WO 2005/ 119311 PCT/ 1JS2005/ 016281 METHOD OF MANUFACTURE OF MULTI LAYER
CHOLESTERKE 2bdsidyh 81 CRYSTAL OPTI CAL BODIES 5 Field of thecfpvsnthadsihe
present invention relates to optical bodies containing cﬁolesterlc |quid
crystals. The present invention also relates to reflective optical

pol ar inzersn benMBerrayTIRRr &€ MuBfrIRER dnBYedtSx o L%Bﬁzﬁ%h%ﬁ biauhd rpystal s or
cholesteric liquid crystal precursors. Specifically, the invention rel ates
to met hods and apparatus for formng three or m)re 10 cholesteric liquid
crystal layers with a single coating conposition on a substrate. Background
of the Invention Optical device rizers and mrrors, are useful
in a garl ety of C applications ?ﬁ%iﬁgﬁﬁ%d crystal displays (LCD s).

Li quid crystal Tﬂa: ymbeauymvﬁlaidn rblpieat qpncz{lﬁodlmcrontamgzcﬁmbgtem Beud backl it (e.g.,
transm ssi ve e h m be i nd di spl ay
‘panel , and¥Fbh tpl%lsgﬂtém ﬁ%}?%%t fa%? %}ﬁ%c I"’%ﬁlcamé%eﬁs d%gﬁﬁ %vi ded
fromthe fgrapte 1@«}31& bechdiesitialqie chstals anHobiterit Lighd prysthh@sardon di spl ay nodes
can be conbi ned t formtransfiective displays  that can be backlit, for
exanpl e, uthgeRcalypite ﬂla’ﬁlfmoncreﬁtfﬁ £q Befaodsand @%fara derfoppipg freepiR®ht | i ght. 20

Convegpt | O%L}Gémhh% d &GS heRd \QﬁﬂM’in(%@@oaﬁﬁgﬁafrﬁ};!o@ﬂioﬂ%ﬁrsﬁgsﬁ'ﬁﬁ and can have

| ess than 10% i ght tfansm ssion nventional reflective LCDs are al so

based on absorbing polarizers and typically have |ess than 25%

reflectivity. The | ow transmgsion o i1 I echance of these displays reduces

di splay contrast ‘and bri ght n%ﬁéﬂ%ﬁ&'hl gh = power consunption. 25

Ref | ective pol e]puz.ﬂrds\nhayﬁxcheepblakﬁeslaﬁ@ﬁﬁrdrqrarm&;eﬁ;lﬁ:ajvmsdyays and ot her
plications, Refle Qlarizers preferentially traj | i ght of one

pg ari zat i BAHEPS 15? E‘ﬁ{‘il‘é’iyﬁfﬁl 1@#4%%&&5% q“FfLW%I ‘gﬁl?la@? falldERA

pol ankzat i;0 twh Eaté@)riéé ehanh 6. ti‘ﬁa%mfsﬁ%)%bla?é@ wth%'I%H%?foﬁqdeﬁ%ﬁm t and

reflect light without absorbing relativel s of the light.

Pr ef er abl ybehind @erditplayqanel eangdiantlit feg.» Ilﬁiﬂ@tlﬁ@i dﬂﬁvgg smgﬁnlm%smmiﬂét ion for the
transm ssion, ﬁ]eng?'L&r the?%gﬂle%n(e aévgﬂ%leﬁplz%n a'Thgs%‘(%rS ﬂﬁg@? SlabEaRYer @ broad

range of wave S an as conse nce, ective polarizer nust
typi cal | y copbinad & fonrs Maﬂdihtﬁxterdm&hymﬂlaedan hgbdrklit, forgeamypls, umddd dimVibEn used as
sel ective reﬁ%l ection m(rir 'Sh s%ggt&i cal devices nust also operate over a
broad wavelPBHELT Ar&Rgandgr brghiig 19311 PCT/ US2005/ 016281

20 Conventional backlit LCDs typically use absorbing polarizers and can have less

than 10% light transmission. Conventional reflective 1.CDs are also based on absorbing
polarizers and typically bave less than 25% reflectivity. The low transmission or
reflectance of these displays reduces display contrast and bﬁghtness and can require high
power consumption.

25 Reflective polarizers have been developed for use in displays and other

N

applications. Reflective polarizers preferentially transmit light of one polarization and
preferentialty reflect light having an orthogonal polarization. It is preferred that reflective
polarizers transmit and reflect light without absorbing relatively large amounts of the light.
Preferably, the reflective polarizer has no more than 10% absorption for the transmission
30 polarization. Many optical devices operate over a broad range of wavelengths and, asa
consequence, the reflective polarizer must typically operate over that broad wavelength
range, as well. When used as selective reflection mirrors, such optical devices must also

operate over a broad wavelength range.



Summary of the Invention Generally, the present invention relates to' optical
bodies ¢ ﬁ'h_mlggllchol esteric liquid crystals and their rrgnuf_acture, as
wel | as the use of cholesteric liquid crystals in 5 OBFF/(':] P& Yes, such
as reflective polarizers, selective reflection mrrors, and the |ike.

Met hods and apparatus for formng three or nore cholesteric liquid crystal

| ayers with a single coatin ONDQS et on. a substrate are descri bed.

Met hods of naking an opti cal %ﬁ& Y gr‘%%@@%’?@d. A nmet hod includes the steps
of coating a (Gunxallyehd predendinnaption felatstio oftivhidsiles canthiniygicHolestyrikt al  pol ymer,
a second gholesteric, .10 |Iiquid crystal nono , second chol esteric liquid
cryst al p]gcl Stﬁﬁ?’?‘ﬁetae? %W&%Ct'br&atsiy’@ af)ﬁ“?ﬁ%‘@é&%%ﬁ“@%ﬁ"ﬁ%ﬂ%?@ i quid
crystkal ngnRiBkvica)fich aSREMERE poiRrirsS bsiv efcflectioA@nitrbfsSina BEBLeest eric 1iquid
crystal polyner is different tfgan t he second cholesteric |iquid crystal

pol yner . Mwiads adprpasfus o amig ek ermee shplesprricdiapidissmial layes wdihisg a first
| ayer, a ﬁﬁ%ﬁ@ﬁ%ﬁigﬁ??{ﬁ%siﬁﬁﬂgnﬁsgﬁéﬁiitﬁge%s%ﬁbgiSposed between the first and

second | aye ayer udes a mpjority of the first
chol esteri c | iMethollsof yskiap ap optycaidrody Tealisbeah dh nathed inchuies thdespseofimaj ority of

a second chaolesteric.liquid crystal, noner. The third | a i ncl udes the
Second chiaEs bPEEE gtibec Ry e RO e RaTHe SRR SEPe e

enbogdi menfiquidcBilieshoier, AREdoAY cltvlesepit tigall cROdYpdifsdiusiased fidiea piries Of
coating a mxture having a first cholesterjc |iquid crystal polynmer, a
second 20f pesrend diplesters kyidiorystal aroppmpn shasolvert e dibeirath ot ededr i ¢ 1 qui d
crystal p ic §iQl a5en rd LSt £ f al nmononmer,
and a sol @leoynétgﬁg%f@ﬁg%%gtﬁmﬁ#gs ffﬁor m ghég%gatég%{ﬁsd&glg%trﬁtﬁl T{}r}eéééli rst |iquid
crystal ppblymenr. Then, dorrfing fagm themaixturararpptitnd bedcioeluding b st byesy & eechidyui d -
crystal pgl [ L I r ortion of the
sol vent . Hép%gﬁttﬂé;?f? %ﬁ%ﬁsﬁgﬁeé%?%&%%gﬂsf %&%&%ﬁééﬁﬁr@@r%}%@gr ed coated
substsr at einclitiers mabrity lo€thp dirdt cladlésyeric tigeid coeal pdymerh Ihe atcend lykreat ed to form
an aligned tical, body. In further i.llustrative epgbodi pent, a nmethod of
maki ng an%’g‘g?wal%@ﬁf’ %P@@%Wﬂ%{lﬁiﬁgs@fmwyf'nﬁg re having a
first cholgrl& hCsebdflibhticfENSTiqhid RMN FBlmeA second chol esteric liquid
crystal nonomer, a second cholesteric Iiquid crystal polyner formed from

t he second chdresaetberiiBusirptgigicgnbedinsntar methad pbmakiagep eptisal bpdnioclidess substrat e

to forma . : . i Q4 I is different

that t hanﬂ]?%tgﬁgg%g%ﬁ%gﬁ%fugi%gnﬁg qulgtcff E?l%igt%:ﬂrcg istl‘];uiz:ihl c%%ﬁa &}ﬁl‘%}xﬁﬁ t%gég’%(ri m a coat ed

subslr at echolustedp ligﬁd brybtauyoﬁosnet,h_esaconﬂ cmsmﬁﬁﬂ;ﬁﬂi@%fql POTineiSROaSF 0 16281

IM?; geldl ;L&ronlint eeSetr:gn tc'f{crﬂgs'ten]c-:qlequ%o gl}'fs%a? lmoplc?nqg/r, a{nedfal s% V:[Cl‘slt 0%' ars% sltr%rce tg %I)l%r a{ zed i ght
coated substrate. The first liquid crystal polymer is different that than the second

cholesteric liquid crystal polymer. The coated substrate is heated to remove a portion of

the solvent. The coated substrate is cured to form a partially cured coated substrate. Then,

e
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25 the partially cured coated substrate is heated to form an aligned optical body.

In a further illustrative embodiment, a method of making an optical body includes
the steps of coating a mixture having a first cholesteric liquid crystal polymer, a second
cholesteric liquid crystal monomer, a second cholesteric liquid crystal polymer formed
from the second cholesteric liquid crystal monomer, and a solvent on a substrate to form a

30 coated substrate. The first liquid crystal polymer is different that than the second
cholesteric liquid crystal polymer, to form a coated substrate. An optical body is then



transmtted through the optical body. The above sumary of the present
invention is not intended to describe each disclosed enbodi nent or every

i mpl ement atwoeroosfiigshe present invention. The Figures, 5 get/asloedorezs:
Description and Exanpl es which follow nore particularly exenplify these
enbodi nment s gred 8bmPRSELLRE] PR QhicdlbedPravingsubh ?olhﬂﬁé%ﬂitghﬁﬂhém}g]hbi@ nor e
conpl etely understood in consideration of the 10 follow ng detail ed

descri pt i ontresmtiad; thigygletep 6piqebPA%- of the invention in connection with the

acconpanyi ng dr aw L I, GRyg : - gg&?li r ation of one
enbodi nent of aaﬁﬁéﬁg“é@ %‘% a gﬁ%ﬁggs%nt%oéﬁ%ogrlfin&ﬁg t %cgté)c%ﬁ%ﬁégt%ehri c liquid
crystal | ayérslosdlembadisiengh evapatplagesdimpos ileipoedmentieu iBelaguess, accor di ng
to the jnventjon;~15.FlG S SC ic repre tation Cross-section
of a figr st @8%5%3?%863%1%0&&3%§ﬁam§le§s‘ﬁ’%§§€§%1}? %,moarg%r?l‘?ﬁq?f ?8“’?%’ f9ention: FIG
3. is a schesmbédimempr esentati on of a cross-section of two cholesteric liquid
crystal layers on a substrate, according to the invention; FIG 4 is a
schematic representation of a cross-section of three cholesteric liquid 20
crystal layers on a substrat §3,id®e@fliiiad of helM@wigéention; FIG 5 is a
schematic representation of one enbodi nent of a nethod and apparatus for
form ng three chbleisyatipe may §eindrecoyplesdly wndprstond v ednsideniionidhe oat i ng
conposjtion [ . : 1.0g..anot her chol.esteric
T aur al br ot fghetsR b AP R SRR Bl o B Bl Mo RPN

| ayers, accdiedictvgnptanyihd draivingsrit imbith: 25 FIG 6 is a schematic representation

of a cross-secti f. atftirst coating mxture. o ubstrate, according to
the invention; Ff%.?fqgc%gn%gwﬁspp@%%?}fogg 8’??{3%‘{‘]?‘81% ‘%f" nﬁ@ﬁ&&é APEEMYSon of
twd chol est egifgmlin@iited chéletaicAlqulda RS 198 HiGURSTI A BinARERoGiiBYot # t he
invention; FIG 8 1s a schematic representation of a cross-section of three
chol esteri csmhsa@rp,cfcccg@msﬁq/@fzwthwers on a substrate, according to the
inventjon, FlG 9d 58 &%Qﬁé?%%gre& in&?&%t&éés-%&u% 8f‘a ﬁfs%o%fﬁﬁ?ﬁﬁ:&@:@ off 2
second coating mxture on three cholesteric liquid crystal fTayers on a
substrate, acusirde agctrdingfethe mwenttanpn; 3 WO 2005/ 119311 PCT/ LJS2005/ 016281
FIG 10 is a schepmbic, LoRreRSBalhBloPlr 8 08%oR P b Mol figH t 1

crystal layers on a substrate, according to the invention;

FIG. 4 is a schematic representation of a cross-section of three cholesteric liquid
20 . crystal layers on- a substrate, according to the invention;
| FIG. 5 is a schematic representation of one embodiment of a method and apparatus
for forming three cholesteric liquid crystal layers with a single coating composition onto a
substrate and sequentially forming another cholesteric liquid crystal layer onto the first

( three cholesteric liquid crystal layers, according to the invention;

| %]
(%41

FIG. 6 1s a schematic representation of a cross-section of a first coating mixture on
a substrate, according to the invention;

FIG. 7 is a schematic representation of a cross-section of two cholesteric liquid
crystal layers on a substrate, according to the invention;

FIG. 8 is a schematic representation of a cross-section of three cholesteric liquid
30 crystal layers on a substrate, according fo the invention;
FIG. 9 is a schemaiic representation of a cross-section of a second coating mixture

on three cholesteric liquid crystal layers on a substrate, according to the invention;

3



liquid crystal material |ayer on three cholesteric liquid cryst alw ;raterlal |

| ayers on a substrate, according to the invention; FIG 11 is a scheratic
represent d 9fsQfosfy Cross-section of a fourth and fifth bol esteric liquid
crystal material | gjyer on three cholesteric liquid cr ystpz'lT?Wf)‘EW%ﬂ’”I ayers
on a substrate, accardi tQ the inventjon; FI 12 is a schematic
representation F&? ]g) 1&?5@%2‘@‘@%{@1@&@@0’50 %‘ETP“ESFEG%C!W%WFO‘&W%@]F%PPF chol esteric
liquid crysdual crignd] @fdiedal laporen (98 Elerrie hali@slyeni IﬁatEﬁeglng@rs%BéSt al material

| ayers on a substrate, according to the invention; 10 FIG 13 is a

schemati c §P¥HsEs poseiddns B hednenisiodi nent of a liquid crystal display,

according to thegsl 1r1\/ismsélﬁﬂlaﬁﬁeﬁeé%gaﬁbﬁoﬁa SEREER dnCorl thitAERRN Of anot her

enbodi ment of a liquid crystal play, according to the invention; FIG 15
i s a $chenwdplegteii¢ liquid ¢rastilaveierial hyetdndhreeclvdadiorie iuidcryatal ingeiia lgeisst al - 15

di spl ay, accor dj o the invention: FIG 16 is a light transm ssion
spectrum o?naasrlllgéot%ggl’%%P%dgncﬁcfgﬁ?eo@’%goﬁccordi ng, to Exanple 1; FIG 17 is a

| i ght transm s$IGN2Sipe sthethatiOfep@Een@ipibh 68d crb@dyctidrafadoadc ofkliangsikd Exanpl e
2; and 20 FIG 18 .is_a light reflection spectrum of an optical body forned
accor di ng "thﬁleSt%h%‘%crgﬁtalﬁ?éerﬁfmrﬁ@@?femo tegr daWg et wasHRliatst 0 scal e,

depi ct i |l st &iBta¥e 2 &) | (B ifivenfibn;t he claimed invention. Ih particular,
the | ayers shown in the draw ngs are not necessarily to scale. Wile the

i nven¥i on i s addpaldlisa schepai dusration pf dng smbodimentaf adiguid|crystahdisplos f or ns,

specifics I n shown by way of exanple in the drawi ngs and
wll be de%gt?rﬁ%’ggo@gyrﬁg art. It should be understood, however, that the

intention is nd&IG. ¥4ds b sellematihiiiustraviemnd s aanthtent loeinpat bf chiduad cresthiodi ment s
described. .On the contrary, the intention is to cover all nodifications,,

equi val ent 4sP1a¥nFCaidimg i BEEEN9| | ing within the spirit and scope of the -

i nvention. 30 Betaidigdsdenshid MhiBod BEmBLESSRYodiRMEeBE 4 Bfuid Svial | eved to be
applicable to optical bodies (such as optical 4 WO 20051119311

PCTI U$200 Sligla @rording to the invention;
FIG. 16 1is a light transmission spectrum of an optical body formed according to

Example 1;
FIG. 17 is a light transmission spectrum of an optical body formed according to
Example 2; and
20 FIG. 18 is a light reflection spectrum of an optical body formed according to
Example 3.
The drawings, which are not necessarily to scale, depict illustrative embodiments
of the claimed invention. In particular, the layers shown in the drawings are not
necessarily to scale. While the invention is amenable to various modifications and {’\‘X
25 alternative forms, specifics thereof have been shown by way of example in the drawings
and will be described in detail. It should be understood, however, that the intention is not
to limit the invention to the particular embodiments described. On the contrary, the
intention is to cover all modifications, equivalents, and alternatives falling within the spirit
and scope of the invention.
30
Detailed Description

The present invention is believed to be applicable to optical bodies (such as optical

4



fitl ns) ‘and their manuf acture, as well as the use of the optical bodies in
optical cewp@saiossuch as reflective polarizers, selectiperieihesichan
mrrors, solar control filnms and optical displays (e.g., liquid crystal
di spl ays) fild)@nPHes St BURN A 91 dsthdlss 8f b beSdEebdiQ iQQ%ﬁc%ﬁrﬁevic@Qq' es
contai ning cholesteric liquid crystals. Wile the present iInvention is not
so | i m t educhss silegifismataniaens olegivevellsctusmmpe selar asfitrolfémis andertticain wi | | be
gai ned thr diSGUSS h. . i . w. For the
R e T e L L

_di f f er ent bodiéd qontainiug dheleglevie Hiquid ctybtels.c Wailerthequresehtsewhieeis indt dohinsited,
specification. The term"layer" wll be un st oo o include a single
physital &hFEEHY n8f“§‘°ﬁﬁ%’?ﬁ@?%%ﬁ‘f’?“@8? W%ﬁ'%@ﬁ%%s‘%‘m}ﬂghs? ﬂ‘@?“éSI?)‘h@gsi cal
thi cknessm@@aﬂlﬂgg gaded silgki nct boundary |layer or can include a

‘non-di stinct boundary layer such as, for_exanple, a cc_)r’g:ositi onal gradi ent
bet ween | ayer sForAbesioHgvBsssfincddemsihesk defintign shalbbesmabed/arletsy an opti cal

property sheh: Admitddlis g&mgﬁ? (ﬁéi??cs lbealdv@Breaf tthid %iﬁ@mi.t a range of

wavel engths. It 1I's understoo zones between [ayers can include one or
nmore or gradi ebhestems “laparewilhbe wndersiond todhclpdeomirglephyiBalghiaklieendrss The term

ol yHors PEReRTaLRGTES Aot i GRS B P& Bk PR

conbi nat i @nsn ihdhele@Gion-dasindEohndSy Pdr YidaIaS, fobdafhPIees Sompusitiogglol ymer s t hat
can be forned in a m.scible ., hlend by, for exa e, co-extrusion or
keact i on, SrAEPiRAHG SRS A5 ERs pptcat thisknestgnhe gbseved by @n oplirg! prapam

opol yner r.e d4.ncl d it i A T " meric
pol yner g, & ,fg%aiﬁgﬁs, refld B33 likdb&ARL ‘?ﬂlg?&f'@é\)@lei s, digg@g@@%ogﬁﬁﬂaf/

material" wl e understood to rnclude polymers, as _ ove, and
ot her or gaeties beiwetmlsyagasancneludti ane vemoresn gladesis of mategxlampbical propérxi dant s,

stab? izersaﬂiea@ti ozonants, plasticizers, dyes, and pignents. The term
"chol'est e C T quid crystal conposition” refers to a conposition 25

i ncl udi ng, but Thoteroh i‘paltreda will bawehsioed todntladd polwmas, coydimérs Gompound, a
chol esteric |i

id .crystal pol or a cholesteric liquig crystal
precur sor Pg%‘ﬁ%?%??eflélﬁ 5% ‘B?I%Irggcﬁéermmﬁﬁqnéfﬁ?b Fg%ifsg'ﬂfi%% %‘%"%‘/’éri c liquid
crystal comREndwell A8hoisnbE, JRBABR! ¢ caitrdr BRIRL e iRl nfARiBHIS eacted to
forma cholesteric Iiquid crystal polyner. The terma "mxture" refers to an

associ at i blendby.Hereevglenevudnsion st apties indedingimpsessgifisatioraBofivhlodde uni form y
di Spigsedah&‘&}aa'o%gﬁgqolre s‘&?é?r[zgld%d uﬂie?sQL&i§eltéH1ot diapersion and the like. The

terma "chira u ers an asynmmetrical uni't that does not posses a
S The term “polymeric material” will be understood to include polymers, as defined

above, and other organic or inorganic additives, snch as, for example, antioxidants,
stabilizers, antiozonants, plasticizers, dyes, and pigments.
(‘ The term “cholesteric liquid crystal composition” refers to a composition

25 including, but not limited to, a cholesteric liquid crystal compound, a cholesteric liquid
crystal polymer or a cholesteric lquid crystal precursor such as, for example, lower
molecular weight cholesteric liquid crystal compounds including monormers and oligomers
that can be reacted to form a cholesteric liquid crystal polymer.

