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~~~, ~EwR"' ~~E. , ~~~N~E~0 ~WBIl | AWL61 RETROREFLECTI VE PATTERN = | ~~~n=z Y Jd’l
~present i nvaY@PYI&| at es generally to reflective articles h GlT 987261
“information-bearing indicia thereon. The invention has particul ar
application to such articles which are polyneric. t o The term
“retroreflective” as used herein refers to the attribute of ref mwm,w,m”””m
obl i quely incident |ighRERYECHVE ARTECLEONTEHICQNECEAIED to its In i
direction, or nearly so, suc i ght source 0 e
i mredi ate vicinity thereof. Qﬁﬁé‘%ﬁﬁ %‘ﬁﬁ@i’é\tﬁ' n used in connection
with the ferm "retroreflective" refers to an information-convey
or image) and is to be t s distinguished from patterns such as s,mwm ﬁm’mlm
cell polygonal shapes which do not cBmk@youndgni ficant informati
terns are defined in the glossary at the end of the. speC|f|cat|on P
Publ i cation No. WBhopresewanventionelries genarally tqreﬂpﬁme@é@@ewvmg ayer
pol yrmeric fi i,qur. | ectipme onbi 20 with
various str uglrpﬂ% mgut%?g'ﬁg "@?léﬁ%ﬁc@ ﬁ%@iﬁ“ﬁéiﬁtgﬁ@ HEP ively
narrow Vi ew gg-nZifiSles Widh'drw'}qﬁﬂr yndetic® having birefringent | ayers are

di scussed, including fil ere the out-of plane refractive indices of
adj acent 10 ayers aifbe mmuorqﬂecw mseldeémrﬁmfmt%ﬂhﬁ attgbutaofude t hose

h | g |
cheet Png. A Brisctitefbabia R %@ ik P Fon Becind SRR s SERnfor o <
al 0 e udeirelion B KORN"sd, S0 bt rfatns (Dt FuR oo fkimatiqe! ) Lo

print indicia on af | east one surface a reflective polyneric ody to

i1lum nat e i nfciityathereof.ufae terrprauemed © whehasdd inicghhection with thaceriro conceal
such informati on when not exposed to |jght. The reflective polyneric body
i s provided whatrpreflactive’t referg tagn %@W‘%r%?’%%ﬂ?%‘?ﬁ image ad igto Be r anged

i n substanti I f er of
| ayers i & pr At SUR e e B B S o BBt shinfe S PaEer 1
~! ET at | ﬂ@ﬁéorﬁey %gﬁfﬁdanghfortrmmgomrm dré definedth e Slussanc s theer eof
Wmletransmttln |l east 5 % of |light directed through a second nmj or

surface therépd of{ SPQClﬁPRim fromU S. Pat. No. 4, 175 775 (Kruegle) to
provide a photo L n,behind a filter
regi on and pl acedlBCr;lc?‘l’tgﬁz\f,‘\41 Na m&géﬁﬁfﬂgﬂ%ﬁgﬁs é:l%ﬁﬁ erial. The

filter regi Oﬂx\ﬂé?l%?ér%ly&héﬁélﬁhhélccﬁnﬁ ufd a%fienédug@bolafmer@m B¢mBiatign and may

conprise a half silvered mrror "advant ageously conprises” a filter
mat eri al 20hi a\htmvmmssrsttmctunﬂrsarfacb moatexihls méhichotanfink itight totmteldmlveb'ks
substantially all visible |i Ret | ecti.ve . shee |n r|nted
i ndi ci a t her 88OV Vd?:‘ﬁmﬁéof“ﬁe%mﬂ&mrt HH’églaP”é’igfql %é?ﬁ?m' ]ye "E‘F

al so known) @g1iding BithOWREIeQRE bl of-plane refractive indices of adjacent layers are
matched. Structured surface materials include those having a plurality of
triangular prisms as well as symmetric c1'xbe corner sheeting. A discussion of the
25 multilayer films configured as mirrors is also included.

It is known from U.S. Pat. No. 5,353,154 (Lutz et al.) to print indicia on
at least one surface of a reflective polymeric body to illuminate information upon
exposure to a back light source and to conceal such information when not
exposed to light. The reflective polymeric body is provided with a first and

30 second diverse polymeric material arranged in substantially parallel alternating

layers, and a sufficient number of layers is provided such that the body reflects



“sheeting with directional images formed therein (see, g.) US Pgta ‘IIW 2002
4,708,920 (Orensteen et al.)). European Patent publi BE E@iﬁA 4539, and
related U S. Patent 5,080,463 ~Faykish et al.) disclose a s&ct¥iI T @#p?
“‘havi ng a batsleass 4O& ofulight impingingeen éé'lm\majpeg\meahﬂic ofa¥hidg ound ar eas E

h f | til d b |
known ¢ ypeta® mﬂ;és»é%fé@c?ﬂ)@gﬁ%%‘#ﬂgﬁrﬁp@%oﬁgméws G8hit i ng and
cube corner Sheﬁtxé'ﬁﬂowhﬂffbﬁi)ﬁp@epﬁ R@s 84 731ER! (KHEdg &8 ProvIBE a pharsal | ed

"beaded" sheeting, enploys a nultitude of mcrosp eres typ| caIIy at | east
partially IDbeaudiwitha pholugnaphic imagerhidden behindrgfiersegioatand pgmduhar or

coat $) o Fe e RIEbEA EPEEiVs Rleral| b A TepisToAbaRe Ul i Lol osed
(Kut), Gbh @'ﬁﬁléﬁ?“e*gﬁm%&g oo SERL) oot Bl o Nred Baltbe pC o ion

typically Pﬂ«rmgamﬁl:}bédxmisemiﬁlzﬁ fiterial Whith wdnsinits énfeardd @rstruct ured rear
surface conpri si nqtghg urality of cube corner elenments. Each cube corner
E

el ement cowraviolas lamcsubsimtvllly athxisiblel Nghdber pendi cul ar optical faces.
Exanpl es includg U, S, Pat 1 172 [ ) 88,258 (Hoopnman),
4,775, 219 (Applg'a‘é?ﬁ?ﬂéf""élm%q"% ’é'? ‘5"25}5‘9 %ﬁg@ s“éé%ﬁ ,557,836 (Smth
et al) o | tubiguibdiRWrafti@ caﬂ%w‘sme'aéxgﬁ awlsotl&omewtsrfeﬁbwmenwrface in a
regul ar pattern of closed pol ygons which formisol ated, sealed cells to

keep cont astieating withvdisecfionahimages\fored thereim (scor mgr,dJ. StiPat. Novd pressure used
to formthﬁ §§%@ estro s 5 def ornms cube corner elements |ocated al ong
the pol ygofr’ {(Prepstee bl e cube corner sheetings 3o such as those
di sclosed in U. " | 3 and can
be incorporat ed > There is

a conti nui @gymﬂpa af. Pﬂlsﬂ@%ed se@@;hwrr&hirﬁte%sﬁﬁ aalfz«isé sﬁ&smﬁlra%reﬁébtﬁel ectively
di spl ay mformaﬁon Such arficles can be |ncororat ed In a vari ety of end
use appli agand and bagkigroind arras,Ang syl HORBG \
decoratlm Bri ef Surrmary D| scl osed here| nis arefl ectlve
article ltilayer filmcovering a retroreflective |ayer that
is patterned toTeerkiown whes ofaeiroreflediive shekding arg enicfaspherpbasedr abl y i ncl udes

alternating | ayers of at least a first and second r_naterl al ,. the alternating
| ayers bei %&e@éﬁ\?i“bﬁﬁ‘%wfékmt&gt Micrasphereyased shegHng, SOmesmesc t ance f or

| ly |
"o 1 act e BilefBradeds oot iRl b iinine ﬁqfﬁlﬁkrg@@%%%n%ﬂ ally afledte J0 Y PN
one enbodi patihlly h’ﬁBcddlcﬂSﬁ a DiRiet laykr mmmmgwsdsudmdsp&wmrdnmfﬂxse all of the

spectral range from 400 to 700 nm The second spectral range can include a
transm ssi milepingimatesialicie - pigmenyparticigs,| metgbBakes) VapoRCAAtaXtohal f of t he

ranont sor Eaete: Moldearfigttt MRERSTRSRimpRY SRR 1o 'S, Bhe AT 000
conpri se a3 mYdi17BaMEIKengiey, 025159 (McGYdih); And 13,066/098CKAIY.OQUbESE 2

plurality of polyneric |ayers defi ni ng optical repeati ngeunl ts (ORUs) with
associ 20 edcmxpcn restoreflsctine shecting comprigRiasbadyrponderitypically bavipgrace of

of non- docPREA pRRELoR pEeR guls Rl P UFBEF FEPPRSERL L o na. whi ch
produce hoppedIAP b eubd'Bstaer eléméntdt! Fack Bube CRhatUldhaf cbitiphiS& thtdel C! €.
approximatcl); mutually perpendicular optical faces. Examples include U.S. Pat.
Nos. 1,591,572 (Stimson), 4,588,258 (Iioopman), 4,775,219 (Appledorn et al.),
25 5,138,488 (Szczech), and 5,557,836 (Smith et al.). It is known to apply a seal

layer to the structured surface in a regular pattern of closed polygons which form

isolated, sealed cells to keep contaminants away from individual cube corners.

Heat and pressure used to form the cells destroys or deforms cube corner

elements located along the polygon boundaries. Flexible cube corner sheetings
30  such as those disclosed in U.S. Pat. No. 5,450,235 (Smith et al.) are also known

and can be incorporated in embodiments described below.
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The patterned retroreflective layer can include a separate (optional)
I ndicia |layer covering a retroreflective layer. In one enbodi nent, the
dndicia 25 layer includes portions that preferentially transmt selected
wavel ' ~engths of light. The patterned retroreflective |ayer can exhibit
retrorefl ectance iq,all pl anes .of incidence and/or in at.Ieg%h@:ne pl ane of

[

i nci dence but not LHEEE IS @£QEHNEAG D F ngyel palygrerichaseshayticle t er ned
retrorefl ecti : [ a I . £drgt and
second di sti n\éﬁféstﬁbaéglr %1‘§§§¥ %ﬁﬂ@ghe%%&hu% sg"g?i%géﬁ %?goo&%g?rtl 2%%{1&%o;fr e the
first zone i nehddssappliphtiondlsuthyasocdocumientauttidneicitione tayls cgamdss andhe second
zone can be substantially unstructured, 3 2 0 JUN 200 or can include an
array of cubedeenrative attigl§ents randomy tilted with respect to each ot her.
O her aspects of the invention can b@@%&&at he cl ai n8 appended hereto.

Brief Description of the Drawi ngs s n expl oded view of a
reflective articl e Didibed leRis Rl Relebtole @ficlt hakdH e apaulieiyer fithGS. 2A and
2B are front views of the article of FIG 1 under different view ng

condi ti ons. FlkyerBig aretroséflestivelayerothal is paierned toeconzey afenmasioar thhel e with a

conceal ed 10 retroreflectiye pattern. FIG .4A is a_perspective front view
of a conbi ned™ *‘]I%X?ft "%P’iﬁg‘i‘?@?’ é’l‘cﬁ'l!ffﬂf’ iagﬁma'rl?g yers iaE{‘?-@%?i ot %ndf second
retroreflecta ; lefie! i+ at-baf FIG 4B is
a front plan \%ﬁ%@gg&@h%@ﬁ%gﬁ%ﬁggﬁ% g@(gggg%légtr?@{elﬁbégmw ews

showi ng di1bf erefidctace fort normdllyl ncident higle svitapalfirst specteat margetandg t he behavi or

depicted in FIGS. 4A and 4B. FlI 5 is. a sjde sectional view of a conbined
reflective/ retr&g? y & reflecianes for mopmalbhineiden’, gt Jiddn # secqnd spestiabr ef | ear ve
sheeti ng havi Lr | ' I | : ! a
structured su ?%lfc% éqgf()%? tgtﬂrgg?{éﬁng?tg?\%ﬁégg rtrtgln{-a?g?rl\ﬂé: g?%% r&gtt%lﬁr?ghg%v? l?fg? ns
therein. 20 Fllé spéétralsangesiro® 400ab 700 am. vikeseobndispeotril rangeoéandinclad®aned
reflective/retroreflective article i ncorﬁorati ng .cube corner )

retrorefl ect i Vangpission hand eharagierizgd dy ol specirad wadthat half ahdedqmadmumpart a
glitterinq

where gli {'? g??llﬁgéhgﬁlg?%gn%%gtﬁ?? ?n%%ri n%gvegerrﬁgté@f%? IZtﬁgLsg o%gﬂ@.ﬁ%ﬂioﬁ HE& gfh%t 'ng

no more than about 15%. The multilayer film can comprise a multilayer

polymeric film, which in turn can comprise a plurality of polymeric layers
defining optical repeating units (ORUs) with associated optical thicknesses, the
ORUs arranged in a sequence of decreasing optical thickness along a given

20 direction adjacent a sequence of non-decreasing optical thickness.
Microstructured relief patterns, which produce holographic images, can also be
incorporated in the article.

The patterned retroreflective layer can include a separate (optional)

indicia layer covering a retroreflective layer. In one embodiment, the indicia

25 layer inc}udes portions that preferentially transmit selected wavel'éigi:hs of light.
The patterned retroreflective layer can exhibit retroreflectance in all planes of
incidence and/or in at least one plane of incidence but not in at least one other
plane of incidence. The patterned retroreflective layer can include a structured
surface that has first and second distinguishable adjacent zones which define a

30 pattern, where the first zone includes a plurality of retroreflective elements. The

second zone can be substantially unstructured,



25 FIG 8 shows idealized percent transm ssion spectra of a multil ayez 0 JUN' 200:
polynmeric filmuseable in the invention. FIGS. 9 and 10 show the article of
FIG 3 in section, but additionally include mcrostructured relief patterns
whi ch produce hol ographic images. 4 2 0 JUN 2002 WD 99/ 36806

PCTNS98/ 2(180 FI G ,1]I $hows nea uredgg)grcent transm ssjon spectra of a

mul til ayer pol SFr@RilBRCIRGq 31 A% Qubg carnsy glemsnisrandomyiy tilted withmespect oA shows
an enl ar ged a@%c e&?&gerat ed sectional view of a sinplified nultilayer film
designed to ex |hb| sharp spectral transitions. 5 FIG 12B is a graph of
optical thickness QhtherAseadf ti@invéntioe ednibedJoundin the Claltdppe@edtidrétd.ng the film
of FIG 12A. FIG 13A is a graph of physical thickness of individual |ayers
of a bandpass nultilayer film FBrief Degriptiomoftheddrawingsn- axi s transni ssi on
spectrumof the fi of .to FI A. FI 4A..is a. graph of physi cal

t hi ckness d®f indi V:ngrla{l b %R/%’Fpg%’%:ﬁ Vée%ﬁﬁﬁﬁé?fu%?‘ﬂc&avgﬁafCPP%laﬁfavi ng shar per
spectral trangitdrefisctivelpitrerhdB IS @ conputed on-axis transm ssion spectrum
of the filmof FIG 14A" 15 FIG 15A is a graph of physical thickness of

i ndi vi dual | ayers #1GAa. bAnddaBsarenfilont Viewe of thel antitiaof F§Gs1 nhdersdiffeqear
spectral transitions. FIGS. 15B and 15C show conputed on- and off axis
transmissi on Y}ERS SondidoNsctively of the filmof FIG 15A. FIGS. 16A, 17A

addi tonal mul {11 aga0 P meR Ao A PR ey SR MK a0 DLt e

on-axi s rabl ecéteoreflectivepht@nof the respective films. In the drawi ngs, the
sanme reference synbol is used for, convenience to indjicate el enents which
are the sanme or whiFd§. HAaris 8 PEFspertive frant yiewyofa eambiped unction. 25 Detail ed

ne : | : ) _ L > od (
are or i nari | §SRrHATH RGN Relei RBICHERN s 1ol SRS rafiftord ' ©'
obj ect or subshdidénge andinovdthdts, SRR 4B i€ aVfedmt Plim e idharedfl ons of a

mul tilayer filnms and patterned retroreflective layers. The articles are
general | y singl e-siFle8. #ptand 4D are perspective reasrdevey showing:different structhred3o
front side) is general apt.ed t of h.receive .incide | i froma
source and en‘is?g‘?ctff F@Wb’geooaig‘?‘%}bé'ﬁ%&‘g?’é%vﬂ%to&qpf%ﬂ 10 rgWe ctor (such
as the eye of an 5pG2s Q abidd 2001 VB 32h 3SB0RREILERAR S EdRRvOREgE ver) . and
the other side (designated the rear side) is generally adapted for

appl i cati on t evhich indojpecdtesdeaded setrofeflective sttbting] hawing adirectiohimdgeont si de faces
the light source a |1, as the detector. The artjcles do t .general ly
transnmit signifi cai:tl‘\?‘gﬁﬂ%?lf%af any Yigw of g Synetured Suf pﬁoéqeggrqr}@cmgpe rear side,
or vice versa, ¢ i .0 the presence of a substance or

| ayer on the FE’??%#?P%’B%)%?E%B%ﬁerggmgrégpor coat of netal, a seal film

and/ or an2adhesi on RI@y@A.is AR&lepactionaliViaw df\asortidn ofid torhbiyed fi | m and
patterned retroreflector enployed nake the article nore suitable for
certai n end- usefleghipe/retsareessive peticly Beoporating cuby, cernenretroggflectiveshegting

overall art: cibpgafre e dfhendpcdiBa Whake KelleaebRTRLER 0 o © 1"

preferred pol yh&sting, #ad FiG.aeis of viewwf s@ohcdhpbtengowhdrs lgliterig@ghdeisis With a
glossary. Illustrative Article Configurations
glittering areas define a pattern.

25 FIG. 8 shows idealized percent transmission spectra of a r'r'?ﬁliilayer
polymeric film useable in the invention.
FIGS. 9 and 10 show the article of FIG. 3 in section, but additionally

include microstructured relief patterns which produce holographic images.



JUN

- FIG 1 is an exploded view of an article 10 having an information 20 JUN 2002
containing indicia |ayer 12 sandw ched between a top reflect] | ayer_ 14
and a ~5 boWQPI%8% oref | ective | ayer 16. Indicia |layer 12 itgleB%%sé’ari ng
" a bar code, but it_can also contain printed al phanuneric data, line

drawi ngs, hal f torddG. ddghews measused, pescens transmispinnspemiracefra/myltiayepat t er n.

The pattern is,defin b atterned regions 12a in an ot herw se
transparent Ipéﬂll)@??ncoﬁﬁl\’/f%aé&@gﬁg%pgéﬂﬁe l&ﬁsﬁt?élwegi ons can conprise known
pi gments such as ipyss-12ANRoWS @h @ARr ﬁﬁ@xﬁ%ée%té@&&k%nﬁm'o?ﬁ areas which
diffusely reflect or otherw se scatter |ight rather than absorb |ight, or
known dyes t rsmphfissombltidayes Gilre dasigaddetogexhibitasharp: spentsali transitions her

wavel engths. It i esi.r.ed, however,. to conceal .or at ] east.obscure such
pattern except un?)Fe[& iébt’%?ﬁr'ﬂ‘ﬂ ‘QP&‘:%}&WGE'B‘?SBH thepopiical FepeAing Uplts 14 | 5
provi ded for (U]ﬁff : he upper surface of Dyer 12 25
whi ch faces Iayers)%ﬁlpgﬁgggferlgxgﬁ{/mgjgls%ﬁ%nti ally snooth so that the
patterned regi ons HFliga 184 ib a\peaphléf physicaltthigkness of $isdividualdayerspbadi ng
di sturbances in the surface of |ayer 14 which would then be readily
appar ent . " Stasdpass mutlgyes B h" in this context neans that surface

iati in | 1 A . ' 14.
Pat torned r egi one 110a P4 ¢ REPYeE IR SR BibieR ek T IEBB g T eqi ons
of indici | 3516y 134. This condition can be dispensed with if a separate

| ayer of a suitable clear adhesive is.used between 6 2 0 JUN 1001 WO
991 36806 PCTI US98/El61 88Alisg @raphof physicalahickness of individueldayaryef hayer i s

thick enough . to.fill in surface variations in layer 12 and present a
substanti al | 3Pa§ﬂ’?)a_(§f Hm_ltﬂ?)feéé'amtcl@vrmg_qucha% %?‘i.lfnf%%r 12 can include a
distinct layer whigts igpliedcombid on-RiseiiniQionApdaruh of 3l ARFRE | ayers 14
and 16. Layer 12 can alternatively or 1n 5 addition include a tfilmof ink

or other suitHF@.d4A. gnent applied to layer 14 or 16 by known printing
techni ques. Layer 14 conprises _a multjl meric filmhaving a percent

) I layer pol K
reflectanée and t rERsdPAds 8 graph ‘éfrphéﬁ'éalst\éﬁgﬂeéﬁf)}{Eiql‘{lldlé%‘rlﬂ}’%ﬁﬁﬁ@ary (i.e.)
absorption i qﬁ‘“ WelNe] : ths of interest)
and which o zoragﬁ Gﬁéﬁllhg%séro qf}agﬂ%%d}lﬁé@?.!‘p\%séeﬁf ?té\géﬂéﬁ t hi cknesses of the
constituent pol yneFIGS. 158 ané 158show|donpatedfont BRd offliaxid ahnsdiissditispectra
pol ari zation of incident light. In a preferred enbodi nent |ayer 14 has a
hi gh refl ect dgeRectiYRly, ofHe FUMRIFICof15Ahe vi sibl e spectrum for nornally
incident |ight so t ) i i i i Lol - . t .surface of
article 10 has a sﬁt{?i%ylgﬁ&f ?2%3,_ F?ébédﬁﬂ@%&gré@hgs& g’ ?’8§1§§l%9%§fﬂ cJ. 2A
By "hi gh xpef |iggivrmeaElaydts of sdditibnarasiltiayert filthsV arkd PIGS S16B;t17B18BEasiEaN a
reflectance greater than 50 %, and preferably greater than about 80 %,
over at | eastl9%how compuedson-ayds sqflectaned speatng ef thegrspedtive fildO t o about 700

L 14 al f bl t,r.al bapnd of | ati vely high
(ransn ssi on (and IRAFESRYRIES. fBvseRetpiorendn SBOU IS Pl oF GPRYGRBRREEIS th n ‘s ch
harrow 20 banﬂdiwgﬁleemeafsrmwafebﬁemg oP ¥hichPerfotmdBt S4he bt & sidiiguah the

front surface of
function.

