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FI BERS AND SECURI TY ARTI CLES CONTAI NIl NG COLOR SHI FTI NG MULTI LAYER PCLYMER
5FI BERS RWwel2dovofi1isie Di scl osure The di scl osur e r elParams2600/0635835 cal
devices, and nore particularly to optical articles that include |ayered
polynmeric fibers that inpart color to light that is reflected or
transmtted by the fibers, including secure articles, and nore particularly
to articles, for 1l0exanpl e passports, banknotes, credit and identity cards,
and security tags that use nultilayered polyneric fibers manifesting a
speci fi c col@MLORSHIFEFINGIMULTHAAGE R QL VAR IBIBER SOAND SECHRITAD f or

maki ng, for exanple, cloth, contain dyes or pignments tqQ inmpart different
Colors to t ARTICIES CONTANIELQhORSHRRNGEL Ay B EOR ¥MER

15absgr bi ng sone wavel engths of 1i ghpl%]g\;‘fq'§l e permtting other wavel engths
to be reflected. Polynmer fibers arc a different class of fiber in that they
inpart color by selectively reflecting sonme wavel engths of the |ight and
transmtting the other wavel engi;ré?dof etﬂ}g:cl{;)&%, pol ymer fibers have used a
pl anar construction of several alternating l'ayers of different polyner

mat eri al s: t heTheafischssuteselatascdo op8cadavitdy, akhessgsarifuliietol apyieslurtddter m ne
20 the wavelengths that are reflected and those that are transmtted.
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bank 100t esamprgissports ShanRestes, krediitragd iddntientardd, aad seznricatgsthéd Wecar ds) or
passports. These 25types of inportant articles are conmpnly provided with a
nunber ofMylEtayeictporEudis s rsymaniEcstpg a spedific salorhrErcksisiiter fei ti ng
difficult, if not inpossible. Several |ayers of security features are often
used, which are chosen fromdifferent technology fields, manufactured by

di fferent suppliers, and enbodi ed iBackgrewdent constituting parts of the

security artig| T h CUrl. nt, e rfei uld
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20 -the wavelengths that a{re 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
25  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
30  ofthe implied materials and to get access to all of the required processing technology,

which is an extremely difficult task.



with security foils and other add-ons, which are applied by dedicated

equi pnent. The materials and the equi pnent needed to make a banknote are
only avaiweaebkb@/fii3sm 10speci al i zed suppliers, and the bamkmatseocvassedhl y be
produced via a high-security printing work by skilled operators. The
security thread is another traditional elenment of anti-falsification paper
for banknotes and other security docunents. Enbedded security threads are
particul arly ditfermamfactyrgnecefipriaaknetefor pedrnle acgpires hepedizldaaknode pege by a

speci al i - it 15ar .ot her  highl y al i hni que, or
is a mul tz(lg\%it écglgtﬁy}?léqn?na%%ﬁ‘#er%@nish%%tl%&eta%a%%gggﬂst %lglg%%:[tggc guﬁlg%?%act% %td into the
printing gy, atiioths) foilg, ddaels seoashgate’)swhRhuka@ipHnitaowBh paxticular ks
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obst acl e (hichysy epnsn seruiitedycsi pigpsnts TR fyrthes secyaiberdditen) #888rity t hread
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wi ndow t hread, conprising an optically variable interference coating
manufl8ct vPedaligedsHRP iese abdilydisakiate s#! Gily §e pipdured Wy @highhscsprit EHEBEst ack
onto a C%&jk%é/ sEﬂf%ﬁ%&a&a?o’??et’ and subsequently protected by |lam nating a
second plastic sheet over it. Currency paper containing such optical

t hr eads, whi ciTieheagty clotadt is30ohpenalitignad plchieet of @wi-fayifaragbe papes fa@urrent |y
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arrangenent o stantially concentric 10l ayers conprising alternating
| ayer s ofwauldibe spupalfyitoes. nmat erial having a first refractive index and a
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looking at it in translucency, or by detecting its electric or magnetic -properties with the
help of a corresponding device. More sophisticated versions of the security thread include
window-threads, which are partly buried within the paper and partly lie open at the surface
of the paper. This allows for a direct visual authentication of the thread's overt security

25  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

30  depending on the viewing angle, is currently available.



15mul ti |l ayered polyner fiber has reflecting |layers of at least a first
polymer material and a second polyner material, |ayers of the first pol yner
mat eri al wei2ng/dizsposed bet ween | ayers of the second polpgwarS2emassesal , at

| east one of the first and second polynmer materials being birefringent.

Thi cknesses of the |ayers of the first polynmer material and the |ayers of
the second polyner material are selected so that the first multilayered
20pol yrer fi beYacuem| eogting isjagicspensiveghecass. tifhne eonseméantbghigh price forefick he

vi si bl e in. i | arj zaty nd i ncident perpendicul ar
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pol ari zation state that |ies outside the selected portion of the visible
spectrum and i nci dent perpendicular to the fiber |ongitudinal axis. Another
enbodi ment is directed to a method SUNBATY ying an article. The nethod

25i nckudes illumnating w I i rin t.mal tilayer polyner fiber
attacEed to the article. Akoabéé\/'%egﬁégﬁnér%a{%émg egﬁ]?agl%te in at least a first

pol ari zati on SO @niefditegthf thicedib@oduedisaircttcans MséduedarticieMating amidrhbdrayer
polymer fiber is detected. An spectral fingerprint of the detected light is

veri fi ed.havig adfiystairgermd 3 fiet muldayqr pobmpcr dibsepnthgfast syrider. 1Qndadey t o
descri be »301l - i . every kol I
pr esent aﬁ@%?%ﬁg?@%&ﬁﬁ%a?%%ﬁ§§§9%H§§?%38ﬁg’éﬁr%aﬁ eéggﬁ%%?%%&a%?%%ﬁ gllow
nor e par tsueftarthe fesepad)méyfibdiesepardsadiafnganent BE bitistaRasity ¢qicericof t he
Dr awi ngs The .di scl osure may be nore conpletely understood in
consil@er deysnoasmprsiee alirnatigedey cavels fistpelamer materighiaying atiishipragi¥odi ment s
of the di; osur.e. i it h. t he i i i i ch:
SF1 G 1 A Dohen b RIARE AR S RO A A A ol T
pol yner ffilbeefrasto@riadexg to princi ples of the present disclosure; FI G
1B schematically jllustrates a cross-section of an eerpIary mul ti| ayer

)

concentric polAifshercmbediment ititrctrd to 8 sprurmaitislcdbatdras pistypenalaythavinga

di scl osure, [ i i.nci dent
perpendiéﬁ?%ﬁﬁééf%ﬁ%éﬁgrgwgﬁgﬁg%ﬁérwgggg&%?h?ﬁ%agﬁgéﬁﬁ%% %ﬁhggéﬁﬁgndicular
to tHé | angtitaydicdalolyandrSibef-h4sarefl@hingndly 2805 fawed fisapbdlymiet askiabirgl a

exenpl ary cross-sections for concentric, multilayer polyner fibers
accor di ngetdgalypsrgnaeria)s layers OgFf@ Py e g being diSpospddactvagn 3p

schemat i gald-yof th Qé&o‘iﬁ?ﬁ%lﬁﬁ? TRk &YaY, aﬁﬁé%%tso'n%%‘ﬂﬁegfl‘ﬂrssf d JTbid ﬁl@?és pol ymer

fibers according to pr es of the present cl osure; 4A- 4D

schemat i aadtbyals béiug birafrmgsntd d hikeescodf e 1dyersarfitheisnpdlamyr mateyinkand | ber s

according tf pri?ciples of the present disclosur A and 5B
h¢ fayessio

schemat i Crsiaf s esened ey men BLCtigl g Sotented 1 Batsbe e muiggsre acoor o ng
to p"anCinSIlﬁﬁerq{be} RE1RI85EME l@hts%ltf?iﬁlérs%iected portion of the visible spectrum in a
first polarization state and incident perpendicular 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.
Another embodiment is directed to a method of verifying an article. The method
25  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
30  illustrated embodiment or every implementation of the present disclosure. The figures and

the detailed description which follow more particularly exemplify these embodiments.



FI Gs. 6A and 6B schematically illustrate woven articles using nmultiple
pol ymer 20fi bers according to principles of the present disclosure;
FIG 7 scwerratyaaissy illustrates a system for manuf act uPCmgSauioB36ayer
pol ymer fibers according to principles of the present disclosure; and
FIG 8 schematically illustrates incidence of light relative to a
birefringent, nmultilayer polynmer fiber, according to principles of the
present disclosure. 25FI Gs. 9A-9D schematically illustrate different

enbodi nents of secured artigles begirigtionl dthéWrhivimger pol ymeric fibers,
according to principles described in the present disclosure; Fl Gs.

10A- 10E schenaklicghsdlgsuid nag be mioee eompdsiclyaundestondtin consgderaticamditee y security
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schemat i Ggitl ¥eiabbdtSianging Rhmgdnd whi@ss- sectional views respectively of a
security article having a recess of nonuniformdepth for a nultilayer

pol yner fi ber ;FIEL GA seersativamiliustibtey an pxamenlaratrewtikper apoghirsmolahera
security article,that includes.5two lLtilayer polynmer fibers according to
ori nci pl dOBeCoRBRR pittHES g itelfituelostlr . "FIG 13 schematically
illustrates arrigrhBdtiendticelly alusestds h tdbs@bdctioh ©f hinatenhfSlyupl@silalwo crossing
mul tilayer polyner fibers according to principles described in the present

di scl osuraencentric polymerfiggr, aoxliteivarincail¢syofithd prgsanadissloawcenbodi ment of a
security arti at_includes 10 ave of . t.i.l.ayer . pol r fihers
Socor di ng 1o areadt ahetd Sl aRialSR N Eoctl L R BEPYIRLub! BYS |

scherrat i dahditudidal st bateSibRMaRRRdpIBaidi@flarao SRCBAE MR bkig] € that includes
a multilayer fiber and security printing, exenplified as mcro-text,

accordi ng to piacipred2Beshamdvisdlly Rlustize srasplpty dpssciceensdor epndetBR G 16
schematicall.y i Str odi L it rticle that includes
a nultiIé@gbﬁ?F%éﬁw%ggﬁﬁﬁf%%oﬁﬂg %U%%Rh#%%a%ggg%ﬁ%%g§¥%ﬁ?eaccording to

princi pl es setFIGar3A-3Dnschb@atddafls eiMistiedteSadeMPLI-E cross-section Y th@ltitayer di scl osur e
is anmenable to various nodifications and alternative forns, specifics
t her eof H@hEMYPdEsrsaserdingogapcipleset frgnresanhdiselesueawi ngs and wil | be

20desgari bed i i | , . . .
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t he cont rfgeys adcbelingogiinc s of tiOpreanedisalbkuredi f i cati ons, equival ents, and
alternatives falling within the spirit and scope of the disclosure as

defined by t h&1s a%%wahwﬁcahﬁ/)nl@@@m tichssogmugdtiplggobzssdders

according to principles of the present disclosure;
FIGs. 6A and 6B schematically illustrate woven articles using multiple polymer

20 fibers according to principles of the present 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.