The term a “mixture” refers to an association of heterogeneous substances that may

30 or may not be uniformly dispersed including, for example, a solution, dispersion and the

like.

The term a “chiral™ unit refers to an asymmetrical unit that does not posses a

5



WO 2005/ 119311 PCT/ US2005/ 016281 m nor plane. A chiral unit is capable of
rotating aWwPawe/1d¥31pol ari zation of light to either the Pefuswosalassiri ght
inacircular direction. The terma "nmesogenic" unit refers to a unit having
a geonet ri calinsi glaet W eidhafit is faablk of RtA8g & PRné of Fodri-AMfb0df 1hd th ks crystal
mesophase. 5 The terma "nematic’ |ljquid crystal conpound refers to a liquid
crystal conpBuRiior the Febtiing pEcuar JERGHONC | i quid crystal phase. The term

"sol vent" ref er St §4RSLRAGE didtfelsSo § ARl gedhehRasknbaltdal | Y

di ssol ving anot her substance (solute) to forma so% ution or dispersion. A
"sol vent " né3cilfetes the finuetimmeof@fliquiderystal mosaphasabst ances. 10 The term "chiral

material"” refers.to Lk : r sitlans,. i.ncl udin chiral

l'i qui da%cr yst al cg%%tggnqnés%g‘n%g?:ﬁ{#aﬁ%t%ﬁp ﬁgé% &eitg{fsglcs’fl gﬂmg&ﬁﬁ%kjﬁ(’g@oﬁ t can
formor i ndiwtérmsehabhaRilgriderystafphdecrystal nmesophase in conbination with
other liquid crystal paterjal. The term"polarization' refers to plane

pol ari zation, ci ﬁ%‘ieg? Sp?&)‘ieﬁ i‘?ﬁ’csit%?l?ubéqa?ﬁeﬁﬁq?@ﬁapﬁ%o%.leéﬁipfﬁia Bn, or any

ot her nonr aRAViRe kidthet ditisRAcebah@) ioTorhi SihitfoR @r Bisf&iibh.CA Vet @iy the beam
of light does not change direction randonmy, but either naintains a constant
ori ent at i on acnixipgar9fege prmeresybstagerst i ¢ manner. I n plane pol arization, the

el ectrig vector ﬁgﬁ}n < J» I , i I I\ r. |1'i ptical
pol ari ggti on, t hgﬁe ect%ﬂjgﬂ\r/l%%?%?gge?s Btcﬂfgﬁggﬁﬁédg? 5 F‘incé3 D%ﬁ %f Ié“sq{uflﬁ)ga

systenati c rhinaldéiquid 26 si@b¢dngotmdsend chisl haeliqipeeftdroenpoalds yhat efil fesd o | ght  of
one pol arizatjon an referentially-transmt,the remaini.ng.Jight. In the
Cnse’of - ef Hiet o Efheiehe fh SPbs BpesbotisEiiombkt SR G GiRe 10
preferenti alghaerfar ansmitted, while light polarized in the orthogonal plane‘:
is preferentially reflected. In the case of circular reflective polarizers,

li ght circul arl yTholesn  Bebaizptipno gréers inplane nRlsrisHionasiropler pilarizstion elipseal or

count egel ockw brandd i ae L fa. circul ar
pol ar | it | oy e rBEE fi Gt dolmadim pelat R R ePhe el vilion il T

opposi t e semsan pElight dées nefrhangdeldjrectoh/ravionly, b@regherypantains e constantr pol ari zes

i ncludes chol.esteric liquid crystal polarizers., All.n r,i ¢c.val ues are

her ei n assuQERHPSE VA § B CB1S RebLE, ThpeRn Bolaietofy it flerit focks,
explicitly igeiimeihedingEhantartfle tabigsilar opeligical polarlzefi@l, telelocicraangeofof 30
nunbers that one of skill in the art woul d consider equivalent to the
recited val de fepmef Lghaoiptatin@ystematic mapiet i on or result). In many instances,

the tengs "about RefiRyvd ftiER proltORBNS rdidalishl & dOYndetibRatdie nearest

significant figure. _
preferentially transmit the remaining light. In the case of reflective plane polarizers, light

polarized in one plane is preferentially transmitted, while light polarized in the orthogonal

plane is preferentially reflected. In the case of circular reflective polarizers, light circularly

polarized in one sense, which may be the clockwise or counterclockwise sense (also ()
25 referred to as right or left circular polarization), is preferentially transmitted and light

polarized in the opposite sense is ﬁreferenﬁally reflected. One type of circular polarizer

includes cholesteric liquid crystal polarizers.

All numeric values are herein assumed to be modified by the term “about,”

whether or not explicitly indicated. The term "about" generally refers to a range of
30 numbers that one of skill in the art would consider equivalent to the recited value (i.e.,

having the same function or result). In many instances, the terms "about” may include

numbers that are rounded to the nearest significant fignre.
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6 WD 200-5/ 1%7??311 PCT/ US2005/ 016281 Wi ght percent, percent by weight, % by
wei ght, and YREMYR&4re synonyns that refer to the concenPfaf S @6281

- substance as the wei %ht of that substance divided by the weight of the
conposi tion and nietghppirenit, tpprogiby wrisht,eby waizhoandthe tikever ismhymaﬂngfes by

Trct udes 1, E 8 Ge e JHIBRE. SYRRYIRG ae%%”éﬁf Hﬁé%%tstwfe AR £ cat on

| and the appemdgﬁmﬂtmmnposﬂnensmmgﬂhplﬁedﬂgrlﬂﬁ , and "t he" include

plural referents unles e content cle dl cta ot her wi se. Thys, for
" exanpl e, refer encjghet%Cl Roggreic ﬁa‘@%?%?’ﬁ???ﬁ ‘i%ﬁﬂbﬁ‘ﬁﬂberﬁ HEPREs a
. m xture of tmhm%atmge(@@m@uaﬂﬁudeﬁ s et 75 3t Bigs, aspees)f i cation and the
' appended cI ainms, the term"or" 10 is eneraII rrpl oyed inits sense

“including "and/ or Suﬁs?rié%éﬂ%ﬂﬁ%m%ﬁ%md thy @B’FP@Fd&ia@%&ﬂ@sﬂng&ahm%’: “an”,

Chol esteri c Ljfihd 1ﬁ£1ﬁ{§et raﬁefz&a%qfesgﬁg%ﬁénk VichCHUARS BRLSAN Fhud @art s that
are chiral 1'n nature .g., nolecules that do n possess a m nor ne)
and nol ecul apxanmldz,sefeltehmto apmlmssmgenmt@mmg ‘a avrupemdtingludesranhigtund ezt“stwbhat

exhibit liquid crystal ha es .can olesteric.liquid
| crystal conp8SPPITSREY ?’g 826& B @WW‘&?’P‘% éﬁﬁpﬁn‘@Pf %]ectﬁrﬁbd’ﬂmds
| (nemati g) N xe@ndblyedplofdit aé finfdineludifg ral/odNintless @l&%ﬁt’éﬁt%ldaﬂy bicgigHsd cryst al
i conpositions or materials include conpounds having a cholesteric liquid
. crystal phas@PiF¥issahi ch the director (the unit vector that specifies the
direction of aver@gfedeaigy ﬂq:lpﬁ &L @hpoufiid SREERY ncRf e t al
| rotates in a heli c efashl on ong tlf'uou di%enm 01?[1‘02 e%@%ﬁ%hﬁﬁcu hg{réétéo t he
. di rector. Chohisd ireretue (6. amlde@ﬁeﬁshaaﬂo noﬂnomsstammra}aee)ah@moleem@rm to as

chiral nemati,c,liquid cry onpo 1918, The. pit.ch of the | esteric
T eryet i i BN hilne (O ATRBLbO o T Riid Bl drSesP AR ERBE L,
per pendizul apolsrmeishe:hdiegtam mmcamlstalabmp@lﬂdnemy aBo efclddhecmmh@sd atitgl hel i x)
1that it takes for the dir ctor tQ rotate. thr h 360, This.distance is

| general |y 10BHRRUBHS (Rematic ?Bxeﬁh"é‘%p‘?ltcewa‘&‘ﬁngé cgﬁgll“&?t @PPIESWFC(}WW Yt al

material can c&ﬁpdsﬂﬁiﬁ’lg &%ﬂynm g é?ﬁnpo@ﬁd@%%é g cH&Qé’QPérE'hﬂ&d(cﬁrsﬁI ?hal@é/
. copol yneri zation) a chiral conpound a nenatic liqu Crys conpound.

' The chol este Wh@h@mbiﬂc@aﬁhw@bveb@r ﬂ’ﬁtﬂ@@@ﬁestibe @rashon @ﬂ aVﬁT@E\ﬁ Toraj modeculer yst al

material. Th e S, b ht of the
chiral conpgldmﬁj'e%ﬁé’% hﬁjﬁi%r’rﬁ‘%i ta?HTCE& ma%élictaisﬁé%ma&lﬂ%nme glmc?PSIFg}nat erial. The
hel i cal 26 W S perpéndidudar 3dthd idirentdro IChblemtetﬁct Iﬁ;mdhrﬁstaﬂpamp@hﬁops pelaiso déferratatni at i on

in the dielectric,tensor. of the, nater.,.al which | urn gives.rise to the
wavel engt ' <& GHE] PR HAREETSR! GRIROrRS. ThoPih ojiiee cholesterlc Hqud érySia

composition or material is the distance (in a direction perpendicular to the director and

along the axis of the cholesteric helix) that it takes for the director to rotate through 360°.
( This distance is generally 100 nm or more.

25 The pitch of a cholesteric liquid crystal material can be induced by mixing or
otherwise combining (e.g., by copolymerization) a chiral compdund with a nematic hquid
crystal compound. The cholesteric phase can also be induced by a chiral non-liquid
crystal material. The pitch may depend on the relative ratios by weight of the chiral
compound and the nematic liquid crystal compound or material. The helical twist of the

30 director results in a spatially periodic variation in the dielectric tensor of the material,
which in turn gives rise to the wavelength selective reflection of light. For light

propagating along the helical axis, Bragg reflection generally occurs when the wavelength,
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propagating along the helical axis, Bragg reflection generally occurs when

t he wavel engt® 2007 1310051119311 PCT/ US2005/ 016281 A, is RGI/E$80F0bs0w ng
range | lop<X<flep where p is the pitch and no and n. are the princi pal
refractive i hdi inghe llowhg rettgel esteric liquid crystal material. For exanple,
the pitch can be selected such that the E g 5 reflection is peaked in the
visible, ultraviolet, or infrared wav&¥e regirres of light. Cholesteric
l'iquid cryst azherepﬁg)mupﬁam anid g bt g tﬁ@@h@ﬁiaﬂeﬁﬁcﬂvbﬁhﬂl&s oF 18 tRdiesidRl yer s,

are generallé knovvn and t i:cally an ese mat grl als can be used to rrake

optical bodi B&C BYSNFPUTID: FCPPERE %ﬁf?i‘é%‘t‘éerﬁel?cie a‘ﬂﬁlﬁh%,‘rﬂ}f‘sﬁfagg pol yners are
described i Nyefkbipn i ﬁkem%e A9 D3 RIANG iSSP A engf @(ﬂf%rght"’_’ 847, 068,
5,780, 629, 5, 744,057 all of 10 which are incorporated hereln ref erence.

Q her chol est eri cCholagterig ligwig srvstal @Qﬂlﬁ@é@dﬁdﬁgﬁlu@%Clwlﬁﬁﬁbélqu@e:a@tab\ chol esteric
l'iquid cryst jon or

opti cal bodys%gﬁ&g%g%&gxn ﬂ%@dﬁgﬁ%ﬂyé I ncPégglﬁr?ge?H Can be 0em 1“ref ractive
i ndi ces, sur bgtel tedes.Bramples obsuitplle cledsteablibiid yrysial Myrhcyrs aﬁ-:@lb@:ﬁbed aw

Component s ( DSy Mo ERaEAe mro el Sl R ARt Sl Ant g gnt.

ease of jgmanufakh WeSncofMRitbPBirbih b?/ re@éreﬁc@ EOtHefHotksREY Shsl crﬁ@magjaﬁn&r
an

nmononers to forma liquid crystal polyner, rheol ogy,

requi renent scayfalsede Pﬁ} Aegholesisric Saniq esiakoempound mﬂﬁﬂsﬁfﬁl@aﬂeﬂ §md pettiewlae al
Seratch 1 ost S nceshBPBRal bodf koo oh ke on P LB HIEAGE Tor AnfEdotigint St ance.
purificati onindizs, @Iﬁic_esmeegy pitth, qmcd;smbﬂam alhritg odojelos eéscﬁptgmmﬂal |y forned _
monomer s) ¢ hAERISERT AReT R compadBH L GiRoeEuPnay (o £ PR TGP EE Ehat
typi cal {3y hagondoufid); nbleCulstwdight age 6f(i’nafnﬂﬁtthtet ﬁaﬂaﬁlﬂ?f@fﬁe%uﬂfcn@tﬂ' qui d
crystal phase). Mesogeni ¢ groups incl ude, for exanpl e, para-substituted
cyclic gr oup%omI(Oéﬂ‘bOmeI%tﬁﬁglm%hﬂ"@ﬁ”ﬁ%ﬁ%i’@ﬁ@%l brgloey, mptiod@sogeni ¢ gr oups
San cont ai n 1, e o o P i R o e "
pyri m di ne, eztamplaeﬂem‘sdlem Fenalelqtb@ﬂa Solafklkeasetan@l; lmmtph tehlstamehald phagehi oest er,
and am de fu ctlon% et eser}%thﬁgr Lype of spacer can be altered to
provide di f FAPESE oper?)r SN PRENCHIGR o anpl e, solubilities in

sol ventfos) . Sui t atHolestehio ﬂlQlSlﬂ efystal ]bdlﬂhhrdare ity fpaiodneing chint (sidenipate mer s
havi ng a chi raI or 30 achi r oI yest, pol y ar bonat e, pol yani i de,

pol yacryl at ? %PW é?}H’Ei‘Qr (15@}}1 gplm that can mclude a Mesogenic group

(e.g., axigid group that typlcally has a rod-like structure to facilitate formation of a liquid

crystal phase). Mesogenic groups include, for example, para-substituted cyclic groups
(e.g., para-substituted benzens rings). The mesogenic groups are optionally bonded to a [
25 polymer backbone through a spacer. The spacer can contain functional groups having, for “
sxample, benzene, pyridine, pyrimidine, alkyne, ester, alkylene, alkene, ether, thioether,
thicester, and amide functionalities. The length or type of spacer can be altered to provide
different properties such as, for example, solubilities in solvent(s).
Suitable cholesteric liquid crystal polymers include polymers having a chiral or
30 achiral polyester, polycarbonate, polyamide, polyacrylate, polymethacrylate, polysiloxane,
or polyesterimide backbone that include mesogenic groups optionally separated by rigid or

flexible co-monomers. Other suitable cholesteric liquid crystal polymers have a polymer
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or poI yest erl m de backbone that include mesogenic groups optionally

separ at ed byWQaYPUIPIL f] exi bl e co-rmononmers. Ot her sui t abl #CTHE2LE03635¢
liquid crystal polymers have a polyner 8 WD 2005/119311 PCT/ LI S2005/ 016281
backbone (fo rbaeki:@nq:)(feg exampbl g/afaichhdata popuolejtmetyhase pyliydtozancppblyslefigxane,

pol yol efin, at achiral sogeni c

' si de-chain gr 8 a?m%%leiba@r% & %ﬁop&ngﬁéﬁragwgsogﬂl? 8@%%‘?1“ SRR Qﬁ%al Tom t he
backbone by ahspac®ips aﬁld)pﬁo:raﬁy sémfat@fmpﬂhebackadsneaiylawbm s0¢h &l foy kenglqQxi de
spacer, to prov'dffle Eﬂlllgé}/ To form.a Chlﬂ esterlcllqwd crystal

| ayer, a chol‘“‘@sa‘lp\@ e o1 ¢ Cg)as?l*’aﬂle’r &ppgss Proiean be coated or ot herwi se
di sposedsonto a sugigaea cﬂah@teﬁbqlhﬁat:@rsﬂaﬂawr%11%%&@&@{@ c&&gﬁ%ﬁi bkifh

i ncludes a chiral conponent containing a one (i) chiral conpound

(ii) chiral cnhostediasatheress @@Oé%’édltﬁ(aesugface ﬂ&hyh@ﬁ’@@dlqmd gysads! i nked) to
forma chol est Fﬁﬁonl aHﬁeq a%fl?@l%?ng&%hyﬁ at éa'sto?n g‘) 81101{:'? uc%@éou%ﬁ' cgzlf]er eof

