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WD 2004/ 077106 PCT/ US2004/ 000536 CHOLESTERIC LI QUID

CRYSTAL OPTI CAL BODI ES AND METHODS OF MANUFACTURE AND
wQ3Ki4/0Fi1eé d of the Invention 5 The present i nvROL/US004/000536

rel ates to optical bodies containing cholesteric

liquid crystals. The present invention also rel at es

to reflective optical polarizers forned by two
CHECPRTERIC Sa0RbIGRYERAE MATEAL BPIESIANR METHODS OF

chol esteric |iqui dyyantfAtTORBAND USSR Specifically,
the invention relates to nmethods and apparatus for
formng two or nore cholesteric liquid crystal |ayers
with a single coati n@&@m@jﬁ&eﬁﬁ pn a substrate. 10
Background of the I nventrtom Optrcar devices, such as
pol &t pessentamagntidn 1ebies fo eptigalibodics bontainiag vlatrlwsmry lighid

cr?ﬁ?%g ’gl?efﬂr%%ﬁt lnga%lggg él? aéeg. R% X%toﬁlcab P&Ql Y form?d by two

ortmvre Gyt @6 chodssterio a1qkﬂd|ctys(ats ay cholestamshquﬁlsuryw)l pthcmpcbray S,

SHAERY. U gy Br e g o R AR BB o s
cHolegfetic liguip e6¥iatiagers With Bsinple cbatimgtco@poditivd i Sfbeyate.

(e.g., anmbient light). These two display nodes can be
conbined to formtransfiective displays that can be

backlit, for exanphgekgg(;mﬁrof@jlmdvgﬂmn condi tions or
read under bri ght anbj en nventi onal backlit
L CDORtigR) dexicesy SWS RPITEH fwg nﬂﬁpﬁr jrs spefulin A vergly plave
aﬂpﬁ&ﬁlongﬁcl‘ilhi%%%%&@cws&h HlSﬁlﬁ}%QEﬁb§§ ' Hﬂmd%&? BishiIYAEh11 broadly
flective are al so based on absor bi ng
infpovarcpizeeriesdbaglitp i psyissirokdippays, When 11215% provided from
1l n
RGOS o OISO el CALRSERALGE e
fram dhecfaomt pEtha displafigh, angoent ihghib n'ﬂtmpmmsplﬂerhbdm can/lee
11%{(1' tégor t@q%’t?ecg?f% % Spqu\é%a]?g nt%evbélclggf tg)r exalerrplle? gllqdae¥ dind fl‘g%t
cqudaioas m’eadanlﬂdyr ltr@m&nblbntllnggm of one pol ari zat i on and

e e e e

thﬁﬁ)h(’o% glgﬁtftﬁanblrlﬁﬁlsm Forﬂzlﬁﬁhdnalfﬂeﬂ%vé LGD]E; awhaﬂsliblqid&ed on absorbing
sor| atively argarmuntsote [
rgﬁ@@ag%gplca% ﬁi»aYeelP%Sél@el. & 1otk efhelay tﬁlasrw&fﬁ%n han
reh@é%a@@ 20thbld AldyRedubd didp ?%%t?a%i £ briBRnadslad@tdrA8quire high
Many optical devices operate over a broad range o‘i1
PW@P@H@PH@ and, as a 30 consequence, the reflective
POl &t dfie8five Pbblrizbé ﬁlh&aéelsﬂdeﬁr@EEéH for Q%Gh dlsPRYs HaQRd:

wavel engt h © range, as wel
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
consequence, the reflective polarizer must typically operate over that broad wavelength

range, as well.
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WD 2004/ 077106 PCT/ US2004/ 000536 Sunmmary of the
I nvention Cenerally, the present invention relates to

we@piaozailobodi es contai ning chol esteric |iqui dPCT/¥S1084/800536

and their manufacture, as well as the use of

chol esteric liquid crystals in optical devices, such
as reflective polarizers. Methods and apparatus for
forming two or 5 nodwnmap efthelvention,jd crysta

| ay ef ey, nh@pl%béﬂgin%erﬁf%ﬁ%lﬁgs @%Em*b&dlmoﬁﬁlﬁxg cholesteric
substrate are described. A net maki n

ligyd ¢rysipls peshithoir manvidetyrecsardllag the usp Rf dw&swwaglqmd ervgiglsgn
Iy A o
oRyLYER Lt S RURGPLEELE, AMBHAC B o o ming woor
metyahelstiend loquiid cpyétel 1@@37%1&1 a guglp omiting ormpasitpinfonersebeiratcAre
d Icqﬁﬁl ity of layers is formed on the 10 substrate.
layer includes a ngjority of one of the
chol & stethot ©f iniakiiniz én optjcat lajdy trohplosdatiogs mixtérefthativhrdes a

n tical .bod ncl udes coat
PIB R SRr R T By P Eposirigh d SR S SRR Pagp
clDdRES litnhi@ Orysal &ﬁﬁﬂﬁﬁlolﬁ halifeater A @1u|rablﬂjd bfllagdry Stﬁaln;ed on the

nposi ti o) ven on S r at e r st
Rt Sk (aor mﬁgﬁﬁ LRI ‘&fh?ﬁ’%‘? oer ﬁalflgff’@ﬁ@ ht 15
cdhdRitibiie second chol esteric |iquid crystal
conposition. A first l|ayer and a second | ayer are

f or s dbrdist mRthod eﬁ@ﬂklag @ opigal bofly eludes copting e s ingluding a
fifRERidsteYic Rfuili Qgrstal Eo?ﬁpogﬁgh %SSE&)%H %h&lb%&lquﬁ Spdid Icomposmon,

