WD 2004/ 077106 PCTI US2004/ 000536 CHOLESTERI C LI QUI D CRYSTAL OPTI CAL BODI ES
AND METHODS OF MANUFACTURE AND USE Field of the Invention 5 The present
invention relates to optical bodies containing chol ester] i.qui crystals.
The presenVA M 1%n al so relates to reflective optical "’[384‘1'&%*’2@?%94 or ned
by two or nore |layers of cholesteric liquid crystals or cholesteric |iquid
crystal precursors. Specifically, the invention relates to nethods and
apparatus fo I mfdﬁm 0, i e r s with a
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Optical devices, such as pol aMaANDFAGAARE AN®¥ESEare useful in a variety of
applications including liquid crystal displays (LCD s). Liquid crystal
.displays fall broadly into two categories: backlit (e.g., transm ssive)

di spl ays, where light is provi deBicfardnndmvbafpnd t he di splay panel, and
frontlit (e.g., _reflective), displays, ,%ere light .is provided, fromthe
front éf the di dpf avse(néuaiﬂ-,tfoaﬁﬂﬁteﬁﬁyo oplighpyliesPreGEmEROlEH Mitodes can be
combi ned t QDN THE RRIEA S MoTPhRY & tiRtivEARichS RS Flmed 8 naxanpl e,
under dimlight conditions or read under bright anbient light.” Conventional
backl it LCDsmoyplevess pichalestenbbondimisfalp ot drlestenslignd costal iieppesotsess 20 t han

10% light t 1SS vent | f [ al . ased on

absor bi ng 3 g{lg?ﬁ:ll?éfrhgﬂgﬁ% nyrrjl %21 q@@éth%d@gﬁf%ﬂ&é%ﬁﬁﬁ%g&ﬁg g’?ﬁ %3?‘?& ty. The | ow
t ransm ssi athobsteriar fui ey anldey-af wittheseeldecmphaymsnpoetion es a ditspitay contrast and
bri ght ness and can require high power consunption. Reflective polarizers
have béen devel oped for use in displays and ot her 25 applications.

Refl ective polarizers preferengdcdbloinll offheThienkioght of one polarization and
preferentially reflect |ight having an orthogonal polarization. It is
preferred that Qticddeyiges, sysbpapqlangess apd BWEITH-rAIeEY B¥4 wEetylof ght  wi t hout

absorbing r L-yvel- : hoht - . t flective
ol ar i zer niERiatb Mok dhgRadgoth bk Iy Tiquia AR raliiGach?

pol ari zat i omto tvanytegyics:datkld ¢ cemsnperatdspbys wherddightd pramigd fioin wavel engt hs
o o2 SRR RS PEL B AR RESE, MR Ry operate

from the front of the display (e.g., ambient light). These two display modes can be

combined to form transflective displays that can be backlit, for example, under dim light
conditions or read under bright ambient light.
Conventional backlit LCDs typically use absorbing polarizers and can have less
20 than 10% light transmission. Conventional reflective LCDs are also based on absorbing
polarizers and typically have less than 25% reflectivity. The low transmission or
reflectance of these displays reduces display contrast and brightness and can require high
power consumption.
Reflective polarizers have been developed for use in displays and other
25 applications. Reflective polarizers preferentially transmit light of one polarization and
preferentially 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
polarization. Many optical devices operate over a broad range of wavelengths and, as a
30 consequence, the reflective polarizer must typically operate over that broad wavelength

range, as well.



1 WO 2004/ 077106 PCT/ US2004/000536 Summary of the Invention Generally, the
present invention relates to optical bodies containing cholesteric liquid
crystal s wathohheiztosmanuf acture, as well as the use of chot/esioesoamsid qui d
crystals in optical devices, such as reflective polarizers. Methods and
apparatus for formng two or 5 nore cholesteric liquid crystal |layers with a
single coating conposition on a substrate are described. A nethod of naking

an optical body includes coatSogumrypkihe hevention includes a plurality of
chol esteric Ilgiullleda@ Mlsngﬁse&qm 0 |t|1g{g§to opgca?Pg(%es 1) a}&nﬁ ubstrate Each

chol esteric |i OSItToON IS eren y of |ayers
is fornmed qunldtch}etalﬂnaﬂmamam&chﬁaahwélayﬁhe ﬂlSE@)fbidmteﬁC Iiliﬁllldl’cr‘tst\alsﬁﬁ one of the
choIesteric.I|EU|d cr st al sitions. A further ?od of making an

optical bd#Yd ACHEEEY %ﬁdﬁﬂ%&vgg zetsr &lethodt I angeTaius for AQIgHHO&E t er i ¢

liquid crysirabhdtpesiphii @Rstafla ?ﬁ%@‘%ﬂga%ﬂ@l@eﬁtﬁff lcEmpdsHiinhnGl H8ddle agprrposn tion,
and a solvent on a substrate. first cholesteric Iiquid crystal

conp05|t|dﬁﬂF@@H|fferent 15 than the second chol esteric |iquid crystal

composi i on.  Adfike bR AR SOMNALIAY Bl & RIS R0 SUDstrate.

The first layer 1nc iIrs steric I'rquid crystal
conpositiqﬁmﬁhﬂofﬁem$Enthmﬂag®mlmmqud@saa*mmﬂmmmbwasﬂmthe Babond

chol esteri rystal conp 0Si n_A f t hod. of .maki ng an

opti cal g“ﬁlef‘t'ﬁrél Eﬁ %S(SS P’ﬁ@osé st gOpml fi@ ‘iﬁﬁlf?‘ndfg%rﬁfﬁf’ﬁ“d P Etfol esteric

l'i quitd cr ys%baﬂatecmoﬁyérhmude@a sRfaRtbfeohobebE albldtetit Ughid cBiiBt al conposi tion,
and a solvent on a substrate. The first cholesteric liquid crystal

conp03|t|dwnmﬁ%WHﬁes a cholesteric liquid crystal polyner and the second
chol esteric i %Ufuﬂh@r%{e?ﬁcﬁl' of SRR g%ghgt%h bo'd9glcﬂﬂ@ssccﬁhﬁé]é)#xlﬁ%r@ycﬁdliﬂg%u' d
orme fromthe

crystal nononer. A first |ayer seconhd | ayer are (
m xt ur e onfirstvbolesiérst Irquidecrystd @ompesgion) aaS,cecmdwh@lbmt@sh@udmymlicolyp@ﬁtlomhe first

25 chol est gi ¢ qulfl){’lg S@ é’%ol eS?CPI[TP&S1CSte Cl’g{%&q c%t%%gs%onlf Xl?{er cl udes a

majority &Pd?ﬁg‘ secon eric |qU| ositron.” The above
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these crystal composition and the second layer includes a majonity of the second cholesteric
liquid crystal composition.
A further method of making an optical body includes coating a mixture including a
20 first cholesteric liquid crystal composition, a second cholesteric liquid crystal composition,
and a solvent on a substrate. The first cholesteric liquid crystal composition includes a
cholesteric liquid crystal polymer and the second cholesteric liquid crystal composition
includes a cholesteric liquid crystal monomer. A first layer and a second layer are formed
from the mixture on the substrate. The first layer includes a majority of the first
25 cholesteric liquid crystal composition and the second layer includes a majority of the
second cholesteric liquid crystal composition.
The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The Figures,
Detailed Description and Examples which follow more particularly exemplify these

30 embodiments.



30 enbodi mrents. 2 WO 2004/ 077106 PCTI US2004/ 000536 Brief Description of the
Drawi ngs The invention nmay be nore conpletely understood in consideration of
the follo il ed description of various enbodi nent e jnyention
in connect:u(])&ng'\)/(\)ng}tazﬁb'{ he acconpanyi ng draw ngs, in which: P?):Tﬁ}sé)@?oo{):{éga
schematic representati on of one enbodi nent of a nethod and apparatus for
formng two cholesteric liquid crystal layers wwth a single coating
conposition on a substrate, gBaefREdtipdod & thhPrawimention; FIG 2 is a
schematic representation of a CrosSs-section of a first coating conposition
on a substrate, Redeaiagnavderrrie porvelpelygndersioodipgonsderafion of dikemat i ¢
representatgg fﬁ@ dBta QR S HRG btg% riBls Jn{tfoﬁﬁneﬂ{%g)f ﬁr%fi%‘flu FRfisk a5 Gich | Ui d
:crystal mat er | l'ayers on‘a substrate, according t e Invention, FIG 4
is a scherraﬂmseccnmparesr@'ﬁratzmgmlmf'hlohw enbodi nent of a rret hod and appar at us

for f t t 1 i quid ti
compositi on ontd 1 | Easer e AR U APy ST o ARG et CERGTBst or i

liquid cr ysfrakodumgeﬁoeﬁmetetriaelqﬁﬂ:lrcetqtamyérmltﬁ BeingRktcesting doingpusilorCdy st al
| ayers, according to the invention; FIG 5 is a schematic representation of
a cross-sectt Wt%fﬂc“&“%’é&:f@ﬁ}éﬂéﬁélpi)%g conposition on first and second

cholesteric |iquiid £{hSERimdNRehdsBhtatidd®h Srodflseti S BIS firf Batingdccording to the
invention; FIG 6 is a schematic representation of a cross-section of a

third chol estneosition pm@lﬁlcbstraza ageoydingio thaimeqritigh; | ayer on first and second
chol estE ric li q"ﬁ%& Sl a scﬁl%ma%{e résgllxtatho%yo?r %IO?QS&%UOI?%& aﬂ%&cgﬁg cording to the

invention; FIG rep resent ation one e I'ment of a
met hod and alppateat uQuldf:@rlstahﬁaitamzﬂ@ybmmhm&s&s&,eaccmrdhgcqcuihd mokeysdngl | ayers with

a single coatin osifion onto a strate .and, sequent i al fo mnga

second two chol g@&e‘ﬂ) f“ﬁ’%ﬁt’ﬁ ‘%pf‘ifg?tﬁtiloni 29&?%‘“%@‘“3’%0%%@8%@@ & coating

conposi ti onf® m@&nigh@ofchéls&eﬁcmumwSm 1a9¢ds GvithiaGiigle déawsg,to@hlpbﬁmf éhto aaccordi ng

to the |nvent|on FI G is a schematic rePresentat on of a cross-section of
€

a second co8SHRe ar@osﬁ%ﬁl@clb’(fﬁmﬁﬁg nothst cholrstegie baHd gl R¥grentocths figti d cryst al
materi g | aes GioRBtefe ﬁ(ﬂ?@&'&%ﬁa}rers, according to the invention;

FIG. 5 1s a schematic representation of a cross-section of a second coating

composition on first and second cholesteric liquid crystal material 1éyers on a substrate,
according to the invention;

FIG. 6 is a schematic representation of a cross-section of a third cholesteric liquid

20 crystal material layer on first and second cholesteric liquid crystal material layers on a
substrate, according to the invention;

FIG. 7 is a schematic representation of one embodiment of a method and apparatus
for forming two cholesteric liquid crystal layers with a single coating composition onto a
substrate and sequentially forming a second two cholesteric liquid crystal layers with a

25 second single coating composition onto the first two cholesteric liquid crystal layers,
according to the invention;

FIG. 8 is a schematic representation of a cross-section of a second coating
composition on first and second cholesteric liquid crystal material layers on a substrate,
according to the invention;

| 30 FIG. 9 is a schematic representation of a cross-section of third and fourth
cholesteric liquid crystal material layers on first and second cholesteric liquid crystal

material layers on a substrate, according to the invention;



according to the invention; 30 FIG 9 is a schematic representation of a
cross-section of third and fourth cholesteric liquid crystal materi al

| ayers onWoe@t/0zne second chol esteric liquid crystal rmatrars2edsobeper s on a
substrate, according to the invention; 3 WO 2004/077106 PCTI US2004/ 000536
FIG 10 is a schematic illustration of one enbodinent of a liquid crystal

di splay, according to the invention; FIG 11 is a schematic illustration of
anot her embodi F8@t 100 a sehemgig Yusiragien af onegmbpdimgnt of @adigridichistal displAw i nvent i on;
5 FIG 12 &ém@mggpﬁggg%ﬁﬁ%llustration of anot her enbodinment of a liquid
crystal display, according to the invention; FIG 13 is a light
transm ssi on spéGt Flusr ethemnatioifitstedbn bbahpthtnemiediment of alliquyd ¢ystalExanpl e 1; and
FIG 14 is,alli%pt H{qn%qig§i n_spectrum of an optical body forned accordi ng
to 10 Exafpia Fomia e Wdk™PH%nt i on i s amenable to various nodifications
and alst er nat i veFIGOIME a sclgpedd flluattibh ef @pthehawiediean obhligid bysilay of exanpl e
in the dramﬁqqg and W |l he described in detail. It should be understood,
however, t HERIDE AOrdedAtiedRVedohot to Iinmit the invention to the particul ar
embodi ment s desgi feld a iR taBEnicOM $REYum bhe dpfit R RbEPRhe dclordmg Pver all

nodi fications, equivalents, and alternatives falling within the spirit and
scope of Etmmplnlendion. Detail ed Description The present invention is

believed to be @ppl L& 1o optical bodi U S ical .. 20 films) and
t hei r manuf act uﬁg', Malgg\%é Inagsén%? "én i seg?ué]? Efaﬁle&’glbatq:%ggl fogrg%il %g&fhrrll"gopti cal
devi cigs, Buatpled refl ective polarizers and optical displays (e.g., liquid

crystal displays). Jhe present invention is also directed. to optical bodies
cont ai ni ng chof@é@%&éﬁ“BﬁHﬂPﬁmﬁ?? &???mV%WP@g“FWESﬁ@@@@ﬁﬁmﬁﬁ ion is not

so |im t edspedificPEetiadd beRR sRfwn) WALS cRERAE trSthe fratvis biiRitdeon W Il be
gai ned through a discussion of the exanples provided below 25 For the

fol | owi ng depileddn datailrd! shopldde uadsrstond, howeyes Higt the préendiop i nog fo limit B8s o
di fferent debifhtd QP phficdirtiRokithehfi@eshiBdd ®0the BOREWN BeSnbRich i B

speci ficati on.
15 cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the invention.

Detailed Description

The present invention is believed to be applicable to optical bodies (such as optical
20 films) and their manufacture, as well as the use of the optical bodies in optical devices,
such as reflective polarizers and optical displays (e.g., liquid crystal displays). The present
invention is also directed to optical bodies containing cholesteric liquid crystals. While
the present invention is not so limited, an appreciation of various aspects of the invention
will be gained through a discussion of the examples provided below.
25 For the following defined terms, these definitions shall be applied, unless a
different definition is given in the claims or elsewhere in this specification.

The term “polymer” will be understood to include polymers, copolymers (e.g.,
polymers formed using two or more different menomers), oligomers and combinations
thereof, as well as polymers, oligomers, or copolymers that can be formed in a miscible

30 blend by, for example, coextrusion or reaction, including transesterification. Both block

and random copolymers are included, unless indicated otherwise.