25 Detailed Description of the Illustrative Embodime LS. -

The articles described herein are ordinarily configured as sheetings which
can be applied to a given object or substrate and which incorporate various
combinations of a multilayer films and patterned retroreflective layers. The
articles are generally single-sided optically. That is, one side (designated the

30 front side) is generally adapted to both receive incident light from a source and

emit reflected or retroreflected light toward a detector (such as the eye of an
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- article as depicted in FIG 2B) at least for certain view ng geonetries:
preferred layer 14 will have maxinumin-band transm ssion for greater

visibility @b@}gﬁsog)attern whil e keeping the spectral w dth péTakesdsasud as
" narrow as possib so that the pattern is not readily noticeabl e am dst

anbi ent refl ?gstel' ?f anErtffJ &'ﬁ@xeg ?de'a@/x%:ﬁéﬂé E‘?idg. E%%éi%gyiaaﬁ&g& ?OIdEt ai |

below. I n alternat’’ve non-

convent i onal apiieatist YT dtedt Bhet ACh Ak adiidsivedlayet0 e HbMGidefacgsamt C
alternating |layers deposited on a substrate using vacuum deposition

t echni ques. lHghtepurcesy (}’W“I a$dhg deteetor i [Theasticlessde pplegpneradlydransmitt en of

limted surface. area. ey ten av r _adhesion 1o polyneric 30
surfaces. Fuf® 'Fmsafl‘bq]lm& Qﬁb%ﬂgf t[g?rg éffeet%gg%ﬁaélsf RBE"‘:Ea‘(E&‘Bre of

Al Nt ai NG due acdeddt #pir %e\a&s%aw@ﬁ@ SubRiab-b/oP y2h b heretioRirReReCt T al
transition over a wde range of entrance angles, as explained bel ow.

Ret r or ef | ect such alsay\eapoﬂﬁoalmﬁamtaieaecallfﬂm aﬁd/lohan@dkmemi layerpatheer n possi bl e

only at selected observat tion | atj ve tqg, a source qf incjdent
light. 5 vvneP%mF%l?'éWPE@?EBﬁ‘B‘ﬁ m Tetfeﬂfﬂlﬁ (34) 6:3 8

retror ef | eot ygichealhiigh 46! gerrgarggm%sé %gﬂ,eaﬁ&sr e

observation angle etector sitione OSG to th

source. Furt gel ik are Giscsedsdéw N THeupRahitsfollows tbeg‘hh &dthi a)msmseronaafwi de
range of entrance angles and orientation angles, so that the a
ori entati®n g cnzctadlcaraclwooﬁguran@rspféut)Wf:@ bﬁrananwdnptardlscga&mmgf ptegmedsour ce

I S not cr|t|c t hat .t he er film1l4 exhibits a
spectral shi Pe y{rlﬁnﬁé'r}\gréﬁyer @I“T eEF%P Bl a&‘ﬁ‘ilest P&ﬁ‘éﬁf’ r"fl %gssaryr unction of
entrance angle of incident_li ghmus@ﬂqivetnﬁyclé tenfigkrafons r ef | ect ance and
transm SSI on are functions of polarization for obliquely incident | i ght.

"S-" and "p-" pol EiGzhis mnﬂ@dedszlc\ebéamamdlc QﬂmaWaglangnfmmgllmet ric field
vector normal to 15 and, dis r ectlve he entran | ane.
Unpol ari zed F?Igﬂfqusln%}aﬁ ¥£p@l SéF‘?i‘Z e8§ 'dveﬁﬁlafmé 'ffﬁﬁc?:{‘?’? ?@af %én@éscri bed
e OT L 08 Bbidrh WiRrehbo¥eSIcR1BS 1MGRIPRIACEH [hohnBislid 8Bl Ear o o
p- pol ari zed t over t e range o ntrance angl es upported by the
retroreflect bment siresiso a@xtaxhrpruﬂdfalpﬁarmmmtdamaine\drMngﬁ hdiftomet i cl e 10,
slightly nodified fromFIG 20 1, is shown. Reflective |ayer 14 is shown

with a front iB2gesyandranyiqther) i ng%cqmymgmm i iréwattqmﬂ%ﬂefé@d\m to

protect the d cal
support for §§%E%hnépdlia h%%?l(\y/ 2|aolha ]oglgearﬁrgkg ‘%ﬁ%“‘wﬁ ér’o\(‘;’fgﬁ gqugat he back
side of the padh 6yaghé e@gumsecah%bﬁipn%@kh@wﬁwmﬁs §ueh J5QhkQr Elid Aplidnse
el ements from degradati on caused by noisture, dirt, oils) and the 25 |i ke,

and a coPyencarolrmaselli eompeise ateas Wlb@ﬂpﬁqlx w%caOpﬁéﬁs\uxsescm@nhghq ve

adhesive is a d t.o t.h ack i de_t.her ermt the cle,10 to be
Bopl +ed t o arhig iy Rar fpnt” B Bhiia BUE BadrSoflod ol wivehte B9 pe
included to gamnfieht éthér @ﬁlméifgﬂe | RY£aesival ] hom@r%tddab@al lo? af RASLY tO be
applied to a substrate. Seal film 18 can be seal ed against layer 16 in a

convent i onal opssuregmehipaperntexceptusidencentaivovieSung canslitiansc Reflgavenayeth
I I f h
destroys CUb?4 (fso f)t%%lrdeg fgrn&a% Sur?)osoen gFur?he %Eé t.gee Lgpe? su?f%ge of layer 12

25  which faces layer 14 is preferably substantially smooth so that the“’ﬁaftemed

regions 12a of layer 12 do not give rise to corresponding disturbances in the

surface of layer 14 which would then be readily apparent. “Substantially '

smooth” in this context means that surface variations in layer 12 are small

compared to the thickness of layer 14. Patterned regions 12a are thus preferably
30  flush with neighboring regions of indicia layer 12. This condition can be

dispensed with if a separate layer of a suitable clear adhesive is used between
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- polygons. The faces of the structured rear surface of layer 16 can contact
air and s 2 ~ ~uN 2002 WD 991 36806 PCT/ US98/ 26180 operate %T}l&g 26180
princi pl es oVOPYRP6 i nternal reflection (TIR) or, if desired Y8 oat

" of specul arly reflective material such as al um num can be_applied to such

faces. Seal flayers, 123eld, weherg yushadhgsive laypois @G&t%‘oﬁ%‘%ﬁm grfagepe used
ith the enbo e {
L e TR IR ' e i afinl Bhobe srs Wiayek B EPL20

the X- and Z-axes Ia@ichit layért2ocdn'ificlnag@e distinet iyef whighds nmimzne@ot he plane of
the article 10 and the Z-axis is normal to the article. As shown, broadband

light 22 is |¢tbcmqbcmﬂc;h@ adjagent layensakdi and Y« bayer 12icaa aétnmanvdmormnzero
entrance angl e tqQ.the Z-axis, .The ent

enough the o FisandRa & Bhm et i i FEnBE piiiabbLgieRh fotiee Ao e ot Banc i
different. My Hmnﬁﬂd r&él*ﬁﬁ degf l ects nost of the visible portions of
light 22 into “specularl ref %t ed light conponents 26. Specularly
reflected |ight 28.dysr Mcmpﬂshsed mubilwer@blymﬂricﬂnaha\eing hqn'ercnmkes t he sane

angle with the Z axi s as does axis.24. Sope of the incident |light is
transnitted DAFTIFStRNGE AR tragsygisgiqn ‘%Eg‘l arg substanyally;c q?‘?‘%?ﬁ%%!?ed by the

indicia |ayer,
retrorefl ect e(#ﬁrphﬁ? Es%r%%?)ﬁ;elk?&‘ggg n?%leé eraxﬁavg?ﬁ% tegjfgﬁéﬁtd?ﬁl Wayer Z2
is thus nmt odré lfurmuohyoﬁ/ths iréfir&ctive md‘ibesemu thickhdssesgofcthe donistioies) but becomnes

visible if the observer is positioned-sufficiently close to a directed
| i ght source mlbrnerﬂmyerﬁe@sf wekps e&ﬂ@cpr!qngaﬁloniagd izatien of ymeidgnt lightar t i cl e

dayl ot but W pefeaa btk it o 785 p 3ol Rt RodoranST okl e
menuf act ur er ﬁmblége@fur@f&@dd}hﬁﬂ H&ﬁ&éﬁ?ﬁhﬁﬁ) thahirCddibighid Ighting Rbndifight

Turning now to FlI 4A and 4B, an article 30 simlar to article 10,
havi ng di sti nibeifsoat gurface of aniclell@ hasoa shisy microovdike appéaranceas depittedrinf | ect ive

ngrecrjl n;iéggyg{‘]'émaghe‘g'agﬁ’ﬁéﬁl I%@ie%}gé@%%ﬁoﬁghepylﬁﬁg %P%gtlf‘?fg %ZI cl ehand
h h
the X 7 bl ancibiip feebgfes Freut fhan 0% fand tteiady ol | dgiE B 00 11

structured susveaaeleadt abowe 75 106 thef dpectral\rengeafyem. abbhedd®@tor aboaf T@ramye | ayer
of FIGS. 4A and 4B nmakes viewi ng of the inforpatjon 30 containing pattern

nore conpl i cakAET bdako Wfﬁﬁél)’ob%s(% TAT% ﬁP%‘FQl Bang ofgefatiyelyrhigy 2 0 \r]] UN
2002 WO 991 3 t
2007 101 Sop S EARIAR G GATBETBR o3| B o

light. | nm debsndltheginformbtibf-bearigepatbra iodgectiblé tHrotghnthiei fevht sxtfscepE thhi ch
defines an entrance angle (the angle between axis 32 and the Z-axis) and an
ori ent ati on article as depicted in FIG. 2B, at least for certain viewing geometries. A

preferred layer 14 will have maximum in-band transmission for greater visibility
of the pattern, while keeping the spectral width of the band as narrow as possible
so that the pattern is not readily noticeable amidst ambient reflections. Preferred

25 layers 14 are discussed in more detail below. In alternative non-preferred
embodiments, layer 14 can be a conventional non-polymeric interference filter
comprising inorganic alternating layers deposited on a substrate using vacuum
deposition techniques. However such inorganic filters are expensive and often of
limited surface area. They also tend to have poor adhesion to polymeric

30 surfaces. Further, such inorganic filters are generally not capable of maintaining
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- 5 angle (the angle between the Y-axis and the projection of axis 32 in the
X-Y plane). A plane 34, not to be confused with the entrance half pl ane

.(not shown) ’WB‘B?/PG%WS axis 32 and the Y-axis. A multilayer figdcdiddsbsse
- FIGS. 4C 4D) réflects nost of the visible |ight components of incident

light 31 into specul r.ef | ed L1 c ] Lrections of

i ncident Ii gh?%éﬁ%@&%ﬂ?@% §Séroa ‘r"é%geeg{?n?éﬁpé ﬁ%égg’ééhgﬁgangl es
with the surfgggwnormal, i.e., with the Z axis. Certain spectral conponents
of the incident light 31 are transmitted by nmultilayer film36 to an
indicia |l ayer 40 sRafrbmflectivel layerr 161makiisgietectien of theawpacealedypattern possihle t ed

t hrough the indicial ag(ir is reflected b% a rear retraqr.ef.l ecaj g{g | ayer (42
in FIG 4C 49ny3t gslected, phseryation nosuions relapvs 40,8 SOHFSG QJHIGIACH dight| ayer 15 40

and mul til ayegnfdl : HePb %’3&4 eatdipet ed |ight
46 carri es?t h(gv%gét %éﬁ%@%ﬁ?@%@%ﬁ%ﬁﬁf%ﬁ?gﬁﬁggh?n fE I Cl aélr%yerétﬁ% wher eas
specul arly r efiicetiigdietdctibh oB thedprermistbestiatlsmatliubsenvhoh anglés, ok. FirG 3, the

reflected light carrying the patterned inforpation is an%ul ar]y displaced
fromthe spec¢tggipspositioned chose|tp ghe lightswrse,r Furthermere; sHChSheRMBent of FI G

3-which utili lagt | .
efl eoted || gRPgEY roslorPRectRyREF b WAL ke O BRiRe AREICE BMAINGHE | |
di rection ant hiaéslsh Mat e anpaildesitentatiohitof ddicld 16 wWectespeef loeat ed | i ght 46

can be angularly displaced fromthe incident |ight direction dependi ng upon
t he orient@t i iverfegatinghight sovgtecisanot coticalndtshiosld banoted that thermultitayetent

light directi i,th respect t e. article 30, Such, anqul.ar di spl acenent
25 pernits a gp’ﬂ#ﬁi%@?&éﬁﬂfﬁéﬁ’“ﬁ“‘r@&%ﬁup GiAnce.a %HE%PBﬁOQﬁe&)pattef ned
| nformation, fifd66n bi\EntdHef Ah RVt liftider $Bhe 0 R i B8 $ERctaAEL Ynd
separated fromthe retrore?lae%ltgg)glﬁ;ggrﬁ&get’ect or. Re érri ng to Fl C—? 4A) the
direction of rrefidnsistien atel fynctiontfpothrizatomfontobliqudly uRidemnkighte qt&l andngl es
with respect to a |line segne i ne segnent. 48 i s _defined by the

u gnent 48. L g ]
i ntersection of“PZaHPR FlaEssTefey to Hightthayinzanselestre digld, yectprinepmal to

retroreflegti ] |5, L10S e Jed 5o -Z pl ane)
W th the pf andrsibsa ihoyelpiyp g e Yifandt ShRLCURGRRAL IR S B 677, P

| ayer 42 has Eallaﬁzanﬁxdaﬁasps‘-baraﬁded.em desdribed bely , themaltiliyer XM wlagie- whi | e
the layer 44 has two retroreflecting planes-the X-Z plane and the Y-Z

pl ane. | n thi shaspspesial trapsitioncfeaturey fon @-podarizeddightoyer the side 5ange afie t he
famly of all planes parallel thereto which.intersect the article. The

| ayer 42 s coﬁ%ﬁ"é’%gn °%f‘m§’8{‘ﬁ{’é’é( %f‘ﬁ?&%ﬁﬁgw ﬁlbeegn$'i near array of

m ni ature substant i@Fjy. 3 h3B¢iGHADVRY dfIRE GRICRS1Mstighly AiotdFid $Ford IFIG: by- si de
and extending parallel to the Y-axis, substantially as described in U S.

Pat. No. 29908, sabowaodReflegtive layer this showatwitlsa Siont apderear skinilajent upon t he
snmoot h front rface of the layer opposite the structured suff i
Fetroref | ect ed 485 feshactiuily: ShrseRRD aetied: i St milayi” (o -
plane) per pe”WftEdﬁLﬁbvihQ rﬁé&ﬁaﬁi@ﬂ%@pﬁ? famnpuf. "R cohl¥éntionSeat finf PR | SES 2
structured surface having an array of pyramd-|1ke structures ext endi ng

out of the | apeovidbd,atdacbacktsidecofethe rétborbfledtivg layet 1630 psatectalie nmut ual |y
per pendi cul ar refl ective facets 45a, 45b-whi ch define the X- égl ane of

retroreflecti &¢roipiecsive slemeatssiromalegradation sapserd by, Bipisterg, dirt, ails) and thee

substant 1 21 Ty e ol o ERdf ik 16 SR Blish d Befk e 1 g
"Dual Axis Reudiwsiklicapplied tdithe backside thdroStoperttithiie arictdl1( foce dppyied tet4 can

in general produce a second patterned reflected Iig&t_ conmponent 46a (see
FIG 4B) due fdlesiegd ehieqtor releaseflingr{not slpwmzgnialso be included to protect the

adhesive layer until the article is ready to be applied to a substrate. Seal film 18

can be sealed against layer 16 in a conventional polygonal pattern using a hot
30  press technique which destroys cube corner elements along the periphery of such

polygons. The faces of the structured rear surface of layer 16 can contact air and



- addition to reflected |ight conponent 46, which arises due to refle%tni MN 2002
from 2o facets 45a, 45b. The structured surface of |ayer 44 can al so include
st andard cul¥0@¥Be88¢ el ements such that the article exhibitsPEEUSIBEAB0 axi s
“retroreflection and full (three axis) retroreflection. The cube corner

el enents ) pr bperate)onathd ppipciptes i tetal inteenal reflection €TIRYorf Hadesinéd, a vapor
retroreflective |layers. 1 2,..and 44 respectively are preferably mniature
o Str uct ur es RSP RreRRiSAR THERA) ST FLAlOR SR ok RALIEA 39 et
reflectivel repior ebbaGn CadHebive ffersd il VSR LoRRUR sitfifar iy 1l ReaRlith fi n and
flexible to pgcrgng'téapp %nc’a?i gnl toﬁgrs\g/ar‘l?e?éﬁofo Ob]xg(sjt lorrl%surface lghglges)

al t hough ri gi émbodiaiehssrshosa ih IHIGR. 4431 6,vanidi 08 batgw be desirable for sone

applications. The individual structures in the _structured surface
pref erabl y5 have a Gartesiamfoosdimates X, 41ase shovaineiG. g% an¥-axisr @0k hawmibout 1

mm and nore f er. i 1 1 f. . ¥ ugh the
| i near pri snsBél?ﬁEe“g@é%tc? @F%?@%%ﬁﬁo}@gﬁﬂ “%Fg‘gguﬂﬁ‘?%ﬁ? %@@%@Ja 06

PCT/ US9812618hel (4! of thé aftiefe 80 hnd-ihe ZVBki€ s idirnal € @8 akticle OAdShoWh,
mllimeters, centineters, or neters. The retroreflective |ayers can be nade

from any sui t hisadbanddighy 22 éhincidenealpag an ilmeinatianoaxis 2 ataemall bangn-ef er abl y
materials that are, dinensional |y stabl.e, - durable at her abl e d easily
Tepl | cat ed | neRETHRLE AR rihmae A8 i st DR slRtei el

pol ycar bopat eénodéﬁ'tb{zﬁttﬂé/ b&aQid? 2% 8an BREZed Akt i§ RbY ﬁéﬂﬁ@arﬁ@%ﬁéﬂm.
butyrates. Dyes, "coloring agents, and.pignents can al sO be I ncorporated

i nto such | ayMhitilajdrefilmel4erflects most obthe fMisible ipoeticas tof dight ZDintet r oduced i n

FIG 5 uses a beaded retrorefl ective sheeting |ayer 52 as described in U S
Pat. 4, 708, 9otpecHlaripyrefeqtbRen compoRents, 261 Sesculariirefiecied HENLAf 11 m 54.

Film54 has t R I tl‘fl—ﬁ& ] &h& =) a@q il ayer
films 14 and §§°“3| chégédgg%cgigg%xﬁﬂ.ﬂ%ti aygrﬁél mrbgg{e?‘spﬁ%tr[%\?&ggw t ote%
protective skaxis RaySonfedef the irichdent lighttis stahdraitted bipdiladidc, Bed herpattiact i ve

| ayer 52 has a nmultitude of transparent m crospheres 56 held between a

transpar ekt othat isgransmagiasy bysthe dndicia layes A3 retrareflectedsyalager 1agsr 60. Light
| pl ngi ng fromd@awdﬂlﬁhg'r&?&rehg#lecg ﬂglétﬁ%gi%ﬁérﬁ%t. t@%&*@g{iﬁé@%ﬁd by the

m crospheres oNto s areas o ective ‘mas , Which is
typi cahy a spgidildyer 121 @6é hyordRiasily VigiblOimt dnittiert Yightias cendiidmdy Bur and
reflected back through the mcrospheres in the opposite direction. An
adhesi ve | ayebeddmeslyigikle ifibkiohseriveryie positionddssufficientlysdeseatoa diractrdslight at

sel ected positions 2 n maski.n r. 62 corr ondj ng_t { ght i.n¢ci dent
on ar U ¢l & SoSP Gen R PRReRacies BEELs apueRay T Rgeahe fetels 10, Rotnplied e
angl e and,@r i gniathidd it 1A leRniblYR dHiMORiPAAIRY fnisPH OO Fighf bt Wiflrefkal the
reflectivity relative to neighboring regions of |ayér 62, and produce a
not i ceabl e chumdpelying pastermrwlitk otay dof exgmple be ahmanufacturer’s loagb darle speci fi ed

illumnation direction. Milti agee film54 makes view ng of the 25 pattern
formed by mar WAHYRE B¥S5ageC0 vepicle drivers aiightoy i nparting a shiny mrror |ike

appearance to the Is byar. Gl ; ight to
apﬁarrow spectral gg%rgﬁg %ég?%ggst%Aégtatg?f%ﬁg&[g%tg?gﬁlﬁh?gégn%gf‘f)yﬁ?%}rtk?ngs
62a) one appr hadhg digtihdtévegiropatties duecloeth&Userofld differene rétrorbfiédiivé 1dyeprisent a
i ght source at the specified entrance angle and at the specified
orientati&h abifva schematicallytinshe soniext of erif%rtemg XY%gRreordinategysisasbaangl of
the filmb54 f h ecifie ' ' Sitl detegtor in
e ety B PSR Lo BB B AP SRR S

The X- and Y-axes are aligned such that the X-Z plane and the Y-Z plane are

planes of symmetry for the rear structured surface of the retroreflective layer.
The retroreflective layer of FIGS. 4A and 4B makes viewing of the information-

30 containing pattern more complicated because the observation angle at which the
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Addi ti onal patterns independent of the pattern forned by markings 62a can

be provi dedwesdoaggoeddi ti onal sets of markings on the maski ngPCBYS98/55280 each

" such additional set consisting essentially of markings positioned on |ayer
62 to correspoRdniy §iBhondohtifif si citling S hd 2 Purtthibh O 8Bih ehrfanCafgieS ©6.