COﬂ"pOSItI on an he second ayer I ncl udes a ma| orit

anska sohsnsacondstsio| Bretfapticholesteriplioyidearysial spmpoifinssis diflsrent
t}@ggﬂé E&%& cﬁ@gstg% lfqﬁnn 3 | %%rﬁgb Pc%é ?&?ﬁﬁrg?ggf%o &k lsét':gﬁcﬁayer are

ing a mxture esteric
fdrinqqu pmlthc |snylstrat|e doefss layérancludss 8 exipmidy oiftbda Esst ehdlesteric liquid
c%( %Sctopgp%lgo%nd the : %%):?n Cl%\'éqcr) gﬂc udzélsn zg m? 0151 o %]er segé}ldlacholestenc
hqmﬁ'p@stntaomposlnoﬂl udes a chol est eri c I iquid crystal

r .and nd ch ric liquid crystal . .
P oS Rb et oF BASEE & GRS 0L e BPT HeE b Ui ncluding
ﬁ]fw Elﬁi[@fqenc Aqhidresyistall GMﬁl?qosﬂlBﬂ ba%e&@ﬂ@ﬁd%ﬁaitfliqu&i ﬁyétﬂrcﬁﬁhﬂosmon,
romthe m xture on the supstr e first
R folitraLOLE FHEFER - tyheofifsttqi\@leﬂ?w tq%crx%weglpaﬁlﬁl IP?lli‘i‘,ﬁS&
K188 R NigGRIERRE bbigRePR thd\RcSRGANEstrRYRuid H§thidBpdsition

najorlty of the second cholesteric liquid crysta
inchidpusthiciestsric Yaed spstpbmennmer P 185t layeeanst ascepnd layer are formed

filo % Db @e lofi tHRAubdtALE ”Fﬁ S%rd & Q'ﬁﬁ@lﬁéle@% n?%?x‘i}% ofiRghqsed

odi nrent or every IITp enen atl on of resent
cholestmicilignid cTistal Forgpasgion andhe aédond lapersiveligrsiagne) ey of the

%ﬁﬁm&e Bﬁgn@%&i ?p’en?ﬁxﬁ@%ﬁoﬁa”' cularly exenplify

ese
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

embodiments.
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WD 2004/ 077106 PCT/ US2004/ 000536 Brief Description of
the Drawi ngs The invention may be nore conpletely

war@enstiood i n consi deration of the foll ow ngpdPUSI00€E0536
description of various enbodi nents of the invention in
connection with the acconpanying draw ngs, in which:
5 FIG 1 is a schematic representation of one

enbodi ment of a dsiehDescilpiion ghtherawingsor f or ni ng two
chol B tifehfod MHbdmsfeysmBlete Eft00H illcohsRlERAbEOf the
coating conposition on a substrate, according to the |
follayimstdeiled guseiption o vasioge rabrsiments efhemaentiopiinpongection with
I - soct | f finlcat coating conposition on a
thgﬁg%??%?}glﬁé %}gvg%lgtsi?%g {0 the inventi on; 10 FIG 3 is a
schefiat | & aeprmagisntaticontiof ofane pobedimerstof e megfodfand gpparatus

T (o O R L T

subsisatd) anmtding toghs meeriioaf i on of one enbodi nent of a

nmet nd apparatus for. form ng two chol.ester.ic

ol ZRpsERpet fybpesepiny o g Dbl PG bond
c@ﬁﬁmﬁﬁhbhﬁﬁllﬂﬁﬁhte, a_:tcoﬂli;m@sc_t glaﬁlﬁfeﬁftdll; Slequemi ally L orm ng

anot her chol esteric liqui.d crystal |ayer _.onto, the

£ 1SRG B g5 heppbiogERreseiting R QOSTSRPR O gy dsecond
clA&RId 1iG8id ey stalBateANIE R rdh 2 Subékate) adcdrdingSto et drion;

representation of a cross-section_ _of a second coatin

conpd§ ¢ ighschsmaticrgpresenitianeloma chetimentatiamathoy fod apparatus

f& NS iR tWoRhEKkk i ﬂgﬁﬁ(@é@stﬁna}@rﬁbﬁ@ﬁé §iR31€ coatiR§ QN FsRdnlofto a
the invention, FIG 6 is a 'schematic representation of
subsizate 8l ssauanfially formingepethes choleteriptliguiderystal daygr oty the first
: [ 4 F St ond chol esteric
of ARIRen TR Bl bl BYEL Ot Sl ROeRBE T S,
accofFldi. Ags 2 sshethaid mpresentation offd @ssBedtionpf g sévonditating
represent ation. of i [TE
o RRRdb B Bk Rl PR i ey iR By M e
ataydtigstoihe ihvemtisn;ngl e coating conposition onto a

subs e and sequentiall.y formn . second e

cho! B B X PeRk Ry Bibn pif B 8% ftioh S5 2 Bhrd dBispgrio auid
eSS dyeNéh HOIFMESEEIna Bheled@ictifa@idfdrysedl niavpial layers on a

chol esteric |i (ﬁui_ d crystal layers, according to the
sybstraipacensding faghe §1verRNdl: schemmti ¢ representation of a

CI OSBIGS 9G4 4 QReRhtirepREAMMoR 0BdHeREboSIHIROS alth&RodDdhd al‘pparatus
first and second cholesteric |I%I d crystal materia

forfomping e ol hame crystaldaysrovity? sigsle Reating Gamposiiipn ogfp 2

stiblstiate Ind £ qferdGMERFhIG I SRMATHE LiRlidsRic Bfuid crystal layers with a
cross-section of third and fourth cholesteric l'iquid

sesoyé single peatios canpdsiijesrostodhe fifst o chnlgsiguebadd crystal layers,
SQLiESHGhd fvddi@l d crystal

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;

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;
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material |ayers on a substrate, according to the
i nvention; 3 WD 2004/077106 PCT/ US2004/ 000536 FIG 10

WO 200a/030bematic illustrati on of one enbodi nent PGE/US2004/000536
liquid crystal display, according to the invention;
FIG 11 is a schematic illustration of another

enbodi nent of a liquid crystal _displa accordi ng .t

t he KlqvEHe ia@?hem&uFﬁ]&Straf@n o§onp eé@r?é’r?geﬂ %f”’r quug,‘gffry%ﬁll diplay,
acRbrafRQS BRimeffagdi ment of a liquid crystal display,

according to thé invention; FIG 13 is a li

t
t r a6 Klsis @nchemate fllysirasion of arsher enpodiment of 63’&%@ crystal
dl@ﬁé}g Qéomnégthgﬁmgg 1; and FIG 14 is a |ight

sm ssion spectrum of an optical body forned
accdrii Hyisaschonatiedbwnistton2f amihcr embedimerivad adigui crngtal
difications and alternative
dlfslg‘lr%ﬁ%pcc’%sntﬁétg?{%r %ﬁtﬁﬁgﬁeof have been shown by way of
exanfilGe13 s atlight imamissigs speattumiof in gicaldwdy firined a¢qerding to
detrgk Lt shoul d be understood, however, that the
PERER A 3ﬂ is not tolimt the |nvention to the
par tFIGUl 4fs agighomtindmizsion destimbean offital tedy danted acoprditdrie
|nten ion is to 15 cover all nodifications,
&ﬁ’ﬂ??/ 1ents, and alternatives falling within the