The term "polynmer"” wll be understood to include polyners, copolyners (e.g.,
polyners formed using two or nore different nonomers), oligoners and

combi nat i oQgy 2doligiSRf . as well as polyners, oligoners, or S, that
can be forned in a mscible 30 blend by, for exanple, coegﬁﬁ%gé%ﬁﬁ%%
reaction, including transesterification. Both block and random copol yners
are incl uded unl ess indicated otherw se. 4 WO 2004) 077106 PCT/ US2004| 000536
The term " pol yme} fermb&ph@,hc miehidl» BRI wlqﬂéﬁfoe@fb hOuddSIHASs, ROLMIRES, as
defined above, and other”organic or inorganic additives, such as, for

exanpl e, arﬂbpw perhether orgasica inorgeaicddifives; Beh ﬁ%uﬁ@r@arpplaml@m@ﬁ% dyes, and
pi gnents. r conposition" refers to a
conposi ti on 11|z§%{qnt890% &%&?gsgéétzér ?%fergip%{%ﬁég chol esteric liquid crystal
conpound, a choITésteeml“chdlestpuﬂcdiiquidrcy\stahd;onpmlsiyinm‘rrefm ta achmbestiosri ¢ i qui d

tal h f | t chol est
T i %ty Sr SR RLTREET Al G R RBNE PSSl RGP TR Ean be

reacted to dr@stdnpalysBobesthelektsrid gk &rﬁﬁl?ﬁuﬁﬂso@&%’ﬁ@fm eldigplé, efara " m xture”
refers to a heterogeneous association o ubstances that may , 10 or may not

be uni f or n 19018?%%5@@5@8 chalgsteriaiiagd crvsial eruRRds inchuding menogiers adlﬁé)bé?@?ran and
the like. tmecaﬁséf&&e ﬁm cho%{ehuﬁlgﬁlgEﬁfstgg.oes Am@symretrical unit

containing a chiral unit e.g., unit that not posses a mirror plane).
A chiral unit i sThe&pals ‘@1@mlef’mfamkm@h@crpgma®s a@bmpmrmﬁaz@@hnbésglmtma@ el ther

t he | ft or the r u Cti Qgeni c”
uni t é)f ers’ nr(l)ayan 0{[1%3 ‘gmi?g{}fr%Spgrse({ Ore éim?? 1 SUOIE%P ’na{peIS Ozlalcaln Fates t he

formation dikea |iquid crystal rresophase The term a "nematic" I|qU| d crystal

compound refers oaI| ound hat fornms a nematic liquid
cr/ystal phase. ﬂh‘@ §Bdm hl’§f’3l K‘te% rSrtt‘-i?faéla ”l"&etrécaiﬁlﬂig‘f%ﬁ&‘@nﬁ?ﬂ’t‘mra Wit anabl e of

at | east pagt égs alhlmlae@oe%&%lsééw%ﬁ&qﬂmy A ks BRER chuBleWr etating afpku@) @

sol ution or dispersion. 'sol vent" be a mxture of one or nore
subst ances. Ofm@f@@rhﬁh’f@tﬁlthmthmﬁft@rﬂlﬁlﬂ ripp sfreulargliteefiona| corrpounds or

conposjst i ons, nﬁ’l "I!anr!ag me%@%e%ﬁ {ult Fk‘i*érg oS htHEing QEP&%@Q& ﬁﬁﬁtu&?
non-1liquid crysta npoun can orm or uce a c esterl c liquid
crystal neshpihitss tlnerfonnmﬂon nf4 lignd wiysthl mdshghasd. i qui d cryst al
The term a “nematic™ liquid crystal compound refers to a liquid crystal compound
that forms a nematic liquid crystal phase.
The term “solvent” refers to a substance that is capable of at least partially
20 dissolving another substance (solute) to form a solution or dispersion. A “solvent” may be
a mixture of one or more substances.
The term “chiral material” refers to chiral compounds or compositions, including
chiral liquid crystal compounds and chiral non-liquid crystal compounds that can form or
induce a cholesteric liquid crystal mesophase in combination with other liquid crystal
25 material.
The term "polarization" refers to plane polarization, circular polarization, elliptical
polarization, or any other nonrandom polarization state in which the electric vector of the
beam of light does not change direction randomly, but either maintains a constant
orientation or varies in a systematic manner. In plane polarization, the electric vector

30 remains in a single plane, while in circular or elliptical polarization, the electric vector of

the beam of light rotates in a systematic manner.



25 material. The term "pol arization"” refers to plane polarization, circular
pol ari zation, elliptical polarization, or any other nonrandom pol ari zation
state i n whdetnitohmoel ectric vector of the beam of |ightrcdasonmbosshange
direction randomy, but either maintains a constant orientation or varies
in a systematic marnmer. In plane polarization, the electric vector 30
remains in a single plane, while in circular or elliptical polarization, the
el ectri c vect orReditctivielpelabieanpreferdntightreflast Aghe of ome mlsiyationmad trensmatther . 5 WO

2004/ 077106_PCT/ US 100053 ef.]l ectiv olarizers preferentially reflect
li ght of orﬁ%]aﬁlbqgg}%%ggl?itkgncg%enog Ry q%netp Ré iz‘eé‘?ré]igﬁtl pr?ga"?? ght"e nltﬁn tHe case of
refl ecti vepipfetsndalpokasmited Syhileilight popeized in Ziecthrinog@akplpledn prefesentipllyef er enti al | 'y

transmtted, whjle light polarized in the orthogonal plane is preferentially
refl ect ed.wﬂﬁctf%@@sggﬁaf g fog rfkiive @pkmeers. UG gPU H Epige] gRE circularly

pol ariszed {RsOBRich nHEME fhe Mk Re BRMbREII R RE QGKNLES (Gt RS BHGLPCKW se
sense (also referred’to as right or |left circular polarization), is

pr ef er ent i Bfticireulpanedamizationd isieferantily tpoimaiftedand lisht pdksizoppiobe ewpositense i s
preferenti ?eln%e)/is Ex%gérgﬁﬁg)g{eﬂglgd. et fof%lr%‘f#'p%fariBé}!h?cﬁdd%ﬁlmﬁé!FehHﬂ d .

chol esteric T1qui cr al polarizers. nuneric values are herein
assuned t ociggalipotiritéred by the term "about,” 10 whether or not explicitly

i ndi cated. The term "about" nerally refers to a range qf nunbers that one
of skill in the—lgP‘EmW_?da R BREr GBS P%kreéﬂ?%lgﬂyﬁge Pee 198 val ve (i . e.
havi n@ t hews@n® of HOGKHIRMPIndicasY | The terhd? aPEURY genBRIAREARS 0 alBfzelor M5 " about ™
may include nunbers that are rounded to the nearest significant figure.

Vi ght per Benkers thatrane af sk, inglq ayhwouldsansidgedayivelentdn dhepprated vilee dfe synonyns
that 15 r fo - LA - Sk L g of that
subst ance gzlt‘wgdtgdsatgt;}eftuﬁ%%% Eg@{) %ﬁéﬁé%%égq ?e?%%aa}r?% ﬁula?ﬁ“gﬁ ed by 100.
The reci t animperothatrammnndsdito thanepasst Hgniderdpbgure.s i ncl udes al |l nunbers

subsuned withi.n that range .1 to,5 includ 1.5 2 2.75 3, 3.80,
o e) . s elgf el Bted B peignt R G S e e eyt |
si ngulsar f eferso tha Concetfation oPDsudBanceafithe wielphi ofdtBatRlibstaate dieiied gnthé unl ess the

content clearly dictates otherwi se, Thus, for exanple, reference to a
conposi t i olf¢& fé}Perﬁoﬁﬁ’os%OWHﬁBﬁ?Ri’edP}ﬁéq)%des a mixture of two or nore

gorrlppundS- As  usRdediftibhbfHuRAS tne@ityRAdRNEs fhRIARASHASEsGliRlABd the term
Ol
within that range (e.g. 1 to 5 includes 1, 1.5, 2,2.75, 3, 3.80, 4, and 5).

As vsed in this specification and the appended claims, the singular forms “a”, “an”,

20 and “the” include plural referents unless the content clearly dictates otherwise. Thus, for
example, reference to a composition containing “a compound” includes a mixture of two
or more compounds. As used in this specification and the appended claims, the term “or”
is generally employed in its sense including “and/or” unless the content clearly dictates
otherwise.

25 Cholesteric liquid crystal compounds generally include molecular units that are
chiral in nature (e.g., molecules that do not possess a mirror plane) and molecular units
that are mesogenic in nature (e.g., molecules that exhibit liquid crystal phases) and can be
polymers. Cholesteric liquid crystal compositions may also include achiral liquid crystal
compounds (nematic) mixed with or containing a chiral unit. Cholesteric liquid crystal

30 compositions or materials include compounds having a cholesteric liquid crystal phase in

which the director (the unit vector that specifies the direction of average local molecular

alignment) of the liquid crystal rotates in a helical fashion along the dimension



is generally enployed in its sense including "and/or" unless the content
clearly dictates otherw se. 25 Cholesteric liquid crystal conpounds

general ly incl ecular units that are chiral in nat

nol ecul es hﬂgf&Q@Tﬂﬁi possess a mrror plane) and nnleculgﬁﬂﬁﬁwygm&Pﬁat are
mesogenic in nature (e.g., nolecules that exhibit liquid crystal phases) and
can be polyners. Cholesteric liquid crystal conpositions may al so include
achiral 1iqu n‘afc}ﬁ%{- Rl the SRR UCHS etdH ﬁﬁaalufe}ysm dithoMibls 8L alg@fétfé}fe'a't@g a

chiral unit. olesteric liquid crystal” 30 ‘conpositions or materials include
conpounds hasdhiral ngmetholiqsd enystel domgeditépner Yhe piich g gis eholpsterigHiauid aryséaldi rect or
(the unit vg I: I ecul ar
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di nensi on 6a1\tQ @ aﬂmma dl&ﬁest%ﬁT htl82 @oait 6hesR6the perpertdiratatk #rotgh At

director. %stenjcgll ,q g stal conpositions are also referred to as
chiral hemat i IEREEH 1§ ?%%@t = ﬁ58§ﬁt|ons The pitch of the cholesteric
liquid cryst al TRTesbtd .%16@%@&&1@& krgtbtall iBatdrih@ ch etindeed by Ridndirr ecti on
perpendi cul ar to the director and along the axis of the cholesteric hel i x)
that it t ake@e%&e PREme (& bY cerebmsriztont hFidihferIrwynd wEh FRemat lquithce i s
general l'y 19@ gam{ao e cldIEstdtctibilbe hn ﬁsmqhaﬁta@ by £l lfamﬂugwst al
material can’'be i nduced m xi ng or otherw se conbining (e. by
copol yneri zaltyst@hpatalad hThffan»lthmdamdw the relaimerratidsdylvieghit df theelysd al - conpound.
The ch esterlc se. can uced h|ra non- |,i crysta

mat er | g(% ougd% cfathe ne éa%lé)?ll ui cr\ts comeqoug i c\)llema?ta Ha Ojgh elical t‘g]ﬁ{ df %;1

chiral 10 caimmmdgum atsbmaﬂigmﬁodfc \l'ahﬁlﬂlbrdnﬂ're}cﬁélaimmimﬁblﬂﬂe ohterial er i aI . The

hellcal tw s f the . direct r esul ) atia iodic variation in
the diel ect rwth AR ATV ISE Het%ﬁmaé 715 Seiemeeﬁf?wo’f aflr%hg-eépéi fise to the
wavel engt h @%@@hhggoﬁ@b ﬁ@l}damlsOErAgggéfreetlo%&renérhlwuccuﬂam@ﬁg@twangle png the

helical axis, Brag ection generally occurs when the wavel engt k, is
in the foll émhsﬁgtmg}‘u]@%ﬂn%aﬂ%m <nep wherep is the pitch and n and ne are
the prj ?C| pal refractive indices of the Q};n | esteric liquid crystal

materi a For exanple, the pitch can be selected such that the Bragg

reflection ivghep%ikéld pitch ztridezo andiurethe pﬂmmmﬂ/reﬁbmve igdices nf mapHdeMel engt h
regrmes OT llilﬂﬁa fyat%()%,tgx? i or exam%i’é rge p1t Sctar(i1 {)e se?erTPe:% suc thatlt}?ecérlélggl ng

chol esteric
reflection is peaked in the visible, ultraviolet, or infrared wavelength regimes of liglt.

Cholesteric liquid crystal compounds, including cholesteric liquid crystal

20 polymers, are generally known and typically any of these materials can be used to make
optical bodies. Examples of suitable cholesteric liquid crystal polymers are described in
U.S. Pat. Nos. 4,293,435, 5,332,522, 5,886,242, 5,847,068, 5,780,629, and 5,744,057.
Other cholesteric liquid crystal compounds can also be used. A cholesteric liquid crystal
compound may be selected for a particular application or optical body based on one or

25 more factors including, for example, refractive indices, surface energy, pitch,
processability, clarity, color, low absorption in the wavelength of interest, compatibility
with other components (e.g., 2 nematic liquid crystal compound), molecular weight, ease
of manufacture, availability of the liquid crystal compound or monomers to form a liquid
crystal polymer, rheology, method and requirements of curing, ease of solvent removal,

30 physical and chemical properties (for example, flexibility, tensile strength, solvent

resistance, scratch resistance, and phase transition temperature), and ase of purification.



20 polyners, are generally known and typically any of these materials can be
used to make optical bodies. Exanples of suitable cholesteric liquid
crystal pwlo/mes/gr7atee described in U S. Pat. Nos. 4, 293pé3as20.48823522,
5,886, 242, 5,847,068, 5,780,629, and 5,744,057. Oher cholesteric liquid
crystal conpounds can al so be used. A chol esteri c liquid crystal conpound
may be selected for a particular_ application qr ti.cal .body based on one or

25 more fact or §PPisetpirdiawg crveie! pelvaier ae gqngqa}lyggqr{ne u§ipgirharel( Oréﬂ’f”f%r@e ener gy,

pitch, progessabhd ééh}fal) FoREAEY (ind @i mordoMersH 3 PER MYl A nd PeenaN&lpengt h - of
interest, conpatibili w th other components (e.g., a nematic [iquid

crystal cdﬁﬁoeﬁ@)d grmvl pagallydpyhiod-like seuctsg torfagililtedemasion afai | abl lity of
the |1 aul dorfleth Ao fPapaHRta ol RRANR! SobR ihAdh for biAMIL pabloffiRhedO! YIS

r heol ogy, quirenments rrng, ease ‘vent renoval, 30
physi éal andlichemiscat., proparstifued befian: engahplte, m6f°b@mftgrbw1:t:wc dpeosillly e
strength, soldvdetnt Qg%i\%t nce, scratch resistance,  : %fg,% tlranS|t| on

t enper at ur]?e*)n oCAH & PR TET RE TPt el BAcer- le\Rf)a(‘bedAP/ﬁ? 882804/ 000536
Chol est er i avine oot @L_aﬁipﬁb@ber&otm@p;afnﬁdlgemﬂfyak |leytef, aldyREe UBichg ctbbd, r al (or a
m xture of chiral .and achiral %‘@ ecul es (includi ngprmnorrer 51% that can

i ncl ude a MOsBEetiiestyh arfrmide Ctlo“&h‘i‘qs BEBP@BBIYYH Fspoesit e hoypltegd o

rod-1ike sfmeiddldrlreht bRGEHe! &iR af, %@&M sQlfubﬁ‘mebcllﬂ(?abﬁréﬂt@r)' C Ilqw d crystal
phase). Mesogeni ¢ groups i nclude, for exarrp e, para-substituted 5 cyclic

groupd (e.g., panabledivbsicriotiedd b@ﬁtzlemé/mqrwgslyde FReners Sogesd dilgt@ups ar e
optionally, hﬁﬁ%@f;’?stér & cQPc! e rpog%ﬁxiffcp poq{(atc%aﬁy%hy?neﬁﬁg@ﬁ% 93_ ?sﬁlo?& cer can

contain fun aV| n
pyri m di negr palykgxmmdehaokbqneahdtydomde mesdgemingroups fgionallt depaatedy 1;1g1t1 br oest er,

Sl T A T e T
sol vent ( S) backbnS(ot &amplechpdiosiaite Cpolynﬁuiadrywteypbmﬂomﬁeypayaeﬁmsﬂ ude pol yners
having a chiral or ~achiral polyester, ycar.bonat e, pol yan de,

pol yaer yl aRBYMPFIAFREPHIBTYT S féﬂralpaalrl%hwa %a%?éemc 8?*6‘&‘631“}/%@%‘1& il Bdebackbone

that incl ugdgiy f%&@%fé' ?u&{aﬁyﬁépafb@atd' AL YackBRRIRILHa kY, sﬁél’gzisdfopéxamfpleex' bl e
conononers. sui tabl e’ chol esteric liquid ¢rystal polyners have a

pol ymer  baicatisdame of allsyleneaxigsi spacen tppioyide AgAibitie’. pol ynet hacryl at e,
Doy ral mesogeniete) Seieitt thd R R R AN Ly el oA Fonal 1y
separ at ed ¢andacodie d:naﬁﬂebmsﬁedlbgosai @mraa:amfaces Ultle chalestérorligedaarptad, an al kyl ene
or al Z‘f)yl engon%)élsndlon RS chlrgl cjg{n%grlle% conla?n)gngbat Ileatsydne (1) chiral compound, (ii)
chiral monomer that can be used (e.g., polymerized or crosslinked) to form a cholesteric
liquid crystal polymer, or (iii) a combination thereof. The cholesteric liquid crystal
composition can also include a non-chiral component that contains at least one (i) nematic
liquid crystal compound, (ii) nematic liquid crystal monomer that can be used to form a
25 nematic liquid crystal polymer, or (iii) a combination thereof. Together with the chiral
component, the nematic iquid crystal compound(s) or nematic liquid crystal monomers
can be used to modify the pitch of the cholesteric liquid crystal composition. The
cholesteric liquid crystal composition can also include one or more additives, such as, for
example, curing agents, crosslinkers, antiozonants, antioxidants, plasticizers, stabilizers,
30 and ultraviolet, infrared, or visible light-absorbing dyes and pigments.