25 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

30  present disclosure;



Det ai | ed Description The present disclosure is applicable to optical
devices and is nore particularly applicable to optical devices that use
fibers towprow/desssol or effects. A new type of col ored PCIHAS2009/0856p®! yner
fi ber that can appear to have different col ors dependi ng on 5vari ous
factors, such as the angle of the incident illumnating light and the
polarlzatlon of the illumnating Iight. The polynmer fiber may appear to
produce differldfs. Lot ard1 H seicprted lllpmamBlaap%grosmecﬂmérvw%ne of these
effects i r h. ber. The
present IE%p%? u’? gf‘ %1 %e%ufl Q’ 231191 %ﬁ%ﬂg% r%es?oﬂ%o&l?ﬁﬁ& epCE?( ?or ar}n{:lltl ayelr

i denti fi galymé fiRear ds, passports credit or debit cards, securlty tags,
banknotes and the |ike, Frotect agai nst the fraudulent use or copyi ng of

such articl es.Fljai? é@l@ma&;@ sillyptragen Pegmphadimenof e seqmity aidislecthaf iBeludesed,
dependi n

e SR OL AR A6 SR R SATBAR DR 050 SO
protected. ForFiexaspéiemabiasiknioiiasatésdl amtlsddmacnt@fsa stamity El&ﬁ:lettﬁatrlﬁdud@ t he
possibility of forger banknot es can 15nowadays be provided with

hol ogr apHPe Orf@ﬁsead@ulrlﬁyardmlymernf 1hess pasPEding @onrtqcm#%ﬁ degerthed ig digrtresonki t i ng
met hods sy % ﬁ the use of watermarks and patterns that arc hard to copy.
According @ present disclosure, such secured articles are provided
with a nultil &lé6r memenﬁncéllyblelnsttdnastaﬂ aniglivhég wf @ dedwditp adi¢lcd@atsipeladdsi ¢

col or _characteristic¢s. For exanp one col or characterlstlc may be that it
refl dfts 4 W@ame of ﬁu%%lwerambﬁ%ﬁheas acePidingamanginiss desrribed dhih RASENt t h whi t e
| i ght, Qﬁ ﬁ%ength of the col or band bei ng dependent on the incident
angl e of he i umnating light. In some enbodi nents, the col or

char act eri sti ddGail § sceperidaht illostrdtéseanponiardinaitiodn sofurity ertichecthateintlutiésght . 1t
is difficult to mapufacture such fibers w thout extensive technical

know edget BRaYET fiReraAnd seqirity PHpRE, 3 PRIFISI M CinEXb AEGoeding JepiiMtahce of
the fibergg eHQnﬁ%ﬁﬁ&khy&§ﬂ6§E@Qhﬂues Accordingly, multilayer polyner
25fi bers nmay be used to provide another security feature that enhances the
securlbty of sudk. a6 tétehesicalAnillastel anemmboolimentpdh yoeirity bvete thdnelades
schenatlcall trated in FIG, K 1A, An exenplary GCross- Sectlon f the
fiber 100 IiﬂB YGOF%@ CHHILR RGP BIINfIRE oSS gy acrpts g o RIHEY Iesch gement
of layers meric material 102 disposed between 30l ayers of a
second po né@?%hﬁg%gggg '104. in sone enbodinents the first and second

pol ymeri ¢ mat éWhat theatielassnt is epicngblatudvarioas moddfcatais and altachates foams,

selected to |ff ent fromeach other, sq that the fiber conprises a
series ofSPF‘éﬁb)‘éSr’gl ‘F&Pﬁ%ﬁh%@am%e ?WH??\H@EG drawings gnd W]iﬁwe known

that 2an afLANRBTRRL D! 11BhbAHPRUNAG sloBY SlotyREr, Hak TiRriRRhHH Rleeld it erial s
reflects l1ght at a wavel ength A where the optical thickness of the |ayers
(the 5phthﬂmmud&mh«pmesmanmﬁbxhhausd&mabedv@nﬂndemﬁansﬂannknu@@snonult|pIe

of 214. Accor where the thickness f th er.s 102 and the
t hi cknesscov?rza 8d1¥1ﬁ%tlcrn§y?é1“§ s apa nléf‘é’%tb‘ieééialg Etn tﬁ%éplebei PP§ ﬂf ckness

of the |%M@H§db§n@@sh&ﬁﬁﬂ@?¢ﬂy eghgiagn%14 for a selected wavel engt h,
light at the selected wavelength is reflected by the fiber. Light at other
wavel engths may be partially reflected and partially transmtted, or may be
10substantially all transmtted, depending on various factors, such as the
difference in the refractive index between the alternating |ayers and the
variation in thicknesses of the alternating |ayers. In addition, sone of
the light at the sel ected wavel ength may be transmtted by the fiber,
dependi ng on the nunber of |layers and the difference in the refractive

i ndex between the alternating layers. In sonme enbodi nents, the optical

15t hi ckness of a pair of layers of the first and second polynmer materials
may sumto a val ue



equal to 212. This approach may be useful where one of the pol yner
materials is substantially nore expensive than the other, or is in short
supply. IwoO=omel1e3sbodi ments, good reflectivity has beenPobaseaeassiere t he
optical thickness of each of the reflecting |ayers is around one

wavel ength. 20lIt will also be appreciated that the peak wavel ength of the
reflected light is dependent on the incident angle of the light on the
fiber. FIG 1C shows an exenplary graph, curve 120, of reflection, R as a
function of wavelength for |ightpdidfled Des@fptionat the fiber 100 in a
direction that is approxi mately perpendicul'ar to a |ongitudinal axis of the
fi ber 100. Théﬂmavemeh@eﬁoanemhwphaﬁéa%<me£Mebvmgmmub@mmgepgﬂmedmdent on

the refract] 25 i.ndi ces apd thicknesses f t.he erpatin yers 102,
104 of ¢ HEPkrls O R0 o RRE A IR R et Rk AR P L e

wavel engtddldreéd 8HQUS a pORNIMNfibINBathh Eﬁedrﬁb hafel @ ticANc o Mepchdthg sh dependent
on inter alia the variation in the thickness of the alternating |ayers 102,

104, Hhe wiiges faf:tomeucrhe%rth@@mgleOf ihd encidnt flémen@telgldaht\eedtthtetpelaawmtmﬁ i ng

| ayers 1 th ayers 102 104.. W ht | 12 is
30 ne: dedne U AN (sBF. PhEBS P abRRhSaaha  Blo ik o b e

| ongi t udidifibreadpsint@hlonbend filker NoTnB of wabdierrats i epdal onaht prkémB oravel engt h
beconmes shorter. In the illustrated exanple the peak reflected wavel ength
shifts tdnﬁn@ﬂmYQMQHhW$f%?rmnll be appreC|ated that 7 WO

2009/ 111385P S%Ooetgl{g %&8? 18,as0, a E abzl' '9 c%r FaURIOUER 1daent1t{

peak reflecte vvaR/ﬁ PROENY ahtplp%vﬁﬁtﬁ% Fee ﬁ t’stﬁuI & 16 % (fo
exanme tdagdsf pdskportsdtradit balidbin@xdsysoutiWaM, banleioids aie Yhdkkd]kd Itxeteeﬂt from
that in the illustrative exanple. For exanple, the peak refl ected

wavel engtdgappighe fr@mhbdpmylst: Aeeaieiie ofisyph yrtigtey. Neripys lewas P’e%tlth@@t%titplbf t he
spectrum I Qr h i | es.
R addi 0o S bR ot B VG fe%to%f e S PR bt ofg)
may |ie ltecttnttgleglesaﬁmertt) ey Rlucosrths hif&fmaltlﬂh‘@r & s\Wesd r@te&ﬂaQCFbﬂéna e,l 1 ght

i ncident at high angles Li kew se, the peak reflected wavel ength ( or

nor mal | y Bapkpaiesninciu @ﬁtﬂ}o‘%ﬁaﬂlﬁeétq igdugse epwlbﬂétgﬂfrfor@ﬁryt henkggkes cAum and
shi f t,zi nt e I 0 t._hi gh angl es.
1 OThté5f bné%rv&;aﬁg S %oxuidgé %Yth(?]to %J[?t?c ttlr%%elarc’{% F aa{déir so%k% éﬁ&%%t%glﬁ%nﬁ anH

enbodi mendosnterteiting nfteﬁhbds@y[ﬁf & thOdse dMatBi’&rYarlbﬂEaﬂdlS{ﬁdem‘Mﬂhdt @ard h‘hr@t&lﬁfpy

enbodi nents the fiber may include hundreds of |ayers 102, 104. In sone of
the exanpheording i ibs persedbilosuite syahpeswed giclsd arcprovidad vid aOWEwer pai r s

of alter y be used
for the ﬁ%ﬁ%a]?%gh/g&%ﬁgg%%§UD§%gwﬁ%E%%§ |%§%@%%?%%8F (¥|c aﬁ%

t her nos etdnerglopoharagesstichady t@ertchat it esTRpaIight indddy a bpeifitesilsedndange of |ight
wavel engths. . In some enbodi ne it may be partlcularké useful that the

pol y#Br s 1Heﬂm9r‘vfzds\tslrdwhee ilahtmﬁteé?vavetfagthwérthe lprt e dewgldgpedeRnetifal s may
be amor phﬂt{tﬁ gl%@ﬂfer }tﬁﬁlﬂt 'nhgrg heNH BBY chidbli %t N OORA B aSteri &&90' ymers
S ereo a| fg

or bl end material's 1 nc €, but are not mted

to, pol y(a@admnaém)on(ﬂﬁtc})qlamaﬁoﬁ phtedhedért dighndt 1s&bffamttlt@ nmpalifatsitysuehe)

(PS); Cl-C8 alk renes; al kyl, aromatic, and aliphatic rlngrcontalnlng
[}

(et h) acriifest @g?{ovﬁ §& eaﬁwaﬁcmpy(h%wwgﬁét%tét yﬁ%fhéticqltﬂmm icgtrthprmical
copol yner t tional
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.57 PET s%lected so that the optical thickness of the layers is an integer multiple of A/4 for a
selected wavelength, light at the selected wavelength is reflected by the fiber. Light at
other wavelengths may be partially reflected and partially transmitted, or may be
10  substantially all transmitted, depending on various factors, such as the difference in the
refractive index between the alternating layers and the variation in thicknesses of the
alternating layers. In addition, some of the light at the selected wavelength may be
transmitted by the fiber, depending on the number of layers and the difference in the
refractive index between the alternating layers. In some embodiments, the optical
15  thickness of a pair of layers of the first and second polymer materials may sum to a value
equal to A/2. This approach may be useful where one of the polymer materials is
substantially more expensive than the other, or is in short supply. In some embodiments,
good reflectivity has been observed where the optical thickness of each of the reflecting
layers is around one wavelength.
20 It will also be appreciated that the peak wavelength of the reflected light is
dependent on the incident angle of the light on the fiber. FIG. 1C shows an exemplary
graph, curve 120, of reflection, R, as a function of wavelength for light 110 incident at the
fiber 100 in a direction that is approximately perpendicular to a longitudinal axis of the
fiber 100. The wavelength at which peak reflection occurs is dependent on the refractive
25 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
30 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
7
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the fiber 100 may have some other value of peak reflected wavelength and that the width
of the reflection peak (for example the full width, half maximum (FWHM) width) may be
different from that in the illustrative example. For example, the peak reflected wavelength
(for normally incident light) may be in the red region of the spectrum and shift towards the

5  blue for light incident at higher angles. In addition, the peak reflected wavelength (for
normally incident light) may lie in the near infrared and shift into the visible spectrum for
light incident at high angles. Likewise, the peak reflected wavelength (for normally
incident light) may lie in the blue region of the spectrum and shift into the near ultraviolet
spectrum for light incident at high angles.