Spi r'ivhilé e 1SR 19 hmedabR th MRk ndifickidmiah@glternative forms,
Description The present inventiop. s believed to

spepibics therspehave b%ﬁﬁts#e%w bpyay ekexewgiein fe dpyipgsand Wi B8

dés'chﬂ&l)m ﬁ&gﬂ t fﬂ Shduid BHIBGIoHd, Sowdver ¥Rt thitehiéh id %St t0flimit the
the optical bodies in opt|cal devi ces, such

invetiticade the earsighlar szkadimenipdesgibed aPn &resoema% thei méentlon isto

cg\%eg iy gx 81@52&{ gg gﬁ1§ﬁle1?t¥5a d gﬂ_ HRESARRL withMBE §hiRMarddScope of

irecte optica I es containing cholesteric

" tHeiigentorgr ystal s. While the present invention is not

so limted, an appreciation of various aspects of the
invention wll be gained through a discussion of the
exanpl es provi ded bel Detaile®dDEsgriptine f ol | owi ng defi ned

::“e¥ P‘i}ileeé{?seegtglp?eﬁ{tllf)g i§trPe %Vea %{/@enaplpﬁcatbﬂepcg Io tlca}]%(g’lc{] ese(such%s optical
ﬁﬁh@%‘m el nautabiufe, sQ@el 44 thaiide @f the Dpecal Bodies'i p tobtyme dévices,

s et S 00t | & R, PO MU SRELUTRY S e

HVRIGUHEE 8lko dleécteﬂQ@SﬂSt&aMEQ QFRbhiRRE icBISsteric IRfuRDSrystdls While
wel | as pol yners, oI i gomers, or .copolynmers that can be

theqrpsent inypngons gt o1 lanited, 41 @HEFCBSIOH ‘Pfo‘ia“%‘k%ﬂ%?"és of the invention

wif & gélﬂe%f thid Ql{ a Hi@ﬁﬁ&bﬁ’ﬂf thé lerd{)@és Bebvided below.
transesterifrcation. ock i

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 monomers), oligomers and combinations
thereof, as well as polymers, oligomers, or copolymers that can be formed in a2 miscible
blend by, for example, coextrusion or reaction, including transesterification. Both block

and random copolymers are included, unless indicated otherwise.
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and random copol yners are included, unless indicated

ot herwi se. 4 WD 2004/ 077106 PCT/ US2004/ 000536 The
wo e ped yneric material” will be understood POI/US2004/000536

i ncl ude pol yners, as defined above, and other organic

or inorganic additives, such as, for exanple,

antioxidants, stabilizers, antiozonants,

pl asEhedermeipslymeyie atesialf vill @ﬁﬁmegstwﬁﬁ@ incBidgpolymers, as defined
abogg' QL& SHES 6r§@41é &1‘111&5:&[16’ E}{VGQ %H&Pa%' fot %mﬁiee faﬁ'io%ﬂaﬁts

nMposi tion I ng, not limted to,

staihhrte&samzonalntscuulasﬂlmplysdyah andpigentd, a chol est eric

I iq . s

crys haeltergr{; ecilélr%%c,t%lﬁ)cols f%é’r}éﬂél c?mp&gtﬁ(ogln%%ﬂs ?(f 41 5611&’150@111011

inolHme) duanotiimhigdtto, camhble&wm:rlncpnd @rmaletompwldaa clmﬂmg higwid

oA RS R ERIEE PR e R,

malegtﬂhﬁ(\fléiglﬁ chﬂl@aftﬁhﬂlcmﬁl Ayt hahpngmdemumdmg ﬁfmbmbrsmnd ofigomers
subst an t t m

3} @0t e i el o Ty Pl st ut i on.

di SpPPicSik@a REkniréerefekd th @ hetbhededusBocidivh fodibibstandes that may
refers to an as%‘mﬂatrl cal unit contai ni

ot not b gnigormly Gisperer] i igings qﬁs%a%%éégﬂg%d}spsfﬁwn and the
LRl ane) A chiral unit is capable of rotating a pI ane

of pol arized light to either the |eft or the ri

o o Ptiiem & Qo l B RS TRy BEIEHcal WHGSBEBTIES SRR

(e¥ % Lﬁ‘{l&?it%ogs 1#)& E&F&aavﬂﬂx%r ﬂla 0 IXE({ Eﬂaﬁﬁht is Ee[pHGlE OF Rotdtiagla plane

ates ormati o | C]UI crys al
ofdlajred ight tT bighet thedefbor therigtt i cirdubpyidiectiopst al

C O RHO Rt £k deb i At bl (KR hlin P ERANMLal kure hat
facitatvethé formadesfa ltqmda:ryasthIempdmet hat is capable of at

| eas arti al 20)..di.ssol vi ano r su

(sor T o pestaie gt ot PSR B PATRMA G gappound

tHﬁWorJﬁ@an&nﬁﬁc)qiqu[dasrﬁaI@n@eor nmore substances. The term
‘chiral material’ r{eiefers to chiral co

conp&Bs tef n%"lvqnh CPIGHith g SURsRnPSat 1 ¢ARR 8#&3?% partially

d%@émﬁg RRkshRELsEREE @blufty i folfl WissluisryGldEpe AP AURESerith alay be
can formor induce a cholesteric liquid crystal

ampisypheac ohmersFBbsiaeeson with other liquid crystal 25

Mat ef) e Bfiral ﬁn‘éﬁhalp ALFES 'tc?@htlﬂapébmﬂoﬁlflc%ro? c&@pd%ktﬂﬂ@ including
pol ari zation, circular EO arization, elliptical

chisdldiairizrystah corapoundr and chiss! naphiviA gBiFiabeABRIuRGS thagan form or
i Scqu%]? c]!(ljdges\fg?ic (ﬁt&ultdh; <8l ﬁlglgc{ph&se\ﬁ?%n%mag{onm oftRe BRI Erystal

es no nge ection randonly, but either
nmérial.ai ns a constant orientation or varies in a