Cholesteric liquid crystal compositions can also be formed using two or more

different types of any of the following: chiral compounds, achiral compounds, cholesteric



To forma cholesteric liquid crystal layer, a cholesteric liquid crystal
conposition can be coated or otherw se disposed onto a surface. The

chol esteri rystal 20 conposition includes a chi e_nt

cont ai ni ngswi 5(9561{2%3(?0% (1) chiral compound, (ii) chi ra%%mg@& That can
be used (e.g., polynerized or crosslinked) to forma cholesteric Iliquid
crystal polyner, or (iii) a conbination thereof. The cholesteric liquid

crystal cq Qﬁdrydtﬂ@ cmw@qmu@glstmﬁaoﬁorﬁ@@n@rhhtioaiqu QRS HembASque®nt ai ns
at least one (i) nematic liquid crystal conpound, (ii) nematic |liquid

crystal no m%ameré,dﬁelﬁ@emg%‘dortcel@@Pm%e rzgewé%@@ Wéw itRfUptgtaRaferad|

pol ymer, Orexhivit fhed ﬁ@@%‘sﬁﬁﬁké&ﬁhés@ﬁ{&%fbmaﬁ&gﬂtﬁ'%ex‘%ﬁt@nélﬁeorch' ral

.conponent, the nerratl ¢ ul stal conpound(s) or nematic liquid crystal
Mononer s d@mbb@ﬁ@@ébh‘f@ctﬁ %b@in’ A eatyo( bh\”éﬁhitQf@l&’éﬁ@llselstﬂ@rqho'estﬁmﬂu d crystal
corrp05| tio .G L VS 0, an. Lso i ncl ude
peilos mrgméﬁgi‘ﬁsr@gg}h&% tﬁh\xﬁll Lrg%!a'lﬁldﬁ{ X% ffa‘sS’%&é& 'th gﬁ?‘{&f@r o9l i mkers.
ant i ozonantgplesiati¢c bouidapdtd layet.ast i ci zer s, st abl I i zers 30 and ultraviolet,
infrared, or visibl h sor s _an ment ol esteric I|qU|d
crystal conposit SjéhSﬁ Ol%sée% glﬂ‘égcﬁ'éai 6‘%‘?’%%1 0815 %g' Qiﬁr‘ghn& fferent types
of any of tdsnpbsitiboMbiifdy ifélided soﬁ@ﬂmummeaﬁdwnb@l, ofedTRRIABiSthe GGl est eric S
WO 2004/ 077106 PCT/ US2004/ 000536 liquid crystals, cholesteric |iquid

crystal nond@HeHs Iapd eartebmproguary Pracgsing pdditi frs Rt eny ofherfomponet g§tsl nonomer s,
| at entjgnemdlhofsfic H(Elh& é’xjystﬂ%ﬁﬁ b&tidBh &S 418 23t 4sl o WBAC In Edie éa@ései?ﬁa soRdRr i al
exhibits the |iquid cryStal nesophas€ in conbination with ot her materi al s) .

or conbi nat ¢aprbs seltstanaaly. remfpned paelimioated fromahy eatng qwmmelrlgrhby éor axamplei al s | n

t he chol est r erm ne,
enst n papineisoppPilidh B4YbAte AEEROBL b B b boRERGI AL e T E

chol esteri crehctmg |adol@atmgthqh1d©qr$mmomm to rgerignel drysta) aolymer) oab;c cmaﬂmgmg
conposi tion

cl ude ent In sone instances, one or nore of
the Iiquid % g’teé’lr‘éessf“igdmllfr %é‘lﬂ PF%P\%SHLQ processi ng additives, or any

ot her jgonponent @fftert:bh%mg&h@mm@henqﬁd sty 6pall dan@bsiﬁcmls c60/RRESIntd Oiuiddy al so
act as a solvent. In sone_cases, the solvent can be substantially renoved

or el i mi nat SSHAIEr prRatEkt T g CRUyRTSIORICRR brpopgmplished bayasel of tefhninkRs t he

conposi ti onjtRdRY aPYLALEN bhsoRehY ﬁ&ttmgrcr(fsﬁﬁﬁdﬂgrfﬁk @hofé@treﬁb Aui@tnkhe sol vent
(e.g., reacting a solvating liquid crystal nonomer forma |IC]UI d crystal

pol ymer) or cdsypogidion; on guringde. 9wame@mg9é1@sqhﬁlgst@mwmrmt@ cempediéonc onposi t i on.

using, for example, heat, radiation (e.g., actinic radiation), light (e.g., ultraviolet, visible,

20 or infrared light), an electron beam, or a combination of these or like techniques.
As a result of the coating and conversion to cholesteric liquid crystal materials, a
cholesteric reflective polarizer that is effective over a wide range of wavelengths can be
produced, if desired. In some embodiments, the cholesteric relective polarizer

substantially reflects light over a spectral width of at least 100, 150, 200 or 300 nm or

[S=]
wn

more measured as full width at half peak height of the reflection spectrum.

Optionally, initiators can be included within the cholesteric liquid crystal
composition to initiate polymerization or crosslinking of monomeric components of the
composition. Examples of suitable initiators include those that can generate free radicals
to initiate and propagate polymerization or crosslinking. Free radical generators can also
30 be chosen according to stability or half-life. Preferably the free radical initiator does not
generate any additional color in the cholesteric liquid crystal layer by absorption or other

means. Examples of suitable free radical initiators include thermal free radical initiators



15 After coating, the cholesteric liquid crystal conposition is converted
into aliquid crystal layer or material. This conversion can be
acconpl i shwexkobyoraiosari ety of techni ques including evapecatiseni/ofosa sol vent
heating; crosslinlcing the cholesteric liquid crystal conposition; or
curing (e.g., polynerizing) the cholesteric liquid crystal conposition
using, for exanple, heat, radiation (e.g., actinic radiation), light (e.qg.,
ul t ravi ol eand photginBlagors. Jthegpalifige ragdicabinitizigh ipcludpn foslesarenloperpeded, or a

conbi nat i AL b . I L.ng and
conver ai o Fa Aha Sep Rt bt RAT TR SR AR baRlag BR 60T

refl ecti veippotlermddecanpetitips ef f ecti ve over a wi de range of wavel engths can
be produced, if desired. l.n sone .enbodi ments. the.cholesteric.relective

ol ar ser  subPafoniA S el PR Bk E R e RIS RS RSt | ey
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hei ght of the reflection spectrum  Optionally, initjators ¢can be included
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pol ymer i zapfeRituhofit 988, Fﬁﬂﬁ{al’ﬁge @idé@%ﬁﬁéﬂﬁp%ﬁ?‘iﬁ@?ﬂ@i e shibi@rtonposi tion.
| al can

Exanpl es of suitable initiators include those generate free

radi cal s acetophfnphest anddaerophenpergaCengrally pitavizlst (LOY) igpdiakangs hjedie ng. Free
radi cal geparat gr .al s [ di o bl d bV

i 111 0. Rpva} BepfBR RS AL AR RS TN el kARl albe
addi tlidonal chogdndmsadronttireabsdrpti@sdferiticulbt wavieingthysftlaght.| ayer by absorption or

ot her neans. anpl es .of suitable free radical .initiators include thernal
Free radical i M RERGIo g Dot T PIEs Pl hesshuTGeR oM g

phot oi ni t i pda@fiéhts. Heeetmlpld, b aRHoadl Gaklobip bicRblediciygldugRial bRise exanpl e
peroxi des,. persulfates, or azonitrile conpounds. These free radical

i ni ti at or smgladrsdapesiting dhe chalgster liquid Gyl corapepiion @B @B RPeFd ubtirate.

Phot oi ni ti BOfBsuGRtaRBe @ﬁénite\a%&g, leyex%hlﬁEt &ﬁ&&g&‘&%ﬁu&%@ nfblRviffa Particle
irradi ation. 5 Exanples of suitable photoinitiators include, onium salt
phot didni t | Y@y e othsr glatho Kbetadlignmentyinioniaied sutistatey ase deperikbad ig BlS. PatalNowni ¢

hat disni t {ayer,  dem Peslbonic
Phosphi ne v ia, SR RNEs T R ea O RS e s e SifaBaR, © Bct O

acet ophenothesholatedic bignd opisehangssitiGendeatd ghovedht ghws wednsitiof tdf)petaturadi at i on i s
used Lo ohivele e, BRI CLO L 2ot ahihouch plner, | ahsources can be
wavel engt hgaQy sthie 44 the ABmPdsit DA ARNOh @ftIRGIdCerIstlghsde Cr YSst al phase can be
achi eved using conventional _
20 Cholesteric liquid crystal compositions can be formed into a layer that substantially
reflects light having one circular polarization (e.g., left or right circularly polarized light)
and substantially transmits light having the other circular polarization (e.g., right or left
circularly polarized light) over a particular bandwidth of light wavelengths. This
characterization describes the reflection or transmission of light directed at normal
25 incidence to the director of the cholesteric liquid crystal material. Light that is directed at
other angles will typically be elliptically polarized by the cholesteric liquid crystal
material and the Bragg reflection peak is typically blue-shifted from its on-axis
wavelength. Cholesteric liquid crystal materials are generally characterized with respect
to normally incident light, as done below, however, it will be recognized that the response

30 of these materials can be determined for non-normally incident light using known

techniques.

10



treatnments. For exanple, a nmethod of devel oping a cholesteric liquid crystal
phase includes depositing the cholesteric liquid crystal conposition on an

oriented s 5 The substrate can be oriented using, | e,
drawi ng tegﬁﬁ?qué?l(% rubbing with a 15 rayon or ot her cIP(S{Tz[.FSZ%%{ONE’Q?i gnnent
orientated substrates are described in U S. Pat. Nos. 4,974,941, 5,032,009,
5,389, 698, 5,602,661, 5,838,407, and 5, 958,293. After deposition, the

chol esteric |i quhgical Beaied lcart R BARddtty Akpbind @ 3a8Chnd RAVEstHRQiqaidassxtdI F ansi ti on
tenperature of the conposition to the |iquid crystal phase. The conposition

can be cool Bateriphtas agubgifaes e syriace oftheiSubsEte Grifpdls $uree vlemalisnmenh the |i qui d
crystal pha r 0 e VIN¢ W SRR {1 %n“& med into
‘a layer t hatﬁ?“éﬂ}%‘gtlggﬁg??ﬁ&sﬂhggﬁsgﬁ%)glﬁ%éﬁf_&@%gyl nggiﬂ?l%m%{h?aég ar SOJTC a?f?i zation
(e.g., |eftpuoride ngtitrmgiyrof eligumept o dheenhpleeierid liqumd §rystalmehterishdisemed tikleygn.

transm'sts Ii;\gh%féha. ng the} t her '
2

J ha . 2ot her il Al L gtﬁ' n - Gt .ight or |eft
circul arly porarized TTgnt U‘(:C)I’(‘i“i/a(anr" ”grfapcgg%a?%mﬂg%&ﬁaﬁd&vé 1%111}%1%%09?}{“9({11%”&“ of

wavel engt hsthe g crichaagtielrat #at supfced Snefhichdignhbe fraafrkaeh beprodicetibansn ssi on

of light directed normal 25 jncidence to the. di.rector.of .the cholesteric
i qui d or ys PRIt merogh e i PEoGmP B FEE AR Fes w | |
typically beutgirdtsRirk®eRih) heRPhsthicZRPhbWallche Tl @B60PIIGmbiAbE habdrbbal
material and the Bragg reflection peak is typically blue-shifted fromits
on-axis walighteieang o lesteric liquid crystal materials are generally
characierized W i &BSR%Edan ptdRiddQ HAR! by ddpBG AL forlnlaBBh of AopHen SoBEdoOW,
however, it will be recogni £ed that the response 30 of these materials can
be det er m nectuse inglwdingahavedrioys ¢halebterrmiiquid gristaligoinpeprdpolie subsebedagbes. 10 WO
2004/ 077106 P, 4 I I es f /1.di sposing at
| east one chd eJ'slIJ§r25‘|9 p‘fr?‘gg‘?%%?%dé@#ﬁ?’g%gﬁ Orgﬁ&aqglﬁggsg%? g}.g y‘Pge surface of
t he subst r atrenspexengt. ovet the wawelératerande ofl npabtiogrffdrtoptitzd pedy. fixempdedf as part of

B N T T

thereons 5 AKosUbkaseapah; QEHETCorpdilod BSkaTpft iddEsmimdlddaesot hat produce
alignnment of the director of the |liquid chyf/SstaI mat eri al. at that surface.
Surface al i GeFRsaEnABR: delBS™ Carailable fhomy gpcad] Bigeine Plastics. Eitphield, Mp9.fa8d ent

met hods i nchygbigs (Qf as?mklﬁm ©Ringthn1ge (Ponaln S0 atlentsNie StRBAE AL €,
stretching thé substrate, “or photoal i gnnent 'of a photopol ynerizable nateri al
by |ight, amendilsnpents.

The substrate can have more than one layer. In one embodiment, the substrate

20 contains an alignment layer having a surface capable of orienting a liquid crystal
composition disposed on the alignment layer in a fairly uniform direction. Alignment
layers can be made using mechanical or chemical method. Mechanical methods of
making an alignment layer include, for example, rubbing or stretching a polymer layer in

the desired alignment direction. For example, polyvinyl alcohol, polyamide, and

9
wh

polyimide films can be aligned by rubbing the film in the desired alignment direction.
Films that can be aligned by stretching include, for example, polyvinyl alcohol,
polyolefins such as, for example, polyethylene or polypropylene, polyesters such as, for
example, polyethylene terphthalate or polyethylene naphthalate, and polystyrene. The
polymer film can be a homopolymer, a copolymer, or a mixture of polymers.

30 An alignment layer can be formed photochemically. For example, photo-
orientable polymers can be formed into alignment layers by irradiation or anisotropically

absorbing molecules disposed in a medium or on a substrate with light (e.g., nltraviolet

11



10 The substrate can provide a base for deposition or formation of an |
optical body or structure including the various cholesteric |iquid crystal
conpounds WOrH@+8TM&t rate can be a structural support nPEHAS2eh0)0386

manuf acture, use or both. The substrate may be transparent over the

wavel engt h range of operation of the optical body. Exarrpl es of substrates
i ncl ude ce se triagcetate AC ayai l able from .for, Fuji Photo
i 15 ColeD B elines i R AR o e o O A SrmeBy s otom SAgEeCti Mnbt

Kodak Co. , U sSRegbaNer4,9M041, 5037,009Mnd 38l BbIsaithinOph e 8aEmblE abdri C
Plastics, Pittsfield, M, and pol yesters, such as pol yethyl ene

t er phat hal &fldg pssynides pncliding. Erswmnie ststinted d Asepmesnedipminess " non- bi fri ngent .
The substrate capdavRsdh ﬁotbm?%gmeﬁ%mk@mrcan bOuLn% RFRQHLIRE 1yt e Substrate
20 contains an alignnent layer having a surface capabl e of orlentlng a

| i qui & cry3Skass rolroers 66lpatively refict indkeadessrpstof polaniiegrmhieaviclitdighialing ca fairly

uni f or m di 9 y C US ; or

chem cal n%ﬁgngﬁmﬁfecﬁg%{ﬁg%ﬁ nml[tﬁ %&?n L %F’Eggg‘nlég apgen@%g@mgﬁ%b i ncl ude,

f or exanpl @hich uﬂn:blreegtendr hast beé;msihbwgtaaﬂlgmhqmdacryktal)mmpomloﬁshm noeskised al i gnment

can be al | BBy RGBOPAGSEkEeAerbi, CERumale 1Y O S lent i olet fon.