The chol est eri’c i qU| ysta 03| can I'nc chiral
conponent thaﬂnmlomimm@sﬂaatcahéaa'sed({elg (mlymmm @osslinigd) b fory s thdlessprpound,

(ii) nematic |iguid oner .th us to.fonp, a nematic
liquid cryst aﬁq“%&r)ﬁ?gpg VB (){T&n)) P‘h’%ﬁe?) ﬁ%ﬁen&ﬂwgq@a with the
chiral jg0nPoReRbsitidntan ARG Riclle Ialnqﬂmrac; EotSpoRAbntGRITBENEAEY &)leaf oY REhSHd | qui d
crystal nononers can be used to nodify the pitch of the cholesterie |iquid

crystal conpdiguid cytal pprapornd.(Hpneaatis figiid crygial morames that candiwpsed ifem €an al so
i ncl ude one %m'é{l?é kaéthl\b% étb?lf(‘l dlgé corhtfiat mﬁﬁﬁf%keroééﬂ{se%gghﬁ&%ﬂm

crossti nkers, antlo ona , nt 1 ox nts, ast|C|zers ['1zers and
ultr gw ol et, aonﬂpomne(me memati¢ Squod aybtalgiwmpmhsi@ ot mygpatiy éiguidrd/sal goenhes

Chol est | ] | b f d t three,
o rore ai rroaf Bniect oDy BRI A ISR o Pt o, achi Tl

conpounds, 2Q:hﬁfféﬁbﬁtsﬁcféﬂid ErydtalGut Foﬁﬁdﬁ&iﬂﬂ hiSo inGh@é &l hidge Addiiuics] sﬁavzﬁst &’
nononers, nemati c liquid crysta nematic liquid crystal nononers, |atent

nematic or cHEABPIEfIRHEE ﬁs,enﬁa(fr@$5#lalfe§s entipzopsnispantpEdanty plasticizay sbiliretex hi bi t s
the liquid cry terials or
0] nc HRLP FERIRRARE o RERTRNORLAEIY e T 05)

conbi nati ons t hereo of materials in the
‘chol esteric |iquiCholestyst J@chtmds:pmpmmw kan z@;@ﬁ@rfakﬂqi udmg eworithres, oat | east

in part, the pitch.of ihe chpl e ric r Iaer. The

chol esteric 'Yt ﬁ}ffeﬁeﬁ’yé?%ﬁ (%5@8%'8@%? ?c%ng’ﬁm}gs %"P&%‘)ﬁéﬁs paa?h‘lm} TB%:’H ng
conposi tpon tdnarestawlquﬁttér}uﬂﬁs a:hsleétMMiqﬁ&Dorysmn@ﬁmers riﬁhﬁﬂ@ﬁ@ld ofygaley nore of
the liquid crystals, gw dcry stlafl1 nononer s, proce55| ngqngddl tives, or any
ot her conponé¥iagg “W‘ECYY Ranenomisys, laten} srmalic or Shirekpematicingirielsdn hsh the so act

as a sol vent ., i 1SQIR1 GAIRE thed RIS HE Mesophase in combination with other materials),

or combinations thereof, The particular ratio(s) by weight of materials in the cholesteric

( liquid crystal composition will generally determine, at least in part, the pitch of the
25 cholesteric liquid crystal layer.

The cholesteric liguid crystal composition is generally part of a coating
composition that may include a solvent(s). In some instances, one or more of the liquid
crystals, Hquid crystal monomers, processing additives, or any other component of the
cholesteric liquid crystal composition may also act as a solvent. In some cases, the solvent

30 can be substantially removed or eliminated from the coating composition by, for example,
drying the composition to evaporate the solvent or reacting a portion of the solvent (e.g.,

reacting a solvating liquid crystal monomer to form a liquid crystal polymer) or by cooling
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30 can be substantially renoved or elimnated fromthe coating conposition
by, for exaNy®&051TW814i ng the conposition to evaporate the FIINEM5 136281
reacting a portion of the solvent (e.g., reacting a solvating liquid
crystal nonobasw the pfaesring trsputore of fhstahpgdiopner) or by cooling 9 V\D

20051119311 PCT/ 005/01 r.ocessi erat ure of
conposition. Aft 68%@%3%‘3 ‘Eltf?ées@ﬂﬁyvﬂz‘g?%ﬁyﬁﬁl Clofrﬁ’ﬁ?lg‘%b ggﬁe Bifroaqu on i's
converted i NéPsta Wyeflot rlater@l Y Shia bordvay®a c@{bdmﬁ@ﬁplﬁhedﬂikuﬁarﬁ@m&%cﬁh@ﬁbsc an be
acconpl i shed by a variety of techniques cl udi ng evaporation of a solvent;

heating; cro®eiding FWQOWH%“ %ffi’o‘i‘)@§f“e}“fa€n$’lc$§ﬁﬂlk&g§%@( %{101@5"“*@6%6@ FBFh; or
curing (e.g. eon%%ﬁi&? lok Eﬁrﬁ‘%)(e hg(%lflg z?:?gt) el choledtlrit lﬁjqu‘fdf §t§!|coﬁ1}35'§?t?(ﬁ1' tion

using, for exa heat , , actinic radfation Ight (e.g.,
ul travi ol et , usitigs fap b@,mplmheatnhdlamcat{elgl gmn)c radiptia) dight @rg. . bdzavioleiy visible,
conbi nati on of. e. coating and

h
conver si on tglﬁ%%gé@@r ?%EIFC%(%%C m@% { arflhnr%%t{(’élrolfg}sege oréﬁceéef? 88%%ri c

reflective pol arigerretdwadf thecorfifonmti cuerenivhrto shoMstteic liatiderdial waleghiengt hs can
be 10 pr odu&@iﬂ, if desjired. In sope enpodi nents, the cholesteric ref | ective
pol ari zer sutholeaisrs seflegive epleeer daf isghecttyg ayera vilerRnEne! Wavalensths cagbe| east
100, 150, ZOQML%Q@ if db3fed. T0 G emBRRENE Ak AREGePRAALESIp @S A | Wi dth at

hal f peak hel ght of the reflection spectrum Optionall y, initiators can be
included wi t$nbstantlally tdfl@tfebglélﬂlv@rﬂlﬂpéﬂlnahwtﬁﬂy@taalea@dB@d§0¢20@rﬁﬁ00460nﬁ@0<at e

pol yreri zat i 0ssl of..: t he

conposi ti on.&@xn%w Org%}eagsﬁg% 6-@ W n.%ﬁ%ﬂﬁ%ﬁ‘?@flﬁg Itseﬁogsnémtg%ec{ml@an generate .
free radicals tojptimnztllﬁinmaaﬂdcanb@p:agaibewﬁbhmcrhotbawenaﬁqmﬁ cgstassl i nki ng. L
Free radi cal 0gﬂener at or.s. can ]g@ Q be chosie c%tgr)r ding to stabil |é¥l€o

thal f-1ife. ROPISE {P PR PPUBCHZUOR aT TP thich e TR GPIPYERE PEYE any
addi tiopal cgly osman tEﬁnfpm bﬁﬁzﬁﬁlb ‘ﬁnﬁdt&'s' k@ Vivkdhal AY @Endbie ABSQRRAE ON OF
ot her neans. | es of suitab free radical initiators include thernal

free radi cal toumifl@tr: alnfbmgpazete@ﬁWﬁW@n At erpssliving. Fraeradish! geperatorsaen alge
| , |
initiators | %Cc!hﬂgsﬁ accf,o?cﬁm% : ng%B lﬁ%%{aﬁﬁﬁgeﬁrefer&%ﬁh?g kr%:é"}aﬂﬁzal 1§ﬁ18§? g&!sfl}%% ne

icorrpounds. ese free I't1Tators generate free radi
ther mal decogmemictanp addiftinat aieii thatholsstamiighia caystal iaaeld:;{/ dhyorpﬂi(ﬂm:r dragnet i ¢

radi ation or particle. irradi |on es. of .s ptainitiators

| he! de. " on TRSaP CTHE S PHIDle e radical P Gre AT et Sen BEGE e ot o
netal sglt CajdiBbiofmitiet OTiukhil e Eﬁxcapi%ﬁ{aﬁﬂﬁi&‘a@lﬁ&@&’&@xﬁnﬂé @8deRkd, anes,

| at ent sul phoni'c aci ds, phosphine oxides, cycl ohex | phenyl ketones, am ne

substi tuted p@@éﬂa@p 196 ArEsvFEE e Calﬁﬁo%@ﬁ 7Bisretrniadical @H@F”é |gegerate free wdicalset  (UV)
irradiation t ti;yate the photoinitiator, although other |ight
o ol
sources can be use Initiators can be
Photoinitiators can be activated by eleciromagnetic radiation or particle irradiation.

Examples of suitable photoinitiators include, onium salt photoinitiators, organometallic ( )
25 photoinitiators, metal salt cationic photoinitiators, photodecomposable organosilanes, -
latent sulphonic acids, phosphine oxides, cyclohexyl phenyl ketones, amine substituted
~ acetophenones, and benzophienones. Generally, ultraviolet (UV) irradiation is used to
activate the photoinitiator, although other light sources can be used. Photoinitiators can be
chosen based on the absorption of particular wavelengths of light.
30 An aligned cholesteric liquid crystal phase can be achieved using conventional
treatments. For example, a method of developing a cholesteric liquid crystal phase

includes depositing the cholesteric liquid crystal composition on an oriented subsirate.
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chosen based on the absor ption of particul ar wavel engt hs of g .30 An
al i gned choW&XEY118311 qui d crystal phase can be achieved &§F H{f WorN¥Hht i onal
treatments. For exanple, a _nmethod of devel oping a cholesteric '&%" d crystal

phase i ncl ubleSUbREBESTR P erieHi usHis) 98 ermple, fiayinededmipuesor TEdWiHEI® i on on an
oriented su bx%%r?&r%thei @o@ﬁ@&?ﬁézﬂ&ﬁ#&mﬁ%d ‘s‘r'ﬁ?s@%é %ﬁgﬁﬁbed g7 Sulp iRl € can

be oriented using, for exanple, draw ng techni ques or bing wwth rayon or
ot her cl ot h.4,PHd¥dal P Hont.3 82080 6.80% 13@515%%%75@@%?@,Q?ésérfiebéﬂaosmow S. Pat.
Nos. 4,974,094 4 58, 293.
After deposi |cg;[}ﬂleéteg g 121191% 5 goﬁﬁp(?@%gn IS%ggg(%abg)? % he%’]a%g’gans DIc%rtl |serahe§t ed
above the gladke ctolnmoatmm wrih¢ qu@cmtuﬂn:éxaﬁ dhetdsmpcsmmspombel c@nleﬁmtb he liquid
crystal phas osition.can be c te .and t he
Composi t | on FEhFRE S EERamprRPCerg idfe (il @y e ATEvary st ifn

addi ti on, th@idﬁi@ﬁﬁﬁ&dm;walt@ﬁﬂmb&ﬂmﬁisasﬁleﬁhﬂhéﬁ mac@b@ubﬂawd crystal phase.
Chol esteric liquid cr%/}sta,l conposi tions can pe ?ormed into a | ayer  that

substantial ly r&folgrEe HagherRal oRgogHensca E%fogpe%r%h%fh%wbe@mgaﬂy | ef t
or right ci n%ﬁéagﬁg\m paln?ga&%ﬁcﬁmlqquatm Gt %ﬁt’bﬁﬂc@lhh%/ SERREMAS i ght
having the other circular polarization (e.g., right }[) circularly

pol ari 26d | i gidtsybstrniallatranamits Gehitanvingihd it dircolar poleyirationieel, emgt drdeft Thi s
characteri zat.i Q refle i 4 si on.. of |ght directed
at normal iMdcr %ﬁ?gﬁ{i@gﬁﬁh{)gl Féd g}cﬁ% sznﬁ‘é{dé %F]‘g? Z E‘hauﬂ%} crystal

mat eri al . Li ghtackeHadtion desdtibachedfladtion of iﬂeﬁfsm&mgh el Hiredt@dmt gaiday be
elllptlcally | arized by the cholesteric.]iquid crystal material and the
Brafg refl ec’tnfggﬁwﬁ figélcgrg;ﬁﬁt’lglq? eHPrfdiavil qrysta) mpafesiay.  lnght 61?1'“ 1geted at

wavel engt h. &H&Iaﬁgbﬁmmf;ﬂnbﬂw& eg;pvés1@lpom&&rwﬁh§c1M@teﬁeIﬁaﬁ;alc{ymap haracteri zed

- with respect to norma incident |ight, as done bel ow, however, it wll be
recogni ¥ed t Fakerigljged ﬂ‘é@ﬁi@ﬁgsféﬂec@fmP%é%%%lb’rm‘éﬁ-@ﬂﬁﬁ@rﬁ%ﬂﬁ@t@ﬁ% ned for
non- nor nal | yi.nehd@ntephies o ;%41 es can

' be forned bywzc\i‘{%spgﬁl ng gtglltl Hﬁl 0 0 gsst gr ?%ﬁ]?%&(t:e?%sdt‘gﬁl rnlge?terl al on

a substr at e. toTosnallyrifadmat bght,t&seiosmlhtéttw,émwe‘(ee, 1gw3,11 Hehrecoguizédibat thd responsd | gnment
| layer provi d substr.at e has su C aI i gnnent feature
that can i np? e’éeg@%mlrsgeln%e&t nedﬁ? Wméﬁnyérhcﬁé@ﬁﬁ%'f R8I esteric

l'i quid crystathoigker i aI di sposed thereon. A surface alignnent includes any

surface features that produce nt of the director of 25 the |iquid
cryst al?mat eri al Qticgl Hagfha%ﬁar“fb&g‘l@m%g:ﬁ’%%m%ﬂ E}tg‘ﬁﬁtéﬁ‘ts cheletauicdguidgsBé produced

by a  vari et ¥,@fiadhhieheat. TE fadse bed %bmegfgorm@g&?ﬁm Gan BkhdneCt i onal
rubbi ng of the substrate, stretchi n% the substrate, or photoalignnment of a

phot opol yner Iazq[prcsndﬁdtaepargq)f thgsubstrate) has a surface ahgmnent feature that can improve or

provide uniformity of alignment of the cholesteric liquid crystal material disposed thereon.

A surface alignment includes any surface features that produce alignment of the director of
(‘. 25 the liguid crystal material at that surface. Surface alignment features can be produced by a

variety of different methods including, for example, untdirectional rubbing of the

substrate, stretching the subsirate, or photoalignment of a photopolymerizable material by

light, among others.

The subsirate can provide a base for deposition or formation of an optical body or
30 structure including the various cholesteric liquid crystal compounds. The substrate can be
a structural support member during manufacture, use, or both. The substrate may be

transparent over the wavelength range of operation of the optical body. Examples of
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i ght, anmong others. The substrate can provide a base for deposition or
formati on ow@mesmioscial body or 30 structure including tRETRAR2MGH46281
chol esteric liquid crystal conpounds. The substrate can be a structural

- support  nmenbegppsfbiel ReuTRIuREE tHabstatt BBAC,AFailBleFronl e, Stthmid, &l PREY Fha
transparent over the wavel ength range of operation_of the optical body.

Exanpl es :of 100 Viokymn daen;15ance Gangreispo beyko1gpam andEasipaniiedek Gee| ude
cellulose tri TAG YA f . : 4 ota Film
Cor . Tokyo, - JREnh R0E S S ESE Bk e Ay LR BT MAE 2 .
Rochest er, NYplyeSob. skaiMs(ralysihyieot terfhetbinleedRETa lln Rirecembatinins thesshstrate
Pittsfi eJJ.d, VA "%I%%q‘ %%I yesters, such as pol yethyl ene terphathal ate (PET).
In some enbodi lﬁlfs, BHe" substrate 5 is non-birefri ngent. The substrate can
have nore than on@hd aipetiate tan anemerikmli ome fiyer. (U ensenisidiradng the@bitakns an

al i gnment | ayer havi r‘ig as rfaﬁe.ca abl e of (i)ri enting a.ligquid crystal
conposi ti on JPRIFHE B EHIEHAEF @‘H‘i‘ﬁéﬁﬁm SRAapabiG et Preina 4 liqwid ersitsh di rect i on.
Alignment | ayg &immid%%séa%q%@g&aeﬁ%@ﬁwa%@gﬁif&hﬁmeeﬁ&n. Jieialele

Mechani cal nethods of 10 making an alignnment |ayer include, for exanple,
rubbi ng or stlﬂ@tsdiailhgmdq)k!ﬂlmdﬂﬁlagﬂéﬁﬂi%n

micp] ethérds. dMsshanset] aethgdamadint
directiop. Far.. . J. alcahol . 1.de,. and kmde filns
can be gﬁi gnemoEl l‘gn;é%gﬁh I ﬁ%?ka#e@ lﬁ‘%i{mnef #C'(rl\‘lc .'irll'éuedglsc%’ilb}rﬁgg;| ' gﬁr?t%hﬁ?feangoqﬁ#ér/rela °f on.
'Films that cane dweiraldlignechtldjretioneFelexagpleyolywisy] alkeiol godamide, agdol yvi nyl

ral cohol , ol yol efi such , for anmp| e ol.yet hyl ene or pol ypropyl ene,
_pol yest er spS|P>é 1gide ?’fn&?c@@egﬁ@ﬁﬂ&f&ﬁﬁlﬁn@é&tﬂg‘lﬁ@% ‘{Bé‘}/%#ﬁgpﬁ?gﬂg%%n Py
|pol yet hyl ene pigRhi sdrlictligAlthyRabiEhY e REe, f0MtamPR! poRin kkogan be a

|hormopol yner, a copol yner, or a m xture of poIYrrers. An al i gnnent |ayer can
Ibe formed phaebelsdni wigh ps forpgampla.nepietylephernelypsnylone.aiolysstps syakessiotan be

Iformed ipto al i ' i at ] S] i.sot i cal l
absor bi 15 moltSL PG PRty AT fuheld &t el fine M ol Lol AR R P50
[(e.g., ultravyobiet filmn gintbe atHeatopoigmes, neepollgmapairamiized: ofglobmieve to t he desired
jal i gnment directiqn, .. as scribed.in V.S Pate s. 4,974,941, 5,032,009,
?and95, 958293, all gﬂfahweﬂﬁ?ag?recanSﬁ@ﬁ%‘t@ﬁ'ﬁ%&%’@%ﬁ' ﬁgﬁ?@g’?@ep@?{@e. Sui t abl e
phot o- or i ent akiefafebylsmes child féetBediato)li Partkas layéd bl dedigion,f@ by exagp! e,

substituted 1, 4-benzenedi am nes. Anot her class_of photoalignnent materials
can be used t@isplErnigally phpRrhing melgguesglisposed inymsdiumer gpa sebstieie adthilight v r eact

in the ppesence QhraROleAfifrhafatW fleddy M1Sizek teditive ) BEGesdEd alignment direction,
as described in U.S. Patent Nos. 4,974,941, 5,032,009, and 5,958293, all of which are

incorporated herein by reference. Suitable photo-orientable polymers include polyimides

including, for example, substituted 1,4-benzenediamines.
Another class of photoalignment materials can be used to form alignment layers.
25 These polymers selectively react in the presence of polarized ultraviolet light along or
perpendicular to the direction of the electric field vector of the polarized ultraviolet light,
which once reacted, have been shown to align liquid crystal compositions or materials.
Examples of these materials are described, for example, in U.S. Patent Nos. 5,389,698,
5,602, 661, and 5,838,407, all of which are incorporated herein by reference.
30 Photoisomerizable compounds such as, for example, azobenzene derivatives are
also suitable for photoalignment, as described in U.S. Patent No. 6,001,277, incorporated

herein by reference. Alignment layers can also be formed by coating certain types of
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perpendl cular to the direction of the electric field vector of the polarized
ul travi ol et WDghts/119%#hi ch once reacted, have been shown t oPAF{GHFOHEFY
crystal conpositions or materials. Exanpl es of these materials are
described, f olyouspieppleculpsiidelsotiah desip shss aprdicdgginggeatings Magculsef hiand

5,838, 407, al %?Lre‘ﬂﬁ%ﬁ?edaf ?emrgﬁé @;9&6& %eﬁ}‘ifoels]%?é’s %r%%ﬂ&} ord

Phot oi soneri z € conpouh for exa erl%tlves are
al so suitabl eref@mcphot oal i gnnment , as descri bed in US. Patent No. 6,001, 277,

i ncorporated her renc Ali.gnment | ayers.ca o.be forned b
coat i I?\g certain ty ﬁ‘fﬂl Eﬁ%@gﬁ%ﬁ’“ﬂg@‘ﬁlﬁbﬁlﬁ )égé%%%?%]fglflmil? Mpi ¢ d
nol ecul e whi e, aﬁbmhmﬁ,mﬂmtﬁhaaﬂosappmmrbegmﬁad ioltle oﬂmamuy es of

this type are di scl sed, _for exanpleg, in . Patent No, 395, 354, herein
i ncor por at ed Bj"8 FSHc &n anpiher NE %‘&?ﬂtﬁ&aﬁn%te&éﬁb%@l’é‘&%ﬁ%@eWﬁsﬁa%t her

optical or phma%hmeﬂo%mtfﬁm kﬂone@n%@mleﬁﬂp‘?ﬂ@@’ﬁhart&“ﬁa% At necel | ul ose
(TAC) filmcan be attached to the opti cal body ~using an adhesive. In

anot her enbodlaménsted to Heanbsiaice Adtamateely, gierletC osquaget wvediiboen b bmineted
o e % Fobl: Bl FURASHIT o Al HRCA B e b oo 0

| am nated to barter wave il mcan
be | am nat ed cdmemthleammmmahctmhrmgollah&ddighﬂ te$1hmriy(polamq¢d libhe.r }Etigdassimt eri al .