10 The fiber may have any suitable number layers 102, 104. In some embodiments
only a few layers 102, 104 may be used, while in other embodiments the fiber may include
hundreds of layers 102, 104. In some of the examples discussed below, the fibers include
around one hundred pairs of alternating layers 102, 104.

Many different types of polymer may be used for the alternating layers 102, 104,

15  including thermoplastic and thermosetting polymers that are transparent over the desired
range of light wavelengths. In some embodiments, it may be particularly useful that the
polymers be non-soluble in water. Further, suitable polymer materials may be amorphous
or semi-crystalline, and may include homopolymers, copolymers or blends thereof.
Example polymer materials include, but are not limited to, poly(carbonate) (PC);

20  syndiotactic and isotactic poly(styrene) (PS); C1-C8 alkyl styrenes; alkyl, aromatic, and
aliphatic ring-containing (meth)acrylates, including poly(methylmethacrylate) (PMMA)
and PMMA copolymers; ethoxylated and propoxylated (meth)acrylates; multifunctional
(meth)acrylates; acrylated epoxies; epoxies; and other ethylenically unsaturated materials;
cyclic olefins and cyclic olefinic copolymers; acrylonitrile butadiene styrene (ABS);

25  styrene acrylonitrile copolymers (SAN); epoxies; poly(vinylcyclohexane);
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

30  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)

8
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copolymers; PET and PEN copolymers, including polyolefinic PET and PEN; and
poly(carbonate)/aliphatic PET blends. The term (meth)acrylate is defined as being either
the corresponding methacrylate or acrylate compounds. With the exception of
syndiotactic PS, these polymers may be used in an optically isotropic form.

Several of these polymers may become birefringent when oriented. In particular,
PET, PEN, and copolymers thereof, and liquid crystal polymers, manifest relatively large
values of birefringence when oriented. Polymers may be oriented using different methods,
including extrusion and stretching. Stretching is a particularly useful method for orienting
a polymer, because it permits a high degree of orientation and may be controlled by a
number of easily controllable external parameters, such as temperature and stretch ratio.
The refractive indices for a number of exemplary polymers, oriented and unoriented, are

provided in Table I below.

Table I: Typical Refractive Index Values for Some Polymer Materials

SAN 1

Resin/Blend S.R. T (°C) n, Ny n,

PEN 1 - 1.64

PEN 6 150 1.88 1.57 1.57
PET 1 - 1.57

PET 6 100 1.69 1.54 1.54
CoPEN 1 - 1.57

CoPEN 6 135 1.82 1.56 1.56
PMMA 1 - 1.49
PC, CoPET blend 1 - 1.56
THV 1 - 1.34
PETG 1 - 1.56
SAN 1 - 1.56
PCTG 1 - 1.55

PS/PMMA copolymer 1 - 1.55-1.58

PP 1 - 1.52

Syndiotactic PS 6 130 1.57 1.61 1.61

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
9
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copolymer is an example of a copolymer whose refractive index may be “tuned” by
changing the ratio of the constituent monomers in the copolymer to achieve a desired
value of refractive index. The column labeled “S.R.” contains the stretch ratio. A stretch
ratio of 1 means that the polymer sample was unstretched and was not oriented. A stretch
ratio of 6 means that polymer sample was stretched to six times its original length. If
stretched under the correct temperature conditions, the polymeric molecules are oriented
and the material becomes birefringent. It is possible, however, to stretch the material
without orienting the molecules. The column labeled “T” indicates the temperature at
which the sample was stretched. The stretched samples were stretched as sheets without
constraining the edges transverse to the stretch (z) direction. The columns labeled ny, ny
and n, refer to the birefringent refractive indices of the material. Where no value is listed
in the table for ny and ny, the values of ny and ny are the same as for n,, and the material is
isotropic. For some materials, for example PEN and PET, the refractive index is given for
the isotropic state (unstretched, S.R. = 1) and the birefringent state (stretched, S.R. = 6).

Some polymer materials, for example fluorinated polymers such as THV, adhere to
other polymer materials less well than others. This is a disadvantage when used in planar
multilayer fibers, such as are used in the prior art, since the fibers can peel apart. In the
concentric arrangement, adhesion is less important in keeping the fiber together, since the
outer layers hold the inner layers in place.

A cross-section of another embodiment of a polymer fiber 200 is schematically
illustrated in FIG. 2A. In this embodiment, the fiber 200 has a core 202 at the center, with
alternating layers 204, 206 of first and second polymer materials surrounding the core 202.
The core 202 is typically larger is cross-sectional dimension than the cross-sectional
thickness of the layers 204, 206. For example, the core 202 may have a cross-sectional
dimension that is at least ten times the thickness of the layers 204, 206, or more. 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

10
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i's discussed bglsg¥e embodiments the fiber may include an outer sheath 220. The outer sheath
220 may be provided for protection of the fiber 220 or may be selected for specific surface
25  properties. The outer sheath 220 may be formed of the first or second polymer materials,
or may be formed of a different polymer material.

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

30 afiber 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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spirdb WoLiAd Avirmltlousmasroas sqtiendddmersivm, dp ey dpreddedraben thnyibdesi r ed

Cross- sectl o shape or exampl e cjrcul ar re or rectangular,
pol ygonal Omﬁ? ‘Pfé’XP’inP ‘I“Fﬁgteﬁ@uﬁl?ql uy!t’? %%%jse@%@%ﬁgn?wnd%% %Yfﬁleaé’é’ an 12

VO 2009/ %ﬂ;ﬁﬁ%?ﬁg{%or ne$ %&%&?@s’s@eoﬁtﬁﬂg@g&e&rb%ﬁ%oiﬁﬁﬁh? e'r Shape

but with roun s to aldln ndi n piral
cour se, hawasias dtmﬂgp tevnperdturayiths palfynda% wheecﬂawrspéaaldamgthekbﬂ{b hoothbd mi ted to,
hundr eds of wound ers. A spi.ral r}d fiber is considered to have

substant.agpwclaﬁén@é% r@aya9éw§ecté%% PERAYIRN DRSBTS r%ﬁ‘rﬁ’éﬁayers are

not Qbscrc%hﬁ)lui’au%ﬁ%?%&&ﬁlh% and/or ??ﬁld%{&'lﬁe honad @id hth the
pol ymer fiber may or ot B nlf orm al ong the Iength FIG 4A

schenat i daydryhickdassof tht ﬁbelaas graiecrwitew thf fiberfordyescadat dhatenhas 1sagreater

orosS- el Lot SLTEE O s HAZb 5 SO S A% S0 e e

the percejygdt&Rl@mpRf teherkdtleso1400 tlﬁegﬁlrsh@nd 412 of the fiber 410 has a shorter
wavelength than the reflected color at the second end 414 of the fiber 410.

25 Another embodiment 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

30  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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10sane at the first fiber end 402 as the second fiber end 404. An
enbodi nent of a fiber 410 whose cross-sectional dinmension is not uniform

al ong t hewbepgth1388- di rection) of the fiber 410 i s schemramiusadoow3s685
illustrated in FIG 4B. In this enbodinent, the fiber 410 is linearly
tapered between the first end 412 and the second end 414, with the result
that the fiber is thinner at the first end 412 than the second end 15414. A
vari at i orbehweaartyyegolese pihoprasepaiatiamn & noh cortant. iy thiseenphagimerdde vilkwar t he fi ber
LS § O Ml Rlos IR b 00 SERLHSL BTG GEORR 29SS IRMR dhapg hon MY
be varie y vary he cha re on

pol yners d@&lrwafl@%etﬁffaﬁeléﬁgﬁh@@( euﬁtmpdrtmnsmbeomemmwe of the polyners,
t he draw speed, and the | I n ot her approaches, the fiber may be subject
to post-for rrat%ﬁhffsre&beégnm of ¢ §berAdrhsv gz vorisaeieetipp ostruBtleReit ng
and/ og c h t h ess of
o 25,cOURLRSELANIRLE IELRTEICn SIBERDLLYoub B LAY Lo

and so t HibepdB@ & doastanto|Huwakr, tiethidkheds of 1Kk ﬂeﬂecmmtg lawyerd @ttmnaheﬁgeﬁlbe fi ber
l ength. In the illustrated exanple, the reflected color at the first end

412 of t HariedpEhisgligctingy be aghipved whan e Ehegirongin b sréuded the ey res06r  at
the s econ[ge ﬁ&q a4(i]'§1608 d é&gme B%{GII%PSQH‘EO%E hﬂ%n gﬁ’?&h {ong{a{lﬁ b{l{ tlﬂgr 420

whose cross-sectiona er I's non-uniform a ong | s

schemat i aaitbiyals hlay e q)aéfelenmﬂly:m&rte(&l@o thencdrbbsd gngaal ot gasé the CVS&I and of the
cross-sectional dinensjon, varies perjodically along the |ength