Filns that seatnﬁble afd 5 @Redohy stretchi ng | ncI ude for exanple, polyvinyl
al cohol, polyol efins such as, for exanple olyethylene or pol ypropyl ene,
pol yeters suc W@@lsoﬂﬁﬂzab&(%ﬂmoénd“é@ﬂhy’éetfﬁm‘fé‘?ﬁ‘@ o @q0BFRZREA deTietyies #181 yet hyl ene

napht hal at g, ﬁﬂ%l@%r%&%ﬁ?@?ﬁenﬁ h€aesRLy FRY STpdidh: &8s BG1 BN OIRARALKTEr, a
copol yner, or a mxture of polyners. 30 An alignnent |ayer can be forned

phot ocheni ¢t yan afrbedpamnd|by copingtcertaintybesrf distiopio argiennies whioh opentidse med i nt o

al i gnment [ r [ b l@cul es

i sposed i 1 ek Ipptd CLHACKALLE hDbo AP B4 R £Eistosdh RPERMR BURC 81 uo
2004/ 077loBatE%¢NoUGZQH33154300536 I ight) that is I|i nearl y poI arized relative to

the desired ali t .ecti ent S.

o574 DAt 5 0aenge SREE 2R s ARE BB eI HEHAERES DR rer s

i ncl ude pobyd, BbleBmemd tidiand cellidése ERAOAIR cal BB aftdchet ﬁdhebpﬁckl&;ﬂa}enedi am nes.
Anot her cl ass of phot oal | grunent material s can Be use(ﬂ aI i gnnent

| ayers. 5USHEA E”o“l“ﬁ?rré? gnadher gpppdjart). 4lamppteican PHETHFGLER S‘Efé? ari zed

ul travi ol etnd dn@fhbr PIRAG fh. TPEHR&MEIEIhRE TAC drliBartt a6 ﬁlﬁﬂcﬁfbet he electric
field vector of the polarized ultraviolet |ight,
laminated to the substrate. Alternatively, the TAC or quarter wave film can be laminated

20 to a layer containing the cholesteric liquid crystal material. The quarter wave film can
convert the transmitted circularly polarized light to linearly polarized light. After passing
through a quarter wave film, circularly polarized light is converted into linearly polarized
light with its polarization axis + or — 45 degrees away from the optical axis of the quarter
wave film, with the direction determined by the specific circular polarization state. In

25 another embodiment, the substrate itself can be a quarter wave film.

The cholesteric liquid crystal layer can be used alone or in combination with other
layers or devices to form an optical body, such as, for example, a reflective polarizer.
Cholesteric liquid crystal polarizers are used in one type of reflective polarizer. The pitch
of a cholesteric liquid érystal polarizer is similar to the optical layer thickness of

30 multilayer reflective polarizers. Pitch and optical layer thickness respectively determine
the center wavelength of the cholesteric liquid crystal polarizers and multilayer reflective

polarizers. The rotating director of the cholesteric liquid crystal polarizer forms optical

12
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whi ch once reacted, have been shown to align liquid crystal conpositions or
materials. Exanples of these materials are described, for exanple, in uU. S
Pat ent Nos.wg.8R8%7698: 5,602, 661, and 5, 838,407. 10 Phoﬁ?hﬁ?ﬂﬁb&%
conpounds such as, for exanple azobenzene derivatives are 0 sui able
for photoallgnnent as described in U S. Patent No. 6,001, 277. Alignnment

| ayers can al so be fornmed by coating certain types of |yotropic nol ecul es .
whi ch or i entep@li@nitd dmSd@@the ARRpIERy Y h MdtiBPa e Mg tivdidlatutanvial wehi s type
are dlscloseg for exanple, in U S Patent No. 6,395,354. 15 The opti cal
bodi es can BECHHER! RYE CFWm%ther optical or physical elenents. In one,

embodi ment, a t ricehy wﬁ%lehbth% axﬁmf;}geéﬂah Han@@mt@%xabfmeIngwlréﬂ%cfeh%yoml cal
body wusing an adhesive, In anot her enbodi ment, a | aminate can be formed

usi ng the sthsshelateic ligaid mtﬁtl kaer 4§G¢I@rﬁéﬁhef}?‘1chal’= phthe seolasistsdiqvistrrystad. TAC or

quarter,manhih%Q}ggnﬂggt FI @Qm q the substrate. Alternatively, the TAC
or quarter wave fil n1can ant nat e 6 to a layer containing the

chol esteric liquid crystal naterlal&rﬁheaﬂuaxter mave filmcan convert the

bassi ng |t B SRuarrB RRagse g o SRRy R e L e 1
con\éerted I@bl@nie#dﬁb@ﬁl’lélyo ﬂ@ld&mt@&dthelnqgimtm\mﬁu ki) drﬁi fbpﬂlgﬁpalamean axi s ;]r OL -
45 degrees away fromthe opt|c axis of t| arter with the
di rection d@?’@?ﬂﬁlﬂé‘at’ﬁg f‘ﬁ@togﬁ ﬁlﬂk&‘de’fyﬁ@t‘l”e’ qf@wwm%v%‘wd@r épés In 25
anot hegg enbg; Iggﬂ@mdgpe substrate itself can be a quarter wave film The

cholesteric liquid crystal |ayer can be used alone or in conbination with
other layers or devices to folilanropYed)BOEY,) such as, for exanple, a

refl ective pol arivieh ue nRBhESEER! o Atk dnohyRLal o %t}a@@:frﬁqwtﬁoﬂjsed in one

type of reflective po arize a chol esteric crystal
pol ari zer i svidthiméagnred as ﬁlﬂ@ldtptaﬂ@é;ﬂpehlamhtlcrf achplesterioliquddenystilt i | ayer
reflective pol ari.zers.

det er i ne CRIIIpOSéth{l & gen rafé)( EO gx{n'h or 1s 1 ?éesetushﬁxﬁlié?seosfs a C(Elg eCtlll \{11(1 y

pol ari z&rs andtabpdlithdranten rdﬂ@éﬁ\e@towmehe mlreamlzlemght e (00 'ﬁ)ﬂSﬂgIrdlof ector of

the cholesteric |i cryst.al rizey fornms opti.cgl 12 WD 2004/ 077106
PCT/ US2004/ (5’6@5?6"69‘3“ e gelﬁ‘r‘hsfagpgliyﬂfrlv‘érr 00 5.9P85eH e 1 ayers in nmultil ayer

reflective pol ar g gfage dRYIEABe bb@nﬁaﬁaaa@bf fellectin@@oddthkdene Savelddpghsc ent er
wavel ength, Xo, and the spectral ban , AX, of the Iight reflected by
multlple pitch lengths can be used. Broadband cholesteric liquid crystal polarizers have
been previously formed by laminating or otherwise stacking two separately-formed
20 cholesteric liquid crystal coatings, each disposed on an individual substrate, with different
pitches (e.g., having different compositions, for example, different ratios by weight of
chiral and nematic liquid crystal components). Each layer has a different pitch and,

therefore, reflects light having a different wavelength.

With a sufficient number of layers, a polarizer can be constructed that reflects a
25 large portion of the visible light spectrum. These constructions tend to have a non-
uniform transmission or reflection spectra because each layer reflects a different region of
light. The uniformity can be improved somewhat by allowing some diffusion of the liquid
crystals between the various layers during construction. These layers can be heated to
diffuse some liquid crystal material between the layers. This can result in an averaging of
30 the pitches between the various layers.
This method, however, requires a substantial number of processing steps including

separately forming each layer (e.g., individually drying or curing each layer), stacking
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the cholesteric liquid crystal |ayer depend on the pitch, p, of the
cholesteric liquid crystal. 5 The center wavel ength, Xp, ic approxi mated
by: ?gyp=¥00 2(onavrib@e) F where no and ne are the refracticaas0diooesss of t he
cholesteric liquid crystal for light polarized parallel to the director of
the liquid crystal (ne) and for light polarized perpendicular to the
director of the liquid crystal (no). The spectral bandw dth, Ax, is 10

appr oxi mat @ B@ymn@:gmg}@e\}aymseaqéal}en(hq@tmg|tbg lapgrs toeca&@@ffusméﬁhﬂlﬁé CHFtkS ri ngence
of the mat Iﬂﬁt%ﬁ:iltbéﬁ% 1?91): th$la e;s 2Th1§ Bio 1%8%%3 s%stagﬁﬂcb%cggsﬂxgq{me wi dth (nmeasured

as full wdth a pea ght) of d cholesteric liquid crystal
conposi ti operticylaglyniarvadv of th@mnﬂmqmred fexgiffusipn b,etWWmthﬁst\MOhEe\u@él‘YlfDMS of a

chol esteri [ | ¥)\Q§ ectivity over the entire
visible | |lg] 'Jtd&géﬁgel;y%fdoyéloﬁggﬁ?aw& ot élf%%/vavel ength range substantially
| ar gers t han 10WNaw trchisqde fir heding Tholosdce lq\lrde:ﬂaaﬁ:bptmel lpdieama‘zséfemapabl e of
reflecting bro ran of wavel engt hs Ien ths can be
used. Br oa‘?ﬂ)ﬁlﬁ’aedg t? j38q ‘l“qlﬂﬁl‘“dso F?%aPﬂFnaﬁ%ngsr%,eité gg’é’r‘flaprew ously
fornmed by tanirialé AelRfriolifas Wysel Bfack Naibkive: ﬁﬁﬁarsagl@lcysaﬁ rmed 20
cholesteric liquid crystal coatings, each disposed on an i ndividual

substr at e, COMRCHYERf f erent pitches (e.g., having different conpositions, for

exanpl e, di fferﬁﬁéwmmoe%fﬁqtmw g@tm% ligfi {a' Lot B8 es TR Ick GorkrliLtd] oF T VST @

conponents). Each layer has a different and t herefore, ef[ects
| i ghtlOhavi mgreaholi$térs lawid wpsia layagtiiom zwmgle aoa@ug meoemrpn,manlb@frth@f | ayers, a

pOl .ar I zer Ck%:l]esgnc ?l 18% f?.tl der;[ TI;]IO¥1 S{\%fd{ &}C& OI%C%TE eA%%Ir éoapﬁ]r of the

visible I|i Spectrum’ FUCti one ave RO uni f orm
transm ssi mbstmte w&h khe@batmg csmﬁmﬁtrcﬂl aftrerand @eceﬁtbllaydraz)@ﬂ)e lf@fdeém&mahdl fferent

regi on of un can_bpe roved somewhat al l.owi ng sone
G P1 uoi on e TEsTRGGeR T gt s HR R SEREGHF] D AL ng

const ruct i Riuid INQsEmdtayd & 152R WRrdQak ﬁglerth@s digfefehtispBic 8 PrapettiesUTIk Cryst al
materi al between the layers. This can result in an averaging of = 30 the

pi t chids betifEerating cQmpIsHigs inchides ane OTHIO SOBRAIGY 2nd BAcy @pore P@éfﬁteflés a

substanti aj; ﬂ&'&@&ﬁl c%fnp%@&ﬁ%%itﬁ‘x@a?feﬁ’s%arh?%lhﬁé Hﬂhe SPRAIAL ely formng each
| ayer (e.g., individually drying or curing each layer), "stacking 13 WO

2004/ 077106 PCTThgsedin)/doigsaention can form any number of odd or even number of layers
with different optical properties. Optical properties that can differ include, for example,

pitch, effective pitch (defined as p[netn,]/2), and handedness.

20 While not wishing to be bound by any particular theory, 1t is believed that a driving
force for forming at least two layers having different optical properties from a single
composition involves the incompatibility of the two or more cholesteric compositions.
This incompatibility can be investigated by the chi interaction parameter, interfacial
tension, solubility parameter, or surface tension measurements. Any of these will be

25 useful for characterizing liquid crystal materials that will phase separate. In order to form
two or more layers, incompatibility is often not, by itself, sufficient. In addition to having
incompatible cholesteric materials, those materials should form layers. Layer formation
may depend on many factors including, but not limited to, viscosity, phase transition
temperatures, solvent compatibility, molecular weight of the materials, difference in

30 surface tension, cholesteric liquid crystal phase morphology, and temperature of the
components. For example, it can be useful for a top layer to have a lower surface tension

than a lower layer to help drive the material of the top layer to the top surface. In addition
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(e.g., lamnating) the layers, and then heating the |layers to cause
diffusion of liquid crystal material between the two | ayers. This also
requires s i processing time, particularly, in vie @{ﬁ

required f%ééﬁqr’l%&h%n bet ween the two previously forned q\%/ ﬁibocf’?yzét al

| ayers which are typically polyneric in nature. 5 New techniques for making
cholesteric liquid crystal optical bodies have been devel oped. These

techni ques bpaltheiateﬁﬁht/@tttca@whmtﬁs IfgHn tﬁ@to%%lepstattemtaamlelhtgtamt@tw ng two
or nore cholesteric liquid crystal |layers on a substrate froma single

coating cothsbsisip & nematienhiape tiherd adso be gpafilfer batapdatesiohave ¢ latiyelyr yst al

bodi es i ncl Q I t ayers
froma si ng;tbq"??:(s)%?t:9 Wt%&e gll(%l'ltgulr %1%1 rcg%cli:cﬁ[ ﬁ%% tﬁéﬁrﬁé tto?PMStg Hétp IC aﬁ{;ﬁ/t% 0%émjcrystal

| ayers may [hevae aldo bé thfnrmlmpod;atter tnyclp(aftmmesav b&fth@lloweolatar)tg have substrate

wi th the coat 05|t|onaf1r e beforrred w thin
the coati ng‘ﬁl@olrfﬁT SPH S RP Oraﬁﬂtf 5%@8?%9 Yﬁﬁréf’&? “ESnverted into

al i gned cholcegtidhion ahﬂ@e!dhdloﬁrn)?&ﬁ@famm&féts?d@a £ bk AW NG M Fer tRakher ayer has
di fferent opt| cal properties. The 15 single coati OSI t| on incl udes one

or nore sol VERAEYY AMY VSRS foﬁ’é]Fé’Olé’Htﬁt Bay by i“’(?omp{‘]%ﬁ‘il af qepivesh BY crgnbefsi ti ons
that are at jke&fposRRh! Ilnb(leé@z{r 'té?ndﬁelﬁﬁun% abkeRitaphee, Eﬁ?tlc%t &E?l@en@for Eﬁlﬁ

i nvention can form any nunb even nunber | ‘ayers
di f f er ent opombabtiquthyyentt i es QDtI cal properties that can di ffer | ncI ude,

ol o T

handedness. y any par

bel i eved t hdbmatick. IFurlegam;ﬂmnf:tﬁ/ofdmferérmsdﬁvm with tiléﬁm:ht donpatitaltéasSorthy i ng
di fferent op i.cal progﬂertles Eroma g orrp05|t|or1] ﬂ olves the
i nconpat i bi I° PIsigie RateralS 5 Bieda5 LB SPRIPIES CBHPBETE BT ity

i nconpat i bi lvitily tiAthd? Gerhdikas bdlGtaine Oriyatdria® \ﬁhi vewalﬁel%ﬁtﬂeﬁﬁu@&m{fﬁ)her
interfacial tension, solubility paraneter, surface tension neasurenents.

Any of t hesderparatunsecanshe yseslsqithat gpe r&ﬁamée&@m ﬁrﬁhqulY)da‘inlSEQS}tth@mattPat erials
that witl phase vﬁﬁg@i#eac}tﬁe'r iglif a‘i’t{oﬁ’eet}lséoﬁf %rﬁ&rgh?lfs%asgr A& VeRY ShSmaterial

|ncorrpat|b|I|ty|soten not, by itself, ficient. In addition to having
i nconpat i bl eoelddk ewteé tiat mapninerehsalits vistdwits endrivresrthedesonshuaiéri] focthq:rsdrﬁayer S.
Layer fornat, end o fact r |nc udi imted to,
vi scosity, M%gculatr r@??‘?%rﬁncets '?‘Ppa ratur (P I§ 8?{Fpagg%§(§ie%e Itoyy %l ecul ar
wei ght of t hee fsaher wish &iffeﬂhﬁfn@lé@t@@veights;%ﬁaﬁthbjz adletybRAY Iwve vah difesd@r i C
liquid crystal phase rp oI 0g nd tenp rature of the conponents. For
exanpl e, it YKASERS: g u! $ee}r°raﬁy t@ﬁnqeatw gty J CHIPPRIET C38 a1 8€ &a1%nsi on

20 during the layer formation process. First, the temperature can be above the nematic
transition temperature of one cholesteric compound but less than the nematic transition
temperature of a second cholesteric compound. This will help the first material to form a
cholesteric phase layer. Then the temperature can be raised above the nematic transition
temp of the second cholesteric compound so that material will form its cholesteric phase

25 layer.

Another helpful factor can be if the cholesteric compositions form glasses (super
cooled liquid crystal phases) upon cooling from the nematic phase versus crystalline
phases. Using cholesteric polymers instead of monomers helps to encourage glass
formation. An alternative to glass formation is to quickly cure the monomers while they

30 are still in their layered cholesteric phase (at elevated temperatures) this helps to maintain

the nematic phase of the two layers.