\S;gii gﬁa%rrcr:l "po Di¥etion" refepsl & Bﬁn@ l%lgﬁiaﬁgﬁ 'of8utar d&ﬁn%t?o?ﬁ éﬂiﬁtical
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
remains in a single plane, while in circular or elliptical polarization, the electric vector of

the beam of light rotates in a systematic manner.
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30 remains in a single plane, while in circular or

el liptical polarization, the electric vector of the
whe@a0ofiod i ght rotates in a systemati c manner . PGI/UE2004/000536

2004/ 077106 PCT/ US2004/ 000536 Reflective polarizers

preferentially reflect |ight of one polarization and

transmt the remaining light. In the case of

r ef IReflestive pelasines pisferentiplbt refleqt lighitof gng Belpgzation sndgrresmit the

reﬁla?ﬁ% li;ﬁt RS %E@&Frb clive ﬁlﬁ&%ﬁfz&@ Gightidthzel Hrg&{e plane is

d Int ort 0g onal lane I's preferentla
prp@felnmitysmnsmﬁtedh@hlbégbt mnﬂart.z¢¢ mhfaorthcepmé olang is preferentially
re v\g 4; irﬁ%@ %%se o'tf éJO)éﬁQ&L Eﬁfézulaﬁz&ﬁﬁnmdﬁﬁ IR

or COU ercl oc Se sense

se(ml which afagrbe@mb dlm:kme foF g&mtwﬂockmtsemﬁ (@er aferred to as right or

le g 1at{,l%1r§3a rliz?1 %1%%66& ?lgrnttralsng%ist’éeéd hf gg%mpoltanze(d 1nﬂ1 pgcpsgte
sehwc 1|s prefeehtialn ﬁaﬂeMBdi Ofie §pd dﬂﬂlmulanmlmmﬂﬁbludﬂ&hu]dﬂmc liquid

grerlc liquid crystal polarizers. Al nuneric
MV% QEIZF& herein assumed to be nodified by the term

" aboAll numerkOvalvee hid@kere@ asi@heda B inolifiey by aditeat ‘@lout,The
term "about” &enerally refers to ara eag nunberg
whethgr opAet eyplicifly jodicpted.t Fee ' gene 1S R I Pent

nﬁrﬁ’oetrﬂﬁatr &6 lof ﬁgll Yotht 8t Goul@- consﬂé@&%ﬂ?@il&ﬁ ® tﬁéfﬁéltédﬁh@de' @8,
or resul t) In many i nst ances e terns "a Out

hiving thelsemefungiionst rasld). ir manousiarcgs s e haewey include

@'ﬂ%ﬁ% tfhhtcﬁﬂ}ou{lﬂ&i B?ﬁ n\@?f‘e%@fgnﬂﬁﬁlﬁ re. PErcent by wei ght,

e are synonyns that 15 refer
t o tWelgbbmmt, patcesiyy ofeight, $bbis weigble aristhe like gieisytonyns that

e er the c?& A doleI ?D%QF étﬂgéew?éﬁ of tﬁfbstﬁﬂ% divided bgfthe

on and e recitation
wﬁighﬁﬂtb@dommm@esaﬂmelﬂﬂ]mduhytl@m ncl udes al | nurrbers

S u bs rec2ta¥i\lngrt1 Q nur%arrllg%} rgr?g@é]@hé%g?mts A%ctludes gl 1 nu #%E §°ilb§umed
wstnmhaft Iraﬁgb (@f 1a0d ihdheleappies)derl 781328188, 4, mespu ngul ar

fo " th d o,
r of cheed %Fﬂ‘sesé’gm’{i%o’&ﬁﬂ%ﬁ?P%éP@rC}l*‘;}ngF@‘t helar orms

aftt RESWh @ de plittiBrefeh s unfS e kéntert @fe@ﬂlﬁﬂh@ﬁte& @thdrwise. Thus, for
COﬁ'pOSI tion containi ng 'a conmp ound | nC| udes a m xture
explepdefergpcetp QQO@Bngtampgg ‘BSeEPoYRd; Hicludes a mixture of two

oSREE! b ?@ﬁﬂd@ n Aﬁggedtlﬂ hiPRBaNEsEn ﬁﬁcﬁﬂhgﬁppeﬁlh&i dlﬁfng‘ th@ferm “or”

I'S genera In its sense including

Iy oye
isgeherally eriployashin ¢ sens¢ waluflipg dandfast é@eSS&wwgﬁeaﬂzshctates

oﬁ@ﬁé steric liquid crystal conpounds generally include
ecul ar units that are chiral in nature (e.q.

mol eChélesericiauidioystad coppamdsgenarally imcbide piodgsalar wiit$ that are

TBHSEHN B8 0 SRR o L M
tieare mﬂsygmfcan nélhr (egt, efolecules Hai ethibityisal crystarphesed) Iamhsin be
pgia ers ers?t(c:ell‘ul:'I ﬂqmgl grt;/!stglacompoggén% ﬁgyya?stoa}kclude achiral liquid crystal
compounds (nematic) mixed with or containing a chiral unit. Cholesteric liquid crystal
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
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conmpounds (nematic) m xed with or containing a chiral

unit. Cholesteric liquid crystal 30 conpositions or
woraioe7Aabe i ncl ude conpounds having a chol est ePCTUS2004/000536

liquid crystal phase in which the director (the unit

vector that speC|f|es the direction of average |oca

nol ecul ar gnnen of . the liquid cr stal ates
PePgRgicpigRio th%élmc@m Qﬁielﬁﬁert%um%%w 5 B Gf%f‘?li

ash 1 HSRRA4 i §HE 36tal &ﬁ{p@ﬁﬂ&lsc qih@f)ltctlﬁbftﬂh#‘ckﬂleﬁtﬁﬁé B4uid crystal

Chol esteric |iquid crystal nF03|t|ons are al so
cqngrositipe ar materal 18 e ﬁ&ﬁan?re%% 11 chipypgrpengiaplar kg the director and