( z- dilPecttigrgrow! artgﬁ@nfqlea?temmth theFeflsainee e éhmlaﬂ%g thtcll‘iéesér Qfééc sect i onal

di mensi Ogbs @%eﬁﬁat?ﬁﬁg%%‘i‘ef‘éﬁ% 9 bivBREd gonléTPetﬂhg%la rs %&%PJDE By varying

t he proc araneters, 'such as ‘pressure on er s ng fed into

t he ext r ubickiecsdo€thetrbiRedtiapbaicat andecdicitdide donytes sf thbhﬁlgdilhd\@b&pdﬁche and the
like. A per| odic variation in cross-sectional, dinension may al so be

i npart ed 8RR eyteetamptesnfithe e | and ofrthe 888 A arerispreastisletiBy passi ng

the fibe rdag'lf?bd MRS 290 17&1%1?68@? Gl lﬁ@% 049%19% ??rg ﬁrqu{géﬁ I%ﬂcﬁ é(knreg?h l4§£1 $havhose

separation is not constant his e ewer perceives a color
of sHért arflyainglleregt ehedtlnmd’tﬁattdhleglbﬁ|43p)q)fdfemm1$all§r2rﬁﬂecfts tilet offialsRortet20, and a

color of a long veIength e th cker portions 424 of t fj ber 440.
Anot her e"fﬁYGg‘i E’g‘nt Wagregh ﬁf‘?%%f“g‘ il%P %arﬁ S’(Féﬁ? eP‘%l?lP]ééﬁgl%gg?Jéh? rum

| t ¢ t I fiber,
al ong | Sre\g%cﬁlgg 1®&§ar§??8§, dtnﬁlgs'o ¥%bh hk'égfe%r&%a!l r&*le@ts 1%9%\% w"avtei%'n'%th I ber

t he outer sion, is con ver
thi cknesdighf. the reflecting layers within the flber |s varied. This effect

may be achi eved when the fiber is extruded, the flow rate of the
first and secdhdCHaH Hies o lelﬁﬁa}ag%ﬁrfg e@ TG D B PR A SRRl fer

consHgnt , o QHUW00 L E&hERLEENR i fudBYe éi% HGes & rlﬁ%ﬂlﬁ{ Wo lr%l}/lﬁlélt 6kt 903,384 GRY © ﬁnd

ring, in ich case the ¢core and 10ring grow | arge diameter, with t
reflecti rpysitmyed sidshyisiie e fibers BOZ 0883y Imweishmlqwbympropnﬁtee,rﬁoal s are

preferentially diverted to the r flectln ayers, lincre 5|n e thickness
of the reFABEL YR F é & MaY FRACH &gy %fh%g*aeﬁg st g Pf?é and core.

In the figur&ied hﬁeszyﬂl fo dﬁb%@f ﬁ%ﬁ_h@&eé&@oﬁ&f@reﬂ?ﬁoﬁqge Qfhet fi6er TG 432 are
represented by the dashed |ines where the core 431 and ring 432 are

| arger, dileis HE, 6egponlap4ctt dbed Soetilgpinguggioay 606, velroee thieifrbesr302abeH r egi on
T et et et S LR LR LR P ol T L YRR e e e
?Ir ght h' cker exa%ﬂﬂ!e 98 aHRGIRN of'Ry BE efyerdedt ioadably ofhef, vecths abﬁlﬂgﬁén ¥RMehenat h

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.

30  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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Different types of articles may be fornmed using nmultilayer fibers. A sinple
fiber 20 tow 500 is schematically illustrated in FIG 5A in which two

pol ynmer fwbepr®/B80385 504 are positioned side-by-side. ThecCTiuseew/ 05385 504
may have simlar color properties, for exanple both fibers nmay appear to be
the sane color, or may have different col or properties, for exanple one
fiber may have a color different fromthe other fiber. The fibers 502, 504

over| ap ebepecontiberai0dgoBedtarsdilisgtr dbthe escmppingyssioas dfp bptipdpe ambhed 504
25are al e [ .. 1 ber 4 t dto
cacn ot harefateASiERd g3 b hninka bl R on it b R 8o R s ERE

ot her, vitdud hightaipDbluedd light. BfnotHee fhreatmansdnpilesswrtie cldhge eotslbSatalic t he

fi bers 502, 504 at the overl %ppi ng regions 506 nay appear to be different
from col divérlagpingeegiqnygs that ggAibes tyeipheskacystié the aystlapries rgtonoxiérmapbe A

nunbeg of | t 0 t ver | appi ng
B I R P L L N
502, 504 ittacliddao e¥erdth@pi ng region 506 results in a mxture of the colors
of light reflected by the two fibers 502, 504. For exanple, in the

non- over | appi nynatsyicsa@plapechbediment pfartowdi Oqnschemptiedly ilpsiwtqdighiGwhi 1 e 14
WO 2009/ f lects red light. At
t he over #ﬁ)gﬁﬁg%gﬁ)ﬁg%ggél@%ﬁ%&ﬁ%%gﬂ lr6 éﬁﬁ{clhg)%téﬂ%féet V(r?&e:l?ﬁsect ed and so

t he overl@pdapgng £gicns OapRading @gartldiincladdsiastovedadtivesethe dinst abl ue

light, i.e. purple Iight. Anot her factor r_na)f contribute to the change in
col orlDat seeRnddikers AFpPhly PEgilamesegng 20 mrclydosap oyeran batweehe &5t 40d t he

over | appi i . P i i heat
and pr eodnPd FE T 1o, TEkaFuRE FANGES LI oDl AP B Bf Bha it

Anot her eienps lal, § 1 @nbdtirem iveiddpping @giond 018,526 c5maty balel diffedehtusiliorat ed in
FIG 5B. This_tow 510 includes three fibers 512, 514, 516, whjch overlap at
vari ous GireFndpmehyhidgiagialar Bber 2ppYSirpeti dlhees nphehoydds thé overl ap
bet ween t. LSt ar ' j ' 0

'l udes o eh o 1L BREe IRERANR P FioRe SRRy e AU RB Pbl R Name

Over N&ppiovgrlagan®reghod? It wilhalsobeapmpciited dee a fibbetosenanthchidd atdifferdnt | ber s
514, 516. Different qverl apping regions 518, 520, 522 may have different
col ors, dWiF¥EP §Q%io“fmtéﬂsep3élpwpdﬁﬁ§rlﬂwﬁéwee@ﬁeﬂmﬁ@m apped. Al though not

shown in the i)lysd" etidlh ik G 1;;‘]3};@% r; t fibers
may be overl appedé %tt%éh&emséén% 150\51 ?‘%g‘g?{]% reg:%g ) Itlb\%&ll?ag{%{;&bgﬁe
appr eci ateatbodha¢nt af & iveeve 6@thatyses nailtileger pobinddr dtberstis saheteticaly fi bers from

those shawn in the illustrative enbodi nepts. Anot her type of article

that may ILuereRs iB 1GnH AL _F%gorﬁbﬁg}molvm%_%ﬂ? g2y ormpyt eﬁ@e@f?ﬂggﬁ) Of a

weavo0bO0G, ilndwen oWl Thi BUBK sRRRKIFBLyold PRES ey APRREAAL Gald doibd | ustr at ed
| rmpart of t

in FIG 6A Color shifting polyner ers may f he warp 602
and/ or 2Q@hpacteristicstdnenaydfave dfrenflreloc ohanctstisticsi Othepofpesef fibérberay atsmy al |

have the sa o] or, characterijstics oy ma ve different col or
char act crapded BhererR0. Biihe Paer é%%tyw%f &84 51 B st TP A0R 4B veave
600, in tfg: 9@ P ORIR2 tHles W fibers BR4uRY £fdrRxRAPR, fBE R P0G R t 604

O her types of fibers include, for exanple, 1 norganic fibers or non-color
shi f ti ng spdliggpelyfich&bers. Suitatabtypes gfoiesrgaficifiversgadlude glabeorglassckrudec gl ass

o1 QLRSS eramc, 2801 Per Ry (U0 El IR B 20450, 19 P SRR D! Boo
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.

30 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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An exanpl e of non-color shifting fibers includes honogeneous pol yner

fi bers. The enbodi nent of weave 600 shown in FIG 6A is a plain weave,

al t hough wpR2bhevemnisst ypes of weaves may be used, for examrpraSaowasions weave
or atwill weave. An exanple of a satin weave 610 is schematically
illustrated in FIG 6B. 30in sorre enbodi nents of fiber weaves, the color
shifting polyner fibers may sinp be woven in wth other flbers I n ot her
enbodi nerfp bers mpe be aftashed e <tth¢rrfdoepia fgrraxpmpiget 280PPINEIBSPOTE USPE09?Id 95685

fibers nqxagl% %Bg&ih%glwgo ot her fibers, for exanple at overlapping areas

via a fiber vVia the use of adhe5|ve A sinplified diagram
showi ng an ex h@’lﬁﬁeﬁ&i’fdgfrﬁﬁkhtfwmg aﬁ%ﬁérﬁﬁ[ﬁgﬂﬁaﬁtﬂ‘ﬁctﬁﬁl@ §8tea0T @ fos hiakidgng
pol ymer fibers i s schemat] call lustrated in FIG 7. Two hoppers 702, 704

5store t welqrwblfmg pokemer fibess ISa%ct%era%teally dfustraed an FE-at Twig horreretd2 A | ayer s
f th t t
O ot 18, CShE Bl 8w T4 RORRENR R LA RESA NG RELAGPT S 000,

will be E‘sm:fflﬁg:ﬁaétedfﬁeh@'ppefaﬂ()l)U7$)4€fb<&ﬂiiabslyﬁfer§1|1163 thy skeider 006. Thehibas
rollers that pull the fiber 708 fromthe extruder 706, have been omtted

from t he W84yPemded drometheexiruden digi7d 07 liovilikeserarasintgskthaiorarions ﬁlﬁnteﬁtéto
determn I I . The
dosi n ofnt NS Th7 o, Yich Sy1ERES i phll g K7D o B8 cuddr TR b B
profile afmittbé froinge diagram. The fiber 708 nay be sent to an opti onal

stretcher station 712 where the fiber 708.is stretched by.a desired apount.