15



than a lower layer to help drive the material of the top layer to the top
surface. In addition 14 WO 2004/077106 PCT/ US2004/ 000536 or in the '

al t ernat i VW0 2004/0arv6be hel pful to formthe top | ayer at ectesper@bisse hi gh
enough so that it is in the nematic phase. It can al so be useful for the
top layer to have a relatively |ow viscosity at this tenperature in order to
reduce the tinme for phase separation to occur. |t can also be useful for

t he pol yner | aybrongghmbedimenlythe dirst pleolestsre Hawid gevptpl compesitien Bckydésta ci ently | ow
Vi scosity OV - Ll -4 f X

Conaor 1 cat FaE Sl P85t P ta pRA AP IR IRE b e B GTEAR  erg e g
forces for stdoad tiajemsteric figuidrtyisehcombokitn wilgdessichiralfligniddnestad oloyoraer omay be

acconplished, if .desired by control of its composition. nolecular weight,
t enper at ur U %8@@1 B&éj%cﬁgé hqﬁi%éz?fs}aéng?’m% b nﬁg:ﬁ)r,g C?}Pfe%h?f hc?:lbdﬁﬂ? “ﬁagt i on
thereof . 1Qofbdi@lonpiRAeTEaRIly BBMLEY péllBerizod. PhofesSbRE-6ORd &r9as can be used
to enhance |layer formation. For exanple if two different solvents with

di fferent COMPtionmavtipeaa thsrmenhstic ayg| £t rprd dhalegierialiguideestitlsed, as one

sol vent _eva&qgsﬁtﬁacaw@cmtﬁﬁ&@{o 8dnk & cHORERY1ibAY Sfystal¥ihibalt PR QLRRr remai ns
in solution. materials wth very different nematic transition

t enper at ur ebelearichmuideybtad oomprsition may frafusthprdurdds 1 in undogst¢addhamptordly) | ow
Vi scosity tEC has ile e ol [.S ] e Vi scous anor phous
phase. Alt g‘?{r@? fliréte%é ,SQ%'%é%ﬁ‘\é\{?ecﬁggf (’Q'm g%ﬁﬁ{s 8}5 18%%3%%%? anr(f*a%l/&i ncrease its
Vi scosdty abpmbihaticefniteriabacobeimatigediad sepaatiduerfotd Etmbateric Mategiglfrat wei ght

differences can also be useq. If .t i ncogpat.i bl e chol esteric polyners are

formed wit ﬁnﬁ‘ﬁﬁ‘rfcg‘_?lsﬁ?mrfﬁ?t&ﬂI‘Sa‘?“_t%ﬁ%ﬁ?o@? O%Qrﬂ“‘feﬂfécgﬁw Il typically have very

different viscopdddafifig coMpiosiiontdr be@ieposeabh he@MBBRASINAYEY tefl@fidW®l | ON.

Tenperature can al so be varied_20 dur%qge the |l ayer formation process. First,
¥

the t enper &B¢ras 2pwrrapae @ Remaeraf #tdeastaporadn qf dhe sobmpdiom thee of one

chol esteri %o%gm&up&imtmaféﬁsettﬁ@ﬁ&s{én@ea@rmtc{u@d &g@ﬂ%bﬁlb&mon_tt@%@{aét ure of a
second chol esteric conmpounid. This wll help the Tirst material 'to forma

chol edferi drophths eschrd eolestEhie Hauiterystelrmpmpeindr Eadulaydsdommei e thheivge t he _
neRCLC AN 0 d & 8L %R SRR ENA SR LPORAIRUAG g, ol mter al

will formits EROTesterte e ayer. actor can be if
t he chol estliguiderysabpaspdsitions tHue providirgeadsse pautp tyer wiloludgud dpejedld cryst al
phases) upon cooling fromthe nemati c phase versus crystalline phases.
Usi ng chol @5tPEMEE pol yners i nstead of nononers hel ps to encourage gl ass

A transition region at the interface between the first cholesteric liquid crystal layer
20 and the second cholesteric liquid crystal layer can be formed. A first cholesteric liquid
crystal compound concentration gradient may form in the second cholesteric liquid crystal
layer where the concentration gradient changes through the transition region. Likewise, a
second cholesteric liquid crystal compound concentration gradient may form in the first
cholesteric liquid crystal layer where the concentration gradient changes through the
25 transition region. The ability to form at least two distinct cholesteric liquid crystal layers
with a single coating composition and process reduces the complexity and number of
processing steps required to form an optical body.
In one embodiment, heating can both remove solvent and anneal or align the
cholesteric liquid crystal layers. Alternatively, solvent removal and annealing can be
30 performed separately. The cholesteric liquid crystal layers align with different pitches or

effective pitches so that a broad range of the light spectrum 1s covered.
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formation. An alternative to glass formation is to quickly cure the nononers
while they 30 are still in their |ayered cholesteric phase (at el evated

t enper at ur i | ps to maintain the nematic phase of the two | ayers.
9Bl

15 WD 2004/ / US2004/ 000536 I n one enbodi nent, tHel/Fp708000536
cholesteric liquid crystal conmposition includes a chiral liquid crystal
polymer or a mxture of chiral and achiral liquid crystal polyners; the

second chol est erAcgeéénauwmgwlﬁgs@kﬁogm%iuaémiﬁg@&m&ﬁangm ERktal | Qui d
crystal nononer or a mxture of chiral and achiral |iquid crystal nononers.
The first cleressitopicen bs djsposedanytbe Arst @déméghqlfmcmylﬂib@s@é}aww Egchor filly
pol yneri zed,. i i I Gikdl - iaf RO il -forma

t her nopl ast ioé%&'@%&%l@?%féﬁ@él%ﬁ}aﬁéféﬁ%\g%egst er ?Iggﬁ)ﬁl%taﬁlteél agr yst(:P igfﬁlhgégnl%%és(?a@i on can
be cross-linked Aberhativeiyaa sdvohdsiagng eonipogtipnvwih ¢ somposttanend ploperfite second
cholesteric li.quid crystal c sition maybe.further cured. . Lt is. understood
the materi alsgmﬁf %’rmg“ﬁgﬂﬂ%ﬁgwqglﬁgrg é"é‘ﬁ?ﬁfﬂr‘%“ﬂ]ﬂo @fr’i’/ “3Ia"lE|%"oc f 3@’[1"‘#’% 5%ar e

i nt er changeata® adakt &y chideseaatiimaciyenl laferdat egscabedabosobyHatirhehiiayi Ng
separation of one cholesteric material from other cholesteric material is
wi thin the §elaa%%ﬂmpm aphleﬁéﬁggﬁ st s Gt PG A TS BaR- BE° di sposed
on the substyal 6 &t BGraY teAFRNEA Ueproviddiéie@Be SRY HeQRTNIOGgH 8slRIAYe.
Removal of at |east a portion of the solvent fromthe coa% i ng conposition
may cause t Hausseeond cotpl esmposition) dagy piodide p Yisidand épwhedplesteric ipikepdlat e 15
fromt se - ' | Al g 4G JEac med from
the si g1 o BREFRLEALEE i AU S e R i RGP AR T o
one of the diheltsestyaltematelbetieenla dreystpddstic mapoaiand anmss-tilked netapial.di ng each

separate layer with.upi que gpti.cal . properties. A transition regjon at the
T er face batweeit ABt 71 e ChaFduicd BRI Fneryioh B R "84 he
second chol efdmemetmhtehialitight CanyGbalink, ayRlditioak fatyrheizaeThis feat fiveshomohet est eri c

liquid crystal conpound concentration gradient nay formin the second
chol est eri ¢ TaEfial may b/ eastivecha mogamprAndia sepn eeprdimenty s aghalgstait changes

t hr oughst he I{q’hﬂﬂ:%is%ail Q&nﬂo%gﬁ,grbreduiéé?f& 2 Ehol&dterie %ﬁﬁiﬁ@rﬁﬂ%&?ﬁm&{ biGa dnigui d _
crystal conpound concentration gradient may formin the Tirst cholesteric

liquid crystamppundeFougrample; the reaoticvanenomet matettlaan bntoreamples t hr ough -t he 25
t ransi tion ra?@rle?ﬁao&]@r@, a%t%k)h}}k% 19teTaOJi€Bo de,l aecﬂ\%h lt X\ﬁ}mﬁl%}}{ep&t tﬁ;elf' QAagﬁJeer I c
liquid crysta yers ' w a single coating co}ﬁ'bom on anda process reduces
t he conpl eximaterahdIhisitfies" tb cholesteric liquid crystal layer(s) and prevents or substantially
reduces any movement of material within the layer(s).
20 This method and configuration has advantages over previous techniques, in which
each layer had been formed sequentially and separately and then used heat-induced

diffusion to mix portions of cholesteric liquid crystal polymer layers. In these prior

techniques, the resulting product would continue to experience diffusion between layers of

different composition over time, particularly when the product was utilized in an
25 application with substantial heat production, such as many display applications. This
continued diffusion resulted in changes in the optical properties of the product over time.
In contrast, the technique disclosed herein for cross-linking the cholesteric liquid
crystal layer(s) provides a method for substantially reducing or preventing further
movement after crosslinking by increasing molecular weight and reducing the availability
30 of mobile monomer materials for diffusion or movement. Thus, the optical properties of
the resulting optical body can be substantially stable over time and can be used to produce

a more reliable product with a longer lifetime. In addition, when the first cholesteric
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processing steps required to forman optical body. In one enbodi nent, .
heating can both renove solvent and anneal or align the <cholesteric liquid
crystal |wypensyo7Aioser nati vely, solvent renpval and anneBCT/H§2004p00B¥ 30
performed separately. The cholesteric liquid crystal layers align with
different pitches or effective pitches so that a broad range of the |ight
spectrumis covered. 16 WO 2004/ 077106 PCT/ US2004/ 000536 A second coating
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| ayers may -nat WeEh: 2t 1160 6 ' - s-|.i nked
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and, in sor‘r@%«g‘?’%ﬁ?}?”?}g‘?ﬁu Stale gdbcﬁgpggf‘gﬁwgoﬁggﬁ%ﬁéagfs@ ug?ﬁ@foéll"h glgnpound, a
precursor fapparame ol @fhgh @92 of dfuE @116 r Pietudd ofalzivy fdlls, orarsirBilarimeacBdnisng onpound.
For exanple, the reactive oner material . can be, for. ex le, a

di (et h) acr it apens ’i‘ﬁ S%%H%Tﬁgg@?‘gf%é?f mgredi ?Y&éica&e‘c‘ffwmaﬁ:%)neéésa’i%| |yl ether
or other reRef tifer 10B16¢atedlundelRéath thé bbeSate 2008 THR G R SbRiky Compsbitiod 202 yst al
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wi t hi 15t he i dijpangeshthropgh arfiisteasiingiarad APfandonta the sulbsiadn2armdpatiitages over
previ ous teghni el ' - : ptially and
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In an compositions that are at least partly soluble in the solvent.
20 In one embodiment, the first cholesteric liquid crystal composition includes a
chiral liquid crystal polymer or a mixture of chiral and achiral liquid crystal polymers; the
second cholesteric liquid crystal composition includes a chiral liquid crystal monomer or a
chiral and an achiral liquid crystal monomer. The first cholesteric liquid crystal
composition may be partially or fully polymerized. The first cholesteric liquid crystal
25 composition may form a thermoplastic layer. The second cholesteric liquid crystal
composition can be polymerized to form a cholesteric liquid crystals material. The second
cholesteric liquid crystal composition may form a cross-linked layer.
The ﬁrst'coating composition 202 and substrate 200 can pass through a drying
oven 108 to remove solvent. Removal of at least a portion of the solvent from the coating
30 composition 202 causes the first cholesteric liquid crystal composition to separate from the
second cholesteric liquid crystal composition forming a first layer 206 and a second layer

204.
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25 application with substantial heat production, such as many display
applications. This continued diffusion resulted in changes in the optical

properties o 150187 ﬂbﬁduct over time. |In contrast, the t%,m%g@mg (}gl osed

herein for cross-linking the cholesteric liquid crystal i des a
met hod for substantially reducing or preventing further novenent after
crosslinking by increasing nol ecular wei ght and reducing the availability

30 of nobile mﬂﬂﬁﬁfrstmtﬁ@ic&hﬁosftﬁh 2d1;> hldasyi fRE 18er mn/ﬂaarseconzrhwysn 204hedopt i cal
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lifetime. |gyaddd bir@hartpingdr full@) tﬁé fifst cahiRg EthREHi6n A/ MBrdQBAL 5)(76751&6
-‘PCT/ U52004/ 000536 1iquid crystal conposi tion is inconpatible with the

second chol esenrdlpyer Pp‘h&fﬂie eagRepiEipn 2&0Ang 95 st e e ynd easand Bywr2P4t o nove away
from each ofher,as .58 r\éﬁ%{% nénf a8 POV & Tirdd WS ure. d?s%f J%kgchuﬁt@‘iﬂﬂp%ké)btht y

effects and the cross-1 ing provide an optica hat stanti aIIy
st abl e over piobese Emccuciag sthigonuid 8 dant e Paced atecar norevariehd pisitenprebtducto Wi th a

| onger lifeti pri or art optical bodies. The nethods
descri bed aﬁ‘cwgql@cglnc’tqg&)sﬁeq?ée 8d using a variety of techniques and

equi prent . FI G Higirkd y&)tarmnmteamnammé@mﬁp @etiod ﬂlahtkaeedrmrtrhcdl amcneevi ce for
acconpllshlngformngtwo cholesierlc i d créstal ers wlth a.single

coating coRPBAMEY ST B dnyentian, gsdtivsiated i %ttihﬁ Tbéfa‘ﬁ&?% qeosigen Pieisudes a

carriefg (€. gpplie@tCROVBYRIte 16D, lf{%lahls%oa@nmr%d@,gmﬁh@i frenudds, thahignaveys the
substrate 20(5) past _a first coating dispenser 104. Alternatively, the

substrate 26Uvenan fet cholesiericiliquiieaysied pornsition sughiasy asplymarisdighidiomestal appar at us
100 through #{glsosﬁftondarn'd\é% cromi 1: lestRE ht@g SBISmpé&n#%sﬁ&ll LiRh a8l n?on%fn@h+ ar

rrechani sm movi ng t Strate and orie or nore’coating layers can
elimnate t heuidexyetslsqcmposmmr, tlat gacompatibleQ2 solhlde at thel solvahe fommangla ikBirsubst r at e

200. The f t it 02 .15 | d. through a first
coai i ng heat LB AU RAL BTRA® UL ARL: Jt AR ABSE RS cchn que can b

used i mel udi ng, Fio. 3eXatRMEEthe Kiﬂxlnf:diolﬁﬁaltboﬂgwh&aﬁhecﬁtaﬁdhﬂﬁsteﬁd Wjuicandtaing,
gravure coating, roll coatin spray coating, curtain coating. In one

embodi ment , °PTROsitTonha sepayaied %’@mé]&?ﬁﬁ)@ﬁdﬁ‘@ﬁﬁmlqu}fjcqr}{%§°‘§P‘§&ﬂ°€}ent and two or

more chol es tf(ﬁfo'\ﬁn% Al @'Oﬂddﬁ;r@x!mngclqw(?ﬁé EdsPaR1esRAS llﬂl@cﬁEtaﬂ Rapbsikd 11y
soluble in the sol venf. I n one enbodi nent, the first cholesteric liquid

crystal conpsy |erFfb¢1ﬁllSFﬂqulj é@@dlépos%drﬁrrféw? sybsigaie 00 rEhetseqong ohajestericbguid ni xt ur e
of chiral a@&nﬁ&moﬁ%aylff)ﬁ% é%c&{dﬁﬁe?bo:?&ﬁé@@d Sh tols thhe first layer 206. The first

20 layer 206 and second layer 204 may have the same or different thickness. The relative
thickness of each layer 206, 204 can be pre-determined by controlling one of these
variables: for example, by choice of materials, relative amounts of materials; temperature, ‘,
viscosity, polymer molecular weight, or a combination of these variables. The thickness
of first layer 206 and the second layer 204 can be any thickness. The thickness of the first

25 layer 206 and the second layer 204 can be independently selected from 1 to 10
micrometers or 2 to 5 micrometers or 3 to 4 micrometers for visible light and thicker for
IR light, for example.

