pump
bers 1202, 1204 may reflect the

Wthh supplied a precise amount of molten polymer to the filament spinning die. The size

of each metering gear pump was 0.16cc/revolution and these gear pumps were generally

operated at speed in the range 10-80 rpm. The molten polymer was transferred from the

metering pumps to the die using heated stainless steel neck tubes.

The molten polymer streams entered the die and flowed through the shims. The
first shim pair created the core of the fiber, the second shim pair created the inner ring of
the fiber, the third shim pair formed the innermost of the reflecting layers, and so forth.
The discretely concentric multilayer fiber then exited the die and was introduced to a

quench tank of water. The fiber was drawn into the water using a level winder. The
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same color, or may reflect different colors. In other

enbodi nents, nultiple fibers may cross, for exanple as
w0 200gh1138bove with respect to the enbodi nent OPCHUR006#85685

and as schematically illustrated in FIG 13. In this

enbodi nent, two nultilayer polyner fibers 1302, 1304

are disposed on the article 1300. The fibers 1302,
combBipatient plsgeters PR specdtandvandiag ppasd covigeléndsha dugeter of the

. th ' , 1

Bl LRl FratbrreSchra st s Aol 3 ihs0B Ml

I N AgRr oxelsdian Hagultiegicofiber W setfeied sndbstbnRInb Slcvelop color
mul tiple fibers_my be enpl oyed with a secured

shiffing rpeertipsfor pisitderiglfi hyerducyie thedaver gigkages to the size desired for

_ U . .
ORI, 1 ISLERRRE 0 B ey Tagath ek A% pu
rolisthiiod, shearthipakly aeonfdchier svénnunidhe anethsepul 408 stagiyn ahd fibally to a

.of the sane color or one or nore fibers may have .
wiggerf dhepenvestiQr QventrRPRaILG Vayetepolyy e migref apayt b0 °C to
o I
o8 G IR oA TRtk Rfolh S B RouPE 6l the spocd of
thenfirst pullanpdrstapioh yane cadsed eie fitry tdersd @dt @ds heatddinche even.
contrast with the color of another featuyr t he

.of th
Tygicalpudkrodspsed for therfirgtpudligl dY?’ﬁ@H?uté)e%@%aW?@S thesecond pull roll
i i n-F e
org i3t ARG i el b Ttk @it hlfe SEELORIA gy ne
secand polteolbstatimr.e | i nes of mcroprint 1504. M croprint
Is printi that is extrenely small and difficult to
rea a%Ptlfhgg% Wi gduapd .uswgé%? Progese idbussed AbRvigalt summary of
j [ : P Sk ' the words (or letters
o RS A MR, " U houn
magni fication, mcroprint can often be m staken as a
line on the article. In sone enbodi nents, the col or of
the mcroprint 1504 is substantially the sanme as the
color of the fiber 1502, for exanple when viewed at a
particul ar angle. |In another enbodi nent, schematically
illustrated in FIG 16, the article 1600 includes a
mul til ayer polymer fiber 1602. A pattern 1604, for
exanpl e small printed words, may be | aser etched
through the fiber on the article itself. Exanples
Exanpl e 1: Fi ber FormationA nultilayer col or
concentric color shifting fiber was fabricated using
the follow ng process. A filanment having nmultiple,
alternating discrete concentric rings of an
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X polynmer and a Y polynmer was produced using an
extrusion die that had 406 shinms that were each 0.005"

W@ 2009/1m38F onet ers) thick. Two shins were used BEI/US2009/035685
produce a thick inner ring, so this die was used to
produce a fiber having an inner core, a ring
surroundi ng the core and 202 reflecting | ayers

Tablﬂﬂommarxwlbﬂhﬁor@awm ar to the fiber

Ist 1 | S ed d. g AR |_| Uul (S
Sa“scfj1 of P h%ﬂr L ERALT ;gf}}tjpé%ﬂ Korhe total
cr oss ﬁst i| oA di (8 t he| Fiber |cross- secti onal

dinens S| )a 1 é@sr)ﬁfl ecting | ayers

1 cont rj bt ed BEt weed-Gabodt! 130% a1é|9870% taput hegotd ber
di anet er. An outerl sheatlh had althi cknélgputhaiurple

2 contrj33m ed tabout |109%95%|of the {pber dilapmteold | n sone
exanp| es, tlhe X polyner \was LMPEN, a ¢@R@bhumefccinde:

3 1 rom PEEFPENGIDPPE] gayvai T[afgl € 117 pRg33M T MYfiehBhink to
Paul ,| M nnesota, and thg Y pol yper wag sup 1 ed

by Rohm and Haas (Phil adel phi a, Penns; n The
core was farmed flomthg X pol yfrer and 1%%““ d Wil pink

been fornmed of LMPEN o her suiltiabl e materi al .