The quarter ilmcan 10.convert .t mtted citcul.arl ol.arized
{ght Lo |1 neBRg Rl Sl SR RES A L R G <orYrER gD Hodeie Iélflz%ve
film circul anjy wagliepbrasghtibh ghit +ics -a9 AYREdsQthay ftbA the &iRREI atisRIRM l'i ght
with its pol arlzatlon axis + or - 45 de grees away fromthe optica aX|s of

t he Q{uar ter Cwendms pithegfierfiqnistegningd by i sersifisrciPHetPabFizelE sigecinf i ¢
circurar pol aEﬁoﬁfbﬁ:bﬂﬂoﬁh%t%e éu%s%eyi%&e%nsyp :Iwe&‘ilﬂle substrate itself

can be a quarter wave fil cholesteric I'iquid crystal |ayer can be
used al olfe or in c"ﬂvzratchnlaﬁtmmilqmct drysalfagter candy erel abme dein weditagod withroter

optical body, such a.refl.ective ol esterin
"Paui d oryst alSgsPaRiivel 8 P ARG Dol Rioni ot SrPRlT b EBR b sRA s or | The
pitch of a clablesériqeid drel ﬁolaﬁgesst @b usa;ahladsneztﬁfe of Seflelctivd fllarizer. the pagt i cal

| ayer thickness ¢ i refl ective polarlzers Pitch and_optica

f Ll
| ayer thi cknegéﬁg}’@?ﬁgﬁ? ‘&}’é %‘ deknolarizerds sipvilenia theaptieal lavgybicknest BT of . t he

cholesteric | baiidechnsdiab R&Qﬂaﬁ&d 28R aﬁd‘kﬂ:ﬁ@&l'lé}le{ RA¥eRhess ?Jsb&‘ﬁ%lyéeteﬁ%@“ zers.
The rotating director of the cholesteric |iquid crystal polarizes forns

optical 20 epethe cemprtvrvslength gf the thtl‘FﬁéefWIqtuﬁ stystal pajastzsrsiand nulllnlweayeélpctwe
B e
repeaq:;_umts similar to the multiple layers in multilayer reflective polarizers having the
same optical layer thickness.
, The center wavelength, Ay, and the spectral bandwidth, Ak, of the light reflecied by
(_ 25 the cholesteric liquid crystal layer depend on the pitch, p, of the cholesteric liquid crystal.
The center wavelength, Ay, is approximated by:
Ko=0.5(}zo+71.e)p
where n, and n, are the refractive indices of the cholesteric liquid crystal for light
polarized parallel to the director of the liquid crystal (.) and for light polarized
30 perpendicular to the director of the liquid crystal (). The spectral bandwidth, A}, is
approximated by: .
AN=2hp(nem0)! (ne*l-no)"—";}(ng—no).
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25 the cholesteric liquid crystal |ayer depend on the p| of the

chol est eri ovbizapsitgozer ystal .  The center wavel ength, ?,0 %T/H%d%%@fﬂt ed by:
i ?20=0.5(no+ne) P where no and ne are the refractive indi ces of the
cholesteric |i quinhQnrtbfsbimﬁ‘hig@ncel df@tetmatp@ﬂ frinz)as <, tielspéctralobanfieidgh arect or  of

thequurdcr t f h edlc ar to the
di rector of t’ﬁ% |qU| g‘)aér%@g a I?péa.]gﬁlggg‘%gﬁ q%)sf)e%ﬁél S%BAX,

appr oxi mat edcomposifien; s 2#nerAynd0 m)dr([dsie'ﬂma)lmpé the udefoihess oﬂ.BchMbs%ﬁG 51[41’:113193 1 1
PCT/ USZOOS/Ol%Siaﬁl When, t he_Dbi re{rr ngence o

the spect ral THEH ARV EFHYB GiteriH F&We%s@%ﬁhq?\%n%% ﬁ&}g[té ﬂ%({]lfmo%‘gak hei ght )

of a chgl est@hdrGvabélenpitidraasy/sibsthntiallp PO tah 000 Wb ig&RRER! |y 100 nmor | ess.
This limts the useful ness of a_cholesteric liquid crystal polynmer when

reflectivity overloppkegpetiecdvepodansrieapstief rpilgcag ¢ woad fgesovarsienghs.5 ot her
wavel ength gy e ?H&ﬂ%ﬁg}hé &h by urear g%adbmrehaagﬁemduﬁi &m@gﬂnzé@ fke a

reflective pol er capabl e of  ecting a broad range vvave engt hs,
mul tipl e pi tighn perigudls feaed bjelagm@dng Br@h@ﬁanétadhm eatsepargelyifguied cryst al

pol ari zers hagv revr ously for qr..of her st acki ng
P separ at ey epstia ks i Biheipt B d i el S RGeS oced on
tan i ndiei duapitches(skr, Aiveng dﬁffbﬂanﬂhofnbesiﬁmis fdPexpiripteh eitetent Gtios Biawdigig odi f f er ent
iconp05|t|ons for exanple, diff rent rat.i ight.of chiral ' d nematic
'1iquid cryst@retBgens rftléf%““{j F%‘E}B‘i‘“ﬁ fé)sq% ‘g{aﬁﬁ’ragﬁ@f?"f@ﬁpwn dan Each pr

| therefore, r@bkRed serlebdibhthavibpg airethnt Wevepgtnavel ength. Wth a sufficient
 nunber of |ayers, a polarizer can be constructed that reflects a |arge

| portion of or thdVidine ufBcigntawmber of eypes. apabarizer en by hensgugiehdetafedtons t end to
. have a 15 2%@?9&1@85%1%% ﬁﬁbmtgﬁrs?%&%eﬁﬂe%oﬁaﬁﬁh&ﬁ QRGRYSR £ach ayer

| reflects a rent regi e uniformty can be |rrprove
| somrewhats by minl-tmiﬁamgtr&tsnmsmnfof tf@ﬁmn(sﬁectm Ihe:ahse(pac}dlawysﬁeatsa diff¢rewgen t he

,varlous Iayers ons These | aye t.o diffuse

eome 1 qui o BB PR R R (B or MG o PR PR AL Fa SRR BiiPn O

1 aver agi ng ofthé H@m@bﬁy@tbl@%eﬁﬂ&éme ﬂaridile layer idowss doayeiction. 2Zfheddaferfbinied,

" however, res substantl er of proc&w ng steps 1 ncl uding
separately f IQH?WOPQFQW Em@3mm?ﬁﬂﬁﬁﬁﬁﬁ% @1aﬁyﬁH§°€?“EUFFﬁ@ each
llayer), stackim gmgﬁ?thg 1tcﬂe§~ﬂ&t@f@éﬂ tdVarlolllah@yers, and then heating the layers

to cause diffusion of P uid crystal materi al bet ween the two layers. This
al so reéfuires su ﬂgqsamth@;], hWQy@@ gqqiuﬁgs g quhgtantial number of processing steps including

separately forming each layer (e.g., individually drying or curing each layer), stacking

(e.g., laminating) the layers, and then heating the layers to cause diffusion of liquid crystal
material between the two layers. This also requires substantial processing time,

particularly, in view of the time required for diffusion between the two previously formed

o
i !

25 liquid crystal layers which are typically polymeric in nature.

New techniques for making cholesteric liquid crystal optical bodies have been
developed. These techniques include solvent and material selection to facilitate forming
three or more cholesteric liquid crystal layers on a substrate from a single coating mixture.

In an illustrative embodiment, a new method of forming cholesteric liquid crystal

30 bodies includes forming three or more cholesteric liquid crystal layers from a single
coating mixture, each of the cholesteric liquid crystal layers can have different optical

properties. The coating mixture can include a first cholesteric lignid crystal composition,
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particularly, in view of the time required for diffusion between the two
previously farmesh@511iquid crystal layers which are typi FAHTVYSBEYNRSIi ¢ in
nature. New techni ques for making cholesteric liquid crystal optical bodies
have been devabupewlesthiediauideohin cpugwsiios lhudie sdving eAfteramdtings wbitzite

selection to_fagili e ' e, Of. .npf esteric Liqui rystal
| ayers on a Y ﬁ%s%ercg%%{gfl}%%ﬁ%]asqlﬂ %tg%eggn?b%’t%lt%%&a e)ft% Eﬂg@_ DFHC%%H é|h‘3 ?‘f']bss%r‘tg'ti ve
enbodi nent, ahaeugleeddtiog naftufeanehidey oshwingst srivent(h) agd ivdo,ahrgs toalnore30 bodi es

i ncl udes form t hree..or re cholesteric lLiquid. cr al |ayers. froma
single coat %%%Fﬁ“ﬁélﬂ‘ﬁ% ,Gryg{égﬁmé?osﬁ‘ﬁgs t&f‘ﬁt&ffeeaghe@f‘ ipg{qui Sﬂﬁﬁ%ff 18F1§Fs%§’ﬁntﬁ5§ryer s can
have dif§erent optheaaéthodsfapetniedn cdihfert @add dRehdmd Liolds@ric HQuidRelstade a first
chol esteric |iquid cr_%st al cor‘rgosi tion, 14 WO 20051119311 PCT/ US200 5/01 628
1 a second &HeFadh&iiEeTtontsay @P%?%IO%%@FW%F%&Y wndlitgerdmiidentor Af ter
coating a substiad SitchMvhih &Aaﬁnaaéetef&gti\;@%%w([ﬁmggfﬁ )Sknd 18RGQREL, and third

| ayer can be formed on the substrate. Singl'e coating mxture includes
one or nore sol velmtons pmhpdimenipthe mhixiue, indydesd First lighid baystelegalondri apscohder yst al
conposi tions ke at t leln t ol yven , The

met hod of thgﬁ(?%%/eg?thlﬁ%ﬁ C?‘asﬁﬁﬁltg}lgﬁg%rh%régss%?&?rﬁ?oé&%% Iqlglgfdéﬂ’rnrs gal %Jﬁgl uFﬁtﬁ%trI%t al

| ayers Wt h dpiideellefotmepfiomalpogionpé thicisesnd Qpldsteat lignid pastai msndoat Than di ffer

i ncl ude, for anpl e, .pitch i ch can. i.nclude effective pitc ne+nol/2 x
oy and” hand et EEL e e SRl B NeR ek e T QBT PR || qui o
crystal pol ygaRrdiffie @6DRee 26100 8Sh€Tid of inBdthshtiByst al mononer, and a second
cholesteric liquid crystal polynmer that is 10 optionally forned froma

port{on of the sebwrgcarshelstiehqliamid eytal pelyipst eap beprroprsin thy mxipiemsior to
chol esteri ¢ LAl thethiilaahixfid YIIE fhe 3L BC ARGGANALH S BRI fhelbfitig d crystal

pol ymer are eren ave at least sone I ncofrpat | ity. The

second thol eshdestegic|liquidicdystyl peiyakr o by fremed friom e peesieholesterid lpiddrydtalr e

prior to coatin e £0al iﬁirlll qll;{xtel,{sr’goage]ratoomt@esuﬁ b§t rate. Alternatively or

in addition, TREELEGhA T ERSTEST T T i4QiE 2 é}%ateal pol ymer can be formed

fromthe second chgbdtednefsirembiedfioth e yeuiag mitie deefstahbestedidIenedatitag
is.removed fromthe coating

m xture is coated onto the substrate. . sql vent

mxture the PPYEET b e ok laqﬂeﬁz%mﬁrmn@am&as%w R ECRERSIRY

chol esteric hiyadl th &ieXaivdlini¥Rl) aistaholbRaR iR 8 b¥lySEPREAS £1ldt 0 | ayers.
I n one enbodinent, the first cholesteric liquidcrystal polynmer’forns a

| ayer 200 adj adjewnt thheubstins snchthe seened ehalesisaebindd eighlasermier fdning alayermy st al
oo O KB e R0 B 0 ML LB
liquid cryst dle spldtyiee (The ssvohdligliid trysthipobehentdnttiornl sl within bidichofoth of
the first cholesteric liquid crystal polymer layer and the second cholesteric liquid crystal
monomer layer. '
(\ 25 A tri-layer construction can then be formed from the substantially bi-layer structure
by partial curing such that the physical properties of one or more of the second liquid
crystal monomer, first liquid crystal polymer, and the second liquid crystal polymer are
altered resulting in at least a portion of the second liquid crystal polymer migrating to a
position between the second liquid crystal monomer layer and the first liquid crystal
30 polymer layer. For example, by heating the bi-layer structure or at least partially curing
the bi-layer structure with U.V. radiation, the solubility of the second liquid crystal

monomer in the second liquid crystal polymer may be decreased causing the second liquid

15



the first cholesteric liquid crystal polyner |ayer and the second

chol est eri v pgmithser yst al  nononer |ayer. 25 A tri-| aye®P@aH8050d¢38bn can
then be formed fromthe substantially bi-layer structure by partial curing
such that t bssahysionshr tqutderhitedy edpacurciram these@nd fiqiifierysiatorighndriiqui d

crystal nonqner, first |iqui rystal polynmer, .and the second |iquid crystal
pol yner ar e O™ & HriRET F%”scﬂ'g?‘i ﬁ&ﬁﬁ ﬁ}‘aé‘fpkf’8%g¥n°3fﬁp?gyflfcg’ﬁle%? ﬁ*ﬁSﬁ@Y%fe%Bfﬁan iquid
crystal pol yayef asd Oihal iavgr diposed Hobwdeh iHRFirRabdaRond Bfers ETI kst 1hwdi vhich yst al
nononer |ayer and the first liquid crystal 30 polymer_ |ayer. .For exanple, by
heati ng t he*#ibq aipssnt & th syhgirate.dpeluges p araribfiths Bist sholegtefiv §avid prystl - | ayer
structue WPBl b Mihes8hd lay @ incth iR a3R4oHRY bi thy s¥bnd B1eSEAONGL b@%ﬁ, crystal
monomer in thée second |liqurd crystal polymer may be decreased causing the
second | i quitengBeiWDhe GOS8/ 1ayE0 Brindextin %Q&&Obﬁmiqubwy&tﬂ&wlmoﬁ’ms to at
| east partiglly.s t . i qui [ |. pol ynen. t forma
to 1 ayer serURYERRRu okt AT AEERREnis A SE SO R | ¢
| ayer, a seopiigl bddgty @his ahigad aptidal betlyl cay dien bé fufio sedd befowaarfullshaudd r st and
second | ayers,. Qe first layer, which can be adjacent to the substrate,
i ncludes a MBGIPAY- of the first cholesteric liquid crystal 5 polyner. The
secondid ayer i nciydpdedtob@ihaf ity tolfben e Ges B CREMRIGRId Gydtdl Glyfhefsr VSt al
nononer. The third | ayer includes the second cholesteric |1quid crystal
pol ymer. Thiaed the mspedhqid erysialguanemer yiateral arpgnisichangestle andd agy sembigetifne can
then be hea f j Qpti. ' i Lcal body
B?ﬁlla{eﬁal a04/01 E\fgﬂﬂfdcﬂfégﬂg 1?‘ &;5181?!)]? &ggﬂoles-{éﬂcgﬁlﬁlbr%{g%sﬁ 1a erhn,l[atci S

can then be y cure orma cure optic

{ .

)

under st ood thaltstangetdral © fomn dtdeasi thive chaleserric dyersFemonsingle qostidg oriyisteal L

pol yners and ihe secoond lsggi d .grystal nmononmer material are interchangeabl e
and any conbi WAPT Bl SS9 0 Y4%nd/ or sol vent achi eving separation of one

chol est®ri c nat episédonfl E@fin@RatthiRIthat GltRldesdne ok Boradheletatic Euid afysmlat | east
three cholesteric¢. layers froma single coating mxture is within the scope

of this invEPRPYHioNy BmLRediseivd o8 ity ehitepurelopried phivpudbesstid or nore
chol esteri ¢ obiyibmsdsihMat cHABRRSHL, HR Fur&2Br H6re Hy3RABRE I mifGst ri -1 ayer
structure descri'bed above. The second: = coating conposition that can form
one, two, t Mdesebedmaboyiore | ayers using the methods described above. The
first or second gl ] |t .1 ncl ud [ tive nonomer
20 material to c?@ess tl(%lgégoiﬁé\&%lggg &%\r@?g&nﬁgﬁg%pﬁ%& ﬁirgacrag%lgﬁlﬁ;o\? ' monomer
mat eri 2 maynaieiabto croegdik] ivadditiootgiolyaretize. | Thiswearive roackheranitendl mag be a
choIestericquyid cr stadl.co ourgd.a . e _

reactive mononter and, in some embodiments is a cholesteric Hquid crystal compound, a

precursor for a cholesteric liquid crystal polymer, or a chiral compound. For example, the

reactive monomer material can be, for example, a di(meth)acrylate, an epoxy-acrylate, a

diepoxide, a divinyl, a diallyl ether or other reactive material. This reactive monomer (

25 “sets” or “fixes” the cholesteric liquid crystal layei(s) and prevents or substantially
reduces any movement of material within the layer(s) over time. In one embodiment, the
reactive monomer includes the second cholesteric liquid crystal monomer.