The d0ret cher Hiegrfrgderrdio7 Hhysey & aumpgy ofshippthat detgmung thesiresnd apmbegindr at i ng
at differ msh [ ion 712
al so |ncltg§%‘¥§ﬁg§g§r%&tno%ﬁlf% thegtdgiéﬁggt%@ ?E%égrtéﬁc%pggggﬁ%ﬂ&s red
t enper at wdgust Wbehiekndss pofidesf thedinghat one or both of the fiber materials be
birefringent, the stretching tenperature is typical 3; igher than the gl ass

transition tendrfden /@S Bry g éelﬁd@ gRaPLongh ﬁtéfttcfrfé piafieRs 7 hoagssithe Bbsteffat i on
during t f]? st?étélﬁetdﬁcgr't &} &)Qr?ﬁént %@Qﬁe@ﬁ&%aﬁ%ﬁ‘%ﬁ sg ]fﬁ %&Enﬁ% S QkC hed

fiber 708 I retc er stationis omt
post -1pr odulits operpting ashffagnsspaeds(m peifben theh;metchmg miﬂetrgmhmgrstamlua 7p2ocesses

at this plrtt esuch |stheajutment of f] ber cross sectlonal
di mensi ol ﬁh heatert 9disaCBE FbBRAS A pero 1@?&%@%@ e ey e

sui table g d%&EéaetF%tﬂl}glre%lrrgS@ﬁ%%{’ﬂ%ég%thﬁ?ﬁ b&Bl‘Péﬁngr%ﬁtﬁlQQ@étclghgens' onis a

roller palr: an el evated tefhperature ween a pair
of pinch tempéretuse iﬂhgsiealsetpg]natthmhe glasetrartsttion tmperanic valhu@olynatr, whichess

than the di mension of the fi 'L e he ted fiber is then squeezed between
t he pi ncHFBiH B Cu\ﬁnotrﬁntaﬂgn B@lﬂﬂt etsﬂﬁttc PRPTCHE s- sect i onal shape is

changgd and t hg, s'tx%ﬁchec?ﬁﬂ@r”ﬁl'ﬂﬂr hr?stﬂ’e&ﬁb'&ﬁger ;?’S iPhRGAERRS SHYnREoMRR),

exanple, to pro uce a tfiber that 1s elongated al ong one cross-secti onal
directi orm@lnmfed&csalpestrprbdmitloape;ﬁbessnng:dtﬁmn eeridr 8@y und&fo oanieusf | ber t hat
was ori gi nal Since t aration between the

|y circular i S-sect.i

ol or s dARACaBIs i B Reiny GasrueBprasgss it A adihirontpo hERSr Gt T | ber “can
be cont r Qfilrkidh A8 tﬁ@ 81%@§ %tlsnél%hé‘ﬂear&%x gl%t S8 JARRAARNC [ Cchanging
the cross-sectional shape of 16 W) 2009/ 1113385PCT/ U82009/ 035685 a fiber is
t o cr ush achevingherdingionee ﬁbtervwos,sm*ctemal {limdnsioh 1&341 rdlleepar: atb@ﬁbadhw athe
charagteristics of the fIQ roduct deg | east in on vari ous
oper &Pi orf&® evated temperature betwecen a pair of pinch ro lers whose separatlon 1s 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),

30 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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parameters such as the value of the transverse pressure, the length of tine
the fiber is subjected to the transverse pressure, the speed of the pinch
roll ers (WOb22o@11e388 arc enpl oyed) 5and the tenperature @®CTiUsSe00Di0BIBS when i t

is subjected to pressure. The processed fiber 718 is then extracted
fromthe post-production processing station 716 and may be collected on a
roller 720 or stored in _sonme other manner. In sonme enbodi nents either

the fi rstalgherdelosheshsbe t}h@rrbeﬁvme@rtwwplms otk thesgypepropehesihe or both fir st
and seco I t r 8, 10

i ch shodelBaRE Tt Aol LErkh G Khst BRSSP B 500 i ¢ n
respect tparan@@eisaéi@ttie $y18¢ smhettﬂaﬁsxree@‘erﬂatsm\egathlem@hgﬂe&ﬂnﬁe tieefiberis y-, and
z-directions for the first fiber P ynmer material 802 ma){ be referred to as
ni x, y aridbisrted fnehettrasyosse Hesiige heri*ﬂi??,de%f the\pingle rollers gt rollgisgrg emplioyedt i ons
for t e s ferred to as n2" n23,
and n \Rﬁ‘,ﬁ?ﬂed eﬁ{gg %rg%km%q?bsep%%gh% Slﬁ)?ékt@xﬁ?ee%ﬁ%, and z-refractive

i ndi ces are 15BHdprosdasddafitict all § i thad @hﬁdted\ﬂwﬂi ehetpost-priodsdtiohippedesstag eri al i s
birefringent, at |east one of nl, rib, and niz, has a value different from
the ot hers&tion 716 angynapibg cellegicd pibaFolBn329 Restarcd i ser¢ pihsT Baniier f aces 806
formed betwee (N7 econd
pol yrer materlri 3}3%82%%1?116&}(%%? glok ﬁ?@toﬁ%%ﬁﬁ n&gjgee?:}%l%snagggtshgn lt L&glerf x-and
z-r ef r actfibee, drivditcst aid debend mﬁ@ﬁﬁlaomay Babir¢flingdiit, Referiing 204 ReFIG. 185t
material is birefringent, then the interface is birefringent. The

fi berl0go0vlish shosyrgsenssaicetion thsoyshriai axaep kay na%}lgve@é‘lﬁéfr%ﬂ Vith565aE9td 21 0 t he
z-axis, f e nt
it ert acato Bl GERRRIRBIR I, (i ARER R bITOEH RE o e
X-axi s, molymernitertid80Denayi Hefrefoeret t6 a@m trhaarrdeﬁlg aaﬂlth/@reﬁndeoe iddicéeinence for

l'i ght 810 pol ari zed parallel to the z-a The 25interface is
said to BB B efefafﬂfi Ryeectighe for thgescgpng @'P%rrp@laym% maé?r?aéé%% veyibsdeterrat tq he

interfacei rentwf ot ol L ersnt i tiens _T S, ikt Rhief sLngent
i nt erfacesnﬁﬁ nay,8 V\%evrve% ﬁié: n‘%-lnztS Jbg\% % n’|y ?HM For o%é\aeplopacrg% zljgti on
statdp t hadl subitaﬁml]ny\matclmdlewhléréftl&rfétscﬁbeatmatthmllm bieffringaendt ldast@rfdags 806
in the fiber 800 may be re atlvely smal]l. In some exenplary cases, the

30r ef r acthy@nd hadigs givplug difffaent rfﬁ%?nﬁ’é’q BZE than 0.05. This condition is
d dt I
consi dere Oy\bghﬁluéeaglg ﬁtﬂiﬂ Qo t}{%r‘% %ﬁ{%uﬂﬂ&ﬁﬁe‘ijﬁcé‘- I’E!O'?S fB &?’&étév g‘iiag?rs

difference na than 0. 02, ess t

thi s pol arfitzafiisopolgincenticoal 342 quarthé i;aebndl poliytver ma&mla]s804_ Hiéom exampMﬁf

2009/ 1113 5PCT/ US2009/ 035685, poI ri z lig (i] asses. th ough the fiber 800
Wi th 11t hebg mBraBmreen Bar XadgeR PC'W?rlH cesat iy infer e and B Pigs ity ghl y

tr ansfi t ted R FANGI LfierchibRh B e interfacTReviFERFAGH! ve | ndex di fference at

the birefringent interfaces 1n the bers may el atively high for |ight
in the orthogdHalfipoRao iszhsthosed wtthuteloﬂgntudimabammfaéhyypamﬂahmlths,z aStshe

refracti ve ndex ifference . m e at a t 05, an re er
o 8 phOGR R b RS GafedigREents ot FRBireBigaitiaringn Kb ity
paral | el i kb i 508 S0t UFARUIR ol HER1%\DR) N2 S iy ﬁ%ltﬁ&t ed at

the birefringent interfaces hus, z-polarized Ilight 1s reflected by
t he fi berreB@diveAndeardefferenc ﬂoetightl @Gw@rand pérapdltathezedxif,ilher 82.i $hencl uded

o2 PRSP0 B e e Ry S SR IS, £ BB e
pol ari zatdi@&eRf 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
30  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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incident light, but not reflect light polarized in the orthogonal

pol ari zation state I n other enbodi nents, there may be no nmatchi ng of
refracti weoiznaen1388r any inci dent polarization state, amdTAS20000B1685 S
reflected for all incident polarization states. The thicknesses and

refractive indices of the |ayers 802, 804 nay be sel ected, however, to
15reflect a first color in one polarization state and another color in the
or t hogondtolgzred tighiqasens thronglethe fiber SOQ/mthél@tée exnsflediops s ethgr wardsr X1 cl es

t hat may - e schematically illustrated in
Fl Gs. 9A—p§gm§¥th%%tnyh%hﬁf%% @é% rﬂgecﬁ% eS?Ot hat these exanples are
provi ded for iTHeuafracaivleQﬁdeQrdlﬁferaﬂ& aarﬂee Bigdfrihgine @ ehctOinCtho Sibers iy N
exhaustive 20list. FIG 9A schematically illustrates a card 900 that uses a
nul til ay éﬁlabm‘ﬂyﬂ?&h for Belt indhe orthegprad PelFIZAtEQN BRte o MnIReCXCHY 4 £8AINOS:i s an
enpl oyee MRY, r cards,
for eéarrptﬁe%eq%@%tgl g‘?’%g@%?e%g %ay%%cesegﬁc(g@%% ?’l%g g?éatg& %%%Q%ﬁ%lgb or the
l'i ke. Theroarsoral, bey.2 bef thisqoliedtio difcctidaliid poalddl td it ordxi, lf@rbxallnplet t he
hol der, for example bionetric data, e%ln%r)l oyee information, account

i nf or mat itB#n Zhelapiped Ight |y refectedaithe hreftmaentanterfages$86 s Bred-nokrizeeg card 900
using co h r rip.
R B i e S i SR T

pol ymer fihdladedih2) SLappligatigo SeidaltNwtl 1 4168744 bm&qtorﬁted haeinpyolfeonef
count§rfeitin may be provided with such a tag 910 by the goods'
manufl8ct urer tusctiibe r{l%ifefeﬂr:%&S.elﬁeblaﬁnfirs)aﬁffvaae@@&tahfﬂr@ﬂlﬁ@Pka@aat@@mf of the

article qﬁé’ldgﬁ I ﬂﬁ%gg%&f %ﬂ&% hght%%w{zgg 11?‘&16%%8%011&1 P'olarlﬁtl@F %1(;6 schematical ly

illustrates a b a passpor I'nc es a nultilayer
pol ymer fiber 182zher kmbbdinsnex drpd @ay bahb efatdhiveoflryfragivadides ot o1y sur f ace of
the 18 WD 2009/ 111385PCT/ US2009/ 035685 secured. articl e as is shown | n the
previ ous PEECH PatRszaizon stife. audsglighbis refiecigshfghall Hicdlenhpolpugpsion statsy; (Thepe

appr eci attﬁgkn&gesgalqi rélgactlrvg dléelg%f i quej'er? ?@2 0N nhd e%@let: g, R oof the

page D sc emati ca ustrate banknot e 930 havi ng a
mul t Mbay etflpm layirercofdr e bon SRA 2ri vavive Btakddna dnbéhep eqler 1n(1he bhkogoatle 930.