L forme frgr.theVpnl\/ sheat h |1|11 the reported
4 exanp| €Y wad 4% med- 266 AR, al { Reigh |iQuipw ol g9ldhah pink
I |Isone ot

The extruder die shinms were formed using | aser cutting

and were specifically designed to provide a |ayer,
hi GkREas L iR e et s F%thﬁéiﬁé‘i‘eé?{g’t%ﬁheslﬁlé]é’ﬂ%ye& fiber input to the
| Ad i st nd
srb LSRR L P OSFHA 2 L1 LOOL AR Ll e
pul eqdlaarsainethgl stfe&chmg) statien eipdotivelywliension esprasxiis titbetessionl treerted

ext rs oper ated mperature in the ran e 2600C
on Ibe 3 E f gN E‘HL sTs; ﬁh? A¥CTrSMgEralte #6S Kpthat T oc
in J 1/9;& lesex‘ddtllﬁlt%la’pfeﬁﬁe%éﬁ@ aleva%rcﬁlaltéa diRGclcROOG e ?ifbelaaﬁwt from

a to about 2 1 MPa. Each extruder was equi pped
thalﬂtttel’ch&lgt'ﬂﬁdtﬂ)ﬂll ﬁglegehmnplah@emmbr Sdeppiibes dhapqpeareidseflected color
of %q%} E]gu‘b‘rgothégtget 1(1 ?tg{;ﬁ%xg % (?uetblz}:ﬁprg\ggt S%hﬂl?gl sl"[]a%o(al gnder
whE & ﬁ@a&ﬂdufdngatmam%ﬁ@n&ﬁar punps were generally

operated at speed in the range 10-80 rpm The nolten
pol Jiresamplss tvegrmlf formediwith dim Xipelymetr@s LMP N apd thedY pblgmer as
Pl\ﬂ%& usi ng heated stainless steel neck tubes. The
en polymer streans entered the die and fl owed
t hrough the shins. The first shimpair created the

core of the fiber, the second shimpair created the
Exampler2: PosteProéessing

Various samples of the input fiber (550 micrometers diameter) used in Sample 3

were used to test the effects of compressing the fiber under pressure and heat. In each
case the fiber was pressed in a Carver 3893 15-ton, automatic, four column, hydraulic
press with air/water cooling capability in a press pad setup. A press pad setup is an
assembly that has two press pads, each having a bottom, 0.57 mm thick metal plate, then a
press pad (1.5 mm rubber pad between two felt pads each 1.5 mm thick) then a 1.5 mm
thick polished metal plate. The fiber was placed between the two polished metal plates,
which were heated. The assembly was pressed with a force of 5000 1b for 240 seconds.

The resulting fiber dimension in the direction perpendicular to the plate surfaces was
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the fiber, the third shimpair fornmed the innernost of

the reflecting layers, and so forth. The discretely
w@eoweaen3ss ¢ nmultil ayer fiber then exited the dPEI/EHSIH09/035685

was i ntroduced to a quench tank of water. The fi ber

was drawn into the water using a | evel w nder.

Theconbi nati on of netering punp speed and w ndi ng

foupdde gc snsetableluadern the samaendaionsof e, pressare anfhtng alhe color
p f
shil oﬁgef‘ﬁﬂ)&bou%bg&ggft%soev}ﬁ reh{]af{ Pr us sqo hgﬁéjrr%%hﬁ Oafﬁléer
cothpRediomaspcsinicatsehe Shrﬂﬂﬁdn@:fdl 1ﬁ rItaeIé III(bediﬁJV.e| op col or
shifting properties for visible |ight by reducing the
| ayer thickness to the size desired for visible |ight
f Nt ' rocess, the fiber was
Ta&%\/\%ﬁﬁ%&gﬁaﬂs‘%@{i Ep‘g)egi%ﬁiﬁiﬁ%ﬁ}tpst ation, then through a
convection oven and to another pull roll station and

finall y to a winder. . The convection oven t enpsrature
NowgisT e Botey | pTie| Faigke (dfolabout 80lanc t o |Lisdert
182@C. [rtle) secio@d pultimr ol | (wdx &gl on| Genkal | y (PN at