The methods and configurations described herein have advantages over previous
techniques, in which each layer had been formed independently and subsequently heated

30 to induce diffusion to mix portions of the cholesteric liguid crystal polymer layers. In
these prior techniques, the resulting product continued to experience diffusion between

layers of different composition over time, particularly when the product was utilized in an
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pre'curso'r for a cholesteric liquid crystal polyner, or a chiral conpound.
For exanpl ¥0 3M&119%8Hacti ve nmonomer material can be, for é’fgﬁbﬁzgf‘“ﬁﬁgﬁ]

di (meth)acrylate, an epoxy-acrylate, a diepoxide, a divinyl, a diallyl

et her or ot melicatienstithheatpsedsetion, suchigs mapedisrlpy eplientioner Tiiscontiptas or "fi xes”
the chol est gid &) LAYLL 1S ; iSh) prAPEiP! SMENS antially
reduces any&%ég%%#%%} 9%1?%€%5é{1%%§3&i npt_géejml ga%r(s)d]%ég%g?%b. In one
enbodi ment, t he Incewosi, the tenbnignedisélerel betels fotmosdinkmg ochoingsheric | qui d
crystal non [..The . h | i ons .descri bed herein have

advant ages %%/%zermﬁ?g lflou@St%ﬁé%%{%?arég@{ag ?grﬁgt%(#g g%ﬁ%ﬁhﬁﬂgf%rucﬁgd’ "been forned

i ndeperdent higvantg Suthsegoentchyaflze adrag or 30ss-iinkinpohycacrel sirfgundleduldr oefphk

portions of the cholesteric.|liquid crystal polymer layers. In these prior
t echni ques, f“idtféd‘?”@gﬁﬁet ?Vﬁﬁa%téﬂg@?gmgﬁom?éﬁgﬁ‘gggﬁ MO PR on bet ween
| ayers of dfrﬁzfs,eﬂl@aﬁﬁcﬁppm@&ﬁésldmeqmmn}glo oal B@Tylda Bé AlbkiniMNeRbRvEr oduct was
utilized in an 16 WO 2005/119311 PCT/ US2005/ 016281 appl.i cation with heat

product i on, tBaapd &8 bpuspd tepegnes ralighls rraduchyeh a omg difetian: itn additiond Mbeusi on can
result inc j i Gt . tlme. In
Contrast, ¢ RECpaapits oEeRRYLER R ROT o fRaflc bIPLRA Akibh SUTEcH 10 e

chol estler i cedchqtherkseplysitas rehmyet. (Bipsotvthelmsorapatibilioetfdfcorang thestart i al | y

reduci ng or.5.preventing f.urther vempent. after. curi.ng or cross-ljnking by

i ncreasi ng H@T“ggcﬂ?‘é{aes\%g’é’ﬁ?aﬁ %%@Jhgg%ﬂl@%ﬁﬁmﬁ%ga § 87548 30 F4T° B tol e nonomer
material s f plodebefamitst eiiable produerEta longbhligtimt Bec@paiadab pRe:aRedpiitds of the
resul ting optjcal body can be substantially stable over tinme and can be
used to pro a reliable product with a long lifetinme. In addition, when
the conponents OfyhBakdt widhifY to BE Bodr A hY PArdcl ATRIFRALHiPbSict K atla R0 NOVe
away from 10 each other as solvent isS renoved. Thus, both the

i nconph i bi Fargeyforiraag 8t lasr theepdayerousing diffagmh gptipebbpietiesonopsinglal  body t hat
i s substant jal | ¥;5hatl Ge é’[ﬁ{vetiﬁc'gﬁipmwg%?thg%&s&qn 0 ChOQéSPEgl{dce a more
reliable product wth a l[onger Tifetl as conpared to prior art optical
bodi es. Wi benposition. Sibisglative ibeonpmtibiditybyayareyrepasetited of andetshwdiby thei )t i s

believed that a drivin 1 orce for fqryyng at |east .three | ayers having
different oftFE4Pn Bz%rB%P’i’ f“gghfjw&’??séo% F?‘@T@y p%{aﬂet??’é’r PRSP %F&%lo? he rel ative

i nconpat i bi hieispre@lontshBny BE EseOFill B0 61T BEheElfn CRITDSithQRSeraldtha el ative
inconmpatibility may be riﬁéesent ed or understood by the % interaction

par ametler , Witiasesgpargict dhgfognationsf iayems candepandaranaw fagiers éngfudingebutensi on
Measur ement s, /AR 8f viRRRS pihddraBGridS @t SO Inbkahd crystal
materials t %t =200 W IV{S pﬁg’g\gﬂas?egar ate. #’%1131 o’rsr%ah)t@?on %@lﬁ%@’g{?@ %géﬁ' depend on
many fact or weightoif thei m@meb,l,difference in surface tension, cholesteric liquid crystal phase

morphology, and temperature of the components. For example, it is useful for one
material to have a lower surface tension than another material to help drive it toward the

(H 25 top layer or surface. In addition, it can be useful to form a layer at a temperature high
enough so that it is in the chiral nematic phase which typically has a lower viscosity. It is
also useful for one material to have a relatively low viscosity at a processing temperature
to reduce the time for phase separation to occur. It is also useful for the first cholesteric
liquid crystal polymer layer (which may be the lower layer) to have sufficiently low

30 viscosity to provide for enhanced mobility of the components. Consolidation and

reduction of interfacial surface area are driving forces for the layer formation. The low

viscosity of the polymer may be accomplished by selection of its composition, molecular

17



not limted to, viscosity, phase transition tenperatures, solvent

conpat i bi M@ g00sabI3dtul ar wei ght of the pol yner, differ difddUS0¥IFF84ace
tension, cholesteric liquid crystal phase norphol ogy, and tenperature of

t he conponeveighi, fraperawamplvent halanpes aubplidicizéinonighe naterial to have a | ower
surface tension [ terl jveglt | ro.t 25 top

| ayer or . surfac gﬁn@?ﬁrog%g%s{l ?%H%’%le?%c%ha%g I%E{a@gﬂ{t{oé' F 8Itrer%‘1tm§1¥}@a€/sén rgqgrf) a

t enper at ur eiffidrgi solesutugith $ifitetehadoniphtibiBtids Mortthecholestedt maenalk) 6 opdlase whi ch

typically h | ower viscosity. It is %so useful for one material to have
P el ati verg TR PR ot cu e Ry R A B bn ot S BN the ¢ e
for phase sepahait@Rial(s) rOaLHE in sblutibs Akes@ativglebiiin ddottioh Ieatédalskiichey esteric
liquid crystal polyner Ia_éer (which nmay be the_ | ower |ayer) to have

suf ficient I%fqu%ﬂ’%a@it&aéﬁ 1 S?“W%Ta‘b‘i‘eé&%@ 8 ?%@Wé@&t%b‘ﬁ ¥y of the
conponent s -(re%@ﬁ?ﬂ ToW3kdcO8tyaRMhatid ﬁrﬂkb%hiféﬂh@éthérrié Eﬁl%%&busséiﬁcfr@%s area are
driving forces for the layer formation. The low viscosity of the polyner
may be accohii thérely dpoweging sdpamtiot. Altesnagielp esintaddition,mop ewteriarcouliibeO
20051119314, e bioaty Qe nentOits vilBLAMN: cnd BIRE LIS andQieAt Dal ance, and
pl asti ci zer Conitent fer processes can bé tised 1o enhance layer formation.
For exanpl egpautsiong two different solvents with different conpatibilities
for the cholesteric terjals,. .as_one ol vent . evaporates, one material can
be rel eased froﬁ‘ﬁ%&@‘é’?‘ﬁh ‘%ﬁ‘?rf"}?e? ?f’rnr?llsa%?&?%_r tIji?/\?’l"l_oll_ "”SVEE _CQP[’WE]_’Ierrat erial (s)
remains in ch@lkdidricqRdlyntird 88 Adinkd it d¥ferdntmaRelilid vightdT MO RHiRbBenNB VEry
different nematic transition tenperatures can be used so that one material;
isinits vewaliliresaisgysitiesyiviipk wakqnhgnc sspareiien mrbaver ifmpdon he other is a -
more viscous anpLphous. Rhaseh. {Aek SRCQW AT Lt 3040 - ternatively
or in addition, oﬂrql rrarteecri al ceoﬁl d gﬁe%at ﬁa&éga{st pg?l?ﬁg?ﬁfss 1(T:ﬁt}'lra’édéiéb\lto i ncrease
i ts vil8cosittmpemture hambpeboveths obmdiicl tiansiticuidmperhtarecd ohdclpdgswriatomopouniibl ecul ar

wei ght differences' ,can. al e used. |f two relatively inco i.bl e

chol est er | CHERya LS Bty ShndfontBfiaiob ot Seb R el Bt e HRRERE T hey i 11
of ten have will dely tiei fivki@niaeial W HAS clidlGeric \phise uyet drd cahdhaaspaaBiareei on and

| ayer formation. Te rafure n al.so be, vari.ed during the |layer formation
process. Fit‘?”éﬂe}'at"lrﬁégrﬁ e @Fﬁ@?‘i&??"é%&ﬁ“ﬂ@ SR teR@eTTiaef the gteP%ﬂ‘i]_si tion

t enper at ur @nikst@ReoRPORISH Thdt GraeBRRAY Tekm RUhole@Sse Sl Iihe TREMAL i C
transiti;on tenperature of a second chol esteric conpound. This w Il help the
first 2fmt erchelpstarss laxsesraan thendre zedorset as Hessebadapeye. and enhance separation. The
t enperature can ' [ grll]ﬁ! ' ature of

t he second choFfé%?gtPP% d&%‘%gﬁ%%@g‘gg&t%&% If&nglggﬁl:ségg&m {;%@%@g@ C doI esteric
phase | ayerquijitnent. The figures show a distinct physical boundary between layers for illustrative

purposes only. As described herein, a “layer” will be understood to include a single

physical thickness or a single optical thickness. A single physical thickness can include a (Y
25 distinct boundary layer as showm in the figures or can include a non-distinct boundary

layer such as, for example, a compositional gradient between layers. A single optical

thickness can be observed by an optical property such as, for example, reflection of light

about a range of wavelengths. It is understood that zones between layers can include one

or more or gradients of material or optical property gradients.
30 FIG. 1 illustrates an example of a snitable method and device for accomplishing

forming three cholesteric liquid crystal layers with a single coating composition outo a

substrate. A coating apparatus 10 includes a carrier 5 (e.g., a conveyor belt or a sliding
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| or chol¥dsteric |i
!. the second cFuzﬁ dﬁaﬁﬁcmahwm&n%x%ah aaqngai Mssaclﬂ{é%ﬁft%haeﬁ ic or

- crystal nononer

20 cholesterlc | ayers can then be fixed or set as described abov

met hods desWPizbedidddve can be perforned using a variety B?T/ﬂJé?:‘WﬁmHﬁ@s and
equi prent. The figures show a distinct physical boundary between |ayers for
il'lustrativepla tbernynysy sugTagrelspast toeting dispenser faplpmatiyely, thse

under st ood t i I

t hi ckness. Ag)us F‘ﬂ%% Y p b%safdgg?du?ﬁ g%@g@@@%ﬁl néﬂﬁgﬁe %[p %%n%I 12 %ﬁ%@ﬂ%ggﬁdar y

| ayer as showiveirnlls Hée hbgefidege oyllscers simiddr ugehaismo for diayiniatbe subsatdaeyd | ayer
such as, for _exa [ t [ gle
optical thi eKneds I%‘?ﬁﬁ%%ﬂg%ga élﬁﬁ%lte % %chfs?rg f%% C\rg%%grq ’tlgé/agﬁdz dem%at?

exanpl e,5 r ef theciibisaate of AJﬂirgthtoatu&hmxtur@.’? rsaimgyensed ﬂwmghhé“mgtchmnglhbad Sammder st ood
t hat zones bet er.s can i ncl ude, one
tsg}bsg%

t |
or. optical pPyp i5di &Y Soatiny tpqhgiauy C%n|bF&§%r$a‘§‘é‘§n% OIe%%%nglteZhg% pterta
sui tabl e et fRen@nek e Slof Qatifg GaNMelcstingJroll boHtb NPrdy oSt Bidueistner | ¢

l'iquid crystal layers with a single coatin nposition onto a substrate. A
coating appaf¥iing 0.  avisdeiint ?9&?1% ’@nge?éﬂ fe subgtratsie & a9aled or a
sliding i's WO.200F 419310 RETALR2A0R0I 8RR xRl Rk | Daten QnYEYS a
substrate 1 %@gt gﬂl rst ccl)acﬁ}-ng 2t?spéﬁé\)ser ]Xg:lr erI%atls\’/e y,ent h(raHé substrate
1 can b® a cdnﬂﬂsttmohsmdveﬂyswlrmﬁym@, qndlalse@nd hhcdu@tmcﬂﬂq@dapﬁaaﬂ atmopositOnttat ough
use of drive_rol] hanism for

novi ng the suﬁsflr r-&[y SOI%L%S gﬁée gorlve ?rfellec SSICh& Stﬁmsheqmd C&’a‘q‘mqgﬁl *hite the
necessity fOfeleﬁlveiﬁ.Iilfcb]ﬁpatﬂ),e}lvﬂlﬁ:ﬂieeebouﬂdl&jle’:l:&ab hqﬁdthzeta}sctdnq:tomba 1. Afirst

coating mxture 7 is dispensed. throug t. coatjng. head 6 and onto the
subétrate 1. Any 8858 &H@P%‘Eﬁﬁp aeRty ebeéo‘&éfz’ﬂleﬁtﬁ%‘f i‘ﬂiﬁ‘?’lﬁfﬁtﬁ e, knife
coating, barjgRatd Y@masé O choRAkHOBquidE Mélrrﬁ'on%ﬁh@lt ARG ligufd lescfzﬁ%blyﬁﬁr spray
coating, or curtain coatin FIG "2 shows the first coating mxture 7 on

t he subbl r at @rmed bioF PATEOTESY: %%Fm@el%@lwﬁs‘@ﬂql_!qui PrySplanenvimse thet he first
coating m xt id crystal
pol ymer, andﬁfaﬁé&eﬁg%&gw%ﬁ egt%lirgélcc |h§he?t éc{l@stgr?mﬁ%% 3&11?“51{01%(;1%{1]&% are at

| east part | ynswdtalbt éloilaatenhéq!sd Icwstat mofidwer.f Inrthis emhadimsties liguid r:qsmlj crystal

polynmer is Iat|v |nc I th the s ste iquid
crystal coan@ﬂlfrdﬁ R"rﬁ‘ﬁ ?J‘%P’? 3%?/86 52’888&}?8%%10%1@%5@@ H’OE‘FFg Testeric
| i qui d cryst after @Rmpiesrd 1 Qnoatbm@ﬂtudgau&umermtl c or cholesteric liquid crystal
nononer _and a Ilqﬁ]i?d crastal polynmer 15 fornmed by a portion of the nematic

sgpopd gaqleptericdiquidrystal ?Pnéi??é’flﬁ’é fan fythes dngludeiasirglhodi nent

chol esteric crystal nononer his e od| ment iquid crystal

- polyner is | hqlafilGrbimlrmb’ntvycalﬁgumaltmn@lﬂasmélywermt| c or cholesteric liquid

The first coating mixture 7 and substrate 1 pass through a first drying oven 8 to
remove at least a portion of the solvent. Removal of at least a portion of the solvent from
the coating mixture 7 causes the first cholesteric liquid crystal polymer to at least partially
separate from the second chelesteric liguid crystal composition forming a two layered
structure 20 having a first layer 21 and a second layer 22 (see Fig. 3). In addition, heating
in the first drying oven 8 can polymerize of at least a portion of the second liquid crystal
composition which can be useful for creating a later formed third layer between the first
30 layer 21 and the second layer 22, as desited.
The bi-layered structure 20 and substrate 1 can pass through a first curing station 2
containing, for example, a heat or light source to cure (partially or fully) the two layered
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after the mxture 7 is coated onto the substrate 1. 20 The second

cholesteric liquid crystal conposition can further incl jr
addi ti ve,wégrqu'ic/llé?ﬁ]érl y if a nematic liquid crystal mnoyn(glreﬂllgzs(‘ﬁﬂgleﬁgl.} The

first cholesterigc ..|liquid crystal . can.forma ther | astic | ayer.
The first § %ﬂ‘ﬁer%é ifhedyip ye,reéﬁtgwgqgggé %/Ogaénslcuf?g&sco?lﬁ%‘iﬁ’bgﬁng? ¥¥st drying oven
8 to remuégiradtio b@aflos@cdiPohémiiatdilis §the FHcRiess. REEBYALudiy Mticheash a
portion of the solvent from 25 the cqati ng m xture 7 causes the first

chol est er i% qucaqs.l‘?‘td’nﬁ PLEog vatiols prafions delafive g theposjien 9the sibsiEat ate from t he

second chol est gf iCinhdtalHertBoithak, 200WRORI 1V ABhTpRARIN Burds (¥Rs iRk ed
structure 20 having a first layer 21 and a second layer 22 (see Fig. 3). In

addi t fon, nebmeriag) 2partihef the pespndighplenigriolieind gryetaliroppbsitien (cze sefordt | east a
portion of 4] i, qui (e i useful for
creating a hbgﬁgﬁ&?@%&in%#tﬁ #%or 8’8 F%a?/lg@ E)eect %ﬁ%ﬁ%ﬁ?ﬁﬁﬁ;t& &%%?OI%I?/%P 21 and the
second | ayBendRe pasaltyesied édo laFtred kruchmy 2 @d pstsrrotglr esc2dadging obstY ate 1 can
pass thro fir urin tatjio cont aini ng, for exanple, a heat or
PRont | sourdduf teafie SRl IR T SRpRL BotE vef Re BT 1 T vio

2005/ 1193 kb ekeTihbioaR QRfhith 28d entahdeUsfe Epardflon brfaliph@edtwo | ayered structure 20
contains curable conponents and if it is desired to cure those conponents at

thisl8tage of FHé 4rbpwes gruchypwherp Girthey hepipe itha paghinlly cpied bibgegfaced at one

or more vaghous MBoskFORS chRbAhi Yol PotbReteRORILd OYstfpolRfer BR3LLAt e 1. In an
illustrative enbodinent, "a | ow dose UV light partially cures (cross-Ilinks or