The nul til ?yer pol yrrer fiber can appear to have different col ors depending
on vari ol®ld et #tesych as the angle of the incident illuninating |ight

and the polari %hém y al so
appear to pr od%%gdug{é?%?ltg%tgf%g %?Sﬂgc?ésgg?tflh entplgg?r?{ﬂgmaéﬁg{%oﬁ}%rﬁ&rfﬂgg
These ef faactcdcantcaiytilldepeniielGerPA-BD, pitlesgh dteshotfildebelpprogratat thatrthehge in

the fiber, but are dep en ent on the jnternal structure of. the fiber.
Accor di ngq><9mp[ éredHPYléiﬁﬂi flv%ﬁaﬁalhe%lyamgtaﬁ‘enqt iERded AR ostigye pp GXhggstive

repl bgat gy UPKP@A fﬁ%ém%&ﬁ%ll Bratds XA SRt seh Rflid gbbﬂh‘ﬁe? fiber 902. AN

enbodi nent of | ayer “pol yrer flf)er 100 1's schenati illTustrated
in FIG IIAt]wphrﬁBﬂasexdmlmhs eatd00vs mu&hyloyél’dﬁmdmayﬁcamomﬁt;mdhbmﬂthe seprdct rum of

the reflected 15(or trgnsnmtfe ht). ¢ ges with an is de ent on
known qudhtX b5 géfatﬁaesi C&EIH% {Déﬁ’fa S’rQ '?W@é“g UG RS ’Eﬁé rPE tof the
fiber is g ntalcngd. Tﬁefe%@ooghay b@pm%@&%@'adaitﬁaarlﬁfdrﬁanomubﬁledefl ned

for a fiber which refers to the ‘percent reflection and/or the percent
t ransm sdiodderver sxsnplabminetgd datarﬁmmm@benﬁofrnatm, denooet ioformaton mud ent

1 0N TG SRECEE gl LRGSR R, BE SO BOPEL Llor b8l ARHISTNAL
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
30  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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20f or unpol ari zed |ight. Accordingly, articles that contain

mul tilayer polyner fibers may be verified using both overt and covert

met hods. vOoept9/mMesssfi cati on does not require any speci aPCTAS2@q08RENt f Or
verification: one nmethod of overt verification would be sinply to tilt the
article containing the fiber and observe a change in fiber col or under
anbient |ighting 25conditions. Covert verification_ methods, on the other
hand, usecepeshaicicasds sppimshe Picsiouy 89 exananleso e fier 98% Hrpoven intodbyi ce may
be used t ugnt.if o] hi he fi ber
when tllﬁ%ﬁg ﬁﬁ%hg%fﬁgﬁe %ﬁf%ﬂ%ﬁm%’g%é%%?%gébgﬁ&f%ﬁg Eq';ﬁestiillrffa’ano%ﬁer
exanpl e gfaggeovert verification, the light reflected by the fiber may be
pol ari zati on analézed to determne any difference in color shift faor

di fferent pol dCz8Pisshemaatly lughates peprorad I0dnyHerendditaycr polymst fper
di scugsecb%gwgye tSrthé%?a[é‘)% Qﬁtﬂgh&%’%bn such a case, the article may be
W t olari zed

illumna or the article may be illumnated with
unpol ari zed | imtmalnmyblhpolyméﬂ flsdredn hpgiat tofaye Iaeffqaaitablozedjeﬁeﬁﬁmg ®n
detection. 19 WD 2009/ 111385PCT/ US2009/ 035685 e fiber may have any

sui t abl e ‘AtiRBefaciosy sveh asghe angdaof the incidrat dhseantineright awl {peaotasigationer s 102,
104 | dred
of 1 ayer a7 HEguY e ThobolGho ROt oo bR URHT S Bt AN 0

pai rs of diffyrenispoims alingltiea8ber2 Thpi dffecBfard Aytelcpendent ¢rbthe pidiamccad apai r s of
| aye In sone of the S5exanpl es discussed bel ow, the fibers include around

one Hﬁndrmanﬁmwyeﬁn @Pﬁ@%am #g dreggrrt ongbe infgrnal structure qfithy filiEs f er ent

t ypes of I ncl udi n
et SRR SR B Rl Dt BN ERSIENES il o v
desired reapgm\mf, lds$ ghilnstwautediesmgmhaes as discussed previously. 10The

mul til ayer polyner fiber may be applied tq the article bejing secured using
any suitable FoBodinsREe A myltﬂaéfaéaolaf@@hﬁb%r WO1s shempdeallyiiHestratesdp £ rom

rel easin Al I ﬁltléeﬁ fiber
to the a%tllh{:?g]aitng qgag[s Cd&%gsgﬁ&?{iﬁé@f ejryheenc mﬁlbl%gle%g% b hgge éee?regtl cally
i 11 udbr at(estransatinsbligiertlianpesokitiaange td dopendb@06n khowrnt @lmnltlhbymdrlabeﬂktant
enbodi ment , the artlcle 1000 i s atg‘ar]g but it.will be ap eglated t hat
this 15 ABpHBACH, OB hREHPHEY of G fbasssripaingds neseBmeRpal -G b ot her

types of @r &IZJ—pq—#? a;r Be 4 etd'f% % gﬁ%rﬁ?llggﬁﬁéfﬁfs't@ﬁ{ ;%P&ﬁt fe?le@ﬁ% aphed tho the

surface 10 artic eat m nati on Ich typically
al so f 1 atpfcerent Irimsnﬁsshmrversus vwnbngﬂhﬂmdlanglntosf ;mcuchmcé obihe incsdano hphtetldley
flattened, but .in other e dfj, reS| curvature may be present in
the fi berPeeffa énafépﬁeﬂn%gbgﬁt g 1RO n&zﬂ %Parrl%%lﬁfowsl@l@gov\éﬁare g5 the
col ogoshlfg;un‘ghﬁlzgghghtber 1002 may be attached to the surface 1004 using
adhesi ve or rpay mnated to the surface 1004. In the enbodi nent
schemati cal | y Ad¢doubtglat aticlesthat cantdif Byultilagergrolynodrdibb®li@ay be perdiaddsing t h a

thin [amnation |ayer 1016 over the surface 1004 and the fiber 1002. The
| ami nat i G19tH QYREFanfrpEeTet tQafFﬂtVﬁ@H?W@rdO%@@z ra%re&npfépe%ﬁﬁ nts on the

article fg Qfﬁrﬂ&@for%ﬂﬁéeﬁ% oﬁ’érﬁ@t%ﬁ'%f oRIFPOG| TR RGN %Bul%{rﬁe's ﬁlgth%ﬂ thé

scherratlcallyl lustrated in FIG C, in which the fib
posi t i onedticle tbntannmgrtbcﬁbsr am(dwsemwe ahha@amﬁ aber dRAindér etmlaelarltghtmg 1020.

The r.ecess 026 vi.ded in.the for roove. roove. can
have 22ny OUfHRT L st et o5 e et il S RBr iz afipBRNEIof £ 0c.
10d, 10e)ycsifoNEond Fo%&@rﬁﬁl@' @&e&é&ﬁ%r B5E6IH ué'Hﬂ&'y fHeQ%[or%Q@?oﬂTﬁé’ hgﬁ hel d
W|th| n the recess 1026 using any 30suitabl e nethod. For exanple, "the fiber

1022 may rbfedted Gomythafiberivdiangilting thelamtildnélrm@he?s@emﬁ% angle] am nation | ayer
(not shoue) ox b, S LIPS T ALaR b et Lo Ol g Salerp e
polarization analyzed to determine any difference in color shift for different polarizations
30  oflight. 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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20 WD 2009/ 111385PCT/ US2009/ 035685 recess 1026 to hold the fiber 1022, as
is schematically illustrated in FIG 10D. The inner surface 1030 of the
recess 1086 2a0v10385t he adhesi ve 1028 may have a col or t raT/tisgommBses ed t o
produce a desired optical effect along with the fiber 1022. For exanple,
the fiber 1022 may be fabricated to reflect blue light when illum nated in
a direction perpendicular to the 5fiber axis, in which case green and red
light are typidifiber magmsrs enewitebicougiver hwersi 108y 104Wie seme pabpdimsntssur f ace
1030 and/ hesie; L0 I e r I Iected
pack ¢ hr ook fs T PRaD oy sy B freth BRp Dt e Bl e B B

i nner surHuaaﬁ:dﬂ,GBIa a@dbgrlmhena&heam%edlﬂ&a& thedibehinag hatd@nedsh €0 pzﬁﬁb o'cfnd
green i is refrected by the article back t hrough the fiber 1022. The
col or of wﬁés,%naﬂ&@fé%!m@s aﬁl@y@fﬁ, qrﬁ@ormbfdlﬁé)sna\;réoiidﬁz/mné@aorﬁ@@f@é the same
al onggt he c flected
from t5 he T l‘lﬁg% rals(a{lssg(tﬂgeb%t gl%ﬁg) e}% 15&38$%OP§% co‘I[rgir%daéa |01‘f f géﬁelﬁtrﬁgr egi ons of
the fiberlagd@202,104. Anot her enbodinent of an article 1040 is
schematically illustrated in cross-section in FIG 10E. In this enbodi nent,
the fiber 104Mpwy diffespnbtypgs ehpymer maebuscdfer e attprpating lgpers 182 104ce 1044
of the ar

secti on 1 Papiig Hephtic e SRC IR Bkl e e BRer AR

| ongi t udiramde @Xight wihdeddtigts dQdRsebrcbioudlel d in the recess by a friction
fit, QBy a lamnation layer (not illustrat eg% and/ or adhesive (not shown),

or byUsone ot@wm@ﬂmﬁrp%@eﬁﬁ reaydifamplighte BRBBIHORME WEUCHAISIRI0Y ng” of
the recesgie,ip H%Iﬂb%h @@%ﬂyﬁﬁfeﬁ%tﬂqdmﬁ :@e&&t%@ﬂbéﬁ}?&m Ieffﬁdsﬂlg%rﬁ Qgurvature

may be present Int nbodi ment s of the
recess i sartidt poonsiralyt .Orfdracthod bf strdebohignienfibdrso sichetiet ns:cakduysadldmtlst rated in
FIG 11A, which shows a view of an.exenplary at-tide 110Q in the formof a

card, andeigce i 19Rembichshemyically dfusfrates aeraspracctioniof pa il Wne axis
AA  as | rlﬂ'tl?eaiglﬁgtrdt gﬂlﬂ%dlﬁé@ti 1%@?%618 I1 bﬁd R¥%&ard ‘BW Wﬂl%‘[ g@ﬁrg né@é F[]Ige{t bisis in 25

the recess 11 recess deeper portions | ower
porti1éns aiajbﬁﬁch Hne tlid dxers Hi@ssompelbe mayubhgplicdt@othbetypecesstiddd4lwo t hat

the fiber's ayers in.the shall ower portions. 1108 becaone thi nner
than the nfvil nge%p zsm%él?eﬂl&g)gfssatﬁaﬁhqdﬁe t%Fe%IS@Iee b@(I‘I Piohe arilftfelooﬁmreﬁg%y make
the surf fmﬁatﬁ%nf\!vﬁ%ﬁ t%p]r%l ol Vf@a.@te AFG nﬂhs%metelﬂﬁ)ofdh}?@[{ts REefghentially

reflects t at a short engt at the ow portions 1108 than
30at the ade@ﬂmﬂyphttbmaninbutl it @€her embodimeSec toselualr duredters ngybdysregenoini tﬁed with

nor e t han.one Iti] aye 0 r flber One enbodi pent of an .artjcle 1200
havi ng n&?@rt“ﬁgﬁ 9( 518% AR Ahrafal AR IR %‘g?lrg%féa Cplqr it \LXée