5 abol0 2- B5ad0mes| 240e sped of Gtche-gbld $Orgnget r glViolet
stiati on pppd opgused the fiber to strefghidas it (was
helat ed ian)he oven. [Typical| pull rol| speed far the

6 |To|ulrf20r ésq({{o%:'ol at e ? E)ut) gﬁe_ to&g%%bﬁ%sﬁg&grfgluf

The wi an at the sanreg speed as the secqgnd pul |
ol sta ri ous i hnre were nr )duced usi no the
7 pr o]c?é)ss d?%sseﬁooabow A s@’f?ﬁ’&‘rb}uem Geesmeblpg t(ﬁénge

resul ting@i®9rs is presentled in Table I1.1n Table I,
"linput DIW) reflers to the dianeter of the multlilayer

8 filbE32 i npwOOCt 0 389 St 15 chi|ngoket at i onAqlihe 1st| gotdehrod
speed and(dmorpl I speed refer to the speeds gf the
1st and 2N5i pull rollers in the stretching station

respectively. Tensiom represents the tension exerted
on the fiber between the 1st and 2nd pull rollers. The

oV efTht eslpamatlend " waswK tpttcraperdidfe Ché Borapilesgxmpiates $n degrees
"Qutput Dia" represents the cal cul ated dianeter of the
Cekswe%ndoth@ ﬁelemmr mqeh shewy e doricp gpritedttp die platse incRsiugdn (values in

C i olr(ﬁg Cﬁéoo uﬂ&ﬁc fhlpeeéolﬁrﬁﬁ “ﬁ’ﬁﬁ r etsetﬂe Elﬁ‘f@l ﬁlcstegginds for which

i'nput to the s I'ng Station

theOfilig titas Exmo¥ed ttEths tcbmbmlsmg fc&t:@hﬁctfﬁfhutlﬂ’dets thé btoes-lsetcglbhal
conditions at. normal incidence. The sanples were all

thl?lﬁ}e?ﬁa‘éf the taruking fﬂeebkﬂ a/HERCtign pth&WOtthecqmm6$wlate
B5EUR TP ELF u P RISHE T OO HEShRS AT,
refﬁﬂﬂm @itB a white background and “Color (bl. bg.)” lists the color of the cornpressed
fiber in reflection with a black background. For both of these color descriptions, the color
was measured with the direction of illumination perpendicular to the fiber (like light
direction 210 in FIG. 2A). The column “Color (60°)” lists the color with the bulb at 60° to
the observation angle (like light direction 212 in FIG. 2A, at 60° to the normal). The
colors were observed using a Macbeth SPECTRALITE Model SPL-75B using the Cool

White Fluorescent (CWF) bulb.

Example 3: Article
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were used to test the effects of conpressing the fiber

under pressure and heat. In each case the fiber was
w@e@ededsi n a Carver 3893 15-ton, autonatic, fBCEF/US2009/035685

colum, hydraulic press with air/water cooling

capability in a press pad setup. A press pad setup is

an assenbly that has two press pads, each having a

bot Pofecdysiresdatiips efdibast wrs formed using i samsfbsss 4549 Egample 2,
1.5 : t | . .
i R D PELVGER i ) MRS RSB i prss

pad bdo@y dovasb iadednipis Meer2otiae S00®1boft hisdie d00edcahds. The fibers

| at es, which were heated. The assenbly was pressed
weldediogethes ptde opeoping sschigs. paovhceehsdprermmd lpweifitarnhg

. di i . . :  cul
oL ATRELON L0, S0 SR PR BARRIHGIAN fghfe  e
ova&tuppingoctidns pairl wis foe abseryydedsswhersadidtht ifitvers. The col or
shift of the fiber was observed to be different after
conpression. The results of the conpression
Ex ﬁg{g&g&g are sunmarized in Table |1l below Table
——%éET—CUnpression Experi nental Results The col um
" Tempthrezhiiyes bidié wiae ofeetedtand ehenfcotipecssahiprirs picaspddl satupsat 120
in degrees Cel sius, and the colunmm . "Force" shows th