The entrance angl es associated wth each set of markings and the spectral

properties ofnd otiemtadomlengle of the indidenndight.engt hs at whi ch the respective

| mages can be detected. O her kpown ipage-bgari.ng, retrogeflective sheetings
can be substitut edng nqh%;g}l !§2§“eét.eg.a}°ftggrﬁ§§ﬁ‘m‘ 1P #i“’@‘ .dqul"? No.
3,801,183 (S j t . ' . i I . .

i nformati on- eglrﬂlr%b‘:%paa lee%e %’ﬁ%lﬁ%&%ﬁ ErS%srlsg% Iafelg'(tﬁl5 e\?% “?‘%32?‘& Eg 0rr laefl é‘? ®than in
a separate i afglei(thel sagRIbelweeashs Yoais am the@BojettiorB of #xis 321ml theDX-Yesul ting

in a thinner end product conpared with one having a segarate I ndicia | ayer.
The enbodi meplane}. Almiane3dnobtabeseaniesed with theentrapeg baleplaperotshpwpsr . FI G

6 depicts a structured,.surface 68 of a retrorefl LV \ whi ch can
be substi tut QPG aéﬁsﬂo"f“dttﬁ%%ﬁarxé?/i &@P@&?ﬁeg _ 35;63{35? icégu‘iéé‘i@ur face
retrorefl ect kMfeclsahbior thabisBle e cBmPEAHE o indideREligtit 3Gty £dpeUlarRCe DY
zones 70a, 70b, 70c containing retroreflecting elenents and zones 72a,72b, 72c

whi ch are devefledtedflight tomperdned8.i Tihe directionssof imeitentrlight 8t and gpedudariynt s

ei ther were never for on zones 72a, 72b,72c,. as where, the.pold used to
make the %0 If%ﬂﬁéf'edﬂé&hqggd’égﬁ cgu3rang §“€§}¢‘E§Hgﬁﬁﬁwlﬁo§’éﬂ‘z fds, or were
f d d ' : 3 | th

ormed and Wets Ui PediraCinddRbRL BF 1 inf BRI IR 319 Hahdfita By L hose

zones. Such se ornmation of retrore [1ve elements 1s"to be

di sti ngui shegnmdiltilagert filtn B6 @vin fdivid lager 40 sieikirito Yayeg 12 diseussed abovesl enent s
al ong cl osed pol ygonal boundaries during attachnent of a seal |ayer to the
structured sdighideansmifteddhraygh ths ipdisiralayersis sriesed by a mear regaedlecingni f i cant

i nformation. ,Qoliteration of, reto.=refl ective n be.acconpl i shed
by any known ‘%5&‘?“* %#c‘?e%ggfﬁﬁ R F&Q gﬁyap@iﬁnggﬁ%ﬁ%ﬁaﬁ%W@ﬁ@h{n%ﬁgg?aygﬁm or
pressure 1kn 40@nd Pmafia9er ARNSSE as PsEdnd FEAGRNGEABRL BeamM6. pR@ﬂédi‘édWE%l@t 46
patterned retroreflective |layer are al so contenpl ated. For exanple, a

patterned netcatries 1bg pasterneyipformatiompentaipediin indicid laysn4Q mhereads dpesulartye

t t d i.mJ| t di t h | LS., P t

5. D5, Beo. ( RATHSH TEE 3 et Bor” Jrk HE-ER RN Qi i BiEeled Tt ne | 13
2 0 JUN 2002 cﬁ@?'tﬁ@ﬁ?@gﬁg{@%ﬁgﬁﬁ%@%& diSPIAGR YR thESfeculafly be

applied to th uct surface. S coatings nodify the retroreflective
per f or mance oéflecaadelighto Hawevhr, tuntike dreceratppulimenk. ofl FIG. I3e-which axtilizesefullydex of

the coating material  is close enough to that of fhe ret flective |layer
to elim Rt e TqFoReTIEqiivg Wbe £PTEr clgmeusrdig reflertpd dight 4o 4n FIEE AR Is'on

necessarily retroreflected in a direction antiparallel to incident light 31. Instead,

reflected light 46 can be angularly displaced from the incident light direction
depending upon the orientation (entrance angle and orientation angle) of the
incident light direction with respect to thé article 30. Such angular displacement

25  permits a simplified design of a readout device to detect the patte"fﬁéd
information, since the interrogating light source can be spatially separated from
the retroreflected light detector. Referring to FIG. 4A, the direction of reflected
light 46 and incident light 31 make equal angles with respect to a line segment
48. Line 'Eegment 48 is defined by the intersection of a retroreflecting plane

30  associated with the retroreflecting layer (in this instance, a plane parallel to the
X-Z plane) with the plane 34.

10
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"5 retroreflectance without mechanically deforming the structured surface.
FIGS. 7A and 7B depict anot her enbodi nent 74 where thq?l AL
i nformati oncontaining pattern is provided by the r o eh ecting | ayer
“itself so that a i ndj ci £ ' [ ded A

mul tilayer film 7?@’??5"“}‘&??”&6?? b@gﬂﬁ%ﬁgﬁgg %??5@%?%%@ (Bidhe gﬁ%ren lar to

previously degex Pﬁﬁél-—f»\iﬂil@ihelﬂyex?@ ha o 2érdrefleding phifiefaiiR X Zplane and
retroreflective layer 78. Layer 78 is described in detail in PCT

Publ i cati on \Wibe ¥rZ4lass larthistconigxt, Giei tX-&"i plgnecanddhctY &t plane insludel thet i ve

Sheeting. " Basically, retroref]ective-ayer 78 ¢ ri ses.zgnes 80 where

cube cor ner %rﬂfé‘){l@a%i’?@.‘@ﬁdaﬁ&é@ Vh‘cg %ﬁ%t@%ﬁéd%ﬁ%ﬁri g pattern

as wel | as 200652 a filirci Sufthés habihg YHREF afef Bf ftituROGBGEREAIRTENt S ar e
5 tilte he random t i

random y across the array. ting of cube corner
el ements in zhgnangRdiisgseslessprasmp artanged side-hysidetand extehding pardielo the i s not

(i <t 1 ngui ShodtaFite SRR BeBesrribed By - Pat Np- Al 101 CBBB ). | Eledt Shown

in FIG 7B re |4 f.aLl t ﬁ@ﬁi Py '

glittering an‘ﬁﬁ’?&?\“‘-%‘ﬂ?‘l“t@é"ﬁ‘%‘géﬁz‘o 8@%&2‘5 éh exc %#Sg%éfs%ﬁgd(}@% hgﬂs‘t‘[ﬁe pattern

consi sts of n@esGhéthiedrsuffdcd Biremoreflectal if Gee dibettion ofirtidencealiay! intat plane1g

retroreflective backggound. Turni ng aglai nto FIG 7A retroreflective |ayer
I

78di s seelf to(ﬂllm?fﬁg I ekpespandicailar e the Q?j@hffMimnderdﬁbg cor nerisI 81
. 2 . o .

flat Tront outmpboe sihred e heding e @ oy il e Hhofuftlf' 0084

from the frondxeiimpUbitastthe Ry& e eibh stridRrd ™5 RavifidR FiRaiskt ofnietualf t he

reflective/retroreflective article can be conbined in a variety of ways.

For exanpl e, perpénditiviiraeflentive facats 45,400 mliichedefineithe Xel glaboof ng | ayers by
printing techniqu Qr by lam nation. Lam nation. of o l.aygr ~t o anot her

can include aﬁ?ﬁ'gf‘%f?ﬁl%a%/ﬁa Secop S?té?géf}““&?ﬁya?m‘&@wa{ Fﬁ?@ﬁ“%%éc% and -
conposi tian f /ARl dRRACIHR -2 iale e GiehiEcricR CHbsANBANCAT kg e used,
such as t osewtfé?car\rgig Pﬁ g Et. No, "5, 175, 03D (Ifu et )gl %._For 14 2
0 JUN 2002 Wondbb RaedS88E yepet ph entitled;sDual AxisRetroraflective Apticlestielt i ¢
retroreflective el ements can be forned on a sheet of preexisting multilayer

filmby appl ysheyldbe rojedithaplayerA4 ¢aniin general prgdyase seeand pattgrned aefieqted of ¢ he

retroreflecti \ [ resl ' ' l'i ght,
heat, or ot heﬁ“s‘ﬁll’?‘ggﬁée‘ﬁé"ggﬁg%% {%I ﬂ@ﬁgg@éoﬁgﬁ?&ﬂ?{a@é@?%%@@i gn FIG 8
shows a possi fd@tidndeatkfiéael Rght compoiientas,Wwhith arises e te rufletton from i | ayer
films 14) 36, 54, and _76. A solid-line curve 88 represents behavior for

light (wha hefacgbrar.Asled The simaeryred surfersraf lavsr 44 crs alsp inclderstangdprdhenbe
broken- | i ne C{r]&{ea(h% {igméxﬁ.? LRt SR il 'b\én{ difal mlﬁreggo?%ﬁigﬁ ggd component

of tight inci a nonzero entrance angle sUC degr ees.
The transm ssfifintigee akisyreabefiestigil ari zed 1ight at the nonzero entrance
angle is not shown to avoid confusion. Entrance angle is referenced to an

air medium Over tHhe euhectomneytelementsqprisms,i andepycamids pe theostmcpred surfecet he
conponent layers of the filmi | I, enough.so that fr a,practical
e ahdpornt 56 wuptefiestve lyesud., T 4RSS b Fotelebl Raibie. s
range. Adyant gacaus |yt L1,k P ll]g to-exhibit at
| east oneyﬁar row t rgﬁ%r%{cg?rsigg l%‘glﬁg)ﬁggrgﬁédé%%ﬁ&SggmﬁdA#? 'hgﬂam-t'r ansm ssi on
bands 88a, 88ixfleBiter/rrtmraflective artitles tiseussed atwive areprefenably thimbnd flekible 50 % ,
films with maxi ma het ween, about lo%ognd, 50% may al so pri)vi de enqugh return
light for 20 HREEH:PRISHIPLAP | VaBKY9bioPicrbassuriagt Hiapes, ALhoREhTagid Ot i vi ty
spect rum whi ghetpisDRAAL bérsihontls ity be'deibnid 57 3otk Eplicatisile RO ent
appearance is desired. A ]

individual structures in the structured surface preferably have a vertical and

30  lateral extent of no more than about 1 mm, and more preferably in the range of

about 0.075 to 0.2 mm, although the linear prisms can extend along the entire
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a

- narrow bandw dth high peak transm ssion characteristic is preferred over

br oadband | ow| evel transm ssion characteristic since the fornmer is

subst ant i al hyp 898e80f fi ci ent in a doubl e-pass arrangenment by prmngdosfei8h t he
" square of the.25 respective peak transm ssion val ues. Fractional bandw dths
on the order of 15 or less are preferred, and nore preferably on the order
of 10% or | edengtiPof thewrtiale which manka enthe erder obmilligetens, cendmsters, &di ent s

effective to produ shar per cut-on and cut-off transitjons than previously
attainabl e i #Q%Wyﬁgﬁﬂirﬁu‘?’gﬁ?fﬁwﬁﬁgeﬁse% HEAdS, Pmnyﬂ'%qwlf?ﬁrﬁ'gsoci at ed
Wi th the speqhiidifl drbferab tanf PréfRtably filafk?A6that #0 dithéfidHaf§i on bands
in the visi bﬁ%ﬁtgrﬁﬁg’o‘ﬁe%an tﬂgﬁr!]lgara I ﬁ’f&rarae . ,g\l ternative 15 2 0§JUN 2002
WD 991 36806 Rfable,)89LibRS, weathtrables and eadilyeareplicatedcimrthe desired configuation.
reflectivel/retroreflective article as discl osed in can have a_different

nunber and pliRaBplssinclude seryics; BAlyCARDONRRSs PO eﬂwpﬁ:— 194 ignemetss adsj on band
i th i si bl t : I tecti
of the under (SGbe Bl WitniB DR CARAf, B 308 Bihatl; Hepsid ne® °C1 O

band at sl i ghiidoypatardtime sudialayk®0 nm at normal inci dence produces a vivid

blue retroreflected beam for head-on view ng.and then,_as the article is
tilted and the bariheTeflective/rgtrareflective article f9 introdugedsinFIGerS WEes @ engt hs)

. ot Do Con ; N . tns)
ince. the relPiBrFlote BB iR sphlgtbler 32eARRERER i 118 Bt B A T LU0
filmhavijgg OpérRtres ebﬂ%togetnbrt@maﬁ dulfilager fikh S0 Fillm 54 Bay/iheisaine spectrum

at normal incidence produces a vivid red retrorefl ected beam for head-on
vi ewi ng and aefledtanceand tramsniission properties as puitilayerdilmsdidrands¥§ discussedoeam

shifts tithe yello nd green. portioqn of .the spectrym A fi_l mhaving a

si n_g:je band oy'iﬁqﬂﬂyéﬁﬁ%& lstplﬁ%‘ﬂflefgw“'h;‘?\f(rﬁc‘(‘ﬁ gﬂ%iﬁgeééﬁaﬂ eﬁttnor nal
| nci dence aphgg ShérBo O RLtAGH: ey 59 habl§ 3RS Bf ¥ u

reveal s the un e?"‘ylﬁng pa?terntﬂ?n ?/i vfg%ﬁages o?ﬂlreei@ at hiag#ea?&éngl es of
i nci dence. Fimiatdspheres $6 hehl between adranspayest dverabat hagert 381andca kranspacent he near

infrared (or, even sl igh&rl_%vdi sposed. in the ultrayiol ethé at zero entrance
angl e wi 1P afpaesF 13vek 8V hightt #pRingine from gy gixgn directiop opithe oxergpPatdayerese | ast
types of fil { i i rn. O
cotrse, a derBARED Sy it MRABHERE GRRlMRLactr 4 RAHREIAOIDELGET " | e
as appr opr i atwhivivisl tgipioallyus sptchiarig eeftective eietallie toaimpadch agbiuninim; aiwl of t he
visible spectrum |t is desirable in many applicatigns that the nmultilayer

filmhave a tTederssd é@kéﬁ‘f"l&%@etfﬂ‘ﬁfosﬂ’éﬂﬁ Hothe opgesite; dirgation. Ancadbasive j n
f ti | b it i it .
| hor eaces bediith o abuBiesk IR 82" AR ARG ITpORAREMIBIEE pORIE |

that i s [opolcwmasgkihg layerf@2Gorspdndirgnolizhs aidenb ok anticiko5@ along@nt r ansm ssi on

bands 90a, 90b, 90c are bl ue-shifted conpared with the correspondi ng bands
88a-c respectilly@Ination axis A h2ye RIPesiBe gRIrARFeianslehad orienttion angle-

significantl Elﬁg i Gl . i .

substanti al | 3»/Munc ﬁ‘%lééi.f %E@hygfglé%%éﬁ%%%’?P%Jé%‘ﬁquqn‘\g}%ﬁ’ gﬁrgé%doqsrogcti onal
bandwi dt h ar gayx9 6dyend groaumeﬁ@icésm; Gharige ihRerérefietedightift thoWicinigufi t i ons
on either side of the band peak naki n?MUB' the band, which in turn cones
about when t Hhe specifiedzlleminagon dizeqgiopUNpbidayenblmddsdes viewingof@ie26180 fil m
is conposgd of .individual |avers 0se _out - l ane (i..e.y=-Z-axis) indices
of rof Fack: orpari Tofined By medhifes ok SRS afors meRL Y mbeesPe T i Bitorsal | 2o
where at | eagjkesppBar@icelrd thel HEE S0ANE byFeRPRAR: He rBrbRsERA 1ipheRe | N- Pl ane
refractive indices are functions of known post-extrusion stretching

procedures. MmagpMospsrtyalband. dbordentd deteciythe patdarndormed iy markingsf@amade by
vacuum deposi tion of .i.sofropic inqgrganic.lLayers, haye the s i ndex

mi smatch in t97& aBBE??S‘P%f“&ﬁBﬂMﬁ@FS@W%“%F f_onQOEIF mé’fm é?%ﬁb??é‘}'ccand as a
resul t they expgs {j2Bified EntfRict AfEIE Ad afiie's &ified ariaﬁab@myné,tméﬁ%ﬁnd '

increase in fractional bandw dth for a gi p- pol ari zation trahsm ssi on
band as et r source@myiting ilighi inche passbiandTdfi the didirS4nfion the! sppeifitd orienmtion,

and (2) position a detector in the vicinity of the light source to observe the
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1 o can be avoided to sone degree by increasing the nunber of Iayer%ﬂi AUNhgﬂnz
film but only with an acconpanying increase in conplexity a t

Furthernore,wéa%i%ﬁls?%e or "out-of band" p-polarization transmgggﬁ%ﬁs’?%@el S

~ for such nonideal filns degrades (increases) substantially wth increasing

entrance anglBarrawhand aﬂl’qregm@bbzhtg Additionpd pattsras indepergignt ofithe pagern

fl d 1 SS. f. i qul i fil
bri a1y dep BrES B MARRngp 7L G e proridBd B2k BHiBhaliéls Ayl ings andbey ong
the various akeskin@ffler 62, SRS {RA B oRaIIR: BomisHAY ebientillty WPidarikfigwn Fr esnel

coe~cients. Filnms can be designed to reflect infrared, Visible, or
ul travi ol et |pagitionbyd onhayiec 62 v cornespapgd maphr ansi lsmogetiopalirection Kiffesemes of t he

| ayers in accordance 2o.with the following fornuta, ~ M= (2111~ I
where Mis a TPRAXEAO0- r The ELEARCT ﬁ@ﬁf%ssiaagfeﬁw ?aCBrsateﬁ';f] ‘B‘Ff(“t"h‘!é %ngf?heéc% ed
i ght and Dr | i j ' ' o " ORU") .
Acgor di ngly) %grictitril%tr Qfgﬂsl%%dfof;lm[ %ﬁaﬁgﬁ@glﬂ@ﬁ?ﬁ%@g{&%%&% H%gﬁﬂ |{1/Ye((jual :
| ayers that ninegesitantBeedeldetédRU. By arrangi ng the ORUs al ong the thickness

of the multilay~r filmin a series such that the optical thicknesses of the
ORUs conform to a @theekpavys image-hearing retrergBective sheatings gan be syhstiaded hat

havi ng the. priShEr o GEsdbes dirchspd MMUST P Rol g B0l s Be Wi gy By 111
nuttilayejp coextr ughiRl SEcEPorsiesBE GhfobRrtidlbddring Pagkr AQh&OS. 3, 773, 882

(Schrenk) and 3,884,606 (Schrenk). Such a device provides a nethod for
prepari ng mul netroegfleeting) laydrhil nathee thagl in acsepanatéciddiciaclaperp] 2:as shownzin - 2 0 JUN

2002 WD 99/ 3 PCINS98/ 26180 eri.als . each Jayer of which has a

subst ant 1 al | PR flopnit agi ADnreskhigedn aihionPd Sk FomPaee Wi ondisi on
devi ce recei Vgs | et Ed; ik 08 i el al s
froma sour ceﬁa?llj%ar g@ggt\ﬁ@ggcﬁg ag%%!?r;ﬁ}‘feﬁ%[gg}?reﬁ!dgﬁ@he é%{ ?gg%s?eg?&@gsi nous
mat eri al s ar esepmageiddicia layere #1@&nicodepiosaispudtatedrsyrface 68 ofia semorefledtivehe
feedbl ock. This section serves to rearrange the ori%i, nal streans into a

nul ti | ayeled 1Bysreyhirihean brysubsidtutad-fige any of fheynrewousdy dissusspd sipeiurednal  body.
tionally, thi i Lavea e h
sori oo of | aytriefHeoreAALEfyel SRR S ANIPHIHE Moty RASRRLA B 010" 2

3, 759, 647 ( SciunesR0£T01Y00 contaififd retBsref1Eatigtdidmeits ahd Yones722,70842¢ 93
(Schrenk et al.), in ~ o order to further increase the nunber of |ayers in

Ej he INIh nalh i | whicirgee daypid ¢fgy§pgecﬁlegt@nge@lmsm Retropeflestag elementsreidigr r usi on
i ich i . S, Pat.
S 857 265 (o SRARVE falthafh 20tk 7oh FRBCe! FEherkide molt M Bk e oi

The resul joantjapsrafdy §fnobth sBithédddRerebpbridiigRoansie Zonka Yo vedte ffbiied shdwhi ch each
| ayer is generally parallel to the major surface of adjacent is |layers. The
conf i gur at i orwere thereaftex toblitsrased di deformed, salsctiagly at shosb@onesc hSuch selectieduce

t he~t hi ckness ?nd imsgsi ons.of. each of 1 heblg ers.. The nunper of layers in
the reflecti VFPTRANOR oF ferparefigctive gle s 40 be, dfsinguishad fropudne kpown, i c o
properties ushhgi 'thirniE' ?rré ' i

t hi ckness, flspel%&g%ln?tdgg arll edgg%ﬁ:ﬁygr%lierﬁl?ﬁsgilggésgfoﬁ@%&? or si)gl{rlllll a%? | ective
pol ari zers, tdwingmtachrhent obh seal\ayes to shepstaicared kyrfices svheteathe potygondl0, 000,
nore preferably | ess than about 5,000, and {eyen nore preferably) |ess than

about 2, 080. SHAResfAosRqtcanyey) significant infopmatipne nOP’é‘FFaé’@Pio&lée‘iK%ﬂE‘éb"eof
| : 0 : : . S g
pol yneric | ayglfefeBalfe EL%.C "t%}ég%g%l %%Jt WitRefis ?&ngﬁﬁmﬂeaﬁr}g?@fecﬁdrﬁ S an

appropriate processing con e case of orga rs which

can be ori enteftsufficiers hetand/ ot Pressbret inGhevelediedydtesf i [ s are general |y
prepared by coextruding the individual polyners to forma nultilayer film