alSﬁ’érﬂﬂgﬁ ik bPMRS cholberfiH 6D 1R ilth@s E Mefifetiol fo rbfafth@ugh 3600,

crysta conposition or material is the distance (in a
Thilﬁd@@tl«rﬁjﬁ%@f@f%b’ri@ﬂ@:lm(amqr@ the director and along the

i v cER S £ DRUBRHE G Ry Toho G o be WG Eh b g6
otfyervaseabinpiniiy)(cur, rby eppatpneizatiing a phira kowpowmdotit cewmatic Gquid
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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., ultraviolet
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So0al by bR Ben ek R Sl i

also klatablzefot pheteatignmeert,as déserithdgn Pl Paten@’ﬁwrtél;ﬁo 1i77 e Aligmoment
as U S,. Patent No . .
i35 G O gt e el e maftbusy whieh orent due
tpshleytpplied dutiag uekeingoMolarhidesf this @pedrenfgsclcﬁsed, fexampble, in U.S.
Psub |%% ﬁgﬁ% 4- benzenedi am nes. Anot her cl ass of
Eﬁ At é t materials can be used to form alignnent
| ayeTBe optioal Hoake cﬁﬂ&eyddiﬁibﬁleﬁ efitk othey eﬁtka]r@mysﬂ;am eletments. In

o et gy fuiare (L) sfm G baAReRa AR Pl pe

uYiBE hisdnefivd. e aa@dhardnmdmwnt b 3hikie barl Bedbfmed uMﬂg(tﬁb QB&aite
react ed, have_been shown to align liquid cry 5 b
1t can be

apdRodisr pelymer Bim. faoas prabadiment e PAF g5 dwprter Ka

Ifﬂﬁhﬁéd f%l tﬁe ﬁ%@mﬁ@ S&ﬁérﬁﬁf% ft‘ﬁé Tﬁwghﬁ'ter avdrifn caleamthinated
89, 698, 5, 1, 838, 407. 10

tCPh bv@* c@@ﬁq@mgzth@ P@khs@ﬂ% élawé srysigbmatggal. {The qearisRppes film can
@ﬁ% W&@mﬂ%ﬁ'c%@&lbry lzﬁ{z@d h@lt %cphr?e'dfl& E&laﬁzefd‘?{%lgc After passing

I gnne nt crib
tlﬁpwla QiATeT Wevie Q'ﬂmemculalrlapelasze@lémh‘ras s@ml@@ed wtkngaty polarized

1%?%1'}11{195 il 15}1 YPEG: £ oﬁﬁ &eé%% gpéycfrcﬂp Itl%%‘ﬁltlgﬁ a#g lofthe quarter

ear a duri'ng coat I"'ecul’es
vaifve film smtlylpe dm(vodelonl dstcmmwcb,y theospeeifia npdudgr mhnzatsn state. In

o t| b
SR ehreth T s R R E RS SO0 D€
one, ThertiatEsterin tiquid ctystad la@éry:hn beeildedl hloae of ﬁkﬁi)lbfnlatum Wlﬂnother
be attached t he u5|n an
BB B0 BRREAROP IR i IS G BREof T PG Ee
elstefiatiguid afshaPtdrhers aplsyd®ront kypeof teflean@ polarizer. The pitch

enbodi nent, a TAC or_ quarter _wave film
of a cholesteric liquid crystal polagzer 18 snmlar to the optical i:ayer tglckness of

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
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| am nated to the substrate. Alternatively, the TAC or
guarter wave filmcan be amnated 20 to a | ayer
wa@omsarnideg the cholesteric liquid crystal natBCT/E52004/000536
The quarter wave filmcan convert the transmtted
circularly polarized light to Iinearly pol ari zed
light. After passin through a quarter ve film
repqaat wrs&rmn}arp@r e | laygmin ultiBgereteche PEzery haxingthe

s o?{l&aq erthicg};gssvmth its polarization axis + or - 45
egrees y fromthe optical axis of the guar

wav el Heiceptpr vahngmekodmdébq spepiral bandrigthel. BY the H’éht reflected by
the ﬁg&%sftérﬁ lﬁlhfdcc%rs?d'l 1@ &gé&ﬁ}d Rpisnab S tHethdRsBROL {8 crystal.

te 1tself can be a quarter wave
The demter Wheslaigdi, &s itppexinged W crystal | ayer can be used

al one or in conbination t-n | ayers or devices
to forman optical body?”woslg’ﬁ );EF for exanple, a

whe ngaid nereptbé mfnacztme indicei of the Chylesterici liguidgerystal dordight

pfr s aha i Rt i Y bR il plersd
p@palidule fo the dBédidrl ofl thetliouidrveyseid ri b aTheI spgodnal bdmdwkhlesﬁs\ isf

30 nul ti %ayer reflective polarizers. Pitch and opti cal
PIFEPedP¥kness respectively determine the center

wavel engt h of the ghahgai- ﬁJ)A(;Q+hoD=q1Qﬁle JLrystal
pol ari zers and, mul til ?yer re

|
r ot aWhﬁ’@ﬂ’Glbi‘ré%’tnS?me’ff’ﬁéﬁa&’i‘G{ Sf“é 224 %Eﬁaea“ %qvgglﬁ of

wR&h dhiAka hOfNEyi@ibtat BaF pealt Bei¥¥d) SODHoERLO ﬁquld crystal
PCT/ US2004/ 000536 repeat _uni t S, siml

cprrpesitisngs geagiafly 19Gvmmnor {est. glhds lipity tﬂi%&ie?‘{}’éesﬁ of %\?el?oif‘é%c liquid

,Fkgyrh {h8 ¥Rre LRILIINDS fangd (100 &M 0Bm
&g}él en %}ﬁwﬁﬁ%alegﬁw}fﬁlgrspectr?al ba% gtghmAX of thoer