.ne
°Cragdl 0% hfor €00 sesondre icgorwresicds Sitidesl Sivsiuirelad gunique diamond
r . H ., . T n T' n
RS e e
braddipg $ibck was prieed anppessiotangt arcdénanaof, bht thk'didnh@idsovieH epping
¢ross-secti onal ghicknef% of the resulting fiber in a
regipse¥¥f §19l¢e s A afcrRArER] Hiyntinatiogeths At e Slusrolet and the

: e - Q) L,od. )" lists the col or
A A P TR0 with  wnite
background, and "Color (bl. bg.)" lists the col or of
the_conpressed fiber in reflectipon with b] ack .
bac AgF BLer drt%}oss@ﬁh%ﬂ RYIEE eaidvfae%fﬁ%k? BHEculppgramples
dePbed atY y lf{gflﬁﬁétes‘ﬂomdtﬂé &nlagr(sﬁi)!oHQ& bR aﬂ%sﬂelc{stﬂptﬁ@&zi%cggsure as

per pendi c r to the fiber (like ['Tght direction

fairlp sétlo@t il2AY attddhed chilinmsmVidi@nlsonodifEitions,icgtizvatehepootsses, as well
with the bulb at 60 to the observati on angl.e i ki .

as IUGEOUHFFUCHITEHE whish g nepsent ﬁ@ow Bay e 2 lﬁlécan@ b readily

appatnt GO 1HRLS o P& 1B iPRS BFUE W LY Y fbs@@%@s‘%ﬁ@u@qggﬂ&%&ﬁ%n review
Model SPL-75B using the Cool Vﬁlte Fl uorescent ( )

of thelpoeseiixsprplieatRin. ArheictdimA atchinteaddy/totdoversuch ntaddecacdns and
f.ibers was fornmed using the sanme fibers as in Exanple

de¥iceSyi th a spacing of about 2.5 cm between the fibers.

The lattice was pressed in the press pad setup

described in Exanple 2 at 120 0C, 5000 Ib for about

200 seconds. The fibers
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wel ded together at the overlapping sections, i.e.
where the upper and | ower fibers overlapped. A color
W@ RiP111883 observed at the overl appi ng secti onBCT/H82009/035685
was uni que to the overl appi ng sections, and was not
observed el sewhere on the fibers. Exanple 4 : Article
A three-fiber braid was created and then conpressed in
WERé-AMsss pad setup at 120 0C and 5000 Ib for 200
seconds. The conpressed, braided structure had a
unlale di amond shaped auxiliary color shift at the
1. ove ﬂﬁp@ﬁ@ﬁhﬁgkmmgwuh%re the fibers crossed. The
sed to a n- orange i nci dent

b di fi
coror bR o e e PR oo Ceer &

viol et. éﬁ afdfndetheR 6 M@Bberbte lcofidenBid 1@%er Palts shh@idshgWBE Eore, each
bl ue-vi ol et and the di anond-shaped overl appi ng regi ons

wer éaygr Eféh C@@pr@smgm frgp fayseefia disspolymar matchielhayingoa fifse
conS|

des&y r T45 nggx ancf" &8 ueiconéraﬁ/glp gfr secP%d’jl }E))olymﬁpgla{se{lal haavt1n§ a second

cov eéfra@h’ve AIDe tfForat ﬁtdﬂeth@lfﬁgl rOf Akt e dedek ahk lc¥n &Rtricaldyer pairs
in the attached clains. Various nndlflcatlons

equhgdne srosyrestiesaldbicknpssepeselcctsd forinBeesing light aict &9&@@(1 visible
t 0 \Pl)\vﬁegllg GP%}He B’OESSS%QE?I%I %ﬁr{leonséluor & f?%y ?ql%g b%ﬁg ﬁj[ l%gsqltet% tlrnes an

vvm @beragwomheseﬂwtecﬂﬂhmhs@e@r@fths fight bed bRAndipgBrst evi ew
of the present specification. The clains are intended
to cover such nodifications and devices.WE CLAIM 1. A