(as set forth abovethenamangementsdpr pravidige atpauemed retearpilectivellnyes amalby
stretching at co%tesn%lﬁg&.e%o% %%ﬁ{l?f au}r)aetiten?@cit r'ngtrz}ﬁ{zlaéfm{ Bllyl:ro S gapor coat can be

30  provided on the structured surface similar to embodiments shown in U.S. Patent

No. 5,229,882 (Rowland). Likewise, other patterned coatings such as paint,
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* by heat-setting at a selected tenperature. -Alternatively) the extrusion
and orientation -steps can be perforned sinultaneously. By the orientation,
the so desi%qggf@ognt of birefringence (positive or negati vepct/gssaReigon

" those polyneric layers that conprise a polyner that can exhibit

birefringence., In.the case of ,1s .2 N, 2002 913 PCTNS98/ 26180
i or s, ot ho s AR eBoE, Pl ranp e fe R Tads, SHER SCAER S (b axi al
ori entation) ;ﬁ&i@rtﬂélf&%ﬁﬂeadveqferfoﬁnawlﬂrz@nm Whive they itk ¥pslied! 1kaer has
substantially thé same in-plane refractive indices and at |east sone of
such | ayers hefrsctiva index-affthe boatmgrmiterialt is ekose edeughdoftharofrthe f r om t he

I n-pl ane i ndi ces gand S thereI,or_e a birefringent). The mrror film body

can be al | owserestiectinsJayesta elijninate TIR; spehicoating can effectyely dgYct i on from
the natural r ' ' < oot of the
stretch rgt [ 5; ?ohﬁgﬁdgeq’é@?@??"a"? iﬁé%%?.%?&iggg g%b%ﬁ%ﬂ?%?"‘@%hge I n

cross-stretch di mHAIGSoM3)andTiBdépittranotiy embodinens V4 athetetheiinfothatiorchi ne
direction) as with a length orienter, and/or in wdth using a tenter. The
pre-stretch CEmaENRE PRt i proyided byt the refrorefleciing dayes itself so thaba sepasdier at ur e)

h i .h 2l i on, - | -
Cetectod to JufiE tyeh Shm i g, B e RldEe L ORREBHIE TR FERRIR el o,
rel ationshi pand h@aemsIvE PROFRPLIE SmilRt @rp}eﬂs?ﬂy Qkscribed %'ﬂmfs] 94, S¢amRIR &

relatively low stretch rate could be used if coupled with, e.g., a
rel ativellg | esMastinaed o ret®reflactive dyer 8. Linyew T8 ishieserihedrie detailan O of

ordinary skill howt e e _appropriate nmbi nati on of _these vari abl es
to achi eve tﬁ@bB%}m&%ﬁﬁ? tﬁ&@ﬁ@ﬁ!ﬁﬂﬂ& fdrorner Reprareflective st r et ch
ratio in the sr u : : O I bout 1:3
to about 1: 7)gh|@ér11t he gﬁ%thghk | ré%%cﬁgﬁ%%7gfonpég%uz?n%§§ gﬂm?:% C?Bgut 1: 10

(nore pref er abiner elepmwneo®lisrelarthnged in & pradetetmined 26peatihif) pameralas welltaze
stretch direction is preferred. Oientation of the extruded filmcan be
done by st r etZORFSERiSHAVRIIREED. e dthsresuch icubegoraer elements gesfandomlyr . For

. : t chi Ui sh G basi
i 5 st andar ANESASHRS e Akl The EarfER Fuh 5 B CsPE Bl e 221 o ana
l'i ne speeds anpﬁﬁﬁﬂ@ﬁfté‘riﬂg)hﬂﬂﬁi 1d 1dyet P8 Qahitht is A6t Preséiitin REnc’B0! Méepsbyt her eby
achi eving manutacturing costs that are substanti al I&dlaomer t han costs

associ at ed wiprovidipgrachasisaupiop vehieh b patternss bepstistinguishédar iChe appeataan¢ ofit i on of
two or nore nuftizlayer filns al so_be agliced to ohtai.n a mrror

1 Aror phatielt 2 3 Sortneied B 3plip 15,586 27b éveaingBe ebbioh s { o' vi e
Brand 3000 and 300 Aliiepiivil, EaR andThsrﬁgmmir@%hssr cdnbe QlchfMge@Bo 30
Chio, noted as materials that "have been trfed. The choice of |am nating

mat eri al 20s Ithasdbk patierh coniists oHnon-glittéranguetrorefleaties claraaters onpt glitteting| arity
and excl usi on of 219 ) 0, JUN ggaz VO 99I.368%? PCTI US98/ 26180 _ai r_bei ng t he
primary gui diffigers Fﬁb‘iﬂéraégngP e PTHBE 48N 19 FTQ- 14, Earpreflective layer I of
the | ayers, r [ | r e '

ant i oxi dant, extrucsoﬁpr’{?sgiag%%ﬁgg%&ﬁé!gﬂ ?fzi‘{girlqnu te'#‘ggp%?%r?ﬂﬁgkfa}gga@r ber,

nucl eat or) swptienst laidjager 84)rant er odydaped 86t havingch §ubstahtikiey flat fieit mal
quantities so long as the 5 addition does not substantially interfere with
the desired [FuFAesH $faand a rear surface which is not uniformly spaced from the front

~~g

25  surface in zone 82.
Tﬁe main component layers of the reflective/retroreflective article can be
combined in a variety of ways. For example, an indicia layer can be combined
with neighboring layers by printing techniques or by lamination. Lamination of
one layer:io another can include application of a tie layer of suitable thickness
30  and composition for optimal bonding. Cast-and-cure techniques can also be

used, such as those described in U.S. Pat. No. 5,175,030 (Lu et al.). For
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* One class of polyneric materials incorporated into the multilayer ?Iq
preferably produce birefringent polyneric |ayers. These materials are
charact eri zedoioor3espé@t stretching in a given direction subst aRETAISPE2638¢ er s

" one or nore of its refractive indices, and a particularly preferred | ayer

i s one contai éNafitfplé cuby sbrilet bﬂpnmat&emrowmened d:l'ementp@hxy bt Forined Qm a
napht hal ate {PEN) i nclusive the isoners (e 4-: 1,5-; and
2,3-PEN). Anottieet of praeyasting rpultijayer film b applyanasa thfbﬁop‘bF AMmgcasting ﬂtehe

ltil~er fil ef t I :
These. mat er | alitdndnt RapL P SEGeRRTvR b, ko BROE BedreBR WREL T ccr on
has little oryjgaviie ¢ight, ¥Rat, of oftfef @ﬁmy@gmfgdl ces, and a 15 particularly
preferred [ ayer is one contalnlng a layer containing a

pol yrmet hylsret hacryl ate and in pdVIultrlayleaPOb'meywﬁlhleﬁélﬂnacr ylate itself.
Materials Selectio Mul til~er Fijl Avarlet nmer. materials
suitable for use iﬁlc%:résw&l’??é’rwes’dﬁ&} A Peresde gésgﬂgseg;ﬁ%[;trqr&f OLise in
maki ng coextr e lhgf i R S. Pat.
Nos. 9 697 1 HRBeyE 5ihs 24°56.°04 558 7. A SBtic- Ry s e ichaviar
Schrenk et al for light(whettier bﬂ&.rﬁedi or not) ki@ noamllya)mﬂﬁ fifand brofenalineey and

Schrenk. O special interest are birefringent ner s such as those
descri bed i n Sr¥s80 sepyessats behavior gnly f%ﬂscw@al compongptpf tight ingidentat i on

V0 961 1937 €t itk RSPk LD o3P0 el THE S Sof SpdlBARY 21

from which the e are ere ar sever al ch
shoul d be netfor@ pﬂil?dfﬁea mighitahe hogrorentrincayagle ¢Photshbwhith ABoid Fi rst t hese
filins should consist_of at |east two distinguishable %(vl yners; the nunber
is not lim te@nf@mtﬁn@@csmngbrlérﬁete}am@ anedir sdiygy o a@@ewwyleustbd in
partlcular filns. on of t he referred to as
the "first 30 aB%? Qﬁgﬁereé% ﬂ%%‘?ﬁ"&’ € g?rp%%rgen%tg@f:r%af)fgeéﬁ x having a
large absol utgough 46 thak Fromi %Eaee@mck&xmgbffm fdiRetadcde 100HADIrghsaissiiv el opi ng a
| arge birefringence when 2 0 JUN 200Z WD 991 36806 PCT/ US98126180
stretchedis Deqmmductgwavelmgth apEei cation, the birefringence may be devel oped

bet ween two orthog di rectigns |n t he_pl ane e fil bet ween one or
more in-plane di reg Yaageq ‘ﬁ'@"&ﬂ?@@f?"l@ﬁ‘ﬁé"ﬂg BG‘PQF}“ Bapﬁés‘ﬂnf’m pl ane,
or a conbi nat {0p,Wirahdifi&on b c[§8a tS'SE §8 Shltﬂ&l ”ﬁL %?]Un%c? gs capabl e of
mai ntaining 5 birefringence after 'stretc |ng, that the desired optical
properties ar&Ba Wsmmshownmm tmmstmmdn rhmxmﬁcgreztttr thain 0%, fidms wéthui r ed
polymer, referred to as the "second | d be chosen so_that in

yner' ho)
the fini shed MAYXiA2 hefweanahoyt 10 peand kmaWr?ISQtPrP € Enghgh eraé*ghfowr differs
signific |y frafef bi. "‘H’g d N the sane
directi oﬁ% Be%%%cgle%tggﬁ &lﬂ%ﬁglb?ngf gesr Ic(fg g é‘?gl e(iljegg‘%}?lé, gﬁ‘% I sper SI ve, that
i's, the refr asdneficial whereashigh gloswiniitrovneyte! etgérh ,appmmedmﬂehir‘edoms must be
considered in ternms of a particular spectral bandw dth of interest. O her

aspects of poWaFFRy bardwidih ijgh gegetansgrssigreeiaracteristip is preferendsoverar

polarizingfil i nt ageous d xof
refraction of rﬁdqaﬁ‘g ‘?W%‘{ Y%?BS@‘%QH&L?)‘%P%% g'{‘%e%ﬁ%ﬁﬁrﬁ%éﬁgtﬂgtl ¥ ection
to differ sigmbofd emeiehvm Ddédle-bhadiiathagerhént By avatib of thesqibfel rmnce in the
orthogonal filmplane index is imnimzed. If the first polyrmer has a large
refractivas i ntkspectie pealsisansopssion valdesi qu@gtsmai bandwidihs @nrthmgrdm of t¥at is,

RS A X e e T R s

processing, | I ng{lﬁg di rection,

and a refract??/gﬁﬁﬁgem;ﬁ ?c:? &g’hégg}q? %ﬁ%rg@%ﬁ%%ﬁf fé}gdlgg | ow as

possi bl e. Consteasyseelcyt-on ind bet-6ff mhsmoxhsyuhm plexioualysatmirableciipabmerie | ndex

when isotropic, and js negatl vely birefringenf, the second polymer wll be

chosen to havBims sraidesribgd belavact i ve i ndex, after processing, in the planar °

direction,2s ortho i ve | ndex
2 PSPl S e B0 g, B g v | 1

in th~ dlrectlon o] rereh as possl

it is possiblgwd gassplissién saxfdlsﬁﬁthdocikibmndvmieqn theSneae sftare®| Aitbinagibe i ngent
and has an internediate or low refractive i ndex when isotropic, or one
which is negatively birefringent and has an internediate or high refractive
30 index when isotropic. In these cases, thé& second pol yner nay be chosen
so that, after processing, its refractive index will match that of the
first polyner in either 21

ND ~




2 0 JUN 2002 WD 99/ 36806 PCT/ US98I 26180 the stretching direction og Ut F!%N 2002
pl anar direction orthogonal to stretching. Further, the second polyner wll
be chosen si§Qo4dde¢ the difference in index of refraction ipctingses@éembni ng
pl anar direction 1s maxim zed, regardless of whether this is best

| i shed . . . : t
i recti on. - stiufielhdn sR0iBinel Sl pltet AE R itk i 3F bisPidnbd nirel
mat ching i n effhdie aafiffereit MitHbdY maPl4cRinest dfitrdniMisicn@analA fimeath #n is to
select a first polyner which devel ops significant birefringence when

stretched, atrensmissserobandpiolthervisiblhfariat thasteioneentiancd angles enables vésfual ngence
when stretched, and_to stretch the resylting filmin onl n | anar

di rection. A&?t%‘ftw&qf\?éq Je%ﬁ@gs@éﬁﬂhg%g}eﬁ?@%emg 41 @gpﬁﬂﬁ?g% 4nmong
those which Qﬁ%(]@'bgﬁ’d B difphily 'Y0&RG AT 460 Am S NS AnARAGAEACR Prodddadh vitid! he
first polynmer (negative - pOsitive or positive - negative). Another
al ternati ve bt hecbreflectel bennefir Head-on fvievang anditheac anthepotiglads sitedanh ar e
capabl e of devel Ogi(ﬂr)]ﬁ@bi refringence when st retchg&,ﬁhbut to. stretch in two

ort hogonal pthgrpard dbligshifisndi.es shiedp Aot SeavslengBrbintg Beulrayiolet as.
t enperat ur estelggonz iR 4&%@&3@&%? fike Qg %}c}iﬁzwg\%i&&r %ﬁlc@)fﬁ’é fe?x%{eﬁélgedt he like,

which result evel 0 unequa orientation in the two
stretching dik@eiole@ Mghi 8ot Beeéthbis byRR¢ ¥yEr A fafithdveiveh singfe anident ati on” f or
t he second pol yner such that one in-plane index is approximately matched to

that of tthe fawagds thoirgdrend ofathe visikle spechugoataiornal incidencd produceasa vivid
significantly m smatched. to that qf the firs I r. .For exanpl e,
condi ti ons rsgoatﬁlﬁgtgg bg?}_ﬂ ﬁ‘_’rt ‘%@e‘ﬂnrgsaf’aﬁgwqﬂé ?’étegglé&i ally
oriented chapafdfdd rettotefRetet e §8iffs thThe YdHoweard SreS® pOAMBNRIEI ML has a
predom nantly uniaxially oriented character in the finished film The

f or egoi ng i sspeeanm. tA fibm avingd single bandl ai glightly [grésteruthare 760 nmd(uphtat

conbi nati ons of these _and other techni ques nay be enpl Qyed to achi eve the

2s pol ari zi n&Paut BAY gBAat Bermal dusidsnce apRears kike Anerdingry mifer for kadiash and
Ror e . . - . ! g
Conoi der 5t 1 onisV R il rBekald ok R dHyif2 e P\ RAPEnalle] Gt nighe WFREF" |

filmis not spmdidence. NEMall ANRIND Bhving aisiiglebanddotdtebwan inelthe neaf racti ve
index criteria apply equally to any direction in the filmplane, so it is

typi cal for Bdraree(orneNcastighdy dispgsediin dre ylkgwpleDrat gercherseanss angle pyiine

directions tg be ual or near.ly so...lt I.s adyant ) Q for the
11 mpl ane | ARReEs G offindfy Plprb 3Pan Yieyits R THER 587 B BY Blims

PCT/ US98 2618fhvitR Mafmuitcdhict{IRenest HE aaddrlyimspdtess.] Ofeohfsem dBRcfor| M pl ane
i ndi ces of the second polynmer. For this reason, if the first polynmer has a

hi gh i nd2x owhichfis sensitye tofefared or nbpavioletilight &s apprapriatg awudd btuasedto al so be
positively biirefringent. li.kew se, if.the first polymer has a | ow i ndex of
refraction wi¢ °tir§‘6&e@ﬁ‘ftﬁ‘,&_hgﬁt ‘?“ZS‘QC Q{i@ﬁﬁt‘%‘b‘%éﬁ%" t it also be negatively
bi ref ringent. TheyseaandbRObHES K #MeYm@RIA)eP Fifm!Halt ke or no

bi refri ngence when stret cﬁcelg) 0|y ﬁ’gx‘g‘fﬁé’%gﬁ% refrplgnga?r?ce of at%ue opposite
sense (posit trassmissiambandvthatodoes agasigrificantlycdiscrieasecin, fratiohaltbaatwidth nor

filmplane refractive indices differ as nuch as possible fromthose of the

first polynefeqrease ipamplitude as the; aniranasangle inreassibeynad zere degrassntog

appropri g el e Eﬂg I : 9 e} riyzi fol :L o1 vror film

i s meant 9% o] thweotrg%% géllrldelczéno?% g‘%ﬁ?’éﬁsﬁ é%ﬁﬁ)gregbel?ltrﬂgs' 8al£ g%e"% .Sé%eor[}]%tr ed

filns can bepipolirized ttafsinissios badsH0aHObI0C Akd blae-shifed Rotnpated with thd Ns.

Thus, the sane criteria outlined above apply. The perceived color is a
corresponding bands 88a-c respectively of curve 88 for normally incident light,

and significantly the peak amplitudes and fractional bandwidths are substantially
unchanged. Such preservation of peak amplitude and fractional bandwidth are
30  due to a preservation of the shape of the two transitions on either side of the

band peak making up the band, which in turn comes about when the multilayer
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result of reflection or polarization over one or nore specific bandw dths
of the ~ 5 spectrum The bandw dt hs over which a nultilayer filmof. the
_current i nveXPP¥HPE effective will be determined primarily B§T{{38826180
distribution of layer thicknesses enployed in the optical stack(s), but
consi der at i orgIfHstcopipssedT ifdiviBal 1&yerd Wh¥RVst RPidhe 4ELS PIBAOBndfREs of

di spersion, of the réfractive indices of the first and second polyners. It
wi | | be underrefractibntdre sulistentisliynmatchéds s This gbpsttustion ean bé reatiecti @hererm

ul traviol et wavel engths as to the visible c?l ors. Absorbance, is, anot her
consi der at i oricast:some B the dayers arg comRased;of a;polymerwhoss dplane gefragtiveher t he
first polyner, g . [ e i thin
the bandw dr HOBFe SFBRREBRFSr IBRH Ty benitii G AR ARERRRES, PRDERAY
light within dvagathenanileier filds,sutinas thosd inadé byl vaduul depsitiohed isodpldovever ,
for some applications, it may be useful for one or both of the first and
second pol ynenonganighaysrs hayrethe same ipdps mismeteh in therqwtnof-plang dirgction asn part .

Pol yet hyl ene b- hal at e L Siyef lv C | rst. pol yner
Pl Vet 1 enc i i AR APALRAE RN ki BOPURN:-CLBIARRR Bt
coefficient; geak aimphnide afd McRASHmrAAibAfNHan@WIGtR fdres givén plpelirationd has
little or no 30 absorbance within the visible range. It also has a large

i ndex of r ef rteansinissionrbandhas eniranesrangle tstinereasedt sThisdetrimentat perforeanter

pol ari zed i ncident L. % of 550 nm23 2 0 .JUN 2002 09l 368

T/ Usos) 961580 RALPIORS o Stme REEied RTERF LR e FHEY B 6o e it | <
paral lel 10 g ofify it i Michfiphinit IcRAEHAOmplextd 4 8t NdihedmorbOUL 1. 9.
Its birefringence”can be I ncreased by 1 ncreasing’its nolecular orientation
whi ch, in t urbayelineyor feui-ofcband$ pepolarizatioretramsmissicroleyels dorsuchmonidesl r at i os

with other stretching cgonditions 5 held fixed. Qther senicrystallijne

napht hal ene ()(FIE‘&rdESQaFﬁ @n%wﬁévwﬂahwaﬁhsia%ﬁﬁ%m‘@n&e apglE Py ner s.