OthegW@Vql@gthéém@duwanﬁﬁ%lafﬁ%thé%tlQQrIPIE 1§ egitidd cr ystal
| ayer, depen gef@éh‘;egﬁlaﬁ% ably of%ﬂet:{h?g £HBhEIEE bicwavelengths

liquid cryst hter wavel engt h, X0,

mpmlomrcqhﬂc@mswyn be-ugd0 Bf;{admnd@)lﬁestwém@m%ﬂwowzeéﬁ have

the refr

bge%/%rf) ar o h¥§d Wgﬁﬁ:ﬂ%ﬁag | zelE}a par géﬁﬁélfgewgcsf dé[ di ?8%?63 r

chblettbriz 1iquqi,nrybtai Icyaﬁngk efoiedispmpad dnam ihdivideal gehstrpiezwigh different

E’ %i;ge(‘e Fh al“\lz og]{lt'%‘ég%'&%%g{s %r & m&)i%edllf‘ff%ﬁt gtlgsr l;yerc‘\;/é‘i%ht C?f

cgital a]'tﬁ&ﬁéiﬁﬁ(cﬂﬁlﬁfd) drgdtdl echﬂpc)neﬁt@] | Banip Jaytiftes a tdtf&rent pitch and,
irefringen f .the terlal -no) is <_ 2, the

thegeforey Qﬁgﬁéﬁg‘%&%a‘flﬂg 691 “Wﬁveﬁgﬁg@sur ed as full width

at  hayith Peaiicifit nghbgr df}iay&rspaf@lﬁ&bﬁdfahlme lcbmptriucied tlgasteﬂbcts a

conmposition is_general 100, nm or imts

6188 boBER B e ST I YBIEEe APRE COSLUATES 5P AR not

RO REnsHMIRIdn o8 td fREf dnM %Edfra%é@fusé éheh Bt reflectd Sdiffent region of

l'ight range (400 to 75

lighh sThe a o 0{1 Otahg : ngel Sj}i%smn o? thg% uid
sThermifamigy q aﬂog@fxp@mﬁﬁ meyhahty iploviag serag o1 q
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
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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To make a reflective polarizer capable of reflecting a
broad range of wavel engths, nmultiple pitch |Iengths
w@anv4be7isced. Broadband chol esteric |iquid cryBCHEUS2004/000536
pol ari zers have been previously fornmed by |am nating

or otherw se stacki ng two separatel y-forned 20

cholesteric liquid ystal coa eac
(cgin WPIBFAE 8T %heawl& [i‘P"F‘?&@Hﬁe 8 Eﬂq lquldo crystal

m&t%neg betwtRY i Gws 1y Eer Shis a6 FQREd dubfisntial BocRMagENe,
fferent ratios by weight of chiral and nematjc

pqmwrb/ ryjes of the timp m@ﬁ@%‘sor dyffpsign pefyrasn the svaprgyicpy fyned
hcﬁil& &gstélrlgyers \tvfﬁ@ﬁ ﬁfe%ﬁ)@oallff ?Bllyﬁ§ﬁ§lnl da@d. having a

ferent” wavel eng suf ficient nunber of
| ay ¥y teghmigiea fqrmkmg&holﬁﬁewdmdf artdgrtisphbodieshage beng
dezfélogécf 9fhe PO Lt eQ{ncl‘ila@ softedt MlaGndti S te1 RO td MBNitald BRRing

constructi ons t have a non- uniformtransm ssion
tweer ormedré eleilgstemic shg@ldtcryatabbmra gea edhshath pera siegle eqafing 5
coqﬁn%)fsﬁrgnt region of light. The uniformty can be
oved sonmewhat by all owi ng sone diffusion of the
I i q uh dew tmeylmia)tf ﬁ)rimetg\mehstbmehqpad ¢rpsisl bodigeinsludes forming two or

mgg: c%t {egtc u1d crﬁ Slﬁaye?%’f%rﬁ a &80 16%8&1?&%%%%@ ﬁtl on gécfhf #ﬁl%

ert ar pet wee ayers.
cleddsterie $1qh1t1 crystamaym ang ga\reghfférent&@mah propértieh e‘Sfthebarthm

o S i oo FBLOR DS LP b EBHRGFi o

c@a@xﬁ@b@h@isﬁmﬁom figt ﬁﬁl@hcdnd)‘l@érs(aﬁe @ayerteddntv Iaﬂgt&ldlc}tolestenc
rcurln each | a , Stacki.ng 13. .
8 AP P e s On a0 H By 18 QTR SRichlponsryes, e
s1h?ﬂt @bting ABEpdsHRN ihdadek B8 éritfork GM%rﬁ(sI @d&@u semdtd dhukktonc
quid crystal  materi al bet\/\/ﬁlg@ 51 F‘sgyers
liqyjgt §Waqa§@mp@a99¢8é§at§£?&§ﬂe&?&mﬁw spiuBlede eﬁQIVFI?t
par t vdkhahdd/of thdlinVérdh efn foh8 ahy Anbee dElbdds e{/&f number of layers
di ffusion between the two previously formed, |ig

i d
withliffesgnt pptjcal Rropgitiesh Qptisalipyapierties fapt ¢ difia incd uqenfor example,
phdt Qﬁ‘@ctlvé 1lt\ﬁ1v(d%ﬁ%53é AHES B! andBkhREn&hol esteric liquid

crystal o tlca I 'es have been devel oped. These
t echWihila set Wishihgitweedonndhit arwmartwalweﬂlmw, isis|beligvied thaf @ driving

c
RO AT e e TR LS )t
comm;samntm\@ilwes fhermnampetihiby of theftwp of mgrecfholesistieedngpositions.

id die f. .
B Y
tehSiah, sbglbdmyrmanétmon: suefachicdiont thensureinehte sSABy Df:theSeqvjll te

ﬁf{lef{)r %gxf; eﬁé\%%ﬁg\gﬁ glg%/t‘%]a%%ty eli ﬁ) \ﬁ@%&l s%ase ate nrgrI &6 form

t\ﬁ@ Bﬂﬁ&ﬂeﬂa}@ﬂ‘ ﬁcémpﬁibllﬂyﬂd; oftet ﬁditdby} i Hy sumyerb eIn‘f aalﬂrtibd to having
hin the coatin 03|t|o The first a

140391@?%191%1@1%}?9 apicals; 0% s @ﬁé RSN LYY %HP%‘“
nfey YiSherld OB irkdEs ﬂl&luhﬁ%eﬁlﬁ nW‘lﬁﬁ@dQ@GfﬁcbsﬁyﬁﬁhaE@&ansmon

different optical properties.
temperatures, solvent compatibility, molecular welght of the materials, difference in
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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15 single coating conposition includes one or nore
sol vent(s) and two or nore cholesteric |I|iquid crystal

W@ oipo%ilné ons that are at | east partly sol ubl eP¢TUS1964/000536
solvent(s). The method of the invention can form any
nunber of odd or even nunber of layers wth different

optical properties, [ aI ro rties that ca iffer

o che Allemaiyy, lt&%ﬁﬁeép%ta e ey PVATCIPETRRT n'ag'-‘r Fipugh so
ttabit RliA ﬁl‘bﬁlemhﬁ@ﬁhas@ ng cefhaﬂ%&!é ﬁhﬁa’ﬁl foPfhe W Iher Bhaveia $é1atRE 1y
to be bound particul ar theory, it_is believed
losgiscogityyptithis F?glpeff%%@ U 19 BARGere e fos abpseseRsTtiay & accur.