2009/2é11?{ﬂ%'?@6éé§%g@%9§ci@§% Iﬁkgurfei!% 1008 u&'ag%dﬁém%r be bR hGhe 1200
has two fibers 120 1204 pl ace by si The fibers 1202, 1204 may be

pl aced eIsaeEatneI(HMorInIthaeermddnmI:m sdizdtic by 11h=1xmtp<ﬂ & FliChd 0Bj Iherastlclézml()rm be

posi ti oned ral ted t he art| 2, 1204
may be pdg?? 6 Hah arIBW FafpR fa3ep | O ep s as, .aﬁeh%efi 321253
reflect tlh‘ﬁnéﬁéﬂ?ay%f)i@r@ m&f prEtt fefReiogh efrﬂ‘decftﬁé}tel&‘?én% on the artlcle frBmot her
enbodi ments, multi'ple fibers may cross, for exanple as taught above with

respect twear hed @abodi ment of FIG. 6A and as schemmt | caI I y illustrated in

FI G I n thj nt, Lwo. l.a 0 1304 are
it spdSod on ¢ Merolf egrbediss of Hisltr oply S TmB caliighu Bt £t s ity at
over | appiigicl 8@ fs 18308 poViBA& Jvﬂﬁ’inca%&rss @626 &?th%%ff@c%f 223304 4304 may
appear to be different from the col ors of fibers 1302, 1304 in

1020. The recess 1026 may be provided in the forrn 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

30  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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non- over | appi ng regions. I n other enbodiments, nultiple fibers may be
enpl oyed with a secured article. In the enbodi nent of article 1400

schemat i cabI2godtihasstrated in FIG 14, the article 1400 iPsTArSeMOMa®HssM t h a
patch of fiber weave 1402. The nultilayer polyner fibers in the weave
151402 may all be of the sanme color or one or nore fibers may have
different colors. The nul tilayer polynmer fiber n’gly be used in

coor di natreesss Withtodwolkthefibgr 1922s apfs S@h@le@@ﬂu‘ dhstpted &1 BIG.ROP. lberipras, t he

col or of i l-aye I r | ect trast
S e et RUELRAUNTE Ind bARE RN \BS ORBES 0 b Sl i AplcbRAT | 25
schemat i qa:pkc)dubé hkiSilfeato?dcalféﬂEbtﬁlo@Wlthﬂ&: fier loze Wdr dkh@pRethdriidr 8022 cl e

1500 20i ncludes a nultilayer polynmer fiber 1502 and one or nore |ines of
mi cropr i rifay Botabrigated @meﬂ%tt blug I@t whem g lunpigated i edirecsion pgrrspdiculagadhe
diffigult I d i

O ey S o W A BB PRODHEDRRGh B AR e o 1

M cropri MWhendithdiautr su@od 1030edndar.thaadhicsipe 1028 oaldwk! ®rdder giehaiganisas a
line on the article. In sone enbadi nents, the color of the mcraoprint 1504

i s subst dRflecdsd Backflropgly Hieedibgs by He aémlerlb%% O ghorqtharhanggphere gie ipadinpl e
wh
en vi e%ﬁay Iqﬁlopa%'a;o'r (Eﬁél déad%nﬁg? E@Z t tg, tﬂe ﬁl%trgc? %rgg%p@&gh §reﬂ§cted

schemat i ca ustrate | cle I nc
mul ti | ay ey thehitishy back ieoudiotha fiblr p@ﬁZt erhe cbﬁf%f tlfecyuﬁewmﬂoanemhﬁe printed
wor ds ma be | aser etched through the fiber gn the article itself.

30ExdRp! e€hestamdi28 need ppidyth Fé%%elpe&thwabeéyhffqe@gweﬂvt@emebﬁmeE%
A mltilg ggﬂi rGRERE fﬁﬂfﬁﬂ%w& ﬁla A Par %J'ﬁa[ Qﬁff@ﬂeﬁf olAB% d f?e%ﬂ&(fg%&% 4sing the
ng tiple

fol | owi ng Jrocess. anment a er nati ng rete
concent rithe fib&rgH20f an X pol ynmer and a Y pol yrrer was pr oduced usi ng an
extrusion die that had 406 shins th were ea " (125 m croneters)

thick. Two shifothecabedieent gf pr ealﬁ@eloéotlwqhﬁmaw&w I%Wtrﬁgbd 18 §TQSHSECt@Re was
used to QLeYHCRIR i thE enibOUinthe AR | hﬂ&%ﬁ% Bcatfd idl &9%% 'agt ehe core

and 202 reflecting Iayers surrounding the ring, sim ar to the
cr osd46seatppomsuirfabe $044adfatle amickel BA03 B thihembadimentdtharfidee i 045 hads h&rassm g was

about 29% 65% of the total cross-sectional dia r . of the fiber
cr oss- sectf atdfp floRSHteh alofm an axis pereadicelat ionth ?Sffesr lopgiadinal agist Mihut ed

bet ween %ﬁﬁo@?ﬂh? Zlﬁo R L0&s %g Q%ct?d ? rﬁﬂatgdﬁﬁ exs(ﬁgﬁhﬁstﬁ@%dgloa

t hi ckness that con ut e about %o 5% o ter. I'n so
exanpl es,antifoe ad&lqso/iex(netrshwa) Iolk/BEBbmaothepnie;tMr Titva diggu fer shiowl OUEPEN/ 10%3ET

avai | abl e from 3M Conp , . Paul , M nnesot and .the Y mer wa
suppl i ed G&gbﬁaﬂ?ﬁtaﬁ @Qﬁg eéﬁ?ﬁr%&éﬁ fhpther %B‘PH?ZW%HP%?HVWHE ch’éﬁfée%é for med

frompphe X -P@ir¥ B heinthdgpyas formed fromthe Y polyner. The sheath
in 15 the reporr??dy Qgﬁp eg was formed of PMVA, although it could have been

formed of LMPHNsomesormedinidnéy, theulcpthbdfehemtessiiahot constant. Thne sexli r uder di e
shins were forned.using laser. cuttin d re . cifically _.desi dto
provi de &M1RREPCH i s i et R S @ﬂé} sy of an f XMAED on
after a speqtfigo QAh¥dHh mdca% raﬁaqprn‘ghferleﬁ@vss%he%Pc%@lsédiﬂo{l'o@%epeh&et s of
the two polyners were separatel’y fed to one of two twn screw extruders.

The ext r ud@rgstho peis du‘eohsandlaatt:émrfd(‘atl liAe Tiba rmﬁelayar@éyrﬁﬁﬁ‘(bet ¢1@DEB iand at

sScre e ds int nge T pressur es

Phe PanpaRe ReesB BT, T8 Ry O b feoptt Rpsionscbidis a5 sPeBYe radrong afBhea w t
a net erl nmm& 1mayz\feb ChisRAPREd @6 r& kY FIO4S8 tl@d’(%@“itibé?f ﬁEWrﬁ&rlaﬁ% ymer to
the filanment spinning die. The size 25 of each netering ge€ar punp was

0. 16cdr eub¢ shalloweapattivhe 5 8deaomp dnmmr\ﬂmnethg 6her sapdlymelpleyfa‘s edthatdegpeed in
e g e R P T e ub! DB ML, Bt e 70
fiber preferentially reflects light at a shorter wavelength at the shallow portlons 1108 than
30  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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The nolten polyner streans entered the die and flowed through the shins.
The first shimpair created the core of the fiber, the second shimpair
creat ed twe 20emign3ssi ng of 30the fiber, the third shi m pacr/usesoamsseshe

i nnernost of the reflecting layers, and so forth. The discretely concentric
mul tilayer fiber then exited the die and was introduced to a quench tank of
water. The fiber was drawn into the water usin% a level wi nder. The

conbi nat i13R- 6. Hethisrantpdguers. Gp edlahiPObian dve fbeisdeB2.caAf piceéside kg
di amet t ' TR ' in th f
chanet e 58l 8 ARE e YRLGAL SORRE A, B ESARIVPIR, ' kApREroe, of

was st r etthé 68er8NA0Dia bt @Ositionddiepsed RP beepiragbiohtth@tipleppetht fiBsrsf1002,vi si bl e
|l ight by reducing the |ayer thickness to the size desired for 5visible

li ght refl28¢mayrbe nositioned sen-paralelig carhortbers The iibersi 1382, 1494 mamising thind f ed

to a BU|hm&%%5kﬁﬁ?&h%ﬂmﬂ%@?ﬂﬁ&%&Q%ﬂﬂ&a convection oven and to another pul
roll statiton and tinally to a w nder.” The convection oven tenperature was

general |y in tlhethcarg®odincatohiultip?®fiberk tnaglaosks, b8 2xdmpld hetaagietaddvuith rol |
station generally ran at about 2-6 tines the speed of the first pull rol

station deweeadbacmbrdimepiaf K. 64 aad ahsdismaticallyd pdetediniFiGy ke B 1
0Typi cal Lo ral.l i | whi |
ChoP s caortodieh &l o RRBEAIARE pdilifict bt 188512624l MEBARAe JrfeiTsob | ©

W nder r arheafibethE3(RamB4s@esctasls othbeatseednthifiitdeion® |1 BOG tviick®the color of théar i ous
fibeﬁz wer e produced using the process di scussed ahove, A summary of sone

of LR 1 durt | g 1By Rep otk GerentirorRBiecalers of tho fibers 1302, 1304 in

2009/ 111 P 685 Table I1: Sunmary of Fiber Formation Sanple #
| nput Di ggﬁﬁﬁ%h%igggﬁégggéed (ms-1) 2nd roll speed (nms-1) Tension (Q)

Qut put D a. (AMotheokmbodiments, multiple fibers may be employed with a secured article. In
the embodiment of article 1400 schematically illustrated in FIG. 14, the article 1400 is
provided with a patch of fiber weave 1402. The multilayer polymer fibers in the weave

15 1402 may all be of the same color or one or more fibers may have different colors.