The first layer 206 may contains cholesteric liquid crystal compositions that once
aligned, cover a portion of light spectrum not covered with the second layer 204. For

30 example, the first layer 206 may reflect red, blue, green or yellow visible light and the
second layer 204 may reflect a color of visible light that is not reflected by the first layer
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second chol esteric liquid crystal conposition includes a chiral liquid
crystal nononer or a chiral and an achiral liquid crystal nononmer. The
first chowesterireidsi qui d crystal conposition nmay be par PCEIUS3006000836 | vy

pol ymeri zed. The first cholesteric liquid crystal 25 conposition nmay forma
t hernopl astic | ayer. The second cholesteric liquid crystal conposition can
be polynerized to forma cholesteric liquid crystals nmaterial. The second

chol est er i 804.i Spapidicallyy Sredirstdayapdidimaysrilarhilue wiwledisht asighe seadayeayer . The

first' coat lzggm%glrg@lgal f;d%ﬁb%(% nénd substrate 200 can pass through a drying
oven 108 to renbve solvent. Renoval of at |east a portion of the sol vent

from the coati ngG. 30llwstntepsn ¢tiample20 2 saablescthddend dedte ohGimmsgete | i qui d
crystal sition to s rate e se chal.e aric liquid crystal
compost t | onraaie i R I Sub g0 PSR PR M S g A

2004/ 057710%8@‘?%&15213?% mmlf;ﬂhedévtxﬁl&ﬁ I 9RbidBELCAMIIGI 1 08c2d2 and/ or
first layer 206 and a second_ | ayer 204 and.substrate 200 can pass through a
curing statfasie ﬂlf@m%rﬂtlaltbﬁnﬁgvﬂse%a&%P%tmgé‘ﬂﬂ]@a%m% \%ithpch 3%6€e to cure

(partially coitin Htdd)14lda® the E2bnCI9RE DAY . ddaB RAMHIQke hh bStsed.aper 206
and secondC |“§§er 204, if the rcl:ogrr%tésml%‘gr? gl?ar?gilﬂ%r fll(?igtc IayeSF3 206 and

second | ayene Q@‘mdsn@m;rth*awqgn@@ﬂm compeHrae tircledss a palvend agfbasthirdd to cure

t hose conpgﬁ‘qg%%c%tqu}dm ta§;g}g o~91font he process. The curing station 110 can
be pl aced a e Var | ous positions relative to the position of the

S ubst nat e 200. Fhegaq:cemi @Datigg c3>mpbd;m|:st 04 taed mdstrae300staages timoughedrpiag hod
illustrated b e i nventjon | | ustrated
i FIG 2, CPHELB e o] a0 T soioM g Ras o Subat r at o
200. The fi305§ndf&ahltd1@yc€r(30@@1$d dub&hte2d8 chiiled prded thrbmghaa ammgaﬂah@ 56l vent, a
first cholesteric liquid cr)ﬁstal conposition such ﬁmi‘l’l c liquid
crystal cGORPEEINgE fehexaaw& a et eplight eqﬁlsqeé%towmenqe'@%ﬁl@llyccrrfglﬂy thesgB8si t i on

such as, a pange e&hb&smdnl aqwofithﬁaya%lajoscl@m%fnbbs@ﬁbn Jobahda/af Bir& PPkl e or
soluble in the solvent formng a mxture and inconpatible or insoluble when

sol vedd is cp@mvwblﬁw@mm@mran&ttmcb.sueﬂ_so mr_e;.those ¢amnesentsatdis sthge gf diemed
opti cal b°$¥oc)9§§e"rﬁe Elﬁﬁg sgﬁl&% &%1"51? Pﬁ!;%d%t bl rg’(/%?)lﬁghosn?o 95k kpn has
n esteric

separated fromthe sec iqurd crysta rrpos ion. ol | owi ng
drying 108 ﬂwmzbémon ofithe mupsttdt® 200The stdond toathg t@sposition 301 spd/at tiurdyisyeal

conpositio a first layer 206 di sposed on the substrate 200. The
second cho{}%%@f%&‘ﬁﬂﬁ&‘*

The second coating composition 301 may contains cholesteric liquid crystal
20 compositions that once aligned, cover a portion of light spectrum not covered with the first
two layers 204, 206. For example, the third layer 303 may reflect red, blue, green or
yellow visible light and the second layer 204 may reflect a color of visible light that is not
reflected by the third layer 303 and the first layer 206 may reflect a color of visible light
that is not reflected by either the third layer 303 or the second layer 204. Specifically, the
25 first layer 206 may reflect blue visible light and the second layer 204 may reflect red
visible light and the third layer 303 may reflect green visible light.
Figures 5 to 6 illustrate various stages of the method illustrated by FIG. 4. In one
embodiment of the invention, as illustrated in FIG. 5, the second coating composition 301
is applied to the first layer 206 and second layer 204 on the substrate 200. The second
30 coating composition 301 includes, in a suitable solvent, a third cholesteric liquid crystal

composition such as, a polymeric or monomeric liquid crystal material soluble in the

20



conposition may forma second | ayer 204 di sposed on top of the first |ayer
206. ‘The first 20 |l ayer 206 and second | ayer 204 may have the sane or
different thickness. The relative thickness of each |ay 4.can be
pr e- det er P4’ ﬁgﬂ”:oént rolling one of these variables: ghé}%g{mﬁ& 3‘%
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-green or yeI W V° Secon 4y rer ect a col or
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PCT/ US2004/ 00053 CI fic irst la Q6 may. reflect blue
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4 i1l ustrat epe sRb&NALR! Be Heodd Sdatih@RInSoRBENTED 1ﬁ<|51ﬁ|dd§%\ébﬁ@1tfaﬁd tefcOirdIg three
chol esteric |liquid crystal | ayers with two coating conpositions. The first

two chol est ehplesterss liqui drystalicgmpannds ot ase atdeasknirtiyesolublaibdhessvgriscr i bed i n
d h
accordggce wi th |G, ehboﬂm’?‘egxg%féqhﬁ@a{o?]eggnglel@gn%‘??tﬁl ébﬁ%oélhﬁrﬂaglhééé%”ses a

second coating conposition rough a coatIng 114 onto the
second | ayerchit@diquidgaysta] pelymeraeat dhirgl améemmhqgldiq@aimrbseal pskyther; ithe foarte
enbodi nment , Cth ond. ¢co Si a_sol vent

stenccl quld cras Clrcgglpaﬁltng%lqn hgde lgl %119_188 ugt%ismonom T QT 4 ;Ehlraf'd a

third chol e9P&TX € second coatlng
conposi tion a0%n ad’]ﬁkalsllqmm traétsl médnen nTmaISﬁd dhbreﬂag&ll@ldicwbtmlg:on@uﬁuibnl 16 to

renove sol vent form hi r r secqnd. coati n osition
301 and/ or tPPRF BRERP Q}g"%@%‘yé’ﬁg’@ﬂ%@t Tﬁ?&‘“ﬂ(ﬁgﬁﬁﬁwc Kuhenstal Iﬂ?cﬁﬁ R a curing
stations118 mgoRtih Eueﬁg@plme 1% A M Sourth chae;te&rhdtuxcgdﬁ«stﬁ QuUkp&itloR cRPby MEr i ze
(partially or fully) the second coatin osition and/or third | ayer 303,

if the conporadiosprosplnkeddr fwmtamhplamrw@wdsv@@taisam@tmlaﬂhe foyrth phalestesigponent s
and it is degj f&y&a‘?c&ﬁ%@mﬁcﬂ% fﬁﬂlﬁrﬁ’%?s”l‘irﬁe@fayérh' s stage of the process.

The curing station 118 |'aced atone or "nore various positions
relative to The third coating composition 302 and substrate 200 can pass through a drying

oven 116 to remove solvent. Removal of at least a portion of the solvent from the coating
20 composition 302 causes the third cholesteric liquid crystal composition to separate from
the fourth cholesteric liquid crystal composition forming a third layer 306 and a fourth
layer 304,
The second coating composition 302 and/or third layer 306 and a fourth layer 304
and substrate 200 can be passed through a curing station 118 containing, for example, a
25 heat or light source to cure (partially or fully) the second coating composition and/or third
layer 306 and fourth layer 304, if the composition 302 and/or third layer 306 and fourth
layer 304 contains curable components and it is desired to cure those components at this
stage of the process. The curing station 118 can be placed at one or more various
positions relative to the position of the substrate 200.
30 The second coating composition 302 may contains cholesteric liquid crystal
compounds that once aligned, cover a portion of light spectrum not covered with the first

two layers 204, 206.



the position of the substrate 200 and second coating conposition 302 and/or
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coating head 114 o t he e ond, | a) ain, caat. technlque can
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| east fartl soluble in the solvent. 10 In one enpodinment, the third

chol ekt eri 8ingddp andeyyme A1 S.c Breghiad sholssterin hawidexystal cormpsitien mpy{ars acr yst al
pol ymer or 4a-4G4Yef &6 & semn%éﬁgets@}ld 1hyeflotd I%EX‘Mlch&Qété/ﬁEeﬁcP;& he fourth
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compositions that once aligned, cover a portion of light spectrum not covered with the first
20 two layers 204, 206. For example, the fourth layer 304 may reflect red, blue, green or
yellow visible light and the third layer 306 may reflect a color of visible light that is not
reflected by the fourth layer 304. Specifically, the first layer 206 may reflect blue visible
light and the second layer 204 may reflect red visible light and the third layer 306 may

reflect green visible light and the fourth layer 304 may reflect yellow visible light.

{8
w

The third layer 306 and fourth layer 304 may have the same or different thickness
. as described above.

The speed of the substrate 200 can also be controlled to change the duration of
treatment by the ovens 108/116 or curing stations 110/118. The duration of treatment by
the oven 108/116 may be any length of time such as, for example, 1 to 30 minutes or 1 to

30 15 minutes or 3 to 10 minutes or 3 to 6 minutes. The oven temperature may be high

enough to vaporize the solvent or above the nematic transition temperature and low

P
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in FIG 8, the second coating conposition 302 is applie he first |ayer
206 and secopdvengsieem fgsogmechepesifivas.ribdesirg)0. The second coating
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addition, the number of ovens or curing stations can be increased or decreased to optimize
the overall process of forming an optical body.

20 As an example, a broadband reflective polarizer can be formed according to the
methods and configurations described herein. This broadband reflective polarizer can
substantially uniformly (e.g., with no more than 10% or 5% variation) reflect light of one
polarization over a wavelength range of 100 nm, 200 nm, or 300 nm or more. In
particular, a broadband reflective polarizer can be formed that substantially uniformly

25 reflects light of one polarization over the visible wavelength range (e.g., from 400 to 750
nm).

The cholesteric liquid crystal optical 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 10 illustrates a schematic cross-sectional view

30 of one illustrative backlit display system 400 including a display medium 402, a backlight
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

23



when solvent is renoved fromthe solution. FIG 9 illustrates the fornmed
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m nut 8 or 1@@1@95 Hor exmplees light s@ureet 16 and alighd gmidHeés,althoughethser at ure may be

hi gh enou ,I’I ze Lhe v r e t
tenperatureagkr%léh 5”5 \%é?hbf é%ﬁ%%@gﬁgﬂ %}gﬁﬂﬁ%&nﬁ% L&]%o pr event
degradat i orn g@ﬁerhlltgereamﬁgﬂarakcss-wmhm mactkhghtomal walighigdides \'fhbanyvsanabldz enperature
may be at ast 75 C o 00 0C. The rate of
nmass transf® g?pef FSW’ﬁmé’;enaﬁeg% éq'e4tlgf@ é?ﬂ’g‘it% 918$§Pa%*&8ﬁ%?§g%pon a
variety of duaie!&s. smmimuiyB@md&ﬁho@x@ﬁpihehgﬁtrgal@msbé tdpaPBbefktalifg used in
each 5 conmposition, the percentages of materials in these conpositions, the

nol ecdfar v@hbfﬁ‘?m&ehg}‘h@uﬁ@ét‘*éw gnitting ghat bghie Ao e aestltdhe e 480 osi ti ons, the
remai ni ng_ bY@ chBR0Ni(SE O ool ok E0eh ARISch kRS nd Bl dogr e of

pol ymeri zati on each conposition. A desifed nmass tra rate can be
obt ai ned bwomtpmmtsltb Relgeveriee dgsirgidinectiofs. t hese vari abl es, for exanple, by

choice of materigl 5. LAMMRLALBs isdn D505 Fidtn aRPLYIRS JSRLGSH! AlorediBight . of
any conbi nation

liquid crystal optical body, as described above. The reflective polarizer 408 is provided to
20 substantially transmit light of one polarization state exiting the light guide 418 and
substantially reflect light of a different polarization state exiting the light guide 418.
Figure 11 is a schematic illustration of one type of reflective liquid crystal display
500. This reflective liquid crystal display 500 includes a display medium 508, a
cholesteric liquid crystal reflective polarizing mirror 504, an absorptive backing 506, and
25 an absorptive polarizer 502. The liquid crystal display 500 optionally includes a wave
plate as part 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
appropriately polarized light.
Liquid crystal display 500 functions first by the absorptive polarizer 502 polarizing
30 light 510. The polarized light then travels through the display medium 508 where one of
the light’s circular polarization components reflects from the cholesteric liquid crystal

reflective polarizing mirror 504 and passes back through the display medium 508 and
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10 of these variables. The coating conpositions nmay be placed in an oven
108/ 116 or other heating unit to increase the nmass transfer rate of the

liquid cry%(ﬁémg@@&?i tions away from each other into t%@gﬁ%goto%z‘gi stinct

| ayers and ransfer rate of solvent |eaving the
conposi tions 202, 302. This oven can also be used to partially or fully
renove the solvents fromthe coating conpositions, if desi red 15 The

devi ces and AL f}ods alnlzusstoﬁatfggotﬁlgr cllznl:ucl:’ar]po a?iz;!:tlog‘co% gr%rﬁt asse I { Iherge to

sequentially coa Fian t oSt on gstrate. For
exanpl e, adﬂolbstemalhqmcbamtmlgeﬂhcﬁp@prsmzsr SOé\aedtm absnrbddlhghhe Banknmgé% CHre be

dded to th dit 1 t at
-2anebe ?ncrgrgi@% 9621?0 HEEr e@s‘%ﬁg’f Iﬂiedﬁfﬂvellhq'il Cr}fﬁgﬁg{}@ra |m‘iq}§‘2§§r8§% %8?‘ manlgogfl

optical bodyliqulrfisal apti@XBsa3l, 65 dedcridvedatdbahe spédiRetliowe op ohadstezieigeian be
f or med accordlséag to the met hods and config jiratl o] Eﬁdescrl bed here| n. This
br oadband r efysEd pptigal Eﬂﬂféepéenﬂléaﬁfa'@wgﬂw CR AR FPRbraAeyEENGS, with no

nore than 1%&t&§al§({ﬂd/%£‘l—e@éﬂggmOépQ:;flnﬁéi-;Sf| ight of one polarization over a
wavel ength range of 100 nm nm or 300 nmor nore. In particular, a

br oadband ref | ecFignee pbisgrschamatie dlstaion of orsdynerrd transflsstiverigui arystalini forml y 25
reflects |i g@%&a?fGOenqhg%ﬁgﬂ%ﬁel id st Blgﬁ?%écﬁj Qél?%%é@é;pgé'}&% dgange (e.g.

from400 to eric crys tical b6di es can be
used in a vadlswyyn@ﬁump% caajamaﬁinmmré% aa;hrdemméiqu'almnj stad agflecting:, polamicingdi ng

transm Ssi v e. ) Ie tive 1 ve dlspl ays. For
exanpl eﬁ) Fi grﬂlﬁn r du I"ILC}‘I?EIF’l;1 gtogs U EREMHRL 8631?51? §§ gé diﬁli’%ﬁy St&v 30 of one
illustrati veo;imaﬁénlylmclﬁuesplv\&ye §M&ta@mﬁl&&h¢ mleutdnﬂgqlad diystal :@fleciivelpalaniA02, a
backlight 404, a cholesteric I| uid cryst reflectiv I r 408, as
descri bed abPeT ahEFPaRte %BIWB%F GO8Y B‘fpoi aleméghaﬁg&téfy ‘&’&lfffré 1
optional |y inglcH@esm Hpebpdiate polidied LAt R tRSreAdive A3dd\By A RER 610

PCT/ US2004/ 000536 o the chaolesteric liquid crystal reflective polarizer: or

as a separ at & Pelargsdrpyribe ahsopiryralarizer 493, Eqvels thragahyhedspiey medumio§ht from t he
liquid gyyst hecrtse&cff ;plaefﬁlﬁ cﬁ‘%b?%d% Rses bR %'ox%mka{sblz&qlehfumoe afig Vi ewer I's

| ocat ed ont e sl vice 402 t iI's opposite from
backl i ght 40@8015ﬁmlm28p¢@/ Irrim’f unbmmhghtlsmﬁays thertfaclight §Qsris antivatadiges t o

the viever bg/ Iig bfa'ase citltvely%asseggnouggﬁl chgles?mlctl}oﬁngrré%w zri}ehela%:lérlolv ht 404.

One exanple ©
appropnately polanzed light to the display. Light of the opposite handedness is back-

reflected, recycled, and selectively passed through the cholesteric polarizer 604 to

20 effectively increase backlight brightness. The reflective polarizer of this reflective liquid
crystal display 600 includes one cholesteric 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.