5 pol ymer inzgi)ly seppwie framtho firit kkoledaivyvidsalstd peyber dnidpuibg seqopd tighid
conpositia erkc Liquid € t and/,or second:
chor eat er {0 tpm a5 RPihe 1507 bR e e Rl BRI | 20T o
struct ur e ROsecamd lpaicrysml avgbmer 1syee.oThls thies ingr exeturd30 has af fitkitliyer 3heat t he
two | ayered stryctu 20. The second drying oven.9.can_re e so]vent,

hor d3se, gBrg e gt i Guor S Bopote e thef i st 1T SRS st G
shows a stiseBar fﬂliy\ﬂﬂeq?fmatsh@dmfeeamﬁlbaﬁté heanREd thivkbly a satbRIobing| ayer ed
structure 20 (see FIG causes_the-second cholesteric liquid crystal

pol yner t@faarpnﬁéa@@mingaff)% Fample. sbgsherisat faemie pae foartiady op fidlybe diree | qui d
crystal p%%%%rsﬁﬁrf}ﬁ'{e%, it he apecaided §t1%3fuﬁa 3006035%@'0?1@91@%%&&5%9& @ |ayer

between first cholesteric Iitquid crystal polyner layer a the second
li quid cryisdairedriororeghost aymipanedith pisthis lviageof the/mrcess. r Tivt sacand 30ritpsatanf i r st

| ayer,,31, .15 second layer 32 .and a.third. | 1 33. di sposed between the
fi rstrzol ay rca§%B Bﬁae%ﬁ?.8“‘%‘%&%"6%"“1"3%?“ ?réh%v% g%/tﬁ? g%sﬁfogfgﬁgsdmgﬁtﬁa%& ure 30 and
subst r at e 1h af 8lusipAEs eibsdigh, # e aombeagifitadigies and fully cures the three layered '

structure 30 including the second cholesteric liquid crystal monomer layer to substantially

cross-link or polymerize the second cholesteric liquid crystal monomer layer.
Figs. 2, 3 and 4 illusirate various stages of the method illustrated by FIG. 1. In one ()

25 embodiment of the invention, as illustrated in FIG. 2, the first coating mixture 7 (described

above) is applied to the substrate 1. FIG. 3 illustrates the two layered structure 20. The

first cholesteric liquid crystal polymer may form a first layer 21 disposed on the substrate

1. The second cholesteric liquid monomer may form a second layer 22 disposed on top of

the first layer 21.
30 FIG. 4 illustrates the three layered structure 30. A third layer 33 is disposed

between the first layer 31 and the second layer 32. The first layer 31, second layer 32, and

third layer 33 may have the same or different thickness. The relative thickness of each
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station 3 containing, for exanple, a heat or |ight source to cure & artially
or fully) MHRABAEBI | ayered structure 30, if the three |EyEFEI¥PHEt ure 30
contains curable conponents and if it is desired to cure those conponents
at this stadweoil Bhe3senbeesirolipibys &8 §FRIG LY sgedionef srtepalsgelative be pl aced

at one or Buth @4 zﬂérkéﬁa‘?é}%éé&#e%&e!ﬁéc@éiﬁ" Eol%'l?ertrﬁlﬂedﬁ@a? Neﬁg‘?ig oh cbdifingiRSt rat e

. In an illustrative enbodi nent, an éfectron beamirradiates and fully

cures the t lof tese vayiellesd The thicksessrad TR(irstdesicudd, i setnnddacodd aohdledyrderi c

liquid crys [ . bst [PE:] - [ I I rize the
second chol téa??regr%)%ﬂﬁslganj%\é@ ;C/ﬁls@%]?égh%r?g%rd %%ggcﬁgﬁ%éﬁhe%ﬁ%ygn %{5{3' | ustrate
vari ouss st agesndfaytitie, aeltthoithind ldyasidy @andd mhppdali€atly keledtad o 1 td30enbodi nent  of
the invention, as illystrated in FI .the first cqat.i ixture 7

(descr bed T L p i EameBohd A BuPRres 1o Qe ighipd HUTFERES t he tuo
| ayered struetipkiefo2Osampie first cholesteric liquid crystal polynmer may form
a first layer 21 disﬁosed on the substrate 1. e second cholesteric liquid

Th
monomer may f or Mt BeAEYY cashodineyt, dhedpEidigr dhoaninsy choteriens ligud cveyler 21,
30 FIG 4 i lc{)ﬂggs{tﬁﬁl%t PH&?& aﬁi@?éﬁ?r&h@é‘[?ﬁ g&n&ﬁ SIS ct’?iﬂxil nét tbfcfd b[\[‘@{eer 33 is

di sposed be en the first lTayer 31 and the second layer 32. The first

| ayer 30, sewondlayensds or3kird lapier 33t Kor ekampleethe 385t tagrgr Havay tefiect salnbluer
different thickness. The.ral.ati t hi ckness,.of eagh.20 WD 2005/ 311
0CT! USs005! (s B oputfold by e SRR RS G S8tk SO AR IS
sel ecti on ofthaiatnet ieflbSed Hyahatfiisy RyerdTaud tie thifd IR 08 nay $efldceanfudsraif wisthle

i ity, p - ol ecul i ght, mbi nat i f i abl es.
Thel thi olthe SEMGRaT i3t PSS Py o iver HmdBE Ban g2 SPecsiaT e B rc
layer 33 camgbesamnyy &geét@iuetvmﬁ&ﬁgﬁgnd%s hﬁa ra§fi-3zﬁk@§%ﬂmc@1@a§&%19ﬁgﬁthe first

| ayer 31, the 5 second layer 32, and the third | ayer can be indéependently
sel ect & fr and the thardigyer miag refleet wetlew oF gizen wsiblerizht Sierample.olt igmdersipod

m cronmeters S i i . i . le. In an
il ustrati véﬁagé%’}éEﬁ%’ﬁﬁénfefﬂa%tﬁ’gtb?ﬁ@?ﬁlpg‘géﬁéaﬁ‘;ﬁ%@éaﬁl BrorlaBbith deBlhe AR qui d
crystal conglestidn tendvidédt Insoee ahbaineehts, pEttdsepdrial averbaptof dre light deflgiton spect r um

not reflected by.the .10 second |ayer 32, or third |l ayer 33. For exanple, the
first | ayer%ﬂ?"yﬁgbﬂsé}ﬁl@ t red, blue, green or yellowvisible light and the

second | ayer 32 pmy SniBishert areR0plof @fsuivibii ddikod dndldbvicd fiatorinsngToir dref | ect ed
by.the first layer 31 and the third |ayer 33 may reflect a color of visible

C | i gh0 t hatmoracholsstorie figad prrfabjgyshuith Frasqoating qompgsifiongn dhe firs deemd | ayer 32.
cecond | ayer" 3 e b Bl o B ER b Sl R RSt A0 1304 ey
refl ect yel lapdesoubegdrbess. Wpeiifitadly, d aphting dpperrawx dbfpineluddsta cagien hdfefest,@od
conveyor belt or a sliding platform) that conveys a substrate 101 past a first coating
dispenser 104. A first coating mixture 107 is dispensed through a first coating head 106
(~ 25 and onto the subsirate 101.
The first coating mixture 107 and substrate 101 pass through a first drying oven
108 to remove solvent. Removal of at least a portion of the solvent from the first coating
mixture 107 causes the first cholesteric liquid crystal polymer to at least partially separate
from the second cholesteric liquid crystal composition forming a two layered structure 120
30 having a first layer 121 and a second layer 122 (see Fig. 7). In addition, heating in the first
drying oven 108 can cause polymerization of at least a portion of the liquid crystal

monomers that form a portion of the second liquid crystal composition and these formed
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that each layer's reflection bandwi dth can at |east partially overlap with
another layer's reflection bandw dth. In some enbodi men - parti al
overl ap of WhEPIYAL refl ection bandwi dths is desired. I%I%(g"l?sémi"ﬁ?%tghat es
an exanpl e of a suitable nethod and device for formng four or 20 nore
chol est eri cPplygeis qanhsuset far srrating afpienionmest Bsd 4y pgbeewippdks fmidmer 12ihe first
three chol 2L d gy d-8rXstalq! ayers can be formed as described in
accordance g\ﬁtﬁélkicl‘gé @%éﬂai as descri bed above. Specifically, a coating
appar at us 100 i ntHeudedayaredstmitane 12080d(sebarate 181 ceopase flosughelfirstonring sl i di ng

platfornm) that copveys.a substrate 101 a fir at.i . spenser 104.
AT ret boatiig RPcetrabeot i b sk o S Boe PR Boaa 106
25 and pnt otwdaysethshucakel 200 thelilve 1dyefed ktneaat i ZDcottatiswitbEGémpagkngubst r at e
101 pass throyugh.a fjrst dryng oven 108 to re?r?)%(e sol vent . _Remgval of at
| east a por PRGH S desiied 10 SPTFdhst FompAnERR atthis SREGAART Pgeeshi ki fime YB™e causes

the first cheli@stoechend hiasbatt 6heyd lufthe RS RsithoRs RlativeBSthe PRIt separate
fromthe second cholesteric liquid crystal conposition formng a two | ayered

structure 18sge hdlyilagn dlusirptiye emhgdmenton logfpsaUYdiehhppriigiycures fzogssee Fi g.
7). | ddi t:j N0y i nobhe £4r St .. ' :

pZ)I yrrgr iaz a!t ?1{51%%? &21'?1%{1%3)5% E%Iﬁ%g?iitP%%E%l}dq{qﬁ%ﬂﬁs% ?ﬁn%érgsﬁ/lso?l gl%t %%%ﬁgln%f s that

f or m al(por t ceatingfa lsthefospabihad laygubetiveen e timit lyeniplisintlitierseeond l4ske 22, for ned 21

WD 2005/ 119311 US2005/ 016281 | ymer.g.can be_useful for ,.,creating a

ot or T or TedPUR T yer AR e BT F 0 F o e TR En 4 3ere o ESLRRIF | ayer
122, as desio®e. furlitehéathheltay tiyeRd SiictutédusestdBedatdbveubst rate 101 can pass
through a first curing . statjion 102 containing, for exanple, a heat or |ight ;

. g ]
source to cure (YHthes baatige ofths ¢hred fyvodaysred strpchge |1 40 equses the fegeidure 120, if the

two |ayer ed gt Bhfid ARt AT RENS aCifnd Rl GAIR AREDES 18R erd lidula drpsiglesi red
to cure those conponents at” this stage of the process. The first tcuring

st at i o 102 pelsmenlaysp paddd sepondplwlesterinbiqud wapdroerdayse Sirmingreshiee fageiede to t he
posi tion. of g{ﬁﬁ i Ladi i .| ow dose WV
l'i ght parti ) 31 eur es%{ng?agiggst%flelr i\%}égc%c%dolﬁe&ré?%’fég?ﬁg%g%e?? %tncs%efaﬁg'he second

| i qui d crys8alThixigee dybied nirbdnat 13Gandsebsithtef10t cdrOpass thaduighg sacohdtwaingf or med

| third | ayer pet nthe first layer 121 and the second |.ayer as

| desired. Théato mﬁgcﬁﬁ?@li’gt{%e’f %Bﬂﬁi?ﬂﬁ?f%ﬂﬂécejﬁ%urﬁw §rf%€’§@§h a second
' drying ovenhrdddfyekdd struétiRarnolieak tbSlaiol danereeido shitiat bidle asmdassas i bed

| above. Further heating of the cured two | ayered structure 120 causes the

i second20 chopekit @ﬁpareﬂi%‘amr@ﬂ@ﬁwwn% af iy stagg ob Breppreres dn pudIWEEYE he fir st
. Cchol est eric etnb&Hncht ShYeklcfthn beam irradiates and fully cures the three layered structure 130.

A second coating dispenser 114 then dispenses a second coating 147 (see Fig. 9)
through a second coating head 116 onto the second layer 132 forming a coated tri-layer
structure 140. Again, any coating technique can be used. In one embodiment, the second £y

25 coating 147 includes a solvent and a third cholesteric liquid crystal composition.

The coated tri-layer structure 140 can pass through a third drying oven 118 to
remove solvent forming a fourth layer 148 (see Fig. 10). The second coating 147 and/or
fourth layer 148 and substrate 101 can be passed through a third curing station 112

- containing, for example, a heat or light source to polymerize (partially or fully) the second
30 coating 147 and/or fourth layer 148, if the composition 147 and/or fourth layer 148 contain

process.
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15 'pol ymer |ayer and the second chol esteric liquid nononmer |ayer formng a
t hree Iaye,ﬁ%c&ﬁg,hgﬁtlure 130 having a first layer 131, a setansdosayasi 132,
and a third layer 133 (see Fig. 8). This three layered structure 130 and

substrate 101 cafheRand bMiREeBmBosHRMARY chltohith choleatliON @3 ye@nt ai ni ng, for
exanple, a heat or light source to cure (partially or fully)y the three

layered st r eRyerpsitionsgbat onge aligacd; e a perjier etlight sserun soti@geicd mithithesiisiur abl e
component s gRotiifhd fa1! S0Pl 1 orh OorfitfndrROSE SGHIPARLAL S BeqbhliSughage of
n-a odi nent, a n

the process. | nillustrative en an el ectron beamirradi ates and
ful ly cur esligiécry$ialdayersaybectidn banduadiby & lseS@artially senlepdvithome anghati spenser 114

then dispenses a..se tjNn 7. (see. Fig. 9 hr o . econd ating
head 1I6 onto t?égssé’ggﬁﬁﬁﬁgyielr’ g?[i@ls?%? ‘r’ﬁnr?as %a%%é{%lgn}eﬁf@ Illg%ls'grf:’tegg}’ﬂgﬁc)t ure
140. Agai n, 6.ahyone eabodigetted v iqeeaticg as iesttisedn FIG 60the festogting®iikurd he second
25 coating 7.inc)Judes a.solvent and. a third l.esteric |iquid grystal
oot {1 onl0AEReaEee is oplghe Ermhlilriel 186 Juitals Gem eyl T i ra

dryi ng ovengytBird @0. TREBE cIRAHeR tighiachsRbcodtnfodtbd Mal %8l a AdBatseer Fig. 10).
The second coating 147 and/or fourth l'ayer 148 and substrate 101 can be

passed t hr odigbpsed emmihe sibsigaie h¢yl- sYhetspesnd ehddestegie Hawid spmposifermexdamie, a heat
or i o) . i i u . ting 147
and! of U our Fho TRy ) IR, BT bR yB1o) ok (iR PR B0 15
contai n custaistuee BOnpohediayeal?d is fispdsed eteeaithediistlagyer U2 bandibs ecashponent s at
this stage pof t : Ggss,, 22 WO 2005/ 1 1 RCT/ US20Q5/ 016281 . The second
coati no. o ierofith S HTERHER saereed Lo dPrioR ol cd SPOSR BY EE oS, 11 ons
thgt once alay@s@shuchiey/B0. FIGOIXilleAraeh a fhug MyerSsp@eifeUF0 RetereCty &FietH ladet h t he
first three |ayers 131, 13 1 n some. enbodi neg_{i/?_lai};ﬁri s desjred that
[

2, .133. |
the al i gned!tyr bearipred apf gpficnaly gurech Flballef ustiagss Hats thohs at
least partighly ﬂf&‘f&&rhﬂ@ye‘ﬁ‘l&ﬁam}ﬂ'aféﬁggi hasbeil Anemd optifal) curtd, Fid, 12

illustrate various stages of the ne | ust r at ed gy Fl . In one
enmbodi ment &3 illukteatas mseriayes piruchare iL ¢ whare e detrihdayer &1, éifthilaver 142 end ght i ng

m xture 10 [J I.S: | i {fna { G 7

illustrat es?a?' %}rﬁﬁ?\ﬁ%é@g@gi@%ﬂ’%«i{Arp%gﬁagl&é:h%go&ﬁel;ﬁgﬁ}f ?a&gltsmgh% éisli'ﬁlélla gr l'iquid

crystal conpds id sbith tagyr f40ream be formsd of any esmii2ition df sipdsseedic compdwitionabst r at e

O 2 posig S ot L BRI BN e BB e

| ayer egh stgiﬁgg"g@agnéggimpe\, third layer 123 is di sposed between the first

| ayer 121 and the second Iggﬁer 122. FIG 9 illustrates a second coating 147
5

(described abovebhedpasgoty sabstetee, {Hrea alsp by emiglied togbinge dheBntioppls, 10
H1 T ustrat esqg,fgHhy hR¥eEass IR R, 1R 0 MEEeStdtfass 3,2U183) 1hRY95. The

duration of treatment by each oven may be any length of time such as, for example, up to

30 minutes or up 15 minutes or 1 to 10 minutes or 1 to 6 minutes or less than 1 minute.
<\, 25 The oven temperatare may be high enough to vaporize the solvent or above the nematic

transition temperature and low enough to prevent degradation of the materials within the
optical body. The oven temperature may be at least 55° C, 75° C, or from 80° C to 140°C

or 100° C to 120°C. '

The rate of mass transfer from a single layer into two, three, or more separate
30 layers depends upon a variety of factors incl;lding, for example, the specific materials used -

in each composition, the percentages of materials in these compositions, the molecular

weight of the materials, the temperature of the compositions, the remaining solvents, the
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148 has been aligned and optionally cured. FIG 11 illustrates a five Iayér
structure 150 15 where the fourth |ayer 141 and fifth | r _ been

al i gned WZWB@?%HM ly cured. FIG 12 illustrates a si&ﬁéﬁ}éﬁé’racture 150
where the fourth_.|layer 141, fifth |ayer_142 and sixth |ayer 143 has been
al i gned anBCGI PHHscPyPestioas .andrﬁl@ degith piPolaEratongf cach comppgiiqn. |Ayyer 142,

and si xt h gbaye maddBimsRFrakeah 8¢ SRS byPdtMirEIRAR bR e Of theRQLe&! | C
conpositions described above suitable for form ng additional |ayers on the

three | ayd&regasp!p-Qytchpiee piraaieripls, lnnstaie. ¥isceli priyoninonalecalar Feigh peed of t he

substrate oktbla ; n ; - t reat ment
by the ové‘%”;"g, 93;%1?8@1%8é%fgégb%%‘%a?%%&@?%??g%?“%ﬁwfg%9‘{11%%;‘ 112. The -

dur at} on of otherdwetmgnmit iy ineraets tmmeass mansityeata nf/the dnggt bryofl ¢amymsitioeh as, for

exanpl e, ] Lautes. or up 15. m nuytes 1 to 10 minute r 1toé6
ni nut es ok‘]&f&eggmt% g%‘nrgt%¥§hl%%ﬁx%e§ep§%te$ﬁ§}1%$a§ ﬁrstag%gpgfﬁ%@sgéﬁ%@s%ﬁﬁw enough to
vapori ze ldaeingdeveningeomahinest Neis oedhadah 6lso bé aRE id pBfallyeipdiyabmbe: and | ow

enough to prevent .degradation of the materials within the optical body. The
oven terrpé‘ge?f’ s frep Oérﬂna@gﬁ’tm@%“séj,}%ﬁe@, or from80 Cto 140C or 100 C

to 120C. The r@heicofcedBASmdHRE fuskatéd RPIG.1%6 PAL. 92 LAYE! mb&Bked oo, three, or
nore separate 30 | ayers depends upon a variety of factors including, for

exanpl e, sHEcRHEE Pe4t Brorphay theee soaime gompositoas pte o MPBERIR] Ber exemBlcper cent ages
of materi ghfudf &Jf% digp%%&gb%Q,% iigﬂt{lﬁm@&lcﬁﬁﬂé Maea g)%tihg sl i MBterials,

the tenperature of the ‘conpositions, e remal ni ng ts, the 23 WO
2005/ 1193 2ddiR@T (HgBRO0E/od HED8 br curing sEMIscanbe inheased wpdsidabaits pptande t he degree

of pol ymetri ZO?’%I%%@?&%%%SG@%%H%‘%S 85}5)%45}90@ A desired nmass transfer rate can ‘be

obt ai ned “these variables, for exanple, by

choi ce of mat eAl ad GambRMPBoadbafi®reflvitie @olatizer citbey/Blhicddt@tE & thaei ght, or

any conbinatiqn of these vari abl 1(iimThe coating coppasitions may be pl aced
PP

in ab® ovemethydgsndsepfiguraiions deserhg oo Thisdreadb@dppiieciyRoleiZsh&er rate of

the i qui dusiysiBlunFORRPE & I vARSnANERE tHhanQ0vS3%D, ChiAfin)EHLt EM oBGRAr at e
di stinct layers and the rmass transfer rate of solvent |eaving the coating

conposi t i peletizating eves ¢ savadenstiuiangs of d80 pme?P0tnmn, 389 tinafG0nmerS0P @i, 9t r enpve  t he
sol vent s . i i1 | i L: and net hods
Pl st at g b BFrASAR. ) BRuRARPASL DRkl cPR itk dSuliEie> BN O

nor e t hanuhifioredy weedsd light cfomp eslatizatins ovsntile: vasikle bavelaigth rakgy (egx drpl e,

addi#' onal O(ﬁ%a}q'gg%i)di spensers, ovens, or |light sources can be added to the

appa tus? tion, the nunber of ovens or curing stations can be

increased or degd Boraskid RuaPiridi] #tical bodies can be used in a variety of optical
displays and other applications, including transmissive (e.g., backlit), reflective, and
transflective displays. For example, Figure 13 illustrates a schematic cross-sectional view
of one illustrative backlit display system 400 including a display medium 402, a backlight -
25 404, a cholesteric liquid crystal reflective polarizer 408, as described above, and an
optional reflector 406. The display system optionally includes a quarter wave plate as part
of the cholesteric liquid crystal reflective polarizer or as a separate component to convert
the circularly polarized lght from the liquid crystal reflective polarizer to linearly
polarized light. A viewer is located on the side of the display device 402 that is opposite
30 from the backlight 404.
- The display medium 402 displays information or images to the viewer by

transmitting light that is emitted from the backlight 404. One example of a display
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the overall process of formng an optical body. As an exanple, a broadband
refl ecti vevpobianiwer can be formed according to the 15 PEVHBWESHIGEHI
configurations described herein. This broadband reflective polarizer can
subst ant | alnhoﬁumnw?ds Altiyuiferygta] displash(LAD) ot Ganshais o) %ebt of st pelediatibon)

refl ect E‘Ef’ of one polarization over a wavel ength range of 100 nm 200
nm 300 nm 00 um 500 inn, or nore. In particular, a broadband reflective
pol ari zer can b#&hd achight Bbathaswbpsliea e laht used tontidvothaldysplaefch@at 80d | ght of one