2. Pol WiBberfak BRfited GPERIN $] Wkbreid tROFiRt At SBEnPlayérs ROV Y iRknesses
materi al; and an arrangenent of discrete concentric

selpefgdto Splaﬂctlsels ueftastihghtragonhesibby wavedength dradteansp light at a second

rising, a first layer of a first polyner materia
Vmﬁgggﬁﬁagmg?Tst refractive index and a second |ayer of

a second pol ymer naterial havi ng a second refractive

|nd di fferent .from first refractive index
- conduitsrias ey in A N GomBHYEE & gl s Bolyhies material

bettv&l'é'eﬁ M%%%@&oﬁtﬁb ﬁﬁﬁl%n{eﬁf of d?lgérgt‘étcbﬂ&n{ricglla%er%lﬁ the ring having a
sel ected visible wavel ength, a cross-secti onal

cragp-netiondrthickngsh écastaee titneb aig aadragoeafshe saderted thimknesses of the first
@vera%F of the selected thicknesses of the first and
MGEEORNY' P Eers. 2. Afiber as recited in claim i,
wherein the first and second | ayers have thicknesses

4. An optical body, comprising:

a first polymer fiber comprising a reflecting arrangement of substantially
concentric, alternating layers of a first polymer material having a first refractive
index and a second polymer material having a second refractive index different
from the first refractive index; and

at least a second polymer fiber comprising an arrangement of substantially
concentric layers comprising alternating layers of a third polymer material having
a third refractive index and a fourth polymer material having a fourth refractive
index different from the third refractive index, a first portion of the first fiber being
attached to the second fiber;
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sel ected to selectively reflect [ight at one visible

wavel ength and transmt |ight at a second visible
woewelersgt h. 3. A fiber as recited in claim2 PCFUR®OI035685

conprising a ring of second polyner material between

the core and the arrangenent of discrete concentric

| ayer pairs, the ring having a cross-sectional

t hi cknes&heas theterfian ofghe st Hherraigehadto thpescsendigpageflects
thi ?igﬂﬁeosfsaef% spéol&h(ﬁff&'efltsﬁgrﬁréds §0q1%oc%ﬁjorlo?¥rigfltsr ﬂgctecﬁﬁrom a second
opti ca boary, conprrsing: a Frrst polymer i ber
conpoitidng tie fisf fieghongtahtdngbesrbndfibsubst anti al |y
concentric, alternating layers of a first polymer

material having a first refractive index and a second

5. pol WikdptidBitRdly ab rdd@d ROclain® &CoMdeih ehd At fivQ doffheXes a core of
different fromthe first refractive index; and at

firyt palymes mptasishdhpedry haying ialserss sestnakdimgnsian af least grentimes a
cre-p @ RRe T Py b EPDRRREla i PSHS o AP v it and
seo@n&!pbry%dfﬂ{aﬁe’iﬁlli ve index and a fourth polyner materi al
having a fourth refractive index different fromthe
third refractive index, a first portion of the first
6. T ban QRicAbal g ehadd iPclhites SEER8E pottRAK oWhRI Bk B Gre
portion of the first fiber attached to the second
ungtiaghed togh¢ sasprd fibehnt lodst sorh¢ pBthe ciohitached poreipenef the dinst diber
h secondbs?ol 'O[l of | iIght refl.ected froma second portion
SRS f REPFRLY FIrelpriotsSe¥khed to the second fi ber.
5. An optical body as recited in claim4, wherein the
first fiber conprises.a core of firs ol yrmer .
7 mat -%ﬂ,calthﬁ)@‘yggreéﬂﬁ i ﬂ@mﬁwl&g@n@éLﬂ@?taﬁlawnaﬁ%ﬁ%%ﬂon of
th¥irst RS ls LRRalldaRS 1R SEARSAREChE QR@achdd ﬁ&iﬁ% sf @k ff;i‘ﬁ fiber

average of thicknesses of the alternating |layers o
comhprighg bayerssd cloniGirspaldysseondpil gneahatérialAhaopg icoas-séndidyal
.as recited i.n claim4, wherein rtions of. the fLrst
thifh e SYBTAOHALY SRt Flone Rl watBaC pPBRK o' ghe Tisbbber
sone of the unattached portions of the first fiber
havi ng 7. An

S opt | A DI T PR O EHE e o n ai | cast

inat t achel 1o ReoBeE Dnel h IR, ' hechafbriRutmialy pepgentrc

of dyersfdongirisinighaternating layers of a first polymer material having a first
refractive index and a second polymer material having a second refractive index
different from the first refractive index, the polymer fiber having a first cross-
sectional shape; and

changing the first cross-sectional shape of the polymer fiber to a second

cross-sectional by elongating the cross-section of the polymer fiber along a first

cross-sectional axis.