The cholesteric liquid crystal optical body can be used with a variety of other

25 components and films that enhance or provide other properties to a liquid crystal display.
Such components and films include, for example, brightness enhancement films,
retardation plates including quarter-wave plates and films, multilayer or
continuous/disperse phase reflective polarizers, metallized back reflectors, prismatic back
reflectors, diffusely reflecting back reflectors, multilayer dielectric back reflectors, and

30 holographic back reflectors.



medium 402 is a liquid crystal display (LCD) that transmts only |ight of
one polarization state. The backlight 404 that supplies the |ight used to
vi ew t he avepbmp7ayst em 400 10 includes, for exanple, ®ATVEHIO0440036e 416
and a light guide 418, although other backlighting systenms can be used.

Al t hough the |ight guide 41S depicted in Figure 10 has a generally

rect angul ar cross-section, backlights can use |light guides with any suitable
shape. For exanple, the |ight gui deEXAMBHPS be wedge-shaped, channel ed, a
pseudo-medg§ mﬂﬁ%?e’ etc. The primary consideration is that the |ight guide
418 be capa Feo receiving 15 light fromthe |ight source 416 and emtting
that |ight. As & caasiog soluttonevas prpinered 8 theanatingpedcadiae.babk graefsloéct ors (e. g.,

optional reflectaor 406), extraction mechani sng. s t her qirpgnent s to
achi eve theqﬁgéwggaﬁ?ﬁ%%??ghg?afﬁg‘F@fFegg?%%gﬁgpgﬁgﬁﬁn@ﬁ§¥|s an optica
filmthat ir&l gdes obliotdast(canteachly £ailaid fom lAldHthdClemyst ab., Dfilsiagiade, body, as

descri bed ahove. The reflective polarizer 408 |s. pravided to. 20

subst ant i al Py ¥gilsri Fams ¢hyazg e g‘?‘i’@“—“ﬂfﬁ?é{'iai’élfqb!ﬂ#"g’? pRonL WVilpyingtan, DE) i gt

gui de 418 apd thethal Aitica! Tis FREddGhasrididf 1 Ohouss Ai6bf €r enik s w#kakdnon state
exiting the light quide 418. Figure 11 is a schematic illustration_of one
type of ref Peehinedevith Ggrems ef gyslohgxagenspeommersially avifiatde frem| Addpgh/hentiealii d
crystal displ|,ay . udes . i aYo i 6 igs_liquid
crystal rengéy?@%Qg%?gpfg?ﬁﬁgﬁgf?gF'%ﬁgFgéﬁﬂg so#%?%@%h%gc %ﬁg¥§06, and 25
an abslr pt i belrgol grhg biphGHP(cofmerdiillyuvdlable fomatlddels heanyic8@®..opt i onal |y

i ncl udes a ve | at.e art of. the cholesteric |ligw d crystal reflective
pol ari zer IS@WSPKEES% aé@%gfgﬁag] s Oéfgh%’Slr%relen ot %ler(?gm%\r’aflﬁtﬂllle%eo&l %‘gdlngrli zation

| i ght from Chenitdl Qui, dlibrankéaWltlevi ce to an appropriately polarized |ight.
Liquid crystal djsplay 500 functions first by the absaorptive. polarizer 502
boar 2y 30 | NGRCREOOT o4 S ROImRY bhpit AV IGHE P o0Cres HESIet he

di spl ay nmedpusit2@81ioMa6H ButogiddNo. BBE75k] T st@ct@lel oF Wl Aobipaél b&abdton
conponents reflects fromthe cholesteric liquid crysta reflective

pol ari ¥l ng Airaewlatois: and passes back through the display nedium 508 and 24
WO 2004/ 077106 PCT/ US2004/ 000336 absorptive pol ari zer 502. The ot her
circular polarization conponent passes through the cholesteric liquid
crystal reflective polarizer 504 and is absorbed by bagki ng 506. The

reflective polarizer 504 of this reflective liquid al display 500
i ncl udes one chol esteric

1
e ST
0

Compound LC 756 (Paliocolor™ LC 756 is commerciaily available from BASF) and

20 Compound LC 242 (Paliocolor™ LC 242) are liquid crystal monomers available from
BASF Corp. (Ludwigshafen, Germany). Vazo™ 52 (DuPont, Wilmington, Del.) is a
thermally decomposable substituted azonitrile compound used as a free radical initiator.

This solution was coated on a 100 micrometer PET substrate (commercially
available as Scotchpak™ from 3M, St. Paul, MN) using a wire round rod to produce a 4

25 micrometer thick dried coating.

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

was used to measurs the optical performance of the optical body. A quarter-wave film

26



liquid crystal optical body, as described above. The specific choice of

chol esteric liquid 5 crystal optical body can depend on factors such as, for
exanpl e, cgﬁg 20050 o Lhickness, materials, and wavel engtdei@Ng/dbsss

i nterest. ure IS ascherratlc |IIustrat|on of one type of transfiective
l'iquid cryst aI d| splay 600. This transfiective liquid crystal display 600

i ncl udes a phase retarding display nmedium 608, a partial mrror 603, a
cholesteric %h&ﬁ{h&d% Bf&{t%i‘ thE%&ltﬁgEﬁd’e?stﬂﬁi'aﬁrﬁn%bﬁ%la%%ﬂds ce® e B fackl i ght
606, and an absorptive polarizer 602. The display system opti ona%

i ncl udes a \Aaaibarpf the éarémlﬁ@@nﬂﬂmghtthﬁewém wastragapered inuiaarecirors 160 mné¢| ective
pol ari zer e onver, i.zation
{ight from tﬁ&oﬁqﬁoﬁ’éﬁgst %H&aggf%%%%&g Bz Jrﬁéﬁr#l% eﬁﬁgns%%sﬁnz\é | i ght.

I n the refl embasuednide extmctiginpealisryerentenl |T@htesﬁll@f thlStI@I[Sh’HﬂQIOZl&demPt he
absorptiyve pol ari: 60 g di splay nmedi um 608, 15
reflects of f " Téa’?at"?lasr'gﬂ?ﬁaﬁ%erarﬁgglsmaﬁdlggréges back through the display

nmedi um 608 and absorptive polarizer 602. In |ow anbient-light situations,
the backlight 606 is activated and light is selectively passed through the
chol esteric P8tMBPZer 604, matched to provide appropriately polarized |ight
to the display. Lighin@kolhfi \Qa{%g%i}afeﬁ randeAngssotAuRagk drshd gct ed,

recycl ed, and sel ectively passed through the chol esteric polarlzer 604 to 20
effectivel y Frropeinkeaybheakdategithyl birylglstorne pslynmrieedrvat B8 groms pbLarPedr of this
refl ectiye | i v S ri d
crystal d(;ptl cg}lj ggamci%wg&@%escr [ %Q%laﬁggod\l/lgﬁ : %ggl élglg‘g} ]Fbgﬁlc t% I\%h&éu%@

chol esteric IW’I()]usmg @z‘i/gfamls of)‘mzodaI(cdmrdgma]éma\ddgiﬂmﬂomﬂ)tfpamt Wlhnmgtun,rDIas for

exanpl e, cost t.hickpness eria vel engt h range of .interest.

The ol et ofd & Hef gty SRR ReasfiR S Bury B B B0n E0 g bik DARER v et o

f)t her OI25 Coma&ﬂgjﬂécﬁwﬁmtﬁ @rialhmsfdyhmhe@ﬂ&aammdércﬁnpmdeollefrbmrAlﬁﬁapert| els to a
iquid cryst S npo ents an i nc o] xanpl e,

bri ght ness e%ﬁ%lﬁlfé ’tM’fIW?‘WEe ’e]tsa SR 6%‘%?%? 855 Lngﬁgnﬁu‘arf@iam\?\/ave
plates and figk @‘%yd%ﬂir-tl'l' -BipEdny R4 carg&ﬁ&ﬂéw@%ﬁfefémp%oﬁﬁb@ hRseAldekh eRthiva

pol ari zers, netallized back reflectors, prismatic back reflectors,

di f fusel y refdosdMilwaykera i, 284 |seamsor dioxplang GCP@%KI%]N@V@@Nelf@%é@@Ch ef | ectors,
and 30 holo . , .
PCT/ US2004/ og§%§25%ﬁﬁé§eé’é’§§%ﬁeg%ﬁs W fiedfhndyTtohefle fmT s

commercially available from Aldrich Chemical Co., Milwaukee, WI), 0.28 grams of

Irgacure 819 (commercially available from Ciba Geigy, Hawthomme, NY), and 0.84 grams
20 of phenyl ethyl acrylate (commercially available from Polysciences, Warrington, PA).
This solution was coated on a 100 micrometer PET substrate using a wire round
rod to produce a 5 micrometer thick dried coating. The coating was dried for 1 minute at
110°C and then dried at 120°C for twelve minutes forming the optical body. The dried
coating was UV cured using a Fusion™ D lamp. The dose was approximately 1 J/cm?.
25 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
was placed in front of the coating and a standard linear polarizer was placed in the light
path and the transmission through the coating was measured in a range from 400 nm to
700 nm. The transmission was measured with the linear polarizer rotated both +45° and -
30 45° from the quarter-wave film to give parallel and cross-polarization results. The results

of this transmission over the measured wavelength range are illustrated in FIG. 14.



A coating solution was prepared for the coating procedure. 7.62 grans of
cyanobi phenyl benzoate ethyl acrylate was polynerized with 0.74 granms of LC
756 in 5 2%020@am86 of di oxol ane (commrercially avail abl ePATGSROMN/@WH336h

Chem cal Co., MI|waukee, W) using 0.2-7/ granms of Vazo 52 (commercially
avai l abl e from Dupont, WImngton, DE) as a thermal initiator. This
reaction was run for 16 hours at 60 C. This solution was then conbined with
6 granms of cycl dhexysnanavesmmbodd abllbe cansideraliingitel note Abchculetexahgles cal  Co. ,

M | waukee, , .2 9 of, LC -142, 0.5 ans._of LC 756, rams of
h 10y el B P et e oy Moy st of Fe mieip

Chemi cal Cofairly sM dutvaiike giach¥d)clamel 45n&1sgfcﬂff&aﬁﬁnsobqemleﬂneoa(e@s@ma@n al ly
avai lable from A drich Chemcal Co., MIwa repar ation of

cyanobi pherARUBETPEBETHSEEHY Y higd A BIFED lgveae%wabbﬂanphcﬁﬁ%ﬂégﬁea Pat ent
Applicati Onap%h'x%t!tSﬁIo%Q&‘fsm m%&%m thJ?ﬁheSIErFélﬁﬁ Mf A?mQxfu Giraaobhphenyly, benzoat e
15 ethyl acrylate is: Conpound (PaliocolorTM LC 756 is
commer ci al | thw@swrébp@lﬁqamn BASF) and 20 Corrpound LC 242 (Paliocol orTM LC
242) are liquid crystal nononmers available from BASF Corp. (Ludw gshafen,
Germany). VazoTM 52 (DuPont, WIlmngton, Del.) is a thermally deconposabl e
substituted azonitrile conpound used as a free radical initiator. This
solution was coated on a 100 m croneter PET substrate (commercially

avai |l abl e as ScotchpakTM from3M St. Paul, MN) using a wire round rod to
produce a 4 25 mcroneter thick dried coating. Finally, a LanbdaTM 900
spectrophot oneter (Perkin Elner, Santa Clara, Calif.) was used to neasure
the optical performance of the optical body. A quarter-wave film 26 WO
2004/ 077106 PCT/ US2004/ 000536 was placed in front of the coating and a
standard |inear polarizer was placed in the l[ight path and the transm ssion
t hrough the coating was neasured in a range from400 run to 700 mm. The

pol ari zer was rotated to give cross polarization and then transm ssion was
measured. Two extinction peaks were seen. The results of this transm ssion
over the



5 nmeasured wavel ength range are illustrated in FIG 13. Exanple 2 A coating
.solution was prepared for the coating procedure. 8.21 grans of

cyanobi phenyl benzoate ethyl acrylate was polynerized with 0,50 grans of LC
756 in 10 27.1 grans of dioxolane (comercially available fromAldrich

- Chem cal Co., M| waukee, W) using 0.29 grans of Vazo 52 (commercially
avail able from Dupont, WImngton, DE) as a thermal initiator. This
reaction was run for 16 hours at 60 C. This solution was then conbined with
15 grans gohexanone (comrercially available from Al drich Chem cal Co.,
leaukee,—%‘@ﬁ—wA grans of LC 242, 0.64 grans of LC 756, 2.24 grans 15
‘of 4'-hydroxy-1,1'-biphenyl-4-carbonitrile (comercially avail able from

Al drich Chem cal 5%0 , M | waukee @l\{’g 2q7. 1 Er ms_of . di oxol ane (commercially
avai | abl e ' r om"ngthed R mekiagian gptieay body e agikerkcomprisingrsteps %rams of |
butyl ated hydr Q&Mlngtdgh%ﬂs\f@b%sig%a ﬂ%@mﬁmés@érﬁl1lq>ai@e/r9étlalg&kfg>o§iﬁ9maAl drich

Chem cal Co., MIwaukee, grams of Irgacure (commercially
avai | abl e steanehcliplbsierieliqid ciyaiat ¢ronpositiondnd aznatvedt @va gpbairate 20hanéin hieeny| et hyl
acrylate ( rcial .y .avai | e from.Polysciences, Warrington, . .PAY. This
201t on S HBSER" Lt ¥k ReecsliRar oL BRSPS oune

rod to praeyes cémpoditic, aficethe firdt Rhelkstehid ihi€ @abtaNgmpbbitios @Ad thegeswnd dried for
1 mnute at 110C and then dried at 120C for twelve mnutes formng the
optical bdoHglestepeligyd stystab ePRasHioRaEe GOTBRALDE: 889 ng a Fusi onTM D | anp. The

dose was_approxj amiaé % ¢as? 5BHC%OP]C%?%}@se%llltyfrorgtﬂtarﬂﬂ%g- b RO fRASHE ophot orret er

(Perkin El nmer, ar a, . was used to neasure the optical
per f or mangeixoire & et Gyyer @l a ochd. layerqualre smbstvadsce film was placed in front of

the coating and .,a standard |inear .pol ari.zer s placed in t.he . light path
and the. tr anemEran TS Y EREPRBaC e Medbteaterira st ol ont 400
run to 7%nﬁbﬁ%iti8'm@ndtha§éiﬂ6h§wymmisﬂﬁ@ﬁufoﬁ@z Wt’h@sécbﬁd l:lidl@s{?erricn@lhﬂrl zer
rotated both +45 and 30 45 fromthe quarter-wave filmto give parallel and

cross- pol YA CPBROY Il ts. The results of this transm ssion over the
nmeasured wavel ength range are illustrated in FIG 14. 27 WO 20041077106
PCT1US20041000536 The present invention should not be considered |[imted to
the parti cul ar Teangoh®isacderding tb ethiral pfvethedasimprdingeonediting the fiestunder st ood to

cover all aspects of the invention as fairly set out in the attached
ol aims. VeAmplHeTeaRie B BTBPOSE R lvta|aaﬁf}gr¢ﬁdofg&file@,stea§ limp|°rysta5
material and converting the second liquid crystal composition into an aligned second

cholesteric liquid crystal material.

3. The method according to claim 2, wherein the step of converting the first and
second cholesteric liquid crystal composition into an aligned first and second cholesteric
liquid crystal material comprises polymerizing at least one of the first and second

cholesteric liquid crystal compositions.