The multilayer polymer fiber may be used in coordination with other features of
the secured article. For example, the color of the multilayer polymer fiber may be selected
to match or contrast with the color of another feature of the secured article. In an
embodiment schematically illustrated in FIG. 15, the surface of the secured article 1500

20  includes a multilayer polymer fiber 1502 and one or more lines of microprint 1504.
Microprint is printing that is extremely small and difficult to read with the naked eye.
Magnification is normally required in order to distinguish the words (or letters or symbols)
written in microprint. Without magnification, microprint can often be mistaken as a line
on the article. In some embodiments, the color of the microprint 1504 is substantially the

25  same as the color of the fiber 1502, for example when viewed at a particular angle.

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.

30 Examples

Example 1: Fiber Formation
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375 0.17 0.6 11 198 Input-gold Qutput - purple 2 337 0.17 0.29 4 254
| nput-gold Qutput - green/blue 550 0.17 0.34 38 385 Input - light pink to
green Qutwot2009/gedsd with pink tint 4 650 PCT/US2009/035685

A multilayer color concentric color shifting fiber was fabricated using the
following process. A filament having multiple, alternating discrete concentric rings of an
X polymer and a Y polymer was produced using an extrusion die that had 406 shims that
were each 0.005” (125 micrometers) thick. Two shims were used to produce a thick inner

5  ring, so this die was used to produce a fiber having an inner core, a ring surrounding the
core and 202 reflecting layers surrounding the ring, similar to the fiber cross-section
illustrated in FIG. 3B. The outer diameter of the ring was about 29%-65% of the total
cross-sectional diameter of the fiber cross-sectional dimension, while the reflecting fiber
layers contributed between about 30% and 70% to the fiber diameter. An outer sheath had

10  a thickness that contributed about 1%-5% of the fiber diameter.

In some examples, the X polymer was LMPEN, a copolymer made from
90%PEN/10%PET available from 3M Company, St. Paul, Minnesota, and the Y polymer
was PMMA supplied by Rohm and Haas (Philadelphia, Pennsylvania). The core was
formed from the X polymer and the ring was formed from the Y polymer. The sheath in

15  the reported examples was formed of PMMA, although it could have been formed of
LMPEN or some other suitable material.

The extruder die shims were formed using laser cutting and were specifically
designed to provide a layer thickness that results in wavelength specific reflection after a
specific forming and stretching process.

20 Solidified pellets of the two polymers were separately fed to one of two twin screw
extruders. The extruders operated at a temperature in the range 260°C to 300°C and at
screw speeds in the range 40-70 rpm. Typical extrusion pressures were in the range of
about 2.1 MPa to about 21 MPa. Each extruder was equipped with a metering gear pump
which supplied a precise amount of molten polymer to the filament spinning die. The size

25  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

30 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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some of the resulting fibers is presented in Table II.
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Table II: Summary of Fiber Formation

Sample | Input | 1¥roll | 2™ roll | Tension | Output | Color
# Dia speed speed | (g) Dia.
(un) | (ms) | (ms?) (um)

1 375 0.17 0.6 11 198 Input — gold
Output — purple

2 337 0.17 0.29 4 254 Input - gold
Output - green/blue

3 550 0.17 0.34 38 385 Input — light pink to
green
Output — gold with pink
tint

4 650 0.085 0265 |37 364 Output — gold with pink
tint

In Table 1, “Input Dia” refers to the diameter of the multilayer fiber input to the

stretching station. The 1% roll speed and 2™ roll speed refer to the speeds of the 1% and 2™
5  pull rollers in the stretching station respectively. Tension represents the tension exerted
on the fiber between the 1** and 2™ pull rollers. The oven temperature was kept at 138 °C
in all examples. “Output Dia” represents the calculated diameter of the fiber output from
the stretching station. The column labeled “Color” describes the perceived reflected color
of the fiber input to the stretching station and output from the stretching station, under
10  white light conditions at normal incidence.

The samples were all formed with the X polymer as LMPEN and the Y polymer as

PMMA.

Example 2: Post-Processing

15 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

20  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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found to be repeatable under the same conditions of heat, pressure and time. The color
shift of the fiber was observed to be different after compression. The results of the

compression experiments are summarized in Table 111 below.

Table I1I: Compression Experimental Results

No. | Temp | Force Time | Thick | Color Color Color
°C (Ib) (8) |(um) |(whbg) |(blbg (60°)

5 120 5000 240 | 320 Green-gold | Orange- Violet
(22,000 gold
N)

6 120 2500 120 | 300 Orange- Green-gold | Green-blue
(11,000 gold
N)

7 120 5000 400 | 200 Green-blue | Green-blue | Orange
(22,000
N)

8 132 7000 380 | 150 violet Aqua goldenrod
(31,000
N)

The column “Temp” shows the temperature of the compression plates in degrees
Celsius, and the column “Force” shows the force applied to the plates in pounds (values in
Newtons (N) are also included).. The column “Time” lists the time, in seconds, for which
the fiber was exposed to the compression force and “Thick” lists the cross-sectional
thickness of the resulting fiber in a direction perpendicular to the compression plate
surfaces. The column “Color (wh. bg.)” lists the color of the compressed fiber in
reflection with a white background, and “Color (bl. bg.)” lists the color of the compressed
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

26

N)



7 120 5000 400 200 Green-blue G een-blue O ange (22, 000 N)

10

15

20

WO 2009/111385 PCT/US2009/035685

A three by three lattice of fibers was formed using the same fibers as in Example 2,
with a spacing of about 2.5 cm between the fibers. The lattice was pressed in the press
pad setup described in Example 2 at 120 °C, 5000 Ib for about 200 seconds. The fibers
welded together at the overlapping sections, i.e. where the upper and lower fibers
overlapped. A color shift was observed at the overlapping sections that was unique to the

overlapping sections, and was not observed elsewhere on the fibers.

Example 4: Article

A three-fiber braid was created and then compressed in the press pad setup at 120
°C and 5000 Ib for 200 seconds. The compressed, braided structure had a unique diamond
shaped auxiliary color shift at the overlapping regions where the fibers crossed. The
braiding fiber was pressed to a green-orange incident color, but the diamond overlapping
regions were violet. At 60° to normal illumination, the fibers were blue-violet and the

diamond-shaped overlapping regions were green-gold.

The present disclosure should not be considered limited to the particular examples
described above, but rather should be understood to cover all aspects of the disclosure as
fairly set out in the attached claims. Various modifications, equivalent processes, as well
as numerous structures to which the present disclosure may be applicable will be readily
apparent to those of skill in the art to which the present disclosure is directed upon review
of the present specification. The claims are intended to cover such modifications and

devices.
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WE CLAIM;

L. A polymer fiber, comprising:

a core formed of a polymer material; and

an arrangement of discrete concentric layer pairs surrounding the core, each layer
pair comprising a first layer of a first polymer material having a first refractive index and
a second layer of a second polymer material having a second refractive index different
from the first refractive index, the concentric layer pairs having cross-sectional
thicknesses selected for reflecting light at a selected visible wavelength, a cross-sectional
dimension of the core being at least ten times an average of the selected thicknesses of

the first and second layers.

2. A fiber as recited in claim 1, wherein the first and second layers have thicknesses
selected to selectively reflect light at one visible wavelength and transmit light at a

second visible wavelength.

3. A fiber as recited in claim 2 further comprising a ring of second polymer material
between the core and the arrangement of discrete concentric layer pairs, the ring having a
cross-sectional thickness at least ten times an average of the selected thicknesses of the

first and second layers.

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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The col umm "Tenmp" shows the tenperature of the conpression plates in
degrees Cel sius, and the colum "Force" shows the force applied to
the plates in pounds (values in 10Newtons (N) arc also included)..
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comprising a ematmg lla¥els 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 shape 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.
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20apparent to those of skill in the art to which the present

di sclosure is directed upon review of the present specification. The
clainms arc intended to cover such nodifications and devices. WE
CLAIM 1. A polyner fiber, conprising: a core formed of a polyner
materi al ; and an arrangenent of discrete concentric |ayer pairs
surroundi ng the core, each |ayer pair conprising a first |layer of a
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different froma second color of |light reflected froma second
portion ofight Alea §ecensd visiblseyavalengtht t ached to the second fiber. 5. An
optical body as recited in claim4, wherein the first fiber conprises
a core of first polymer material, the core having a cross-sectional
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mat eri al s, havi cross-sectional thicknesses substantially constant
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a nenber having a first surface; and a first multilayer polyner
fiber on the first surface, the first polyner fiber conprising an
arrangenent of substantially concentric |ayers conprising alternating
| ayers of a first polyner nmaterial having a first refractive index
and a second polymer material having a second refractive index

di fferent e fir ct|v i ndex. 2. An art cIe as reci
in clai m¥r° %8?@ ffsiét llﬁ elﬁ‘&P? ﬁf’(e‘bﬁq} erisipleig t\?fJ(S}HBralsglé%te t
| east tenpd@ﬁbﬂ st tat visa)yeegp%mﬁ@ﬁha ﬁ@t ﬁoi%zah@ﬂ%ﬁ: 20 TRidedt fpddiAveio #F
the first _polyner material and er of the second pol yner

mat er i al . fiber dongApudinaliaxis aad él@ns'r@éﬁ ‘ﬁ% eilightinghedirptpolpvivatien slateiikat fipy st
and secon G s .
ght ot ety BE SRR pObE SRR SRR BB d RolRh AL Bl £ hEfber
vi si bl e waugheligi bxis. 14. An article as recited in claim1l, wherein
the first surface of the nmenber conprises a recess, and the first
pol ymer fiber is disposed in the recess. 15. An article as recited
in claiml1l, further conprising a second rmultilayer polynmer fiber

di sposed proximate the first nmultilayer polynmer fiber. 16. An
article as recited in claim11l, wherein the first nmultil ayered

pol ymer fiber conprising an arrangenent of substantially concentric
| ayers conprises reflecting |layers of at least a first polyner
material and a second polyner material, |ayers of the first pol yner
mat eri al bei ng di sposed between | ayers of the second pol yner
material, at |east one of the first and second polyner materials
bei ng birefiingent; wherein thicknesses of the |ayers of the first
polymer material and the | ayers of the second polyner material are
selected so that the first nmultilayered polyner fiber reflects
visible light within a selected portion of the visible spectrumin a
first polarization state and incident perpendicular to a fiber

| ongi tudi nal axis and transmts visible light in the first

pol ari zation state that |ies outside the selected portion of the

vi si bl e spectrum and incident perpendicular to the fiber |ongitudinal
axi s.
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