) Tho. oot Bkpareeartit B Ep YR e o kR 3B B Ywebefstcd in a var ety

of optjscal baamgm@sgzstendc@tmefse@pﬂgtﬂoﬁgﬂﬂh@ﬂﬁht ghide huglidpehdd BTSNk SH MR (€. 9.
backlit), reflective, and transflective displays. For exanple, Figure 13

i |1 ust r at ed AR NSRRI Posssesten Perklights saayise hght grides viluawrsaitile backl i t

di spl ay sy ey l,i

chol esteri %ﬁaﬁ’?qﬁg%%%ig’?gé ﬂght cta?%/g%pol arFlfmr 40 Hgégg(ge CI’I B%% g%ove and
an opt i onghide.efd. eiﬂlewmmonmﬁemtmrgpﬂaythsyghtgmdoﬁﬂ$ bmedphlyle phetaides a quarter

vave 120 35085 sy b PRI o B nEE NGRS RLL®, Pl 72,

the |igui d ielydsbadk reﬂédtm(a gz,mppmhaaraflaabr 400), leknedioh memhﬁmsa@domexg ht. A
viewer is |ocated on %g the di spl ay device 402 that is opposite 30
from the b&ERPIHRE ‘u: e"‘T FEGURFAARSdi um 402 di spl ays i nformation or

i mages to the VIigRfledive F@)lraﬁfb‘i %st'aHGpﬁdagﬂ?ﬁn thhaghclhdes 8bdst 65k dhbRELANhe

backl i ght 404. One exanple of a dis 24 WD 2005/119311 PCT/ U82005/016281
me(di um 402 hﬂgldmsiah@nt@akhoglsstaa|de&9nhwp ayve. | Tbpyetlentate nolareriOB és waviged ioght  of
oné pol ari i ght used to
vi ew t he d%@staggau ysa%él?nﬁﬂgi&%fl nc’%ﬁllé es, 0 %ga?e %}*@rgptﬁyﬂ@h gﬁeh{?s&ur ce 416 and a
| i ght 1§ui deubkfaﬁtxalbzh’eﬂmmyghtmf hldrffeﬁanbpcdésr[za@htétatge}emmathdebélSJSed. Al t hough
the |ight guide_418 Fi 3 has neral l.y rectangul ar
cross-section, DESKI; ﬁ‘? & Sgﬁmifg&smi% o&ap@ggf g}}ﬁ“@ﬁﬁﬁgg‘% épr] hape. For
exanpl e, tHheo. I Tigmeﬂg@tivdequiﬁ&neamdlbgaymﬁﬂ@dwaeﬂplay haanel @8, a a pseudo- wedge
gui de, etc._ The prinmary consjderation is.that the light guide 418 be capable
of receivi ﬁb‘ﬂeq"qf’éiﬂltq“!dr@fﬁﬁl Edleptispolasizing BRror PE4 AREbEHPEYE ek B0, paght . As a
result, the nhgsqﬂkwél aff AR 564 Tﬂq{quﬁ%rﬁ%?&s%ﬁﬁ@c&pﬁﬁﬁaﬂgr%@udes AR

reflect or 406 extraction nmechani sns and conponents to achi eve the
desir@d f umpbtd aspsrt of the cholesteric liquid crystal reflective polarizer.504 or as a separate

component to convert mixed polarization light from the liquid crystal device to an
appropﬁateiy polarized light.
Liquid crystal display 500 fiunctions first by the absorptive polarizer 502 polarizing
light 510. The polarized light then travels through the display medium 508 and one of the
(~- 25 light’s circular polarization components reflects from the cholesteric liquid crystal
reflective polarizing mirror 504 and passes back through the display medium 508 and
absorptive polarizer 502. The other circular polayization component passes through the
cholesteric liquid crystal veflective polarizer 504 and is absorbed by the backing 506. The
reflective polarizer 504 of this reflective liquid crystal display 500 includes one cholesteric
30 liquid crystal optical body, as described above. The specific choice of cholesteric liquid
crystal optical body can depend on factors such as, for example, cost, size, thickness,

materials, and wavelength range of interest.
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The reflecti ve pol arizer 408 is an optical filmthat includes at |east one
chol esteric uid crystal optical body, as described 6o ef l ective
pol ari zeV 4:’@%‘/1 g‘“brow ded to subst antl ally transmt | i g @gf‘%"“’mzs‘

pol ari zation state exitin 4 15 substantially reflect
light of a di %f%% 1368?11331 ﬁ%ﬁu %KH 0%%5“3%%%‘3‘1‘3 @H’adchﬁﬂéle 418. Figure
14 is a sGpesyedn0c This hﬂﬁ&l@&w&%ﬂuﬂfcrﬁﬁedlbmﬂﬁﬁmfmﬂ@de’s eohisé@ethiagigi d cryst al

display 500. This reflective liquid crystal. display 500 includes a display
medi um 508SPlay medign 83 a prtial miger g03e ?~ﬁﬁl?ffeﬂPé‘ﬂP@mﬁﬁil%F”a‘?elPﬂaﬁémm rror 504,

an absor phintesdas khdklig e, aaagna@erpab@mmzbympql}@m@ﬁ&s?&&n The liquid
crystal display 500 opti onaIIy i ncludes a wave 20 platé as part of the

chol é&st erdptiopallyiicdndes § weed plptehs m’qqf\ﬂ@ ogjelleamczlam%mstdrre%@tme scémzmat e

conmponent, r stal devi ce
to an ap ;9:4 %f)rsloa[;%ég{mate %{ﬁg%wg&g %f)ﬂv%ﬁtd&@ EJO 2&%:({11;} af‘g}giﬂ]éepl y f unctions
first by dewise tmappiopriaelp q:bhnz@érghﬁ(!ﬁﬂpcut%ctim mgde, brigihtanb kgt lighhel(pol ari zed

A e L L

crystal refidccdfi e paehiakirst 613, M fatdes E&Eﬂmcghna@a@game&uﬁ;moeuﬂm the displ ay
medi um 508 and absorptive polarizer 502. The other, circul ar. pol arization

conpéne ntabﬁ‘%{%‘@§°¥aﬁﬁ5§8¥r Inaw apysnilght ?IP@“PIPSq@F Faetighto9p 1y activeled | ve
pol ar i ZeranQ%hﬁé‘é&lécﬁv@Pf&Eéﬂ%ﬂmQ &9910@6%&:5[3 Pgiaé%@ 604, 'ﬁ?atcl{eﬂd f&tikve pol arizer

504 of this reflective uid crystal dis i'ncl udes one chol esteric
30 |i qui ceppropgately p@h@ux&dahghbt@dlyc dl@éﬂ}’démhtp ﬂomv@hanﬁt@e@pebafa‘h c choi ce of

chol est erBeddodilbslicio it RlaRRl 6ok shady oflsRand R ar g7 s such as. Tor

exanpl e, & nes ral’s range of interest
25 WO Zo&ﬁfedﬂ\&&hﬁc@ﬁ@b&dﬁﬂm%@mﬁéﬁ&ﬂmﬁf@uﬂm pblarizsr cﬁthiehaéhmmmquidl ustration

e type of.tra ve I| tal di .pI 600., T transflective
|Iqﬂ3d r‘@%"fﬁgfilsﬁlﬁégﬁ? 0?1‘?18}? J@Ecgq%ﬁﬁgémf 7l Hbasé?s?gﬁ";y medi um 608, a
partial rEbbHeQriHe c1fﬁ: cﬁb@é 6dhelekterid Kt dygaYptiadl bb®f Ja@bpeve oR@lcid Zi Ng
mrror 604, a bac ?ht 606, and an absor ptlve pol ari zer 602. The display

B

system 5 ¢k ?%%P’F@ t EPshizs, tRIChiRs® T3teaiels. ad Waaplenalh range oliRisTesSt eri ¢ | i qui d
crystal reflegy} b’lﬁ)lef?_%ln@'iih‘%ﬁ%%séﬁ@h@él b8y AnHRARALfh £ORA R O convert

m xed pol arization |1 ght I'iquid crystal device to an appropriately
pol ar i zedohipgients ahd fitthethatehhance mv;eomﬁd@herlpmpgﬁms tbligmd criyitghlispBy0 i s

pol ari zed, by t he a sorptive I zer rav h the display
mad:i 8%‘ Mcmqne%fgndoﬁﬁ Su?‘?li)u% { ﬂr‘%1 ¢ ?,&jg %]‘e’%aligrg%s back through
the di Sph@tﬁ:rdﬁ’&(ﬁhplﬁbﬁﬁ&u@ﬁ@qﬂeﬁteﬁbﬁfﬁ;@dtemdﬁﬁh@mﬂﬁﬂayeﬁﬂﬁ In 1 ow anbi ent-Ii ght
si tuati ons, the/{l%ackl ight 606 .is O?Ctl vat e

continuous/disperse phase reflective polarizers, met'cghzed back reflectors, prismatic back
reflectors, diffusely reflecting back reflectors, multilayer dielectric back reflectors, and
holographic back reflectors. ( )
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and Ilght IS selectlvely passed t hrough the chol esteric polarizer 604,

mat ched to provide appropriately polarized light to the display. Light of

t he opposiwe 2handedness i s back- reflected, recycl ed, anBCEEB®OIIMEily passed
t hrough the cholesteric polarizer 604 to effectively increase backlight

bri ghtness. The reflective pol ari zegxgoMerlEss reflective liquid 15 crystal

di splay 600Q includes one cholesteric liquid crystal optical body, as

descri bed Egpewlel The specific choice of cholesteric liquid crystal optica

body can dependAC{ﬂstfp%ﬁfoﬁro?the%H&tth%@lun&:?(Soﬁ?&@HRR%ﬁas §amd fr B cohttlgCKNess,
material s, and wavel ength range of interest esteric |quld crysta

optical bodyocede erefoliesesd %Efﬂlm-‘at)f\ﬁaﬁﬁoétp}’lﬂl@ﬁ beyzpade ethpiavpdaie (fes belowd) Wasl ns t hat
enhancg or pBg(g%?gﬁ% r}@ﬁ{aef gagl%@;b' R 811 ndug&%rg%@fﬂo%}oﬁler n?anl:rg’l)éIrlx f20 Such

conponent s-a or e ness enhancene
r et ar dat i onvgilabkedoni BASEdNh 7 gn:pmrdfdromhme(cﬁhmbﬁﬂllamdaﬂablerfm;n mjinTch | ayer or

cont i nuous/ di spe as ect i pol ari talll reflectors,
prismatic 6:2‘81%? {(2‘? 1@?‘{"8@?& e‘&bfurs]l?ggﬁ); gFaélﬁoéz‘F Hg @WGF%? nul til ayer
di el ectri c fhackugoaf Wth@gen, DBEhks sNregriapbict addacks gk eﬁéaﬂj’o‘i’z 25 26 WO

2005/ 119311 PCT/ US2005/ 016281 A first portion of the

coating solf§iePEHI¢essrpRpERIX %éi&¥@%ﬁ%ﬁ¥%ﬁ@E?mgﬂékbaﬁﬁWﬁﬁ- ¥ Beedure as

fol | oy. Z%hﬁﬁﬁéﬁ%féeﬁd&ﬁ@enq@h&@%hu%ﬁéqatl%Iﬁhﬁ%G@C‘Cfy| ate (see bel ow) was
S polynmerized with 1.5 grams of LC 756 (a chiral liquid crystal nononer

comrercial |y avélsﬁfazmﬂemﬁlp@ﬁf Basting golytforg SalygoroB) Witpropaaricfof donmingi al | y
avail able f r .75 grans of
Vazo 52 (cgﬁﬁg?ﬁ%%v%@ngbgnfg%ﬁg ﬁ@QSZ%%%ﬁ@#&ﬁ@@?%&%ﬁﬁﬁ&ﬂﬂ as a thermal
tiator aamm@m&ﬁygmﬁhhhdﬁchABEhwanﬁbmahmﬂnhGégﬁm&mﬁﬁu&nﬁhémnmyﬁﬂIable
fr Al drich ain transfer additive.
Thi s reactlgfﬂ’i‘1 a?ﬁ %ﬁ'(Eggﬂ@ﬂ?éggrC%%ak?éﬁwgégﬁH%“B@F??6ﬁﬁﬁ$m? coating
sol utpon ( IRdildbleFRdnBAIdVIBS CRESRARA NiPkaukbs WH.aThiR SactidmwasRPSSWUC EordS
follows. 3.8 granms of LC 252 (a nemati c I|qU|d crystal nmononer ii C

commer ci al Iy1o8Vai | abl e from BASF) was pol ynmerized in 95 gr ans of dioxol ane

09109, 112 O RN 5 e Pk o .27
grams of Solution B, 0 6 grams of LC 756, 10.4 grams of LC 242, 1.7 grams of phenyl
ethyl é«f;rylate (commercially available from Aldrich Chemical Co., Milwaukee, WT), 0.2
20 grams Jlof BHT, 3 grams of cyanobiphenyl 4-methoxybenzoate (see below), and 11 grams
of cycidhexanone (commercially available from Aldrich Chemical Co., Milwaukee, WI).
? The preparation of cyanobiphenyl benzoate ethyl acrylate is described in European
Patent Application Publication No. 834754, which 1s incorporated herein by reference.

The structure of cyanobiphenyl benzoate ethyl acrylate is:

t‘O >
QJLO
O\/\O
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15 available from Al drich Chem cal Co., MI|waukee, W). This reaction-was -
run at 80 C.for 1 hour. Il The coating solution was formed by conbi ni ng
34.5 graRrgoodos@pzui i on A, 27.6 granms of Solution B, 0./ W@28LC 756,
10.4 grams of LC 242, 1.7 grans of phenyl ethyl acrylate (commercially
avai | abl e fronCpmdbi &yﬁﬂ%ﬂtﬁb& Ybeoate Mslpmjaieae)y ﬂWt):om@mﬁl 20 oqoaes of BHT, 3

f bj pheny! hoxyb 11 f
vl ohexarE) DL bRABLEIAIy S BG4 BIEAR RO CH) mERT LoM | waukcee,

W). The g@haRakahh@n 8fosd BhakhdRay hidemacatecahiM sudcl aat € is descri bed
i n European Patent Application Publication No. 834754, which is incorporated

her ei n by ﬂrieétfﬂemetméﬂder m@mmhmqimémﬁn c%ﬁ@bﬁ@h‘émoobémzd@f €.&thyl acrylate

is: 2 9 0 6281 obhi enyI

4- met oxybelCth nt%alv\(&r))r%ep %i’%meltlrséuﬂ%(g)ﬁ‘ol nlpégvﬂﬁaddc?gﬁl%n%hs) of
4- met hoxy kemankd; aacitd :cen@i%ra&r@w(a@méﬁﬁﬂéﬂh%bﬁCE@IQB&WI&I&&\EN@@@ #Q0 m of
1, 2- di net hoxyethane in a round bottoned flask fitted with a nechani cal

stirrer ad®2@ mplsd ks ndery-lirhiphenyrtserbanipHe pud b 240-P3eogelss) of e sol uti on
I h
\é\ﬁff g(r)\SI e%ﬁk‘fhﬁdé&n@gﬁ gn %@5@{&{3?@# {ril%m\%ggé v%gﬁr}%t%d&g angafxﬁe tg{%ﬁpi? St ure
vvas mai nt atﬂnedemperatﬁﬁ vathf stirrirgiforbott Fiours. Tlﬂemmﬁjwaszmag cofled #G3omol es) of
1 1' - boni.t .2 q.(.0.026 f 4-
R T T s T A T I

mai nt ai nedilraionfNatvat Gaged @Etﬂﬁﬁtéﬂhﬁ&mﬁaﬂeﬁr 'I‘chﬁl@é maldaltwagd taurs. The mi xture
was then cool ed to room 10 tenperature and liter of H20 was added. A solid

product preeEYsHzs @remﬂ\fsa@n%ﬁm@%&t@éteﬁyhy#qﬁnﬁmq%n the dgstRd soafaished with
wat er and air @Bmﬁaxndtms%r(p%caﬁafrﬁmca&se\e@émhﬂ&aanf it abhirpegnfrom a

m ni mal amount of "tetrahydrofuran to obtain the desired material. Conpound
LC 756 (Pahd Semp@mr{zlq_léﬁgﬁwp@oﬂﬂ dbe¥d) & hgulév%ﬂahmpwmqr@mam@t:ﬁomand

Conmpognd rs avail abl e
Popesng Hagt ot 6’3{"?‘??%%3%%‘?{4"*“ %%%é‘??%(b R el A W 1 ni ngt on,
Del .) is ahdrneltyndkbbypdadombetsatel azcmuthtcbmpmmd uambasiatﬁdelrmiimhﬁﬁmrrd used as a
free radical ipjti tor Thi s soI |0n was t on .,a 100 rqcrometer PET
substrate (conﬁh’? olapmwas goatpd o 0&%‘“@8&%%@3 SFB%@‘?W“@F“ Yaul, MN) using
a W re roupsliabRrds b&teipRckusiR 38, §t. Paul, MN) using a wire round rod to produce a 6

micrometer thick dried coating. The coating was air dried 30 seconds at room temperature

20 and then baked at 125° C for twelve minutes. The coating was then cured with a Fusion

300 watt D bulb using a speed of 30 ft/min under an inert atmosphere. The coating was

then reheated at 120° C for 10 minutes.