4. The method according to claim 2, wherein the step of converting the first and
second cholesteric liquid crystal composition into an aligned first and second cholesteric
liquid crystal material comprises cross-linking at least one of the first and second

cholesteric liquid crystal compositions.
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as nunerous structures to which the present invention nmay be applicable wll
“be readily 5 apparent to those of skill in the art to which the present
invention is directed upon review of the instant specification. 28 CLAI M
1. A nethod of making an optical body, the nmethod conprising steps of.,
coating a mxture conprising a first cholesteric liquid crystal conposition,
a second cholesteric liquid crystal conposition, and a solvent on a
substrate; wherein the first cholesteric liquid crystal conposition is

di fferent than.the second cholesteric liquid cr al. conposition, and the
(irst cholest ofMEMeTGU AR TYEIEF o gD hhareih i ST SE SR PYEHOTES Cor i o
l'iquid cryedoal 1w&tsmsyfra@rc@lﬂpﬁ@@srﬁegarhtmgahe and cheticnaudt criyqast a portion
of the solvent fromthe mxture to formfromthe mxture a first |ayer and
a second Icaypesiténn frors thasssendsghelesigrie apid crystal Eompesiticlyer conpri ses a
majority of the first cholesteric liquid crystal conposition and the second
| ayer conprises a npjority of the second cholesteric liquid crystal

conposi ti &n. 2Thdhethvdtahoddiagtocldinnd, witereih shenstdp offfarming a fesiigprer sidyg
convertin% thg first cholesteric,li%yld réﬁtal conposition into an aligned
first choPeong aver ¢ Baispoaleromiprisgsdicatingine Ii¥ U nver ti ng t he second i quid
crystal conposition into an aligned second cholesteric liquid crystal
material. 3. The method according to claim2, wherein the step of converting
the first 7and Theowthwdeheirdisger clein 2 guhedein thestter ofsonywting thedirstand an al i gned

first and second cholesteric iquid.crystal. mterial, co i,ses. pol yneri zi ng
ot Teact GREMGRRQIRATRL kel loMioRiioty Bl CuielR) B Mg REDREGERTRRE

conposi ti aiygid cﬂystaThﬁtdfﬁﬂ&kQﬂqp@ﬁ@ﬂfdﬂﬁﬁ?attl@asﬁbriﬂ dNtle fivsh@tdedeboridBokbtelc of
converting the first and, second cholesteric liquid crystal conmposition into

an al i gnediqpidresystal GIMBRYURN- chol esteric liquid crystal material conprises
cross-linking at | east one of the first and second cholesteric liquid
crystal conpositions. 29 5. The nethod according to claim1, wherein the
step of fd& m nghanfethodtact@ying taridina 1, feebardmpayieg corng the fissilos secande conpri ses

separati ng, e, {1 5 GHOLPSLERLE |1 auTd crystal

9. The method according to claim 2, further comprising coating a second mixture
comprising a third cholesteric liquid crystal composition and a second solvent on the first
or second cholesteric liquid crystal material; wherein the third cholesteric liquid crystal

composition is different than the first and second cholesteric liquid crystal compositions.

10.  The method according to claim 9, further comprising converting the third
cholesteric liquid crystal composition into an aligned third cholesteric liquid crystal

material.

[1.  The method according to claim 2, further comprising;

coating a second mixture comprising a third cholesteric liquid crystal composition,
a fourth cholesteric liquid crystal composition, and a second solvent on the first or second
cholesteric liquid material; wherein the third cholesteric liquid crystal composition is
different than the first, second and fourth cholesteric liquid crystal compositions and the
fourth cholesteric liquid crystal composition is different than the first, second and third

cholesteric liquid crystal compositions; and
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conposition fromthe second cholesteric liquid crystal conposition. 6. The
nmet hod according to claim1l, wherein the step of formng a first layer and a
second | ayer on the substrate conprises heating the m xture. 7. The nethod
according to claim2, wherein the step of converting the first and second
~chol esteric liquid crystal conpositions into aligned first and second
cholesteric liquid crystal materials conprises heating at |east one of the
first and second cholesteric Iliquid crystal conpositions. 8. The nethod
according to clka rd her risin urin the first

chol esteric i %:lw angcfrorg#a Secoq(g?}q(g rgaﬂ@]lgdl% & arrgta d/[h l((%ero ﬁfél%ﬁisggrcl aim 2,
further cedpnd shm@tanﬂiqurtgcrgstslaﬁ@mdalmvxérenmehe thirdayes carfipriset Bintagbrizthef esteri c
liquid crystal conposition and a second solvent on the first or second
chol est er ?/h? third; el %e%qrgfslt%.lpd FrttaromposifiaR AR the foath layer gompEses Sreaioty| i qui d

crystal gp{ﬁgq@dgﬂ (glr(glésﬁng|hq[lgrc$%§a[tcm505rﬂl;@] first and second cholesteric

liquid crystal conpositions The method according to claim9, further
conprising converting the third cholesteric Iiquid crystal conposition into

an aligne th| chgl esteric |iqguid mat.er i 11. The  net hod

Accor d'ng 2o ol FedotatrrHEe e St 1 CiERT somPTige hvanbRs ke L o

conpri si Nghdledtérid lihM@Hy@tﬁI &‘Mﬁbsitﬂoﬁ Gt af bl &ied khiePERdRStekic ®iuid o’rlysieQ’Uf th
cholesteric liquid crystal conposition, and a second solvent on the first or

second chtesigl @id convergng thefarsh fianid crvsial eampasiiontinorag alirsidefeedt i ¢ | i qui d

crystal c nt than the first, second and fourth
cholester?@Hgﬁﬁﬁw? crygﬁg|%%%ﬁ%05|tlons and the fourth cholesteric liquid

crystal conp05|t|on is dlfferent t han the first, second and third

cholesteri liquid cryst QSItI 30, form.ng f.romthe second
mxture althir mequgﬁi 6‘! ?‘f‘h‘ I Eﬁm @‘ﬁ%ﬁ@h?lie?tgrﬂc g‘ﬂ”‘dgré/&tﬁ d chol esteric

l'iquid cryshahsiti &fnﬁp?ises X‘Gﬁfl@s‘té?lctlﬁﬁldté?ysrtéj PoRMR: aﬁ@fﬂérsb&ﬁa cRolBRERY 1 Ly Of
the third cholesteric liquid crystal conposition and the fourth layer

conpr i ses liguidajrgtal cympeditioheonipises hchoiestesistligpidecrystajumahoorey.st al  conposi ti on.
12. The method according to claim 11, further conprising converting the
third cholesteric liquid crystal conposition into an aligned third

chol esterilg, | i qQUé ehefHodScadrdin@d elmnalm ,F08heg @BMBfitih P GorveRinfgaky fifdt | 1 qui d
crystal conposition into an allgned ourth
cholesteric liquid crystal composition into an aligned first cholesteric liquid crystal
material and converting the second liquid crystal composition into an aligned second

cholesteric liquid crystal material.

15.  The method according to claim 14, wherein the step of converting the first
cholesteric liquid crystal composition into an aligned first cholesteric liquid crystal

material comprises polymerizing the first cholesteric liquid crystal composition.

16. The method according to claim 14, wherein the step of converting the second
cholesteric liquid crystal composition into an aligned second cholesteric liquid crystal

material comprises cross-linking the second cholesteric liquid crystal composition.
17.  The method according to claim 13, wherein the step of forming from the mixture

a first layer and a second layer on the substrate comprises forming the first layer between

the substrate and the second layer.

31



cholesteric liquid crystal material. 13. A nethod according to claiml1,
wherein the first cholesteric liquid crystal conposition conprises a
cholesteric liquid crystal polymer and the second cholesteric |iquid
crystal conposition conprises a cholesteric liquid crystal nononer. 14. The
met hod according to claim 13, further conprising converting the first
cholesteric liquid crystal conposition into an aligned first cholesteric
liquid crystal material and converting the second |iquid crystal
conposition into an aligned second cholesteric Ii%uid crystal material. 15.
The net hod8accdh@imsghodaceerdingta glainphdrveierein Hie séapeqd tyming AEYthe Adxtiulge fir st
chol est eriG L gl gy §1 ¥sbhal 1a§§(%%b&ﬁ6%f}aﬂe%8 ﬂ&s%{)ﬂnﬂﬂg%efsleéo%td 1@@?' esteric
liquid crys{al malerial conpri ses po ynerlglng he Tirst cholesteric liquid
crystal coepash thiexnbstiabe anhhe fiest lagek. according to claim 14, wherein the step
of converting the second cholesteric liquid crystal conmposition into an

al i gned second cholesteric liquid crystal material conprises cross-Iinking

the secondochoh@ghRifdd debdiing 1S EM M, FGARRLSINbEARg cdafing BREcIFRIMRAr&ccor di ng
to claim13, wherein the step of formng fromthe mxture a first |ayer and

a second Icagerisiogathial chokesteriafiquidenystdl serspésitian ang atsheonidi sobvent aytbe fitset ween

the substrate and the second |ayer. 31 18. The neth ccor. di. to claim13,
wher oi nt 1 SSeBD OGS vy e Wkord Mo Mip PEele TRl M i e ona

| ayer on tdRmpsstie i siseOABIdIERS clIRfud drgstil l?ﬁxﬂﬁ‘éﬂ@ch(ﬁyﬁéricl galt he
substrate ang t he fjrgi | ayer. 19.Q%he %;tﬁg according to c 5?%?14, further
conpr i si ngnanesrer Al & défderenidhan the first and taeprd eodrsteaictlignidecrysieicesesitienst | qui d
crystal conposition and a second solvent on the first or second cholesteric
liquid crystal material; wherein the third cholesteric liquid crystal

conposi ti @0. corijhe nseiwdaacchrdingsd elaine 19, fgttha compatiag c@oleptingrthothid chol esteric
liquid crystal .nmpnqoner and is djfferent .than t first and secqnd

chol est er iBOkeigri tawd gista C‘HPRP&B@H‘WB&E?hgffg.th‘ﬁ‘{:&%q%d‘qél@c%mﬁng to claim
19, furthefgiprising converting the third cholesteric liquid crysta
conposition into an aligned third cholesteric liquid crystal material. 21.
The met hod according to claim 20, wherein the step of converting the third

chol ester i |1 4 HoPlBbraRYTBOR b6 ARER oYk DS i P! osteri e
cholesteric liquid crystal composition into an aligned third cholesteric liquid crystal
material comprises converting the third cholesteric liquid crystal composition into an
aligned third cholesteric liquid crystal thermoplastic material onto an aligned cholesteric

liquid crystal cross-linked material.

22.  The method according to claim 20, further comprising;

coating a second mixture comprising a third cholesteric liquid crystal composition,
a fourth cholesteric liquid crystal composition, and a second solvent on the first or second
cholesteric liquid crystal material; wherein the third cholesteric liquid crystal composition
comprises a cholesteric liquid crystal polymer and the fourth cholesteric liquid crystal
composition comprises a cholesteric liquid crystal monomer, wherein the third
cholesteric liquid crystal composition is different than the first, second and fourth
cholesteric liquid crystal compositions and the fourth cholesteric liquid crystal
composition is different than the first, second and third cholesteric liquid crystal

compositions; and
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materi al conprises converting the third cholesteric liquid crystal
conposition into an aligned third cholesteric liquid crystal thernoplastic
material onto an aligned cholesteric liquid crystal cross-linked nmaterial.
22. The nethod according to claim 20, further conprising; coating a second
m xture conprising a third cholesteric liquid crystal conposition, a fourth
cholesteric liquid crystal conposition, and a second solvent on the first or
second cholesteric liquid crystal material; wherein the third cholesteric
l'iquid crystal oS b i r | Lo | pol ymer
and the fourt htogﬁ\rqﬁeééré rtllﬁ)egsefsgn g&&rg% tl? cflla%rea%& q fb\?ﬂl lagé{' oq tﬁé }‘ 1ssE &

chol est er isecohd gholebtericylfuad crmmlcrnfﬁmaly\hbﬂemnhé ﬂn&dtldtyer dorﬁim)deeaharomy bf qui d

crystal co Si ti different than the fir second and fourth

chol est er it ﬁiraahwge%wét%}rg CHIHPEOMPOSHEn %}?fﬁthf' R BV RORRG S STRHPRY | qui d
crystal  oPiRISIHH &Blésérlg'llﬁflﬁrc‘?ﬁalrc&ﬂﬁostl% first, second and third
cholesteric liquid crystal conpositions; and 32 formng fromthe second
mxture a third layer and a fourth Iayer on the first or second cholesteric
l'iquid cry tal te wher er. co i,se jority of
the thi r o enol &0% brsdepetitie St Pevhre S BV BTnEREREREERENER Fayer

conpr i ses cRolBRér liduyd cr9étal dbenpodkioh ht6 BRhSIe@ ihied dHoBdictic GigURitaaystgomposi ti on.
23. The nmethod according to claim 22, further conp r|S|nF convertlng t he
third chdﬂaéf's'taé?ﬂdccolniv%[ﬂpﬂﬂ@rf%ftﬂal‘q‘ééﬁﬁ’é@l ¢qrenpsitigngntagn aligepddguithi r d

chol est er i g, LG4t 6L &d &%hnm Qerlal and converting the fourth liquid

crystal conpositio o an a |gned fourth <cholesteric liquid crystal
material. 24. The nethod according to claim 23, wherein the step converting
the third, cholesteri Jd cry ition intg an al.igned third
Chol et o P4° 1 diF etiog apeaingd G2 oo BestPoRuBsrageahelt bt r d

chol est er icgokdtert l‘i’qu@d W Etai confIERRDh it An hidriRd Mrd &Hol SR 1ihmdrdﬂ sgf1ol esteric
l'iquid crystal thernoplastic material on an aligned second %olesterlc

| i qui d cr ysaterial coropréses pcrm/@dlntgah@thurdlcholzserlc“ﬁh@ldrerc/ht@blccmmtt@n mgorn cl ai m 23,

composi t1 onernrE ARGl R iR AR o BUYA SR, or

conpri ses choByMed lidigd tﬂyaaf@ugstllml@amawiaerl c liquid crystal conposition into
an aligned fourth cholesteric liquid crystal cross-linked material on an
aligned third

25.  The method according to claim 23, wherein the step converting the fourth
cholesteric liquid crystal composition into an aligned fourth cholesteric liquid crystal
material comprises converting the fourth cholesteric liquid crystal composition into an
aligned fourth cholesteric liquid crystal cross-linked material on an aligned third

cholesteric liquid crystal thermoplastic material.

26. A method according to claim 1, wherein the mixture comprises a plurality of
cholesteric liquid crystal compositions, and a solvent on a substrate; wherein each
cholesteric liquid crystal composition is different and incompatible; and from the mixture
a plurality of layers is formed on the substrate; wherein each layer comprises a majority

of one of the cholesteric liquid crystal compositions.

27.  The method according to claim 26, further comprising converting the plurality of

cholesteric liquid crystal compositions into aligned cholesteric liquid crystal materials.
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cholesteric liquid crystal thernoplastic material. 26. A nethod according to
claim1, wherein the m xture conprises a plurality of cholesteric liquid
crystal conpositions, and a solvent on a substrate; wherein each

chol esteric liquid crystal conposition is different and inconpatible; and
fromthe mxture a plurality of layers is fornmed on the substrate; wherein
each | ayer conprises a majority of one of the cholesteric liquid crystal
conpositions. 27. The method according to claim 26, further conprising
converti th | ur.al i L cholesteric liguid.crystal conpositions into
al i gned chol egli%r"ll{%ﬁﬂ %%P%l%tﬁscﬁ%n%ﬁa?fvégrflglt% &Oaélﬁg%é'.g lx{l"ﬁeew%rﬁg@ %accor di ng
to cl ai mgoraliwhdrcholestetieliqhatiy’gl sompositivhs aad aROlvemtrig asubfitatd @nprigeof

chol esteric |iquid crystal, conpositions, .and a solvent on a substrate

conpr i sesCOtBHE MULe GRMPIISING adgishplestaic Hayid costal sRINRASILION; £59CPRii d cryst al
COMPOST { | Aesidrie G OREry il eLABOSHA: o lifiHICIEHE 1igLIACARASbb RiorBatdli T @

chol esteric 11 qui cryystal conposition, and a solvent on substrate; and
wher ei n tawlVent on agulfstratey ardewnersinunefoamink droal fheynisfurd ayeraitpef leyes subst r at e;

wherei n each | r. copprise maj ority of .on t he  cholesteric.liquid
Crystal conpBSErBe ROH R B P BB R ink (e BoBR & e’ o
second | ay@italaBfhpositibhy dothprRYEforRMgtiRen uBSkiuad £firsMIgECh Bedoh@ Idykr £id | ayer

conprises a majority of the first cholesteric liquid crystal conposition,
t he seconthirdyasier epsrsubueate; Whefedt theyirgflayeneomprisedn magtivy ekthefirs | i qui d

crystal c Lt h-on: I . j f the third
chol est er?{épﬁggghihgnlg?c sttgglr‘]'&(]:1 ﬁ%@%#%ﬁ&@g%&rh@;ﬁﬁ%{%ﬁ@ ai%@%%&?]ﬁg to claim
28, furt hecombihplesttindiqeidryystdl icogpbdditorf dndshe third ddyes t@npriseb b gajatitg oy st al
conposi tion int n aligned first cholesteric liquid crystal material and
convert i néetﬂHYéi ‘g’é@éﬁﬂc lingidicaystal yemaestéimposi tion into an aligned second
cholesteric liquid crystal material and converting the third |iquid crystal
conposition into an aligned third cholesteric liquid crystal material. 34
29.  The method according to claim 28, further comprising converting the first

cholesteric liquid crystal composition into an aligned first cholesteric liquid crystal
material and converting the second liquid crystal composition into an aligned second
cholesteric liquid crystal material and converting the third liquid crystal composition into

an aligned third cholesteric liquid crystal material.
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