Pol ybut yl ene N%p‘ig B i s an exanple. These polyners may be
honopol yner s %Fgego 0 ?%gégﬁggogv%éd that the use of conononers does not
substantisl |y i npaihe reflectaice and tragsmission speefrh iof & patticalar Inudtilagérefilm on of

bi refringence after stretching. The term"PEN' herein wll be understood to

i ncl ude copolBriFaardy @epends opthe optigalk thickness o the individyal layersplong thee, t hese

de copol ¥ o b
varue of whi NIRRT PGP REbhepiaiy ABehafied BTRROBL KGOT Pibmel, ™ Sore

conpromn se i reoeffitichtsd " Pias tdrflse dBBignb® toefleftt iaftaredpvwiibie, orivltredorRnoner 15

i ncorporation results in_ inprovenent of other properties. Such properties

i ncl ude but dight hychoipepf &g approprige optieal ithicknesses Of thedlaxers dm acq emel ting
poi nt (regul tjng..i sion tenperature), better Theol ogi cal

mat ching To o‘%ﬂg%ﬂcg@%ésfgﬁ]ﬁ#he film and advantageous shifts in the
process w ndow for stretching -dyg=t @/ahebge in the glass transitimn

tenperature. 20 Suitable conononers for use in PEN, PBN or the |like may be
of the di ol where M is an integer representing the particular order of the reflected light and

D, is the optical thickness of an optical 'repeating unit (“ORU”). Accordingly,
D, is the sum of the optical thicknesses of the individual layers that make up the
25 ORU. By arranging the ORUs along the thickness of the multilayer film in a
series such that the optical thicknesses of the ORUs conform to a give profile, a
multilayer film can be designed that reflects light over a broad reflection band.
A reflecting multilayer film having the properties described herein can be
made by-employing a multilayer coextrusion device as described in U.S. Pat.
30 Nos. 3,773,882 (Schrenk) and 3,884,606 (Schrenk). Such a device provides a

method for preparing multilayered, simultaneously extruded thermoplastic
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or dicarboxylic acid or ester type.. Drcarboxylic acid conononers i nc? qul-!\UN 2002
but are not limted to terephthalic acid, isophthalic acid, phthalic acid,

all i soneriwomb(;&al enedi carboxylic acids (2, 6-, 1, 2-, 1prcivusodréde, 1,

5-, 1, 6-, 1, 7-, 1, 8-, 2, 3-, 2,4-, 2,5-, 2,7-, and 2,8-), bibenzoic

aci ds such r ﬁgégg
trans-4, 4’ -glt%}tﬁene g??@%ox%?% @gﬁﬁgﬁgﬁzﬁlﬁgwgaﬁ%ﬂk henyl et her

di car boxyl i deqtiblotkafdhe tcextrasioridsyice reteives streams sfithiealieerst tharmeplydticc aci d
and its isomers, 4,4'-henzophenone dicarboxylic acid and [ts _isomers,
hal ogenat ed POISRAIC ‘63'6¥161érf585ty"Ispﬁfcﬁép%a%ﬁéﬁatéﬂa%fﬂﬁg sxisideregihenal i ¢ aci d

and 2,5-dic Sl % ar boxylic
30 aci ds sughg&g;? F’E&H%% (?gé#ﬁa?l ¢ acl e'gaﬁélg &cﬂ?gnat ed

i sopht haki ¢ xﬁmlﬂmwedmadwamms@baﬁfntwwsIt@ rédrrAlige I brigifial streams into a

1, 4- cycl ohexanedi carboxylic acid 24 2 0 JUN 2002 WO 991 36806

PCT/ US98| 26 natilapered stredm dawing thmuumbermfdemwaﬁmaxpnhmﬁn@d@dm car boxylic
acid and it cyclic carboxylic (such as the
Var i ous. | soRBRBARhis AEYETR HsBARR SohRRPRI st B S b an | ne
di car boxyl i %f?d?bf’ﬁmlﬁﬁl?m@'rﬁé’éﬁk Oﬁﬁhaaeaeg&fb@almwsl PaNcdS3, 750l649ne

di carboxylic a such-as sebacic acid, adipic acid) oxalic acid) malonic
aci d, succi r(Smhretdui algl ﬁ|109|4;7(886(8cht¢n]aztedla)|, or écﬂ% 793r(<$chhndbeaaie) dncar boxylic

acid. ), and any of the isoneric di carbo li,c % )2'1‘@ teﬁmfused r|ng
ar omat i dohy@r%aﬁa@amer(@%re@ﬁeége PRIBSFO! JAVATS B al fiken

b ht h
Chese mononsheam & R HaSel thoid Fexkﬂuﬁl%%ﬁe%%hﬁi‘%%ﬁ%@c%%h IS 0 i o
conpbnoner s iskel Bge, OuS. PuteNBOS SISU"BGBG{thsﬁohh aeﬂr))@matbfraaaﬁlm fidwae diols

or glycols (such as ethylene glycol) propanedi ol s such as trimethylene
gl ycol , but ammiamp@ thayein. gbhet @S‘#MPW@h@ egmyd@;l fo feomtaamultilajlesedsuch as

neopentyl xan ols) 2,2 4-1 A ane d hi gher
diols), et h PQ‘@B? €3G é)ﬁefdé g&‘i“’é?‘ﬁw*’e’ ;}h%FﬂaﬁF &IP ‘dﬁﬁﬁa f‘{)col . and t
S5 pol yet|gyl E@Q rd! YRO Eénﬁgﬂ?ﬁ’t'icﬁf &5t bx@hibP dUHh vy and can be such as to

3- hydroxy- 2, Z-di net hyl propyl - 3 hydr oxy- 2, 2-di net hyl propanoate, cycl oal kane
gl ycol s suclredse mﬂWMembﬂmﬁcﬁachM thet bycrso nithesuaber of layers

1, 4- cycl ohexanedi and_its [soners i i lic . diols (such as the
var i oﬁs i sorf® eCreﬁth gtl“ é@n@@%"ﬁ?ﬂdpﬁﬂﬁ H‘t?}r/‘%’éﬁ%d ot H"éfhanol s,

nor bor nene [ag tic

gl ycol s {su?ﬁ as 1 E etrlllggﬂlg ilnr?rle*ﬁu ﬁtoggﬁye?ﬁdil somenrggpkgﬁgzl enzénedi ol and

its isoners ﬂelmbslnpemﬂ ecanonly. al the squdeeﬂainrmrs ﬁncﬂtthWpcﬂmzdns rxhenyl and
its isoners, 4' - dj hydr oxynet hen and its isoners

I
1, 3- bi s(28- hywmb @fmw)lbarff@qaalyydﬁﬁf ana %49&0}) %apr%%?lydpwmt hers or
di et hers of Bﬁﬁcdmﬁqna)(eé&mﬂ rgfeqﬁ)tl@y ag:aﬁ&nﬁt 0(56 ols. 25 Tri- or

pol yfuncti ona oner's can S a branched structure
to the pol yester Theldesitéd felaticiighip| letwden xuﬁﬁ&;veﬁhetcempd)ﬁneﬁc gbfser t he

carboxylic acid, ester, hydroxy or ether types. Exanples inclu but are
not |im ted capbe aehiyad by selectiondf appropristegnaterials and |amnyatolprp¢e@me and

h Al bl
Pance onal | cpnditight.ofh Gichi neor2ams SARRRS PhicH ol CiFa g sfecciife,
par ahydrﬁxyhﬁé\iﬂltﬂa}i’e‘i'fﬁnﬁ'ﬁ% eﬂ&‘ﬂf)gﬁﬂ‘.%%e g%@%@lﬁ%ﬁkhﬂéﬁduﬁl acid, and
their isoners, and tri- or 2 JUN 2002 WD 99/36806

polymers to form a multllayer film (as set forth above) and then “orienting” the

reflective film body by stretching at a selected temperature, optionally followed
by heat-setting at a selected temperature. -Alternatively, the extrusion and
orientation'_.steps can be performed simultaneously. By the orientation, the

30 desired extent of birefringence (positive or negative) is set in those polymeric

layers that comprise a polymer that can exhibit birefringence. In the case of
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'PCTI US98/ 26180 pol yfuncti onal conononers of mxed functionality suc%uaélm 2002
5- hydroxyi sophthalic acid and the |ike. Polyethyl ene terephthal ate { PET) is
anot her mat &Q #/3688at exhi bits a significant positive st resspgﬁftuﬁgsé 61%ef
cient, retains birefringence effectively 5 after stretching, and has little
or no absor bawizersithé:film cae be pisetphed substartiallyningwoidiregtiensi (bmxial gh

PET- cont ent copol rs enploying c nopers |isted above ma | so be used
as first pol f/’ﬁ’g?tgx? tQ@ﬁ@%BéImﬁyﬁgﬁswﬁ%@ﬂy&‘W&dﬂ&'ﬁ}ﬂ“gwéy%ﬁ @’ér boxylic
pol yest er sugiihsgnfNuey saffNniplareef8tivdSndicéSindPR! 1¥dFESomé BEERNARFerSEVET al
approaches which may be taken to the selection of a second polyner. One
pref erred aphaveaahodteof-planeerefrpetivedadéxodifferent frons tledoiplaneringibesh@neéne

di carboxylic copol yester .(coPEN), forjul ated sp as .to develop significantly
less or nd bzt & hikef ﬁgst?&'e-%.aﬁl%'i’ YoGAR tl?ea"é’é”eaﬁﬁbl i shed by

Crystal i abtHpionpRy Rt Bl e RS ECA hisRor Robl e FROPYERIEHAR | "One

typi cal for mgtatistrerch i@iuay® ths sijire eoot f ifgexgttdtch gatiodl tobeing texistaiEgonent s
di net hyl napht hal ate at from about 20 nol e percent to about 80 nol e percent
and di met hyl (-@5 8pisubransiabchongelimenopsstreteibdmensionsle e filmphodpean boo nol e

t t hout X . I t o I di ol
Component . oRtabtaon e feBfhF Alberichlds §18, CPgB GherB SaRid By “uoed 20
instead qf thsin@altehter. The preteh @hpéﬁ?ﬁ%@?ﬁ%téh i Cicefclratie, Rek&yed in
the formul ati on of a coPEN second polynmer is not limted. Suitable

conmononer s f cemperaturREfeatesscbhinie phéay sesrrelanatiand @nd grosasstrewgbrelakationeatet 0 all of

t he conononers |isted above as suitable PEN.compnopers, .including the acid,
ester,  hydr oRgeted foyield s miltiayes fimhaing; the, desired raltaecie dndincy i onal i ¢y
types. 25 Ofr%}?t’ibqsfﬂ#ésThbiéfvhhliaﬂl& R ealbfdepddind: SBfub Ok exdilplE 2% thii@vdiprdex of
d' coPEN second pol yner. A volune average of the refractive 1 ndices of the

nononers to bevsoeichyad chald heased ifaonplet witle eag.s airelatively dow deretchbi mi | ar

techni ques well known jn the art can be ysed to estinmate glass transition
t enper at Uf es §aperays=Nt 6l S RPpePhioanerof (S’ﬁg‘f‘ﬁ’é’ %‘@ngt‘? é%@?‘tth%ns of the

honmopol yner s r . I 3 . A 2 WO

991 36806 PCTF%Q@%‘& %gﬁ{ﬁ?r%agg of FI{%% ? ﬁbﬁﬁ%ctg%gg‘ﬁg%g‘s? %gggdnélug‘léo cgs s

transition tgewes.aln genetslVRGwéver Sa Yirdtth fdtidtinQhe PEFa:foﬂn BisoULt N2 & Ajuk acti ve
(0}

index simlar to the isotropic refractive index PEN are al so_useful as
second pol ymde¥) (mmse peeferably, aboup bi3yiesbeutsl : 7h il the sirpish slireetiomang from

copol ycar bonat es ,n al so he d 5 together to .an. e der C
Cransester: f Abgn e RalPulfrd e Mot el i S Fal I ¢ i s o
requi r ed op halorthbgoraP eIl sielch Mrectish i3 préekyest er or copol ycarbonate. Vinyl
pol ymers and copol yners nmade from nononmers such as vinyl naphthal enes,

styrenes, et hyl en®riestationjof thengxpohded 8lm gen Pt dope by suetching dndividuak o

met hacryl at es enpl oyed densati on pol yners ather than pol yesters
ond bol ycar boheRrel e el hhea LA, ERL rmeliral dreanstonuptehin

pol yam des, I t?xﬂf@h i dglﬂpb' } ene
groups and hgﬁgg%l{]ngﬂlggﬁlﬁéggfegﬁ ori ﬁgéﬁigﬁﬁﬁgﬁgﬁ?l odlﬁgﬁ%rr’gaﬁés}te ul” for

i ncreasi ng t loe botkf r Badnowdes afdeale ahd tihe speeds ofl standardpolynter filnhesiodectionevel .
Acryl at e\}gr oups_and .15 fluorine are particularly useful in decreasing
refracti v i ke aphigvedithereby aghieyingmanyfactiring chgls thag arestabstantizlhim t he

f oregoi ng di ! i C . o dent not
onl y on' the povaaiebBheshiificd Wilhtonhertiahy GURHRe kBRive BolTRRR,

question, butLaglisiodrofitve of Mfire emildeyet Gilms ben hlsd Db p2atiped yosbtainand t he
processi ng conditions enployed in stretching. Suitable second pol yner

mat eri al s i nanigrge fibm:  Amerphous copelyesigrs yrepseibanlaminatingapaterials awith( PEN) and
i th h 65 4- S 2 T - PEN) , . pol val kyl
t er epnt hal at SATEL ad 3000 atL330 fivm it Riopfeal e Ropepet EQY op ke ! °7°
t er epht hapat @pi@nthi@Phymatefials ¥idt HAP BAZN BT MHeCMBick I BRI leriaPt her

pol yesters,
is broad, with adhesion to the multi-layer films, optical clarity and exclusion of

-
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25 pol ycar bonates, polyaryl ates, polyam des (such as nylon 6) nyl oz OlfUN 2002
nylon 12, nylon 416, nylon 616, nylon 619, nylon 6/10, nylon 6/12, and

nyl on 6/T) .w89¥dsts des (including thermoplastic polyim des apckpsyspamoylic

i mdes), polyam de-im des, polyether-am des, polyetherimnm des, polyaryl

Chtces) 5o RS RRRARRR iR Mookt BPpRanl bR o B BELERY) o
al i phati c pohwkedbbedayessicdheas moredhyrganis crroigime pdjiyamy suchfasainhy! ene

and/ or propyl ene 27 2 0 JUN 2002 WD 99/ 36806 PCT/ US98/ 26180 with carbon
di oxi de), pohytisidapt.caxtrusionsaidiheapyailizer; yleayigletyay absorber augleatwsr sul f ones
and pol yaryl sul fones atactic_ pol] ystyre .syndi otactic polystyrene
(spe) and pittics ReRAar loE g aekh S5 SHEEs ¥l RS REIRR AL S, )¢ ene
and syndi ot agddifoP@besHdt SiARially Bteofereh iR die &fsiremreﬁénﬁéi@é.e pol ystyrenes
(with each other or with other polynmers, such as pol yphenyl ene oxi des),
copol ymers of anyOuaé claseefpelgingsit ymaterials {reorporated intg thenmubiilayed ifdime

copol ynmers, styrene-acrylaqnitrile copolyners) a )

acryl oni tri | BretRrablying -%?W%@H%%ngwﬁlgﬁ@ Fs'pg'ﬂﬁs&cm?}fs%{?léém( such as

pol ynmet hyl a I r:y | ag: ; I )

pol ynet hacr y?%%%@ér%ggﬁ ‘%“Stsgg{"’;}ﬁ’gt‘ﬁﬁaé‘ﬁ%‘% ﬂ'g%rt@ﬁzﬁi gé,ﬁrl)ﬂa(ljl?%li)t }ysZc%rﬁyqr

met hacryl at emopobfy/its fyfpdctine iddices yarml £ pardicdlapig| preferbd layler iscdreaconydining) |,

cel lul ose derivatives (such as ethyl cellulose, cellulose acetate,

cel | ul os&0 pr agrystdline orcsemivrysiallipe polyethylene paphthalats {PEN) inglesive tet r at e) |

ol vi sobur yi BREErAFEE 2ub5 eidehy By S VT B S poRiel ' "
copol ymers ( satbiaBSincorpoRitéd/ ind i fhwieet hy;h%ffemagi prlotibéd sBE@ALAY ene,

pol yvi nyl i dene fluoride, polyvinyl fludride, fluori'nated ethyl ene-propyl ene
copol ymers, petrbpigqobyahérilayerssiThese pateriald anewharatietieedint thyt stre¢ching

ol yet hyl ene-co-tri f) uoroef hyl ene ol.yet hyl ene-cachl atotri f] uor oet hyl ene),
bl o1 nat e FOR BiteR irectioh e o) pP APEFL S BERTRIdiRs B iyl
chloride)s ppﬁﬁ(ﬁﬁﬁﬁ&%&fkﬁb&‘i‘aﬁep@ dd@é%k?ﬁﬁ?%tlﬁyer%bﬂéﬁ{i RS (such as 20

pol yoxynet hyl ene and "pol yet hyl ene oxi de), rononeric resins, elastoners
(such as pol polyirediyémethagrylaye ampinepaeticudadpolpmpthgimcthacsylatedself. r esi ns) epoxy
resins, and hanes. Al %bl e are copol yners, such as the

copol yner s of2dMIMIHOEIECIIN a2poe e AW | as any ot her non- napht hal ene
group -contai ni ng ¢ i e . t .above
lists of suitabl eApqu;f/egﬁ gt’&g@gﬁoﬁlﬁg}n%g;s oirﬂeggf\lp&lrﬁlﬂs]%%@ggép ea |%lﬁs,

especi al |y Whgw B taghy 65 @8 if fRking dlexpodedmultilnep opties fikhms. Fased on PET
and conononers fromsaid |ists above coPETsé are especially suitable. In

addi ti on20 ei example; Y. SoPat e d, F, 131 55 10893 6 oh 5325448401, 56340, 278& ¢

copor vior o (2 o6 bR sEhis R EEal Land 5§80 90557 542,866, A 75 Bela 0
sPS). The Comtl%”dnésaﬁiﬂc.dm%ﬁé&ﬂ%ﬁ%étb@ tﬁbﬂﬁiﬁgﬁt P@l@mﬁ'{ Qfchlag, or may
be 28 2 0 JUN 2002 WO 991 36806 PCT/ US98/ 26180 fornul ated as a bl end of

pel | et s wher thase dessaibed ém8,486,498m0d (5,612,820t §ehzenkeiabdandPGEpht hal ene
di b | L d . | i h

pol ycar bonat Euokatgn P S840 cofues «feficsl il SeRebmR e Brdimedr or o
COPEN Aget " ardd a8 RoMEFhitA T Hindf arf36 BE !n?Adlé, {riere 5:?%&&9506&1.&&%‘:\!”” for

sone applications are the syndiotactic vinyl aromatic polynmers, such as
syndi ot act i ¢ whidhyshbyldetreemeSpnmalket the prefesred yultdbageradpticalfilinsorerisst utheseul i n
the current invention ing¢lude poly(styrene)) poly(alkyl styrene)s) poly
(aryl styren&)mas SW?Q/ﬁ?IWSéﬁéah Pﬁtdwg,%ﬁglgy{sgﬁtPJ%Wl)’W;éh%?'é’}"bideWF nyl

pol ( acenapht Tranaie ¥l or ot SRARESTOAPE s ARIREE Bt BRIl o o

copol ymers ceivhai SBedimd! BeRast ok e the o polyiners, Fefafed RSasthe Pairst( al ky!
styrene)s include the isonmers of the follow ng: poly(nethyl styrene),

pol y(et hy¢ spolymee), shouldtiaye apppessopticehegeffieinnt having(dlargd absolute value.
In other words, it should be capable of developing a large birefringence when

20



styrene). Exarrpl es of poly(aryl styrene)s include the isoners of 20 JUN 2002
pol y(phenyl t rene). As for the polystyrene halides, exanples.include
the i somersw(ﬂ”ﬁﬁ 6f ol | owi ng: pol y(chl orostyrene), pol y(bro U$9836380 and
pol y(fluorostyrene). Exanples of poly(al koxy styrene)s include the isoners
of the foll oﬁrqrghquoDypmﬁinmyﬂEtappﬁmﬁnam h@mf@qmbmmybbthieped Among

t hese exanpl articular ref er abl re p ners, are:

pol ystyrene) SBY‘{I;B tWBtOW’Pg‘ﬂv? afrﬁtﬁ’i‘i’é)‘ne}lf g’(ﬁﬁr}ﬁggﬁ‘&f’ E gge or more
polyp-tertiagy. fmewueaﬁaﬁs%ﬂskhe mc%ﬂ gelgﬂeaafaﬁnrayf&m@)ﬁmmbﬂe(, Brghl or o
styrene), pol yB- | uoro styrene), mers of styrene and p-nethyl
styrene. Fur chmbimtioh oﬁﬁmmo’ﬂi’hlré ﬂmﬁrsﬁmlymexdshbuldrtmkenpalyindﬁ aiadmthiningyvi ny|
aromati c group §0p0| yners. In addition to the nopopers for the honppol yners

25 | st ed? abbyrelringenes affﬁrﬁae&ch@gs%mabﬂmqsae%wwal BIOpREHES @rs imRREd s gr oup,
sui tabl e compaglré g g]ﬁed'fﬂﬁl' Ghe Btggpgag,gﬁéég§®u1§9 &?er?édkxs'a‘iflﬁe propyl ene,

but enes, pentenes, hexenes, enes nononers (such as
but adi ene andsécoagpeliser” asrﬂumqi»@éhow:xﬂyd ﬂﬁvﬁpmemushawﬁmnaﬁs faffdctive di ene
nononers, met hyl rret hacry~| ate, malefic acid anhydride, or acrylonitrile).
30 The syndl dndext in;at\)mypnadmmncdrffspbsxgnﬁmmtwaéoméh@u@cx of sgfractiarr s)
random copol rs r .al tern n 0 JUN 2002 WO 991 36806
bCT! Usos) 2o 1B tearsCppidmst e sde AFBEGRD R a1y Rens METARTE! yror <
referred§o bgi@ily cﬁ@ﬁ%@d‘l@é Inuathsvlvme ?éfﬁii'n% adides ivhty @ith WABRhgthDBRse/S % Or
nore, as determ néd by carbon- I3 nucl.ear nmgneticC resonance. Preferably)
the degree otomditidisonuastheconsidéred li tmas of part@Blavspeatealbandividth ofor hi gher
than 30 %, or nore 5 preferably, higher than 50%, racemc pentad. In
addi tion, al t“HS‘i?é‘h there are no particular restri ctions regarding the

nol ecul ar wei ght a

copol yners, pref e?ja %ﬁ%ﬁ% f\;gdlgxhtelcgaé\l/é(;crnége%ho@ecu a}r:icl}l\%fe21 B %E‘ﬁlhgs grﬂeater t han

10, 000 and Ige&rizhgrﬁlilnsoms adantagscusifor ehepdifferenedinythe dndextofrefrivaion®@, 000
and | ess than 800, 000. The syndiotactic vinyl aronmati cﬁgé_l ymers and
copol ynens rr&y: firsg amb&ecegfbaolmerw qr@rf#frbpl%dxy%mﬁp Siféer sgnificantly in

nstance, Vi Gy L RIBAILE JHiRRe AR S thd BBl fnPhite Iiegs) VI Y

somatic group pol'yimers ny o it polyners
that are m seiifingized.t IF thé firsy ipBlyimeR AL B Harge REHAHRE Sndek GFheRXSdtRIpRs, an

pol yphenyl ene ethers show good m scibility with many is of the pr eV| ous
descri bed vi wposamloabir@fngg@mﬁﬂpmsywﬁeprsfraqn\re indgx dadreases imthefdinertion of made

d tl | _stretchi | ar |
oref o e conirRaiebte PO PORnet vl e Breadd WS L rBRT (iRaBRSy cJpeny
PETI coPE3g PEN&FE&eﬁEI&e%E’Sg imEhé bRnhAdirddiof RethBEdraF @8 trdrstrbichinbher e " cOPEN'

refers to a copol yner or bl end based upon 2o napht hal ene di carboxylic acid
(as descri bedlra@mm)an@ndemrtvanﬂdﬁxmtbc disectioptof stretching phicte stasrlowlas| i eved

comor b1 ai |y PRUIFabRBv et i e pelmiFiia & BT hERTRE I YEG 111 m i s
to be made bys&(grgpioo%@ﬁé fiativiy Bfr@ﬁu&énﬁ%@é&b@“@ol?ﬁueﬁ“ﬁ!Pgbﬁéseﬁw et chi ng

process, parti red conbi-nations o mers for optical 25
| ayers incl udiavdDENiabdﬂ@\tefﬂB&Wd?ﬁilcx F?ENHB%esdBFg\IhPEiEC‘plmmi drfeblidi=Tc oPBT,

where "PBT" refers to pol ybutyl ene terephthal ate, "PETG refers to a
copol ymeP? of Oﬁms@wb%gm ef&hg’scsbmngm 309 2 Teffactiye ipdex, in HaAEsetian et hanol ),

and ' PETcoPB'gue‘rcﬁ{ﬂ?rﬁm&p saaswllélgg,sg of terephthalic acid or an ester

thereof with a mX ol and 1, 4- butanediol. 30
Particularly pref exlteeﬂhmenybutriapbWe% s¢ledryanfrsSpdlpme Owhichds pbsitivsly i n t he
case of mrrors or colored filns include PEN PMVA) PET/ PMMA, 30 ~~11)N
2002 WO 99/ 3bdufringen agdsys 28 iBeTRENAE ST doW TRirFye mdex| when' lsmmmrsm;