Finally, a Lambda™ 900 spectrophotometer (Perkin Elmer, Santa Clara, Calif)

was used to measure the optical performance of the optical body. A quarter-wave film }
25 was placed in front of the coating and a standard linear polarizer was placed first in the

light path and the polarizer was rotated 45 degrees from the wave plate’s principle axes to

give left handed circular polarization and the transmission through the coating was

measured in a range from 400 nm to 700 nm. Three extinction peaks were seen. A first

extinction peak was centered at 460 nm. A second extinction peak was centered at 580
30 nm. A third extinction peak was centered at 680 nm. The results of this transmission over

the measured wavelength range are illustrated in FIG. 16.
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m croneter thick dried coating. The coating was air dried 30 seconds at room
t enper at ur gu@oanehzihen baked at 125 C for twel ve m nut estCTTHR0¢OH62%g was
then cured with a Fusion 300 watt D bulb using a speed of 30 ft/mn under
an inert atnpappeyE. The coating was then reheated at 120 C for 10 mi nutes.
Finally, a Lanbd rM 900 ectroph ?r. éfﬁrkl n Elmer, Santa C ara,

Calif.) was used E‘F‘P olyfigp 43 o8 REcBase [l ptiTal body. A

quarter- WaV%chbﬁﬂ“fb hs foﬂ5wéx’\/a§7 :%aﬁ@df dy&ﬁwmﬁym%mtob@ ef9BidgedRd a standard
| i near polarizer was placed first in the lig g‘ath and the pol arizer was

rotated 45 @eljrr@é@edfwmﬁémwﬁécﬁéﬂrew %‘ﬁnﬁef pEolapeasing§-8 giweof eft banded
ci'rcul ag po'xﬁd&egﬁagmeﬁmuﬁmmt TRR$EHAS V8 AAFRYERLIG: fP@LI Ng was measured

in arange from400 run to rim Three extinction peaks were seen. A
first extincti oﬁh?)@alhnmutmmaérf@meébyﬂ@@bmmﬁﬂ'i’Agmﬁmf@ombnm0|6on peak was

centered 20 200 GO B3 Bobd s tbect e el e, GO el lofigm e

results of 'S ransrri SSi over
i Il ustrated of BHAL &4 gifins ﬁ&}rﬁfﬂ:@ﬁ@ﬁl‘lﬁ&&biyﬂ%ﬂdatés&ﬂﬁﬁ)’ @d:ﬁ?&ﬂcycﬁxaﬁﬁdm 2 A

portion of th at|n Sol ution prepared for the coating
procedur e a§n$ 6% ? 1050 ea gé?lug‘g}h‘ﬁ%%e%fﬁ‘gaﬁﬂﬁo ép "z%ﬁ’t“é‘teét RFDZ Iy | at e
was p%yrrerhegtﬁld p\éh&ha Fiindr PR oBhe LE2AOAAITITTEE reéhctdb 88¥R LlopliyR%e! ane using
0.8 grans of 5 Vazo 52 as a thermal initiator. This reactlon was run for 16

hours at 60 C. THbiscolatiohyassorigt Poh 1%@1@@%&%@@% (aomige2iplly grans of
Sol ution A of phenyl
et hyl acryl gtg %ﬁblgggggag@ar h&n%ﬁ? Eﬁ'lféu 3. gr a‘cf‘rgfml%g%@;é%% ppﬁédug %B

t hoxybe mmmtmter toick died goaumg. The eptihmheeaniied 30 amith Toomn mmpemfure

4-ife
hoot T na e s e PR dERERR ol s o B e B Fisd P 5 Haibth &

copol yner. 30b lwittfﬂlhﬂlb 16 A\GRed ORBEmBTund nﬂt@@eﬂﬁn@ﬁﬁgﬁ'ﬂ?ﬂé spebtla SUhst rat e
(comrercially  avail abl edas S oth par from 3 dNNI)% using a wire

round rod t GOPEIHE Megsused a5l E¥iRle %thpﬂif@kmﬁmgws(%aaw%e B hg was
air dried 3%lﬁﬁe@ﬁmh@épeéﬁqmstagﬂﬁ%@éu%de It @R e %é&ﬁ%a@ﬁ!ﬁ?&aﬁﬁ% ﬂ&éu for twelve

m nutes. The coating was then cured th a Fusion 300 ulb using a
speed of 30 f@mﬂSrﬁma@r{HIGnlﬂrﬁﬁéﬁﬁ) lhtileqft"iﬁ ﬁ& bilppier stpyeiurerand §6llowties ﬂl@m@mdng was

d f
receu €9 o0 RyEHIBL Syl BIEDEENSr S080 PR AR DGR fhd 20, S, 0

m nutes and can Seen t hat coating
initiakby forns 2 peaks (FIG 17 Before) indicative of a bilayer structure
and foll ow ng the second

Example 3

A first portion of the coating solution (Solution A) was prepared for the coating

procedure as follows. 26.4 grams of cyanobiiahenyl benzoate ethyl acrylate was
(' 25 polymerized with 0.88 grams of LC 756 in 71.5 grams of dioxolane using 1.0grams of
Vazo 52 as a thermal initiator. This reaction was run for 16 hours at 60° C.

A second portion of the coating solution (Solution B) was prepared for the coating
procedure as follows. 4.0 grams of LC 252 was polymerized in 94.7 grams of dioxolane
using 1.29 grams of Vazo 52 and 0.004 grams of BHT (2,6 di-tert-butyl-4-methylphenol).

30 This reaction was run at §0° C for 1 hour.

The coating solution was formed by combining 22.3 grams of Solution A, 21.6
grams of Solution B, 0.28 grams of LC 756, 8.0 grams of LC 242, 0.45 grams of benzyl
alcohol (commercially available from Aldrich Chemical Co., Milwaukee, WI), 0.15 grams

29



heating fornms a third peak (FIG 17 After) indicating that a third | ayer has
fonned. 20 Exanple 3 A first portion of the coating solution (Solution A)
was prepar 8D H9F198H coating procedure as fol l ows. 26. 4 Ma0 016281
cyanobi phenyl benzoate ethyl acrylate was 25 polynerized with 0.88 grans of
LC 756 i n 7bfBH{r 26 gms df grodhiptenyisinethdxybepzants, 2ol 4.0/gaws 62 as a t her mal

initiator. Thi;s reactio s run.for 16 hours at 60 C. A second portion of
Pistse pEby RO o

t he coating %% I'on ‘prepared for the coating procedure as
follows. 4.0 grawkisedluticd is2omadopol §ineictorett: PRTXbstra@ (adtBmertiathy oxol ane

using 1.29 gr 0,52 a 0 nms. of

di-tert-but l"ﬁg&ﬁéﬁ ﬁ?ﬂtéﬁﬁlﬁ%?l?%% %6%‘?’ r@ﬁ\ﬁgﬁegﬁgﬁre\fﬁé‘@%wﬁm%ﬂ &% or 1 hour.
The coaing nﬁaloaaepmmwaed edamgl Dhe e wisag dagd 30 S4cafds @fooR0kMbéreA 21. 6
grans of Solution B, rams of LC 756, 8.0 grans of LC 242, 0.45 grans

of benzyl Aan¢HRBP akeéa%%r ifen tilve ptes Lhe 9a8RE Kpattee pureh e & Srsiap . |
M1 waukee, \%dwa@ 315&11915 m?s.?ﬁ d‘@3§9%%ﬁ@§x% q}liéﬂrfﬁg &%&?@&astﬂ BHT, 3.76

grans of cyanoblp oxybenzoat e, 4.8 gra cycl ohexanone
and 37 gr arrselm&tetﬁatd%ﬂ@mmﬁhn@esol ution was coat ed on a 100 mcroneter PET

substrate (come I 0 m 3 P MN) usi ng
a wre round rodi;’tn% Yp?é&‘&@ %[ 9@8 ﬁ?cp %G%F&aﬁﬂ%§ﬁ%sﬁ %&tacﬁélgliﬂi ﬁﬂ‘f%

coat i ngowas vak bsedtd @easdid tﬁemmﬁhmﬁbnﬂaﬁ&mﬂﬂﬁmﬁbﬂ%ﬂﬁas dnckitehabovbaked at 125C
for twelve m nutes. The oatln%a was h{eI ﬁ@f th a u5|on fOO watt D

bul b usi ng APSHREES BFASEEI 1 JeflHianc oy ?183 erﬂwsc G-4§ was then

reheated at a%essga%réf@cmﬂa@ss onddt A6tk yoooamLaMQIMr&Q&d%a@amrs@@mt ometer

(Perkin El mer, Santa Clara, Calif .) 10 was used to neasure the opti cal
per formance of the optical body as described above. The spectra was

measured in ref| h e%;ﬁ@s%ﬁt 1HPe‘i’x‘Emfl %(19)_{11&8915@% L%%&Q@ﬁ@ %ﬁ%ﬁ%ﬁg&ﬂa@ e%%?n 18)

possessed three ection one at m and one
at 1550Hm 'Hb@nb&c%ﬂﬁ butrradheltshomid btioderitond o Bwecdhspetdy efdhd inmdrtienags o t he

Cover 8l | adhRREe o i s UG HRTD, VA8 Srmpliholy Spp it ptreSen Baioa

clai ns. Var ia9usmdiOidistrhéraes mlc]ﬁﬂ%lpié@dnﬁﬁirermbﬁﬁﬁ?%@&p}fl@ﬁb%ﬂ be REJIHUNMET OUS
structures to which the present |nvent|tgn may be applicable will Dbe readily

appar ent t o 3PRiEEktoghosg|of $hill mythe prd togylch emﬁeahlavaa%ﬂ%@aﬁed.uﬁ%mw‘an is
direct ed UpQPE &laBV¥pecification.
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of the instant specification. 20 ( ) it 30 W claim 1. A nethod of naking
an optical body, the nethod conprising: coating a m xture on a substrate,
wherein the m xture conprises a first cholesteric liquid crystal polyner, a
second chol esteric liquid crystal nononer, a second cholesteric liquid
crystal polyner formed by polynerizing a portion of the second chol esteric
liquid crystal nononmer prior to coating the m xture on the substrate, and a
solvent; wherein the first cholesteric liquid crystal polynmer is different
t han the ggeend: chol esteric liquid crystal polymer; and formng fromthe

m xture an optical body conprising a first layer, a second |ayer, and a
third |ayer disposed between the first Iayer and t he second | ayer, on the

substrat e; the firs F£E5& na ori.t the first

Shor et or |- LR aP b h obfict) B!, aRGABAISERuRiolMR b s BixklBodd 120 1
of a secoslstediqvarics the rhikthisd CoreFrissd @ﬁrsﬁ'ﬂﬂﬂéﬁ'&ﬁlcaﬁdld drimaltpblyin'kr,l ayer

conpri ses the second chol esteric liquid crgstal poly . The net hod

accor di ngseeendhalestemnc ligpidcevstal menpingg 2 gedop §h°11’sé%¥"l§rh°élﬁlcl°r55t§ldl98ﬁ’é?r | ayer on

t he subst fromthe
it are.  SnghEPPRRERnd £ ERoREr e ob AT e RRIC AR By Fod BB | 0 he
second chiwlcestirerthe mi:tthnpuindhcsqbstab and nenlyentaivherinfthe ﬁrsﬂghdlés&rﬂcmquid and
second | ayer, .on.the.s od of . ma 0 body, the
net hod coﬁ?ﬁti‘l Ofygyer d%aj'?ﬁ% %’ tsﬁ?oggghaﬁge%ﬂb%‘%( 1¥r8 coat ed
SUbStrateﬂmMﬂ@ﬁﬁhﬂﬂkQﬁxﬁk&&ﬂ@ﬁwﬂﬁﬁﬂ&b@ﬁ@nﬁn%bﬁﬁ&kﬁ@@h@&kﬂﬂﬂ@mrhm&ﬂld crysta
pol yner, a second cholesteric liquid nononer, a second chol esteric

liquid crghsﬂéayep@swe@ betwiepredre Hyst pryey sk the asgndilayern en the sebstraree second
chol ester ere 1Kl Hrs g YSLA g&%oﬁﬁgﬁ@rdfﬁ_’ﬁ e St %%%E%egg hﬁ gt g}si‘aﬁ g?lgrrxrlgp Ithe

substrat e, a so erein |qu

di fferentihe isedonﬂ l@eﬁﬁ@ﬂ}ﬁdeﬁhﬂhﬁﬁtﬁéﬂ a:sebcbxwwhdle@tws liguhid n@lswnﬁlbnommm ng the
coated substrate to renove at |east_ a n of the solvent; curing the
coated sHigdHrdlpgercampysehihe 55004 félpleyteeah@adeefatabao ¥WB&trate; and heating
the partially cured coated substrate to forman aligned optical body. 5.
The met hod according to claim4, further conprising curing the aligned
opti cal badihetmeth@llactondingdo claimed, whereiodbmiingly first layer and a second layer on

the substrate comprises removing at least a portion of the solvent from the mixture.

3. The method according to claim 1, further comprising curing the second cholesteric

liquid crystal monomer after forming the first and second layer on the substrate.

4. A method of making an optical body, the method comprising: coating a mixture on a
substrate to form a coated substrate, wherein the mixture comprises a first cholesteric
liquid crystal polymer, a second cholesteric liquid crystal monomer, a second cholesteric
liquid crystal polymer formed by polymerizing a portion of the second cholesteric liquid
crystal monomer prior to coating the mixture on the substrate, and a solvent; wherein the
first liquid crystal polymer is different than the second cholesteric liquid crystal polymer;
heating the coated substrate to remove at least a portion of the solvent; curing the coated
substrate to form a partially cured coated substrate; and heating the partially cured coated

substrate to form an aligned optical body.

5. The method according to claim 4, further comprising curing the aligned optical body to
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6. The nethod according to claim4, wherein the aligned optical body
reflects a bandwi dth of circular polarized Iight of at | east 200 nm when
visible light is transmtted through the aligned optical body. 7. The

met hod according to claim4, wherein heating the coated substrate causes the
first cholesteric liquid crystal polymer to at |east partially separate
fromthe second cholesteric |iquid crystal nononer. 8. The nethod according
to claim7, wherein heating the partially cured coated substrate to form an
al i gned opirhCaburPSPticaRBbags the second cholesteric liquid crystal polyner to
forma |layer between a |ayer conprising a majority of the first cholesteric
liquid crystal polynmer and a | ayer conprising a majority of the second

chol esteri.cl i guid,crysial no, .9 ..Th t hod.accor di to claimd4,
wher ei n cgmeg’gf%h%d %%"é{c{é%ig @u@%ﬁ@eﬁeg’ Q‘%Pﬁg’%ﬁ oBg?all 3%‘?31 Vﬂg{}g%d coat ed

subst r at e bparidilof Yired1 851 drizek HghtdE aslea® DD huh Gitiedl visibis tight isRaRERed 10. The
met hod according to claim4, wherein heating the partially cured coated
subst r at e thregghyf ?ﬁh%ﬁdapﬁl%bﬁﬂ%pti cal body further separates the first
cholesteric liquid crystal polyner fromthe second cholesteric liquid
crystal nononer. 11. A nethod of neking an optical body, the nethod

conpri si ng: Tieoatthodjaaording torodaimrd, svheitisiatiag the toatédsubst@ate oatseskhs Giksst r at e,

wherein the mxture,conprises a.first cholesteric .liquid crystal polynmer, a
second chshaetes aid cryvtal nolyast 49 aclrsbRaalseRaat, fepma fisisasand chelestpi i d
crystal palyiaRFystaPr¥RembYy pol ynerizing a portion of the second cholesteric

liquid crystal” nononmer prior to coating the m xture on the substrate, and a
solvent, and wherein the first liquid crystal polymer is different than the

second chglesteric,| i qu. rys ol . and_form ng,an . optical body from
The m xt ufe Toaerdd Bl B, By R o B bat T e SRl Sl /T gh
when | i ghto fosmtahaHgisdtdpeical tlodp tgilRed the seephd cldllesteid YiquidiZristal pblyenees hod
according to cJaim1ll, wherein form ng an optjcal body conprises formng an
optical b&¥Rd a%rrgeevqeé@t@eacwmaﬂ ragrity eighs fipst chplestesigdiquslanysigh when

light is ?ﬁQ ] : : I : according to
claim11, pB erg%\&%% ﬁ“ﬁgﬁg%?‘%rﬁ?ﬁ%é&aﬁé’g% Sg%%grc}léigsstegﬁdﬁ?ﬁg&gln optical body
t hat refl ewnemar.bandwi dth of |ight of at |east 300 nmwhen light is
transmtted through the optical body. 14. The nethod according to claim11,
wherein form ng an optical body conprises formng an optical body that

reflects 9 prduhed hecoidihg @tlaifil4, SheteBPGiring AR dORWIEBtratelh Forka

partially cured coated substrate partially cross-links the second liquid crystal monomer.

10. The method according to claim 4, wherein heating the partially cured coated substrate
to form an aligned optical body further separates the first cholesteric liquid crystal

polymer from the second cholesteric liquid crystal monomer.

11. A method of making an optical body, the method comprising: coating a mixture on a
substrate to form a coated substrate, wherein the mixture comprises a first cholesteric
liquid crystal polymer, a second cholesteric liquid crystal monomer, a second cholesteric
liquid crystal polymer formed by polymerizing a portion of the second cholesteric liquid
crystal monomer prior to coating the mixture on the substrate, and a solvent, and wherein
the first liquid crystal polymer is different than the second cholesteric liquid crystal
polymer; and forming an optical body from the mixture, wherein the optical body reflects
circular polarized light when light is transmitted through the optical body.
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transmtted through the optical body. 15. The nethod according to claim11,
wherein formng an optical body conprises formng an optical body that has
a reflection spectrum having at |east three maxi ma when light is
transmtted through the optical body. 16. The nethod according to claim11,
wherein form ng an optical body conprises formng an optical body that
reflects at | east 75% of either right-handed or |eft-handed circular

pol ari zed light. 33

12. The method according to claim 11, wherein forming an optical body comprises
forming an optical body that reflects a bandwidth of light of at least 200 nm when light is
transmitted through the optical body.

- 13, The method according to claim 11, wherein forming an optical body comprises
forming an optical body that reﬂects a bandwidth of light of at least 300 nm when light is
transmitted through the optical body.

14. The method according to claim 11, wherein forming an optical body comprises
forming an optical body that reflects a bandwidth of light of at least 400 nm when light is
transmitted through the optical body.

15. The method according to claim 11, wherein forming an optical body comprises
forming an optical body that has a reflection spectrum having at least three maxima when

light is transmitted through the optical body.
16. The method according to claim 11, wherein forming an optical body comprises

forming an optical body that reflects at least 75% of either right-handed or left-handed

circular polarized light.
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