9. A method as recited in claim 8, wherein forming the first polymer fiber comprises

extruding the arrangement of substantially concentric layers.

10. A method as recited in claim 8, wherein forming the first polymer fiber comprises

rolling a layered sheet around an axis, the sheet comprising at least one pair of layers, the
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conprising layers of the first and second pol ynmer
mat eri al s havi ng cross-sectional thicknesses
weuwstadss al |y constant al ong the unattached peCT/US2009635685
the first fiber. 8 A nethod of making a polyner
fiber, conprising: formng a polyner fiber having an
arrangenent of substantially concentric |ayers
paig gy PsicABPEbing rhiestidayapéihe fgst pplymergpatgdphanda layer of the
i ' a first refractive index and a second
Sm%%ﬁ?h%%kﬁa é%ﬁgl having a second refractive index
different fromthe first refractive index, the polyner
fib r(ﬂavin a first.crosssectional shape; and
Cha%b? ﬁm?%@m?i%gwxgpg%s-sectional shape of the

pol ymer hifR&rmil8lageR8 EHOAc SR EsnSRabEtH3AhyddY of at least a first
el ongating the cross-section of the polyner fiber

al onglyset masariat prsks sesend polyaier axiosial, dayers afdhhbept aglymer
o B LR AR S ES bR b rRRATEE o
subsh@st thalfiryt 26 @@&)ﬁ%;b@nieay@&@ials]&m inEtihgcht.as

recited in claimS8, erein forming the first polymner

fi ber conpercsetuckarsschol the laperddhesfsepolamsumgtesia! and the

axi Y ett*sh%% tl%ehs%%gnc? ﬁol‘[%lle r'ng%ngf arle ggéétec? 5] ethFl@tihre fl%fer ﬁeﬂects visible
| ayers.” Yhepair of Y ayers conprisrng east a layer

11

a

of tibet Withista spRbHPOrHBAtE e isiBRGpacthay &f a @fst hbRrization state
second polymer material. 11. A polyner fiber, o
conphd Hickight perpendiqulanie aifibgylepgiguding axis@aiangnisgvisible light in
reflect) I . ' I

o VEARALETBl  LSBhid o Ll Pk oL b

pol yp@&trufibdrerihélic eipgndicslpo®atc Bbtmpagitldeasisof the
second polynmer material, at |east one of the first and
second polyner materials being birefringent; wherein

121 hi ekflieg 98 sectbd ih@ain®y Beheddin thlafdrs st RGPo¥EELbout a central core
material and the |layers of the second polyner nmateri al

having a seiseced@nslglimigasion hidedst krartimesfq eressssegiienabthackncgef a layer
i thin sel ecte rtion the visible spectrumin
of ek B Sah T R0 d ablhelsnG R A SRRy e core
is fdrrhéd6f thk GiRgipb Hehdd Matédl Sn@RARthEF enemidise ¥ g Rdrfhelllo8 e second
in the first polarization state that |ies outside the
polygice sraestiapbetiicomthsfeordmndvhe raflcetinglarers merastascctena drigkness of
the} r(iel{gol?ar\]fgﬂgcau\lfaﬁﬁe &0 attleha%t tfelrnbt(ierglesl & gt%'sst-sue%{igl?all s of a layer of the

first polymer material and a layer of the second polymer material.

13. A secure article, comprising:
a member having a first surface; and
a first multilayer polymer fiber on the first surface, the first polymer fiber
comprising an arrangement of substantially concentric layers comprising
alternating layers of a first polymer material having a first refractive index and a
second polymer material having a second refractive index different from the first

refractive index.
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12. Afiber as recited in claim1l, wherein the | ayers

are di sposed about a central core having a
wee@ssissexti onal di nension at | east ten tines BCT/US2009/035685

cross-sectional thickness of a layer of the first

polymer material and a | ayer of the second pol yner

material, wherein the core is forned of the first

14p0| yweartiglaeeracdpd andaiput . vderao therfirst multidayer pelymer et
) | '
coffp' P REGIRRAR S T B A oIS T D 20y frt

polyhfer biafgiahavd Hfhyar dfahélsccohd ?élyhﬁaﬁiatdrﬁ[.n tines a
cross-sectional thickness of a layer of the first
polymer material and a | ayer of the second pol yner