PET/ sPS, PEN P PENI PET TM whe
L yethyl - moTRTich ismgbatiuky bisdHingait ah ag it BISTEejateof igh Feffackive ©
copol yestgr (e wiN@isdtfopt@ "R hese 2664, heXRBRED @?Ohexanaéeecﬂd?éﬁs%) at,

pol yt etranet hyl ene et her "gl ycol units, and 5 cyc edi net hanol Uunits)
commer ci al | y aftemptogbssingf it nefEasiverimie®hweill oatch that of the first polymer in either

2]



2 0 JUN 2002

Co., "COPET" refers to a copol yner or- bl end based upon terephthalic acid
(as described above), "PETG' refers to a copolyner of PET enploying a
second gl ygrd oolddgoéal | y cycl ohexanedi met hanol ), and THVTM i spaTAussgizeagol ymer
comercial ly. available from3M Co. For mrror filnms, a match of the
refractive Welagial dbfio drihe B RccRBH FEGATHA RPL B Biing " Fubffef]l [ eCti on
normal to the mpfane I's preferred ecause provi des Tor CORSt ant

refl ectance tié sdond pplgaier il bbeheseg!saclothat thei differendts ghhdé:t bibtefiagtiohhere is
no Brewster's angle). For exanple, at a specific wavel ength, the in-plane
refractive iindiecEmaiipsplagar direcgion dy maxla;e"eall |r§gaa¢ pesrpfophetherithios besti | e t he

filmplane- is used as
t he second %gf‘i%‘&‘g‘i {)?%T\Jeﬁ*oﬁ&%%&]%s ruc fegrr#ué énérﬁveg Erilerlg I'Vé i ndex at
the sanmeswavel engide médhs df lachibving ﬂﬁis E6@ibin@fién ofplafdr iRex!mdhin gﬁimidaer
exanple is the PET/Ecdel T"' system in which the anal ogous_ indices m ght be

1.66 and 1. siirecmn a@mmmitdtmg incthe otheggmiat dirention ivfo @d@@lamsm@mmebe 20
1.52. The | Qr ro at the nor ane in for one

nat eri al 16y Sts%éntnl‘%“bﬁ’é QUSW%?“&%’FH@)JE‘H& S%B?@P?‘éﬂmf han to
s omn in- %ﬁ&?dé\a@fﬂ Sittle bi nd BirefHRLAERPhAN HeRhEECariaYo srRm bl Ui | ayer
optical filns to consist of nore t n two di stinguishabl e polymers. A third
or subsequentsubtirigyfiket nrringy tong planer direstiohu| Aljersatjvelyy ehke second polymer

adhesi on-pronoting_ | ayer between th~first polynmer and the second pol yner
within dA 09’(‘4}’0% se@ch@k from amang these: Wiysh e velap irriringense dn 81e5eRse or opt i cal

PUr POSes. 2Rl h il of B AT BN ek NBaa et MRER O ARl Ry 2 K1

| ayer ional’ coa er purpose t he
conposi tion /Q‘iotl@ertahbﬁﬂuﬁé nﬁmaqg wgsled@ @bm&rsa and seadid pol§miesd whickidred. 30
Returning now to our general discussion of the nmultilayer film it has been
found t hat sxapahlcmf dwelmngbr@nog@cmvmgremh@d dut tristxetdi 1rat3rf<acent | ayers

31 2 0 JUN 99/ 6 PCT/ US98/ 26180 c be tolerated and still
i ntai n adQEEA DlATaE Dot SRS ATOTNRCO s SR FERPERBIES | ue
range Oflse”tsh%ﬁﬁ‘%aéﬁ‘%cﬁsﬁ-strﬁé‘ﬁ kélﬁ’sla't%n ifden8eke, Ghiek %éﬁlthh‘%ie@élB i‘n@ﬁtsofar e

mat ched, the greater the range of entrance angles over whi he anplitude
and fracti onmbqttﬂﬂni*dscuﬂormhtaaogmwdn Moemstuhmg dJrecbarmjfcstthqﬁmtt hin 5

specified |i S ferred that the Z-index m smatch o dj acent

| ayers be nd’%@" PPai?VHla orlaﬂfatl%ag the $4cenc BPYMes Sl tat ﬂ%maﬁam 20% ,
of the maxi m smat ch
is typicall ;ﬁf%@r;]c l?ﬁgé or er 12?&%@&-1(16;5[1\[(&%83@ I nt b&¥§%€tﬁn§gﬁ? hﬁhgé&{%ﬁr ni ng
again to Fl Gn-phaneiihdereis sipaifivandy adstharctiedttb ehdt o drenfisspolgnepe®orum t o of

s-polarized light at the nonzero entrance angle is not depicted. For
conpl et SAes£Xamplsy pendidensdpay bs ehpsen puch ibat the first pobymerdias @ biggaly i ncr eases

from zero degLars crblee W a8AlidaGiihe Shiic EASHA BATRERpRY UP 2 oiven

s-polarization transm ssion ban l"ue-"s t amounts such
that they ovgédoniinanilybu@alt éﬁxelﬂéd)ﬁia‘?&ﬁér\/iﬁ'tue ﬂmenem filves the anplitude of
the band. To first order, 15 the center wavel ength of the di m nished

s-pol ari zati on bah¢ fampmgi ismeahtytot beeaxemplany, andrit will boanderstogdtthasf t he

p- pol ari zati on,Ban

d d | t.h t
transmi ssi orfoPP W’QE%&@FV H&?‘E%Q‘E%P‘,I\@/‘%F?f@g X ?¥Féf[8po & @? B
| ncreasinig eﬂbtl:fr&_ﬂ%ﬁ;x &ﬂ df §hdtx HRmdafh!ih Dné M-bt aﬂé tibedt Wiﬁ@&@iauvét shoul d be

noted that the s zation transm ssion spectrumc anges I'n the sane way
with 20 ent rladnxenatnbing invtheet dréhogohal plarar idiregtem. fi I mis the preferred z-index

mat ched pol yneri nstruction or the no ef erred |sotrop|c | ayer
construction. Thﬁ%‘% eFNt coRsideLatiqns aBB'é’afHé‘épée‘iS’cYFa?‘i ggor, i, %’é’é"‘h’é E-field

component i fptififie Arfl'id G rh@At to have some polarizing properties as well, refractive

index critéria apply equally to any direction in the film plane, so it is typical for

30 the indices for any given layer in orthogonal in-plane directions to be equal or

nearly so. It is advantageous, however, for the film-plane indices of the first

22
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At high entrance angles, light transmtted through the transm ssion bands)
of the multilayer filmwll be predom nantly p-pol arized due Lro he 25
di sappear i "YOS93¢%06 i zati on transni ssion band(s). The indicifg f"!f%&'?ﬁ,'sqf
there is one,” does not typically disturb the polarization state. However,
nul ti pl e refpobungrdadlidercasrgraaslyi 3 nosubledrom ther file-plape indigasrof\the secgader al | y

produce a retroreflected a S alarizatjon.is. ""scr led" relative to
t he predom rPé’MWV' p}-g Otﬁgrrlggsggl %ﬁﬁfsggﬂgmefﬁé%gﬂ Waﬁx ?ﬁ%ﬁ?‘?l ayer film
Even 30 t houghentiSétropie, gt Bdivhntageotd that Rlald f pRaivety bi'réfﬂf_anérﬁ. i nherently
mat ched with the transmi ssion bands) of the nultilayer film only a portion
(chi ef Iy thd.igewige, if zheofisUpbiz0oee hasm b gex of rROmCtico SWhes ivtropix, ariszat i on

conponent) of, the initially retroreflected. light,.will be transmtted
oo el raqaragegi et i alsodke fegadvely Blrsineetll | T secorEpdy RRyant ageous! y)

a substanti ' =1 f ' Ll ransmtted
by the nul tﬂdg@@éﬁéfo P?%%EY%H {ngl f/)P |§1§ b’%‘?ﬁ?\ mml'fét gﬂé%??%?ﬁéghg} g%\wrrr?#se 5

refl ecti on/ ridtefrngehteof thepppysileasensdu(poditivd hregatigh or aégativt i posisivé), ow
absorption) of the nultilayer film, the high efficiency,_of the

retrorefl ectsyeh @%%m@?l%ﬁd‘?ffﬁ@”ﬁdﬂ@?‘?&u HETO35- BEch ALPosSDIg fremathosecefl of t he

fl " ' he. fl d
beam 15 enhiile Sir Byopier in RS M OP: chibFafbl B Baflomgl, o) O ot @

mul til ayer fdppropaiatkly ®ithQhck|1Redi abevd fox PolarizingMikehs| if @ahirrFilaf ist he
reflectivelretroreflective articles discussed above can be nmade whi ch nmake
use of the Jpeast rghaveispme degreg of pplapiging propgrdesast Welhsni ssi on wi ndow as a
function of entr e angle. ln one ch nodi.ficatin. the pajterned regions
(o', 122 in I aydroisd g canBe s it cale atiimp A0y BRlaip Oy
convent i onal pirgk Shusl¥RSsan® ettt buBHbPRRIE Spply| P firteitelPefianis'l |y opaque
to 15 sone wavel engths but transparent to othéers. For exanple, the bar code
shown on | ayresuli &f refledtiofs. or potaizatiow bved@nt lok mete spedifiebandwidths af ¢he
transparent to blue_and absorbing to, gr een and red |light, and "red" stripes
whi ch ar'é t rSRRSPUR-efhe bandwidths RyenyRish 3 Mpltiayen filfa of fF GiEsdh inveghen At a
first entra : Atk Loy ;

mul til ayer P?Fﬁ]gétag’gﬁgmb??esone F&éﬂﬁmagggﬁzr%%ﬁ%@gtlggﬁlf?%?fgﬁ%g&gﬁgen and

bl ue Iight. efpléyeddn fthe sfticahstackis)ebanwnsidédaton must slko bp givenitd thdoe appar ent

in retroreflected light since those stripes absorb red light to distinguish
from the trawaslepgidepardenes mrditpersione of te refractivgiadicespbthe dirstsand pes wi | |

nai scer nabisgeo ety 3 L bS hpRABE BRCIE aBR Iyl o o R Hbibeed. . ¢ ance

25 angl eobl y@dutrivislet Waveldnziids 16 dRvivibRdRwso the nul tilayer film
transmts sonme green wavel engths but reflects blue and red. At this second

entrance angl e bdibsorbaace iscingthgr ponsidesationp dprunest applicagipas. dhis i n
retroreflected Light since th bot h, absorb _qreen |ight. reasi ng the
entrance and’(laga_“g‘ﬁ%f’}’s ?‘Eﬂﬂﬁ%‘fr @g_ﬁé&tpﬂiyf‘bfféﬁ‘?f P%ns(’?go?i B‘%@mﬁf k?gﬁasvﬁial"?s t he
transm Ssi OryhybrBakY bafdd WRthifthe bhrieAth! dfl iffefesPivrthd filrh @ GucfioR! ue _
wavel engt hs but reflects green and red. In this case the red stripes wll

be 33 2 0 Thus, dDdRidaa BEHt3GiR(16 the bandwidth is either reflected or transmitted.

25  However, for some applications, it may be useful for one or both of the first and

second polymer to absorb specific wavelengths, either totally or in part.
Polyethylene 2,6-naphthalate (PEN) is frequently chosen as a first
polymer for films described herein. It has a large positive stress optical
coefficient; retains birefringence effectively after stretching, and has little or no
30 absorbance within the visible range. It also has a large index of refraction in the

isotropic state. Its refractive index for polarized incident light of 550 nm
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PCTNS98I 26180 di stingui shable in retrorefl ectance) while the blue serl ;J.Uy 2002
will blend in with the blue-transmtting background. The use of colorants

whi ch sel egh ¥dighoabsorb certain wavel engths of |ight and trpenangskeéshers

can therefore be used in the indicia layer andlor in the s retroreflecting

[ayer, t ogel e hbb N B OEAOBAL B¥bLLENn SBLEAR] f Ik Tk O el e

i ndependent pat at are vie orientatrons and at
di fferent waiRtasOirbMm aoul i Gatio abaegh Afabohie1 S0l k¢ BiréBingdn@fdae |imts
detection of the respective pattern to a narrow viewi ng zone correspondi ng
to an angl e ineresged by increasing its mojesnlar jorigntation svhichs in mumphmaydeel engt h range

of the col or.ant. |tilayer optical filns. .that. have relatively.w de
Cranomi ssi oringaisa oy sireBiRe R RsedfsnsterRon S e S ding Files
char act egi Stjjefffixcgan al so be used in such an arrangenment. Al that is

needed is a cut on or cut-off transition which noves across at | east one of
t he col orant tr arGtherssemicryktalivhe mphthhlena dicattoxylis polyestexs. ard hisosuitabilé ayer

filmin any of_the disclgsed enbod] ts | r ably 1 s spatially

uni f or m acr G SIrStOLYMErs. lﬁh‘i@’qgﬁ #@apmgéﬁﬁg I'Fea‘gF’FWR}%n%iFﬁeer natively
i ncor porate | i | [y 1 Wit differing
optical pr oagﬂ"?%g%?gb? }{é’xa@%@&gﬁgc%&%&é’ &’g%\{lgéndgmg# ﬁgﬁé?h?ti ally

uni f or m mul tdohmyérmersi does aesubstaptidlBsgrirhe Bgessaditicalnebefficiemwre. The

enbossed regi ons are thinner than non-enbossed nei ghlgori ng regions and
t her ef orl@ haeientien eblirefripgence affehftseiring adde tem ePENohereinwitlds whi ch are

bl ue-shifted rel ati .1 or.r ndi at S t he. n- epbossed
regions. Themgﬁ%%)ggg‘g chqu%p 88@2%1’? gﬁgEmrge#{{ﬂ%rﬁhg%e rg%&cﬂgps.i ﬁl?gpg&c[er on
conveyi ng pahéserstiiftici dinbbstNarl @pped iinGf 6 tieCEbnidriofier icBnieRE théhaet 2 | ayer
and/or the retroreflective layer.” The conbi nati on of enbossed and

non- enbossedvalegifortick will baryusishl theochwadei af\cemonomer(shemploged.r Somer ef | ect ed
colors. L_In a rel atea]cconstructi on,, the nultilayer filmcan contain or

carry a m crOSIProrRise it thesePROPPTLES Mmay; be aGGrRISe) ROWEYET nif GATMONPME onvent i onal
hol ogr aphi c ;i : magﬁ% t h e the
i nfor rra&lgon-lgon Se‘rafl%lgp%g{t% ern f’ﬁ%ﬁg’ﬂg’f@ﬁg %%e{rﬁées nmu %h&f}gééa{?&fi | m The
relief patt ancludebuttaee horlimileBm insprovedinesiaybohdigsiophlower theldng point
techniques into a suitable skin | ayer or coating on top of the nultilayer
film The reresulingdnlQyer exyysigniemperabire), bettessheologigalympichingtoptheyo| 36846
PCT/ US98/ 26 ' rated | . . which is
am nated t S YRR B bE ok Hifade@BRPURRE if LRIIGAE NI Ry 10 U

Patent No. Su@RingGhe(tbakidigeinthe lasy trarfBitidh @mpefdire! € transparent sheet is
perferably polyneric for ease of manufacture and for article integrity over

operati 4§ t enper Suitalklecamgaemess for ase in RENwWEBNer thedikeanay be/plthe giolF| G 3
with the addi t'.onliof ;2 m crosfeﬁigctur d relif:f é)@ttern 92 forﬁléd in the
front skin |%{;fié?“ ORYLIC RFIG QT 51 YRS HIGRETAXEHE AP comongBers Eliip DUty of

ot herwi se f ojraRg RRidd'® erphthafit! RERC ?soﬁﬁthhﬁ@aé&,' ﬂxﬁlﬂYceﬂcia,Oili [3%mBEC
processing of the multilayer filin 14. A transparent polyneric film or
sheet can benaphthalen¢dichrbaxyliclagidsr(2,64a1 26, hBatleds, It.Hre In6-c gLt 118t ABed rel i ef

1 tt .. Patt 2 Y noti bl e hol hic. i i

anbi ont | ai 1 126 23l g oo, DRRSAEOB AP ST 8 440 DGR EHE DB owi ng
condi ti03s. Mﬁamk&g&ﬁ@% flJQHs&.t GPLtiffent Pﬁh#b%‘i%é ?ﬁﬁ%@&@&%ﬁrﬁ&s?ﬁ%ﬁc“ Veness
of the reflectivel/retroreflectiVve article for”authentrcation or 'decorative

purposes. Aldiphiangl éthed dicarpoefliv avidiaid A9 &pfeey)4, drodiphegulfonsheet i ng can be
15 lam nated to the nmultil ayer polyneric optical film In the enbodi nent

shown i n FI @icarboxylic agidandts isemense #g-benzaphengngdicarbexylisl acid anghits ern 94 i s

i ded . i f t t t. 96 i,al .98 of
B gner ref raboe Taded dro i BRI as iR P 2RI . ocuce
the desired fid siat 218 sscidbrotdRepHIRAIRGICAT othéHsBbitithted Grorfatid WizidBky 1R | Y '
transparent and colorless; illustrative

30  acids such as tertiary butyl isophthalic acid and sodium sulfonated isophthalic

acid, cycloalkane dicarboxylic acids such as 1,4-cyclohexanedicarboxylic acid
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20 exanpl es include vacuum coated bismuth trioxide, zinc sulfi de titani um
di oxi de, and zirconi um oxi de. An adhesive |ayer 100, which ca

convent i onaW%*’@é%“ére sensitive adhesive, hot nelt adhesive, rQ r&@a}s abI e
epoxy ) is also shown. Transition-Preserving Color Shifting Film Exam.ple:
Green Narr ovmshus momwand@érﬂeﬁahyﬁrmmtammglcmbpxyhg/wé s imersn a

sequenti al at25 f ma line v a.coextrusion process. This

nul til ayer p i\ PL gl h’fcty Fhig %@'%ﬁﬁﬂéc ?ct“if S 6?8 Vﬁ“?‘t‘?eﬁsﬁ%’ﬁﬁ"ég?‘ib(?”@lnﬁst oner
known as Ecd f met hod
simlar to tﬁéﬁt &%?Erdﬁi'si@tiggfﬂggcg fl%@%@%@%g(ﬁg&@gﬁpgﬁ aﬁ@%%ﬂ‘used to
generate an octhme diestbaxyicaridsy| alkanm dicarboylhavids (Rikh dsepbacic amdi Jhadipicayer

t hi ckness prof,ile suffjcient to produce an 30 optical flecti on band with
a fract ohal atidroRAg @A, malenicacidosugsinicsacid, gluigrigiakich epsiainarido ABb 506

PCT/ US98/ 261 O/ I
Intrinsic Vg(gosfﬁ?édl? \Aﬁyl %Wg’hg:?j]a%9vo\,a‘f’tsth% ﬁ{\igi?g 2 ?Egg'fq y\%{)ﬁlock by one
extruder at msécamgQiorﬁachhy@bemdsﬂdnasEindaie ehtaatcemrphmnd@énever ed by
anot her extruder at a rate of 40.7 k&é} 16‘!|These initial neltstreans were

i

directed to benzonphdhemeclugrepmanchthgil teenptively nalkyl enters of thess
internedi ate_neltstream hayin I.ternating | ayers of PEN and Ecdel.

i ncl udi ng t wBrOBPPE S qha%?e @yf_%ﬁﬁg@?ﬁf n@' %g B éfecti ve boundary | ayers
(PBLs) t g ough t heyitARAopEdmondifers AR IRV Ard AN irRRePRAIHRY sBt e | ayer

t hi ckness profile created by the feedbl ock di nensions and the film
extrusi on r abraschedfallanetdiads e gljisbisqkychtdseetiylens ElFeol 1 propenddiolsisuchds| i ver ed

additional PEN to the outside | ayers of the i rrreiaerrelt (al so
referred to ggnf'ttﬁgen%;lty Feld P@"‘?flélts sugbs teFﬁn’SH\Yg‘?"‘ﬁ Eagenppscao{s g]lér ve as
PBLs for the,gmd t rm]g.g I ymetric
two tines mJTl o:p ‘“?1 ?ﬁgﬂ gp X&bl}ueézzx%ru ah@‘i?n%l !?Am%air?g tdst gglsm; of
unequal wi dt hmld)hahw glyduds (mt:lilgs diettgleng dlycdd, triattylénelglywol radi 0" . ~5 The
two neltstreans were widened to a common di nension, and_their thicknesses

di mi ni shét apelyelylene glysel oehain-puer diplsprk 3¢ BewAEoXyeS. 2-dimethypEpYbde on t op

of the other it mel t streans
havi ng t he sh mg{mb !Egtggﬁé\ﬁa%%tg &Hh?aél(r%cgg}?doz%%gl?%% uédrll\? | ayers, but
where the thcydmsanadhnéth@omnaﬁm timmrs hiy € [4scycloheRancdR hfd e &ontérd,f er ed
from 2o those in the other neltstreamby the nmultiplier ratio. Thi s

const ruct i onbiyiog Iﬂ@}dﬂCY&hfi idials (rugh p$ the wamious isemericwgcysiodecane dimethanels,
features ) one bI ue-shified.relative t t her. due .to the thickness

di fference. ¥ ﬁmama eé‘f“g}%se?’ '5%&“ Bﬁf@ﬁn@’édsb‘ﬁff“é OPAR%duced into the
ext rudat gy by diniehaielsh, 2bmbfic g@@glsqm%tl 4 9ensbnbdificRRARESandtsSisGHerzPect 1 al
features. 25 After the mul tirplier, symTetrlc PBLs as outside skin | ayers