113y hiRgpidehif F&Me RBhS My PRI hhes the RWeRla§EN S Bive
conposi tion involves the inconpatibility of the two or

suffiglentbhloedscetifydo @r@w@ Sorpenbansed mybility af fReotppwEPBIS. i ty
BRI lgn%g sl e llﬁaffa%ﬁﬁs&ﬂbe 1Bt EhaEt0R . RAE &L @15 layer

interfaci a tension, solubility paranmeter, or surface

farmmEdron frasistositefor e pAlyynepmay he sesomplishephdf dsireds &y gpntrol of
C S

1% gcgansqg&girgﬁa%xglté%\ﬁe{r%l%ﬁ gé{h&r&ﬁ sto?}]s}enf{%a%gé ?} rfagtrl%g?tcmﬁ%ﬁt or any

c@ﬂb@ﬂpmmhmw¢fty is often not, by itself, suff|C|ent

In a@ tlon to

mat e fgroce%s% 5 ma \e(,n g orp oges ?ncbiflt ong c 1{be§}sg& 1% ance layer

seiRat erl & orml ayers.
féronatied. | Kam exdanaple, dﬁtp,elihiff@ént mﬂn@n’cé with dif&rdnnmjmmuhxytlesmot the

d
Pk TR Sepehore sl PaPr el SRR al) a0 e gl

wiile tH&%tmtéi’xﬁdn@ 1ﬁ soldthcfnf @r&m&aﬂmlﬁﬂvﬁy tiffecomt hemmaic ansition

chol esteri stal hase I and
IGORTHAAYTES G %‘Fe Sﬂ at8 t‘%‘n “ﬁgﬁg[a ej?‘)&% vigepsity gmgtic
pHE8 While fRrotieer IsOR alnay@ms&o@s RiaYiPheuslpauRl Asaéﬁ{aﬂe&y toaa ﬁia&ﬁal
than a |l ower |ayer tqQ help dr|v§)the materi a

cpyp bp qyred ﬂnabm@shléw%ss s ipsp et and Forethe oo matﬂm\}\ﬁ tne Surface.
MO &%i’g@@dl%&@%mﬁémgﬁ If@&%o in@orhfi‘efﬁbﬁzl Jh@fe@t@ﬁé P&ymers

It can | pful to formthe top |
ateefﬁﬁéfrda\ﬂh @ffmegm@mwe@ts tfﬁatheww wqqllr h@/ervéwclff%rent
VEG \!vfnc el %Jnéx%ll?@rﬂﬁﬁ&f Ihlyer &ﬁaﬁ&? 'f‘e‘ﬂﬂ)e{aﬁ}f@ Eanta@sohﬁ\@%ned

atlve VISCOSIty at t |ste eérature in
dgmeuhe fayer fédn@@nmn@em Fist the tqmnesadurg egabeeﬁbpmth@ gematic

tr?i mﬁi#%r{qtew_héra%gen({fﬁ)hé ?%o\?\e&} 91? %&HJPchnﬂ ﬁau{] Q% tﬂa@l K} ?%T%?éﬁ%?lgl/on

t¢noperatins ©f 8 s¢cpnd chopastrit denpand.efilia mléuelnﬂblﬂrsttrgat@fal toHferm a

ﬁ%{%n%?l‘fc&)@a%ﬁ la%e% thea‘;’lt(:)I iy ute cg b& fjaﬁ'ls\%la %lgg)on ?he nema}lc Fral%sﬂ:lé)n
tdrayy ef the ﬁdcblﬁfhfthobﬁtend\cdmpuund Sccthsu thaterfiad will fwmptslcildesterimhase
1be acconplished, if desired, by control of its

Bbhposi tion, nol ecul ar wei ght, tenperature, sol vent

bal an@ethefhelshil faétdedan ©O tﬂt@@éhole@fenawnpdsmm foaighidses (super
thereof.. 10 O her_ processe nﬁﬁerlals rocess{ng
cerlgaiayii et TRoBdop Ied AR SomAYahaSq VA ORI

pﬁQJes eUﬁHE Eigblestekic %wﬂm‘éfsflﬁﬁéa@ R mSAGMES hslp¥ioteicsliride @R
onpatibrlities for the cholesteric materials are

@@@aon aAn ghenaiye jealpssdomisbipatsds quis o manomfy while they
AO&HN iR te@MSVered cholesteric phase (at elevated temperatures) this helps to maintain

the nematic phase of the two layers.
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while the other remains in solution. O materials with

very different nematic transition tenperatures can be
wa@e@d/ostoé hat one material is in its (rel ativeP@y/usmoa/000536

viscosity nematic 15 phase while the other is in a

nore vi scous anor phous phase. Alternatively, one

material could be cured that_mgy increase jts

vi sdBsne gmbemery e fifsheholesteh Hq‘HéF’éIFIaL‘I"nIHS’S’PH’é includes a

clﬁlléf ﬁ(ﬁﬁ@c stMY B BF 2 WbitEHE of EHifal SidRERE 1@@1& o2& pBl§mers; the

i two i'nconpati bl e chol esteric polyners are
S$md1é1@169&enh ligiid prypialpompesideninglpdeses; %ﬁﬁlsthtCIfaYﬁt%l FyRomer or a

thwlanF of ¥iRiaf %H ééhﬁﬂ\{fauﬁ%['%tag hbhGREDT The/firSC@BIckibASliquilbGhal

gener y enhance 7l ayer formation. Tenperature
canamstibs malyde pentinkidor 20y prlyheripedhEhe Bsperbolesierialify crystal