15mat @i @icle h3reche® BCAHAIt BT, tWHek&n tHOUMI dndli sBEndAayR RSN
having a first surface; and a first nmultilayer polyner

thigkrigeses eeleethdtof SetastivelmméEaselighttae ong visiblpwhyahengtlf arseiransmit light
conprising an arrangenment of substantially concentric
at § SRVl Pk

lternating layers of a first
pol ymer material having a first refractive index and a

secqnd | yrer . mat eri.al _havin second.refractiv .
165" AiFIF & BHF11S] PorHihb> P ertpsowryes ohleiemper ggmprises
a rédehd, Gh@ tRS SR RE fidkr & AlgBsdBin hBeSBisN the first

mul tilayer polyner fiber conprises at |east ten pairs

of | ayers, each pair of layers conprising a |ayer of

178 he Al Ir§ille ROFEITRY i BLIRT 1?}'&1@5@ c gf;l%flg aggcogllagmﬁﬁfﬁg%olymer

pol ymer material. 15. An article cited inc
fib&i3dispudsed piomirhdte thd first mahithyse pagohet fiper s have

t hi cknesses selected to selectively reflect |ight at

one visible wavel ength and transmt |ight at a second
18Vi siAbl ftiviaveteeitgd th clditn 1Awitdin eeefiraSmukitdyead polyradraibar

13, wherein the first surface of the nenber conprises
cORPYiERR 4R ArdgMeAkOtupgentiblvrrBsctiglaycrs souprsdeidedting layers

. . ol

orHIE PRS0 LLEL RIS ERLE AL fiy i

polgnsp amediapbaxg dapesct vetwdenddycnuibftthé sycend polyyee matdriagrat lcast
18, An article as recited in claim13, wherein the

ong p the Tingfjapsd p%{:}p@‘i @aly&&r Wia,lq byang biéqﬁﬁflgeglit;n\@heéﬁn thicknesses of
the?ﬁ GYFE @frst&}cogijﬁ?%ﬁ id1 3hd Mleq%ﬂi'ﬁ thb geéo‘ﬁ%{ ?rﬁfirtmer material are

onprises re ayers of at [east a
sclpatd seethantht dirstahuldlaglerad pelyared fipod igfiects naibde light,wittdy esslected

of g&e first polyner terial. being di sposed between
poftigy SespiibleDeatighi pBISy Relaigt B sfe4f andncidgaigerpendicular to a
fiber longitudinal axis and transmits visible light in the first polarization state that lies
outside the selected portion of the visible spectrum and incident perpendicular to the fiber

longitudinal axis.

19. A method of verifying an article, comprising:
illuminating with light a multilayer polymer fiber attached to the article;
detecting a wavelength range of light in at least a first polarization state of
light reflected or transmitted from the multilayer polymer fiber; and

verifying an spectral fingerprint of the detected light.
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one of the first and second polyner materials being

bi refringent; wherein thicknesses of the |layers of the
wo poogt11383 yner material and the |ayers of the BEDUSH09/035685

pol ymer material are selected so that the first

mul til ayered polymer fiber reflects visible |ight

wWthin a selected portion of the visible spectrumin a
201 j r & mpipd s wattpbm deigt B, adgrdimeedfang the pprstal fdngesprint of the

. : . o . e hle Li
A BP0 NPt Bl o
pokak&inathtP afthisimaBfgchfiatedibsirbil & taiget iuaseandd poltidaivn state

erpendi cul.ar to the fiber |longitudinal axis., 19. A .
ortﬁ@gqap@]dtodhe {iest pp@pﬁ@logrf,taéq; o5 @qt@"rm@@g}grcpgr ﬁ@:ft for the light in the first

1L U Lng with light a nmultilayer polyner fiber
po%b%%@%&%ﬂ%o the article; detecting a wavel ength range

of light in at least a first polarization state of

light reflected or transmtted fromthe nultilayer

pol ynmer fiber; and verifying an spectral fingerprint

of the detected light.20. A nethod as recited in claim

19, wherein verifying the spectral fingerprint of the

reflected |ight conprises conparing detection signals

generated by the light in the first polarization state

wWith signals generated by reflected light in a second

pol ari zati on state orthogonal to the first

pol ari zation state or determning a color shift for

the light in the first polarization state.
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