-were added a-bapgenediog agd Kg/isomers, (l:nsnbant)lsmhdt asneispifendl Ay 3,3 -dihyldiroxy

ext ruder. It|n neltstyea ssed ugh fiilm.die and onto a

wat er - cool edg’é’é \ﬁgé%ﬂmersl' ‘{32 m& éyWﬁéﬁ’ 8?&8@5 apd 4ts IAMELSARd; or preci se

control of f L I; i nl et

wat er tenper%l'?’ %lg@oﬁﬂ(#e%g{ggﬁgzﬁﬁge{l Iﬁ\?\é@@%@a@%gmr rlg{ehscrs gﬁem us. The

Ecdel nelt pdietessoftheseptivls] swhsasmdimethyl oediettyl diotut 249 degrees C; the PEN

melt process equi ;%rrent and the feedbl ock were 36 2 0 JUN 2002 WD 99136806 .~

PCT/ US98226180 nailfir &F Relyfunctigpa somegemegesy wluch ¢an seRy o dmpart aranchgdy| es,

multiplier a e Itage
Ao Meﬁpc{]ﬂésﬁ&ﬁﬁ@ﬁ%ﬂ%&él ?ﬂ@t&% b%%{%ecf gggfﬁxay ‘be of & £'tedk e

pi nni ng system was use ream ex castng
wheel as it earbbeylictdedl, Gser, HjtRox)} onéther t\gpéﬁ Eﬁﬁnﬂb@ﬂkllﬂelgmrﬁ% gof hi ck and
a voltage of about 5.5 kV was appli ed. e pinning wire was positioned
manual |y by Lmitggé9, atrlmellatfomd s estens trnnﬂﬂlyhbpmanatanﬂ ipentgenythritol.
contact to the ca nﬁ% V\@ 0 obtain_a _snmo ear?@% fﬂ t he cast web.
The cast web was Ati) ﬁ?ﬁfog‘f’f’%’ﬁfréc?r%?"é’f?ﬂ\?gn? R §88 -al Iength
orienter 3§ LOncAidh SXycarboxpE Beids Suth Har. rdx98B OddieMidesl to a draw
ratio of 3.5 1o atgtg}bméuty 135 gggreesgc The ??Iamxalaésﬂzg}eheafﬂed in a 138
degree C tenhsedropy-éhlaahmahnenai‘bmyhbamd and ghedoisomemnandittevar at 140 degree C
in the transverse direction to a draw ratio of about 5 .0 at a rate of
about 16 % per second. The finished filmhad a final thickness of about
0.05 mm- Visually the filmhad a highly ré®flective, shiny appearance in
anbient ~ 5 roomlight when viewed agai nst a dark background. Wiite |ight
sour ces

= @]




appeared vivid green when viewed through the filmby itself, for | iéhq JUN 2002
passi ng orthogonally through the film Increasing the incident |ight

entrance apg ®/38806t i1 ting the filmproduced a progressi on oPCTAUSSB/Z180 OM
green to magenta and then to orange. FIG 11 shows the percent transm ssion

R S L R N

ref | ect ance acki addQte tikeus percent transm ssion over the wavel engt hs shown
to within about 1 % . Curve 104 has _a narrow transni ssion band 110 having a

cut-on transiti orfolyeshylepeterepbihalagy (PET)A apethermatepl thatyddbits bet ween two

ohieh are e BOSre RERL hhtical FRANRRC e biishiAE LAY 22, 114
fractiongl Repwrsttking] arinaid itdO8p ho BNdIbAnce WIRRNMN: viddsiedadded THSs, tihe same

fracti onal bandwi dth but is blue-shifted due to the askl_rmetri c multiplier
oper ati on diagd its digh BEGwontent copolynaers empheing ¢amonomers listed aboweangy sal |

fractional bandw dth of. about 10% (~50nm. = ~530nn). The maxi num 30 percent
transm ssi oﬁ?ﬁ"g}e Y& @s firg Hor}"%eéﬁﬁg %%“%@H@P?‘PV‘ high, at slightly over 70 %

. Thus, maxi mum t I SoH ; I [ cd gnori ng
light 37 20 JOKEpEsa (Pl iedr BB R Pestcn RLifas I?Eelxgydéll?};r%)ﬁg will be

about 50 9% .chddea akifirse palymtbis ahere are sevelahapproaches svhidhhmay 86 takeh lte ¢icancé over
about 75 % of the visible spectrum The shape of p-polarized transm ssion
band 1189 n selgetien afos secand pekymssn Onepyeferred approagin for semgARPHSAIORS éY abl y

ith band 1Q4: ' | SSi f 5 about
70% and & 1 A0S aenffihe WP IR thRRIRAE COMN] fARRMEPITR &, P PPoT
Shar pened SaReélop kighifisagily i@9or hd birefrinpefice WhemsirdwdlrE. "Hié tdmder fil ns

having certain filmlayer profiles can produce nuch sharper spectral
transi ti ons actemplished by gbbgsing-¢timanoimess aml theiridacentratiensaindhess- sect i onal

view of a filmgstructyre which is .pnot SC. but lo ich is helpful in
desor  bi ng. caBvivteE spefi et Gy S RuliS e 8pARER 1 Pl brigteii 20 bonpr i ses
12 T ndi visdugbalc2d COfe AFiaN It AicdLmlIbA St BitaRRRYAEASA S cbigp OPLi cal
materials: "A" and "B" 'material. Three or nore distinct optical materials
can be used compohéms dondibyli nmaphthslateEza dionp about @0 mole pesent tbAlboandd " B" | ayers

make up an ORU, begi nni at. the top of the filmwth ORUlL and ending 15
wth ORue. vielhperancrd i iepibasie of ORpsdnseRRRSiets AR 20O T
These optic I S ] YRR i f s in
equation | aooégggégc%ﬁﬁ?%%w P{r%gﬁ%r& er aéd;ﬁ‘g@?g%tg C?T\wanése‘gggti on 1)
at a desi gn compehemgtOf condseh tigf corfespdddifsy dioarbogylivcactdsamdObéusedr ati o with

respect to either the A or B layer. The A layers can be considered to have
a hi gher20x- ipstepdfLhe psters. (Bienimbey of comenomers Whielecan hegrapleyed i thee t he

i 111 ayer SpEADatdl B oprieddtd doilehétis nfl Wik S SRy SOBR R 0 © °
nmonot oni cal laycdPEN S&ofid Euggér Ghol@de! i Are ASUSmiedtolFofHOBOmeAGHA]d i nt o

another nultilayer stack in which the optical thickness of the ORUs
i ncrease norlistedrabout py suimhiesPERGomonpmears, rluding theacil, pster,ihydroxy, depi ct ed

in FIG 12b._Thickness,profiles suctf~s.thi.s are hel pful in producing
shar pened s;fél&e_f’rgf' e 'uP?t@H@l.s’ a%‘if’&?‘%dsgﬂ"fi’d‘é@zifyngpﬁi'th exanpl es of such
preferred profi | &smedRieH@hl 18BraiATR Roftbpi@ BRAYREHHLIdidopHN hout band
edge sharpening wl] be described. FIG 13A illustrates the design of a

bandpass nulsecdndypolyther. nAnvodiene gverige3er tBE Pefravtive indlices of athe msonofitees whysi cal

t hi ckness of, each individual layer in the film
be employed has been found%o be a su%table guide. Similar techniques well-

known in the art can be used to estimate glass transition temperatures for coPEN
" second polymers from the glass transitions of the homopolymers of the

30 monomers to be employed.
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is shown, beginning at the top or front of the filmand proceedi ng ZMU@ 2002
t he 38 LU . lU~LUL W 99/36806 PCT/US98/26180 bottom or t he
film Data MWS%ZZ represent a material having an inpl anep&g}?}tsg%ﬁlg’e
index of 1.5 (e.g., PMVA) and points 124 represent_a material having an

i n-pl ane refracti JB afdigier, pelygarbenates havineraplasy gansition tampergture and 2
constitute the "fi.rst". U rs and 4 nstitute .t econd ORU, and
co on. 5 The omerLGE Ve et ot BESiebg haPl ¢ BTl AR BREET " e opt 1 cal
thickness of difpiti fifradfive irdék b PEN 4r8 %o uskfilf 8§ Sechnd Polyadreonstitute a
first nmultilayer stack S3 and | ayers 151 to 300 constitute a second

mul til ayer stRodyestss, cBpolyestenshpelycqrbonates, and copolycavkonatesmrayt also beafeldy

decr easi n% ORU opt i cal thiékne ses. Theﬁ%i scont i nu{#){c i n &ﬁiﬂl cal thickness
bet ween t Re t'ORFUETARRE CEITYALr qndlransesieriiics 01q AW SHBPE LOPPYHERCSEFIN band
126, shown i R)OF}JHQJS;SB. FIG 13B was calculated fromthe multilayer film of
FIG 12A using the 4x4 matrix nethods of Berreman as outlined in Azzam &
Bashara, El | ~sonetlt is nbndedRatedrthatahe secohd pobyssen ibe agopolyested or i nci dent | i ght

and constant refractive index as a function of wavel ength (no di sger si on).
Band 126 has cap@J¥earbenate, s Yindinglymars and Gepgymers made from manomgrsjsuchas nhal f

maxi mum 128 qQf. ! er ; i 130 of
2bout 565 nm W SAH T Pod kPt SRR B RRBIE, By et ol 10 o
Ref | ect ange inSetRdcryl@®@6 ma§be’erip6yeda bObidenBatidnGiolyinidts Gttiek o podRgtersdm A
filmhaving a nuch smaller fractional. bandw dth can be nade by 20 providing
addi ti onal | #pé pelycaionstesmay rdsocbeised. dixamplespnalede: polysilfenes profile

whi ch h t he, ef fect of i t.h tral .cut- t-of f

Fransi 11 ons. oIS sRObpTeIERE el hrie Se8; B BviEtiss” N amsoi e s

122,124 st anginf Rhlok&f sud%s Ehfofink Sbrondife hitl fodffe alSfsertiotsr MirdaRingaht | Ve
indices 1.5 and 1.75 respectively, and the series of 150 layers'in

mul til ayer strefrasivEindexchfShe beooad phlyns te ardesigadaldec]. | Acrghte groupkareks s

distribution as jin FIG 13A. The f~lf~ of, FI 14A.sj nmply adds stacks S5,
S6 havi ng3sufWOERE A5 PAFticRady Fssfuf 9&@&&36&‘%&"&5 afexiwhenitRisds  orUs

bet ween st ackg.Sk S4. The ORUs of stack SS have an optical thickness
substantially equal to the mninmum optical thickness of stack S3, and the

ORUs~of stack S6 Mhewill bsiunddrstoad fiokhi thferegoimghiiscassiomitay theghisice of at he 30
maxi mum opti cal thickness of stack S4. The sanme rel ationship al so applies
to each constsf¢andpolygper;ipdepgndent nay onky,pn thedntendedapplicaionsf dhe um for t he

11 ust rated See ootk A09% VRS SRR PETAESRRLZABA0 A ko o' ven i

FI G 14B, show ng ransm ssi on e percent

bandwi dt lroof poBymserlaati the pRbcdskiag @bAtitiony empldyed inl si@fechindy) OSdiblesétdid ayer

film whose design is shown in FIG 15A, was created to inprove peak

transm ssi on Palyaner anatenias ncdydeshus apenotanitedeiepotyethyleng naphibnlater @B ssi on
band). Thi .achi d wi,th th ter) al dat int
192124, by 400 ARGRRErRet R it Ty s Pt P han: PRURRY R er
stacks S7- SlQer@?htﬁithé@lsﬁéﬁ%‘s ?pfﬂ&yﬁn@qgépﬁﬁalﬂﬁd pﬁgﬁtzlse%g Q&Eﬂﬁh&l@t’eg curved

thi ckness profiles and the adjacent portions of 7 and S 10 have a

slightly cur\asd pplyet.#tayclohexanedimethdeneuterspbthabate)f othempelyessgsand S9,

reSPeCt Y TS S poRy ke, S8 ahfleh WM ST Ty R S RGO T
nylon 4/6, nylon 6/6, nylon 6/9, nylon 6/10, nylon 6/12, and nylon 6/T),

polyimides (including thermoplastic polyimides and polyacrylic imides),

polyamide-imides, polyether-amides, polyetherimides, polyaryl ethers (such as
polyphenylene ether and the ring-substituted polyphenylene oxides),
30  polyarylether ketones such as polyetheretherketone (“PEEK”), aliphatic

polyketones (such as copolymers and terpolymers of ethylene and/or propylene
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of the formis to break the exact repetition of thickness present er AUN 2002
quarter vvave stack with layers tuned to only a single wavel ength. The
particul ar g1 used here is an additive function of a IpchHARpsfERII | €
(the sane as .use 3 on the short wavel ength side of S7 and the | ong

vavel ength sy cfibor atfhlad golg;r;ﬁehg 056t polb ok Olndifaibk" e Lhe profile

with an appropr| € nega |ve er|v PAVE An i nport ant
feature is t em&mlmgaﬁdga@amwme@)‘ atdeic Qaystymrﬁkmmaétﬁa‘l l e be
negative for e red (I ong wavel engt h) band edge a refl ectance stack and
positive forpqlmyrbn@é sPSApand Wadgi\@ngcm()su@aaﬁd%@éacw paly-giphaoetinde st ack.

Note that the o ense | ne r fers to the 20 band edges
of the notcH&{® 5‘?% r@i‘?‘?ﬁﬁ’c M‘égfrﬁétryr%ﬁ%o@ sa ¥PIMESE same pri nci pl e

i ncl ude sy ool athdsailialch BaP oF Wil thés AL, Wichihs polspenyighdie of The
first derlv ti've. Se(% cases hgrel the derivatives reebfer tlcl)ylthose of a
best fit curoxides), tdopdlyuﬁumuginytdsfaheaetpmystmtsdpmmm styrhnc: butadienpr of i | e,

whi ch can contajn small statistjcal ors of Ies om@ 10 % si gma one

standard deGOROIVEKTS.StYFERG-acIylonKri qﬁqm EReTs . ANd, ACTY -butadicnsshyens, e

of 1 he-band S riersh 3L fch i otk Bperylafe, phiyefh) 86faug, RO O O
2 % or | ess.pd¥tutybdcsylhte R PO mahavtyiaRe ¢iuch.as fporyrmmm niethavrglate,

spol arizatioiis, were also cal culated and are shown as curves 136, 138

respect i \el w(&@ﬂil)ﬂ Imtmcrﬂa@, PWPTQPGII osthecrdate.and privisotusy] methecrylataice angl e
of 60 degrees ssunEd th - Of refr | i ndi ces of the

£ WO typeg of© Flﬁ{}]’é‘? ge’ih)éartﬁ’eﬁ ﬁXfﬁH‘é‘g‘ﬁﬁp‘%@n“% Seide ?%F“’}?\?g98/26180

mat ched, at @{gp foﬂﬂ@xcélfulése§ce&@t&dﬁéﬁ@§&qu&E'xﬁﬁ‘at@f polianfiéaie peak

transm ssi on and the smal|l fractional bandw dth for p-polarization. Note

al so t hat tr;mlymams(sn@sascpmlmwmeo polyppapyiene z polybutyleas, pbl;sxaq;tpmﬂemj
However) broader trans si on bands, whi ch were dis ed |n t he near
infrared r eg"i"‘grpo(lﬂ{f‘ar?? yli?fél@%?ﬁ}%ﬂéﬁempelws Bﬂ‘h ﬁggo Ymers (RSB Asari zation in

the red gnd i | N9

t echni qugs cﬁgny%ége ﬁ%n‘&%ﬁ“?ﬁégglﬁ?g%ﬂgg%‘ oa grﬂdto?gﬁsﬁr?gglﬁgln
features, sufdorile, ﬁugi‘inated ethelen@-pespylane tcopslymdesy perfluosoatkoxyx@sink es are

gi ven beI ow. in some_ enbodi nents the physical thickness of 1 o each |ayer

const i t ut i ngpodyrhigrotrifiuoyegthidenes polyiethydensecopsifltorqethylene; palyethylere€es of t he

film for e ton e | ot hers

t he thi cknescgurro(r)ij1p ﬁ}fﬁf&?&ﬂ@?@e)b é{l ’i%téfgglalﬂeps @‘ﬁt HJﬁ&]k yll#ﬁ cﬁo‘g{ﬁgnt ly. In
each of the jmal i ch¥driae) gsolydeeyibhiétile 2pélyVidvtacadie X pblgy@ess (B@dhtasan 1 ndex
of 1.75 and I. ,(ﬂ)}:veisa%ectlve?g,mi ?,are dlg&grs?&onl essp 214812813814815T0t al
number o0 | a3alyexyrednicroRdHiole mm@m@j; mpmgnp agsans, elustomess ésuch as

(nm 154. 6112, 112. 4112, 4H| L9 ndex i ckness i ncrenent

(i - . 2065 PIRBAIERG 3OTAGpERe  frebRocisgeR g dGUR- EReLTRSES. ahd

(nm 183. 313?&%@&3&3 3133. 3Low i ndex Layer thickness increment

(nm - 0. 58820. 86D800- 0. 5882Begi nni ng ORU opti cal thickness

(nm 545. 5396. 653%1s6589ﬂ1165&9&p65m,mth esthetdopolymessofl PENalistussed

(nm-1.75122.56171. 2 0500 3882 15 Th rrponent mul il ayer stack S 11
serves as a PRQ¥ERS Wellas any Qther Jan- nap ?‘UH‘ iBZOYR.1oRIAINIRE COROESIEF  m 140 was

| cul at f k S 11
215 10" (B iR o e Tolhute Fom A labolR Tislsr suthit PSR
refl ectance fouPEN. A23oméapplitatichs( sgpechallbwhbn PEDserpdsyasithé first lpobiniees S

profile and FIG 17B for reflectance curve 144); Sl11 +S14 (see FIG
copolyesters based on PET and comonomers from said lists above (COPETs) are

especially suitable. In addition, either first or second polymers may consist of
miscible or immiscible blends of two or more of the above-described polymers or

30  copolymers (such as blends of sPS and atactic polystyrene, or of PEN and sPS).
The coPENs and coPETs described may be synthesized directly, or may be
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20 18A for physical thickness profile and FIG 18B for reflectance ZUWQN 2002
146); and S11 +S15 (see FIG 19A for physical thickness profile and FIG

19B for ref WA curve 148). As seen fromthe figures, thECAGEPY?EE0to
stack S 11 of a, stack with a reverse thickness gradient {stack S 12), a

stack with a fofyglheg a0 m&a;*o?}fgé@ghgfé attedstofie EcthidRentSy iag;onag@ﬁgéﬁk S13),

a stack with a substanti all JUN 2002 WD 99l 3680 6180

zer o t hi cknessn mpphthatene dicatbexilicSdeid or tarephthadicacid andtdthex compenams aei ckness
gradi ent using_only one conponent of the O?g%é( st 815‘%% ave

progr essi vel ypol¥earhongies op piher PAIyesters nIch a5 2 Sikds & Igﬁcl‘lfmeo ﬂcqrraaw-
transition. le Articles 5 Exanple 1 Article Al phabetical letters were
witten on the'top (snooth) side of a cube corner retroreflective sheet
using a cgnventi onghothehreferréd fgnideof intefials doicthe 3econd tpolymedor some

retroreflector. The green narrowband filmof the above_ exanple was then
pl aced on t opapplicasions ae: the syndintactisl winy arerBaticepalymers2suchas syndietactia hel yne 1o

et Lor o ect il syrEe Sbiogeey Yok LarbBRee nBBitrE hebilin e SOFenb BB REGHET

adhesive on imauwﬁdﬂﬁ(sge?ne?xspay@mypk@fe@aé)spﬁolyq&ggﬁtymﬂ)sg pBRAstyrehé owband
|

film _ The sandwi ch o ms was | am nated at 0 degrees t hrough a.
convent i onal hadide)sopoly@ikony styrene)s, polyéeinylidsteg banzoate).cpalpviyl | i ke an

di | um k 15 d_hol d i | i ght,]
g{)n:jin? ir)c/)n , u{}nﬁﬂﬁﬁﬁg)ﬁe’)ﬁﬂﬁﬁvﬁﬁw %ﬁ?%ﬁ@%ﬁ'ﬁéﬂ%{%ﬁ% Iwél%é&éggppeari ng
dark under r efyipsgRhAed pbiymets AV thkeurb G RIpSlyme &miﬁin@m@se%p-lﬂcﬁfﬂ letters

were flexographically printed onto the top of beaded retroreflective
sheeti ng. Thamitsadixdmplesef poly(dilad styremedsincinde ithenisemeris lodiithet folldwing :

and over coat TY@PLGhsokh Fol G siaen Sﬁ&&érgﬁar&wer?ciiﬁwrﬁ"mﬂ%ﬁiyiﬁiugﬁat 0
front s de o PR Crantes o bl GRA SAReichEinehid e KOHGE FRRBGURILIC ' 66 1o

the refl et i vetyreneki Agfor ayecpolp@Etyrenechalide)k, exmpids tindladecthe fistnyere of theopt i cal
filmsimlar in construction 25 to the green narrowband filmof the above

exanpl e but HRlPwEgs RYlX{ehorostyFens).RalYRTamosEyToRed. d-RAY(flyarastisensd. a sheet
of 2 ml EVA I ' ' ] . the top of the
beaded sheeti]%g;!l.&rl t&rfé’%gggrﬁéa ts%%r‘%%%%%ﬁ%ﬁ%@ﬁ??@e‘bg adhesi ve on
i ts backsi de puly(nietiony Btyeae) andpbl9etinixysheens)) Amaigethedel dxamplese sandwi ch of

films was Lam nated at 300 degrees F
particularly preferable styrene group polymers, are: polystyrene, poly(p-methyl

20  styrene), poly(m-methyl styrene), poly(p-tertiary butyl styrene), poly(p-
chlorostyrene), poly(m-chloro styrene), poly(p-fluoro styrene), and copolymers
of styrene and p-methy! styrene.

Furthermore, comonomers may 'be used to make syndiotactic vinyl
aromatic group copolymers. In addition to the monomers for the homopolymers

25 listed above in defining the syndiotactic vinyl aromatic polymers group, suitable
comonomers include olefin monomers (such as ethylene, propylene, butenes,
pentenes, hexenes, octenes or decenes), diene monomers (such as butadiene and
isoprene), and polar vinyl monomers (such as cyclic diene monomers, methyl
methacrylate, maleic acid anhydride, or acrylonitrile).

30 The syndiotactic vinyl aromatic copolymers may be block copolymers,

random copolymers, or alternating copolymers.
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. . . _ Zhl] JUN 2002
30 through a conventional desktop |anmnator. The resulting article showed
t he hol ographi ¢ i nage agai nst a shiny nagenta background under anbi ent
i ghting 4%o 99B68b6JUN 2002 s WD 991 36806 PCT/ US98/ 26180 conghicriusas 2618t
under retroreflective viewing revealed the red and blue lettering agai nst
the green light transmtted by the nmultilayer film The film appears
magent a under anfhesyndieiactict Vinylaromatizpelymers and qopalymess peferred tof | ect ance
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Wi dth). 25 PPV NER s peuctires Yiny\asgmattc SR aRBITg s It seRctig e
reference CgRi@red hdldh§ ot 6&@1&& thhtUdFe hakdioR- with fietvindl R6hafimagnet i c

radi ati on, whether in ﬁe visib ultraviolet, or infrdared portion of the
spectrum 43polymers. For example, polyphenylene ethers show good miscibility with many
15  of the previous described vinyl aromatic group polymers.

When a polarizing film is made using a process with predominantly
uniaxial stretching, particularly preferred combinations of polymers for optical
layers include PEN/coPEN, PET/coPET, PEN/sPS, PET/sPS, PEN/Eastar,™
and PET/Eastar,™ where "coPEN" refers to a copolymer or blend based upon

20  naphthalene dicarboxylic acid (as described above) and Eastar™ is a polyester or
copolyester (believed to comprise cyclohexanedimethylene diol units and
terephthalate units) commercially available from Eastman Chemical Co. When a
polarizing film is to be made by manipulat.ing the process conditions of a biaxial
stretching process, particularly preferred combinations of polymers for optical

25  layers include PEN/coPEN, PEN/PET, PEN/PBT, PEN/PETG and -
PEN/PETc.oPBT, where “PBT” refers to polybutylene terephthalate, “PETG”
refers to a copolymer of PET employing a second glycol (usually
cyclohexanedimethanol), and “PETcoPBT™ refers to a copolyester of terephthalic
acid or an gstcr thereof with a mixture of ethylene glycol and 1,4-butanediol.

30 Particularly preferred combinations of polymers for optical layers in the
case of mirrors or colored films include PEN/PMMA, PET/PMMA,
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refractive index at the same wavelength, in all three directions, might be 1.495.

Another example is the PET/Ecdel™ system, in which the analogous indices
might be 1.66 and 1.51 for PET, while the isotropic index of Ecdel™ might be
20 1.52. The important property is that the normal-to-plane index for one material
be closer to the in-plane indices of the other material than to its own in-plane
indices.
It is sometimes preferred for the multilayer optical films to consist of
more than two distinguishable polymers. A third or subsequent polymer might
25  be fruitfully employed as an adhesion-promoting layer between thg%ﬁ;'st polymer
and the second polymer within an optical stack, as an additional component in a
stack for optical purposes, as a protective boundary layer between optical stacks,
as a skin layer, as a functional coating, or for any other purpose. As such, the
composition of a third or subsequent polymer, if any, is not limited.
30 Returning now to our general discussion of the multilayer film, it has

been found that substantial differences between the Z-index of adjacent layers
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t hi cknesses) the ORUs arranged in a sequence of deéecreasing optical

t hi ckness al ong aAghigbrenttianescangles, dightransmitedsthpoughabe tansmissidrcr easi ng
optical thickn a9, The article, clgim8) where the sequence of ORUs
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optical thickness ri;grofi lLe and . .
reflections occuring in the retroreflective layer will generally produce a

retroreflected beam whose polarization is “scrambled” relative to the

predominintly p-polarized beam transmitted through the multilayer film. Even
30 though the wavelength of the retroreflected light is inherently matched with the

transmission band(s) of the multilayer film, only a portion (chiefly the p-
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T e gt
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ca] ca] cal Ca]rgcﬁllg %Js]o%tfi%]g %cf %lld]eca?l!i Cg?ge(r:l l?g (t: ?\!t rzlirﬁrst entrance angle such as zero

degrees (normal incidence), the multilayer film transmits some red wavelengths
20  but reflects green and blue light. At this first entrance angle the blue stripes will

be apparent in retroreflected light since those stripes absorb red light to

distinguish from the transparent background of the indicia layer. The red stripes

will blend in with the red-transmitting background and thus be nearly

indiscernable. Increasing the entrance angle somewhat to a second entrance
25  angle blue-shifts the transmission window so the multilayer film t;gns;mts some

green wavelengths but reflects blue and red. At this second entrance angle both

the red and blue stripes will be apparent in retroreflected light since they both

absorb green light. Increasing the entrance angle still further to a third entrance

angle blue-shifts the transmission window so the multilayer film transmits some

30  blue wavelengths but reflects green and red. In this case the red stripes will be
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relief pattern 92 formed in the front skin layer 14a. Microstructured relief
pattern 92 is embossed or otherwise formed on the outer surface of the skin layer
following processing of the muitilayer film 14. A transparent polymeric film or
sheet can be laminated over layer 14a to protect the microstructured relief

10  pattern. Pattern 92 produces very noticeable holographic images in ambient
diffuse lighting conditions but not in‘ retroreflective viewing conditions. The
holograms thus can be included to enhance the effectiveness of the
reflective/retroreflective article for authentication or decorative purpoées.

Alternatively, preformed transparent holographic sheeting can be

15  lamnated to the multilayer polymeric optical film. In the embodiment shown in
FIG. 10, a hologram-producing microstructured relief pattern 94 is provided on
the back side of a transparent sheet 96. A material 98 of higher refractive index
than sheet 96 is coated on the back side to produce the desired brightness of the
hologram. Material 98 is substantially transparent and colorless; illustrative

20 examples include vacuum-coated bismuth trioxide, zinc sulfide, titanium dioxide,
and zirconium oxide. An adhesive layer 100, which can comprise a conventional
pressure sensitive adhesive, hot melt adhesive, or'cureable epoxy, is also shown.
Transition-Preserving Color Shifting Film Example: Green Narrowband

A coextruded film containing 417 layers was made on a scque_ntial flat-

25  film making line via a coextrusion process. This multilayer polymer-film was
made from PEN and a thermoplastic elastomer known as Ecdel 9967 available
from Eastman Chemical Co. A feedblock method similar to that of U.S. Patent
No. 3,801,429 (Schrenk et al.) was used to generate an intermediate meltstream
having about 209 layers with a layer thickness profile sufficient to produce an

30 optical reflection band with a fractional bandwidth of about 30%.
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serve as PBLs for the multiplier stage which immediately followed.
An asymmetric two times multiplier then split the extrudate into two
meltstreams of unequal width, the widths being related by a “multiplier ratio”.

15 The two meltstreams were widened to a common dimension, and their
thicknesses diminished accordingly before the two meltstreams were combined
one on top of the other. The combined meltstream thus consisted of two
meltstreams having the same number (209) and composition of constituent layers,
but where the thickness of the constituent layers in one meltstream differed from

20 those in the other meltstream by the multiplier ratio. This construction yielded a
finished film which had two similar spectral features, one blue-shifted relative to
the other due to the thickness difference. Slight differences in layer thickness are
introduced into the extrudate by the multiplier, and account for differences in
such spectral features. .

25 After the multiplier, symmetric PBLs as outside skin ]ayel"§('“‘ were added at
about 12.5 Kg/hour (total) that was fed from a third extruder. The resulting
meltstream passed through a film die and onto a water-cooled casting wheel.

The casting wheel speed was adjusted for precise control of final film thickness,
and therefbre, final color. The inlet water temperature on the casting wheel was

30  about 7 degrees Celsius. The Ecdel melt process equipment was maintained at

about 249 degrees C; the PEN melt process equipment and the feedblock were
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Visually the film had a highly reflective, shiny appearance in ambient
15 room light when viewed against a dark background. White light sources
appeared vivid green when viewed through the film by itself, for light passing
orthogom;lly through the film. Increasing the incident light entrance angle by
tilting the film produced a progression of colors from green to magenta and then
to orange. FIG. 11 shows the percent transmission measured for normally
20 incident light (curve 104) and for p-polarized light at 45 and 60 degree entrance
angles (curves 106, 108). Percent reflectance is 100% minus percent
transmission over the wavelengths shown to within about 1%. Curve 104 has a
narrow transmission band 110 having a cut-on transition 110a and a cut-off
transition 110b disposed between two broad reflection bands (spectral regions of
25  low transmission) 112,114 which are spectrally separated. Reﬂeght_ior; band 112
is seen tohave a fractional bandwidth of about 30% (~200nm + ~650nm). Band
114 has the same fractional bandwidth but is blue-shifted due to the asymmetric
multiplier operation discussed above. Transmission band 110 has a relatively
small fractional bandwidth of about 10% (~50nm + ~530nm). The maximum
30 percent transmission for band 110 is seen to be fairly high, at slightly over 70%.

Thus, maximum transmission for two passes through the film (ignoring light
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120 comprises 12 individual layers axl'ranged in an alternating sequence of two
optical materials: “A” and “B” material. Three or more distinct optical
materials can be used in other embodiments. Each pair of adjacent “A” and “B”
layers make up an ORU, beginning at the top of the film with ORU1 and ending
15 with ORU6, with the ORUs having optical thicknesses OT,, OT,, ... OT,. These
optical thicknesses are the same as the term “D,” identified in equation I above.
For maximum first order reflectance (M =1 in equation I) at a design
wavelength, each of the ORUs should have a 50% f-ratio with respect to either
the A or B layer. The A layers can be considered to have a higher X- (in-plane)
20 refractive index than the B layers, since the former are shown thinner than the
latter. ORUs 1-3 are shown grouped into a multilayer stack S1 in which the
optical thickness of the ORUs decrease monotonically in the minus-Z direction.
ORUs 4-6 are shown grouped into another multilayer stack S2 in which the
optical thickness of the ORUs increase nionotonically. This ORU optical
25  thickness profile is depicted in FIG. 12b. Thickness profiles suchias this are
helpful in broducing sharpened spectral transitions. Before proceeding with
examples of such preferred profiles, however, an example of a bandpass filter
without band edge sharpening will be described.
FIG. 13A illustrates the design of a bandpass multilayer film made up of
30 300 individual layers. The physical thickness of each individual layer in the film

is shown, beginning at the top or front of the film and proceeding toward the
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105 calculated from the multilayer film c;f FIG. 12A using the 4x4 matrix methods of
Berreman as outlined in Azzam & Bashara, Ellipsometry And Polarized Light,
assuming normally incident light and constant refractive index as a function of
wavelength (no dispersion). Band 126 has a peak transmission of about 60%, a
15 full width at half maximum 128 of about 50 nm, and a center wavelength as
shown by line 130 of about 565 nm. The fractional bandwidth of band 126 is
slightly below 10%. Reflectance is at least 80% over about 75% of the visible
spectrum.
A film having a much smaller fractional bandwidth can be made by
20 providing additional layers (ORUs) having a particular optical thickness profile
which have the effect of sharpening the spectral cut-on and cut-off transitions.
FIG. 14A illustrates the design of such a film. Data points 122,124 stand for the
same materials as in FIG. 13A, having refractive indices 1.5 and 1.75
respectively, and the series of 150 layers in multilayer stacks S3 and S4 have the
25  same graded linear thickness distribution as in FIG. 13A. The fijm (;f FIG. 14A
simply adds stacks S5, S6 having substantially constant (non-graded) optical
thickness ORUs between stacks S3,54. The ORUs of stack S5 have an optical
thickness substantially equal to the minimum optical thickness of stack S3, and
the ORUs-of stack S6 have an optical thickness substantially equal to the
30  maximum optical thickness of stack S4. The same relationship also applies to

each constituent of the ORUs. The calculated on-axis spectrum for the illustrated
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The curved profile can follow any number of functional forms; the main purpose

of the form is to break the exact repetgtlon of thickness present in a quarter wave
stack with layers tuned to only a single wavelength. The particular function used
here is an additive function of a linear profile (the same as used on the short
wavelength side of S7 and the long wavelength side of $10) and a sinusoidal

15  function to curve the profile with an appropriate negative or positive first
derivative.l An important feature is that the second derivative of the ORU
thickness profile be negative for the red (long wavelength) band edge of a
reflectance stack and positive for the blue (short wavelength) band edge of a
reflectance stack. Note that the opposite sense is required if one refers to the

20  band edges of the notched transmission band. Other embodiments of the same
principle include layer profiles that have multiple points with a zero value of the
first derivative. In all cases here, the derivatives refer to those of a best fit curve
fitted through the actual ORU optical thickness profile, which can contain small
statistical errors of less than 10% sigma (;ne standard deviation in optical

25 thickness values. nal

FIG. 15B shows the calculated on-axis transmission of the film of FIG.

15A. Peak transmission of the band 134 is above 75%, and fractional bandwidth
is on the order of 2% or less. Off-axis transmission spectra, for both p- and s-
polarizatioﬁs, were also calculated and are shown as curves 136, 138 respectively

30  inFIG. 15C. The calculation was done for an entrance angle of 60 degrees and

assumed that the out-of-plane refractive indices of the two types of layers were
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e , for example according to the same linear function, while in others the
thickness of the layers constituting an ORU are varied differently. In each of the
following examples the high and low index layers have an index of 1.75 and 1.5,

respectively, and are dispersionless.

S11 S12 813 S14 $15
Total number of iayers 170 30 30 30 30
High index Beginning layer thickness (nm) | 154.6 1124 112.4 112.4 1124
High index layer thickness increment (nm) | -0.4965 | 0.726 0.726 0 0.726
Low index beginning layer thickness (nm) 183.3 133.3 133.3 133.3 133.3
Low index layer thickness increment (nm) | -0.5882 | 0.8608 0 0 -0.5882
Beginning ORU optical thickness (nm) 545.5 396.65 | 396.65 | 396.65 | 396.65
ORU optical thickness increment (nm) -1.7512 | 2.5617 | 1.2705 0 0.3882
15 The component multilayer stack S11 serves as a baseline film design. An

on-axis reflectance spectrum 140 was calculated for stack S11 alone, and then for
the film combinations: S11+S12 (see FIG. 16A for physical thickness profile
and FIG. 16B for reflectance curve 142); S114-S13 (see FIG. 17_,;&? _fc;r physical
thickness profile and FIG. 17B for reflectance curve 144); S11+S14 (see FIG.

20  18A for physical thickness profile and FIG. 18B for reflectance curve 146); and
S114S15 (see FIG. 19A for physical thickness profile and FIG. 19B for
reflectance curve 148). As seen from the_ figures, the addition to stack S11 of a
stack with a reverse thickness gradient (stack S12), a stack with a reverse

thickness gradient with f-ratio deviation (stack S13), a stack with a substantially
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was then placed on top of a sheet of hot melt adhesive (0.002 inch thick ethelyne

10 vinyl acetate, “2 mil EVA™), which was placed on top of the patterned
retroreflective sheeting. A transparent hologram sheet having hot melt adhesive
on its backside was then placed on top of the green narrowband film. The
sandwich of films was laminated at 300 degrees F through a conventional
desktop laminator. The resulting article looks like an ordinary aluminum back-

15  coated hologram under ambient lighting conditions, yet is a vivid green with the
alphabetical letters appearing dark under retroreflective viewing.

Example 2 Article
Blue and red letters were flexographically printed onto the top of beaded
retroreflective sheeting. The beaded sheeting had a construction similar to

20  retroreflective layer 52 (see FIG. 5) except that it had no markings 62a and
overcoat layer 58 included a black opaque binder layer thick enough to hold the
microspheres but thin enough that light could pass through the front side of the
film through the microspheres and the spacer layer 60 to the reflective masking
layer 62, and back. A multilayer polymc}ic optical film similar in construction

25 to the green narrowband film of the above example but having a wider
transmission band was placed on top of a sheet of 2 mil EVA hot melt adhesive
which in turn was placed on the top of the beaded sheeting. A transparent
hologram sheet having hot melt adhesive on its backside was then placed on top
of the mulfilayer film. The sandwich of films was laminated at 300 degrees F

30 through a conventional desktop laminator. The resulting article showed the

holographic image against a shiny magenta background under ambient lighting
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used as a reference to indicate orientation about the reference axis.
Entrance Angle: the angle between the illumination axis and the reference axis.
10  Entrance Half-Plane: a half-plane which originates on the reference axis and
contains the illumination axis.
Entrance Plane: a plane containing the entrance half-plane.
F-ratio: the relative contribution of a_gi_ven individual layer to the total optical
thickness of a given ORU. The f-ratio for the k-th individual layer is:
nxe dk

= TN
an.d.m
m=l

15 i , where 1<k<N, where N is the number of constituent

layers in the ORU, where n, (n,) is the relevant refractive index of k-th

(n-th) layer, and d, (d,) is the physical thickness of layer k (m). The f-

rat-io of a layer k along a specified optical axis j is denoted £, and is

defined as above but where n, (n,,) is the refractive index of layer k (m)
20 along axis j.

Fractional Bandwidth: the full spectral width (in units of distance such as nm) at
half of the maximum height (i.e., half the amplitude) of the band divided
by the center wavelength of the band (which bifurcates the fLulI spectral
width). -

25 Illumination Axis: a line segment extending between the reference center and the
source of illumination.

Light: elg_g:tromagnetic radiation, whether in the visible, ultraviolet, or infrared

portion of the spectrum.
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repeats across the thickness of a multilayer optical film, though

corresponding repeating layers need not have the same thickness.

Optical thickness: the physical thickness of a given body times its refractive
index. In general, this is a function of wavelength and polarization.

10 Orientation Angle: the dihedral angle between the entrance half-plane and a half-
plane originating on the reference axis and containing the datum mark.

Percent reflectance: a dimensionless quantity equal to the ratio of the optical
power (e.g. in milliwatts) of light that is specularly reflected from a given
object divided by the optical power of light incident on the object, for a

15 collimated incident light beam at a given wavelength. Sometimes
shortened to simply “reflectance”.

Percent transmission: a dimensionless quantity equal to the ratio of the optical
power (e.g. in milliwatts) of light that is transmitted through a given
object divided by the optical power of light incident on the object, for a

20 collimated incident light beam at a given wavelength. Sometimes
shortened to simply “transmission”.

Reference Axis: a line segment extending from the reference center away from
the reflective article, and which is ordinarily perpendicular to the
reflective article at the reference c.enter.

25  Reference Center: a point on or near a reflective article which is 'd%signated to
be ihe center of the article for specifying its performance.

Reflectance Band: a spectral region of relatively high reflectance bounded on
either side by regions of relatively low reflectance.

Skin Layei:; a layer that is provided as an outer layer for a multilayer optical

30 film, typically having a physical thickness between 10% and 20% of the
sum of the physical thickness of all ORUs of such multilayer film.
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in form and detail without departing from the spirit and scope of the invention.
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2. The article of claim 1, wherein the multilayer film 14, 36, 54, 76, 120 is a multilayer

polymeric film and wherein the first material comprises a first polymer and the second

material comprises a second polymer.

3. The article of claim 2, wherein at least the layers of the first material are

birefringent.

4. The article of claim 3, wherein, over a wavelength range of interest, at least two
adjacent layers in the film have indices of refraction for light polarized along an axis Z
perpendicular to a plane of the film which differ by no more than 50% of the

maximum in-plane refractive index difference between the two adjacent layers.

5. The article of claim 4, wherein a plurality of pairs of adjacent layers in the film have
indices of refraction for light polarized along the axis  Z perpendicular to the plane of the

film which differ by no more than about 20% of the maximum in-plane refractive
index difference between the respective pairs of adjacent layers over the

L

wavelength range of interest.

6. The article of claim 5, wherein substantially every pair of adjacent layers in the film has
indices of refraction for light polarized along the axis_Z perpendicular to the plane of the
film which are substantially the same for the layers in each pair.
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at least one set of ORUs having a non-decreasing optical thickness profile.

11. The article of claim 10, wherein thé at least one set of ORUs has a curved
optical thickness profile.

12. The article of claim 8, wherein, over a wavelength range oﬁ'gterest, at least

two adjacent layers in the film have indices of refraction for light polarized along an axis Z

perpendicular to a plane of the film which differ by no more than 50% of the

maximum in-plane refractive index difference between the two adjacent layers.
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18. The article of claim 2, wherein the second spectral range includes at least one

transmission band characterized by a full spectral width at half of the maximum height

divided by the center wavelength of the at least one transmission band is no more than

about 15%.

19. The article of claim 18, wherein the at least one transmission band has a full

spectral width at half of the maximum height divided by the center wavelength of no

more than about 5%.

20. The article of claim 18, wherein the at least one transmission band at least

partially overlaps the visible spectrum.

21. The article of claim 2, wherein the patterned retroreflective layer comprises

an indicia layer and a retroreflective layer.