O(Hnepo%?x% mta§ £he2d a thteﬁl? tla%ﬂcpﬁg&t YhEsdeBhh Qﬁle@@ﬁ?f ﬁ?ﬁlﬁ Erystal

ansit errper ture of one ch eric
cmpqsmmn darbbst crb@dmkemtwﬁOMIheclrﬁ)éqmp dquid an@tai foatgrial. The second

{
cw%?? gl'qglﬁ%ﬁrg a11| > 31%0%%% m% %la ﬂfl’%mg{ %u?%f gm%%g%sétg%&;ﬂrh? {:natenals
fq@ hl&Sstﬂ amyl gécond hqmd tiystal mqpemadmsraee mtenchoegeaable spdlargbove :
t. I
ST B e PP B G30 B1b
aﬁﬂiﬁﬁ@hol@éieric&ﬁz&émal Angititie the edpp bfithisfiaedntion.can be if the
hol est t f d
0T oniita e by i shRots S ARG Pscsie e ng e,
SRIAAS Bny/ EfafibiS te6tini Gled Rehideal op sta&eSa pdﬂﬁbmgf thé silesit ﬁbmahe
pol yners i nstead of gog mip% ﬁS our agg 1?{9 ¢
COAERPTRPFIORNAY GaRse{ag K5k StaIl% ¢ g ‘ioa‘r?O Separate

HH 16K bbosd R 1dsREC RNA BBESE! dthipotnd. MRth B ebfotméd firdth tHeltingle
their | ayered cholesteric phase (at el evated

coating aHEbiR @ spmpesitiontan be formedefi aiaiPHty of gae pidhpeholesteric

£/ 1006f $06 tical
B ol M R S bt et ne 1 rs;

pmlveﬁlest eric liquid crystal conposition includes a
chir gl a.lnglﬂfﬁll FLgﬁ)@é? bR l1nt91@4c? H?c(zve&{ the Fif éﬁdfés?eri@fllqﬁila'c['ﬁ{al layer

and | ra urd crysta ol yners; second
achthe smoed phol¢st€tmllxd1uxdr0y>§taélawamﬂrp bs fqrmedw I\rﬁﬂt GHelgsteyic liquid

I I
S OB e O Rl
lazyleﬂbvheré éei cxonctanqmmcm gac}mﬁ ehanBestimopgisihe tromsithanyregien. Likewise, a

qoaéf: I1I Otrl' f g%sﬁag n&gh%%g:entgi%%nfl df h %g% tn?{h' e First

chalyﬁénc ued aeaslnsyee vatre ﬂie&bncfeniratqml ot dieny shaages through the
ositjon oss-]inked.to f chol ste

PTROR Bl o RS PSS ot B IR frs

Wit kb1 édéﬁh%boﬁlﬁb’mﬁﬁ td pocdiRedties therdohplexity pebhunter 68

understood the materials  fqr the first and second

rQCgEFing Wﬁ%ﬁ%tﬂfﬁ%?’%?ﬁﬁ?@ﬁ% i nt er changeabl e and

any O orferiit agh dr® "he&tfng'@ﬁ Béth *dmd¥e s610bntand adiehll 2 iigiOthe
gar ation of one cholesteric material from aqot her
sterdc lequidenrateldpyess. Alterngiively.olva remeRé alst anggling can be

ﬂe%ﬁﬁgdi s@frately. The cholesteric liquid crystal layers align with different pitches or

effective pitches so that a broad range of the light spectrum is covered.
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The coating conposition can be disposed on the
substrate using any technique, such as any coating
wo ewhiTjoe. Renoval of at | east a portion of tPEI/US2004/000536
solvent fromthe coating conposition nmay cause the
first cholesteric Iiquid crystal conposition to

separate 15 fromthe, second ol esteric.li UId
conpd§erand Feeting P%‘?%‘?Sltfoa b gre 'Pﬁ’j e ghaligsteic 1 ?y
cOthpdsitiof ol b&&&ﬁb@&l 4d 188 ﬁ%ﬁihd*%@ccfn@ halekt@fc 1ﬁ1umedrsadta1uayeﬁf Each

one of the cholesteric 1liquid crystal ? 03|t|ons
of thegugsrlaxareinaylisartte Repeandheampripeic materisl e dors-lobed Rajerial

Pr OP&fidih 1y°~a LdBRSLdakiRfc IS RkiBn @ﬁthh'&@mbéﬂiﬁ’dnf e %ropertles
bet ween t first cholesteric liquid crystal |ayer

siamldr totee dé“ﬁe@m fowbt Best eanfieg janeparidor Aepstigad qba‘fﬁeirndé%ﬁrﬁbéléy to
chele %1% ?{(g &ﬂo?éste‘f‘lg %gﬁiﬁtc%iaplfaiiérg ks Qescﬁﬁé@:;b%{ie fb? MRAMALoating

concen I on gradl ormin he second
cmhmsﬁwn)awnd)elapghﬂddo dxe;fgstahd sqcalybcrhom@ﬂ@ ligujg crystal layers. The

pﬁ&”cﬁ%géﬂ l%}t/elig%{]ay%ead%fe%% £ @@g@@gol : hLouah tﬁel\ﬁmﬁl% G2 s‘j)é&ﬁm

ew’'se Sec terlc cryst al
”Rmrm@mﬂ doatmg cemposaiiqnman groanﬂle @mhndm;i fblg‘rhnhobstlehe llﬂuld gystal

laglgﬁ %ﬁ{s?e tB?\ % %? glgd s%% nsc'it 1ﬁsgt§%cel qul oﬁgﬁal lavers §ach of the four
ldyeRsdytaliomate®givaRn a ﬂhaem@;haduc imatetrial a‘ndramrm—lllnbalsmmtmaj
dlst&

chol est e UId cr
S1 nolS btersrprdampberts el et B ol by freacrive
n?&xﬁﬁbﬁﬁﬁht%ﬂal&lm lcﬂgéfg@hnlf} fin add[tﬁmg ﬁd&ﬂ@eﬁiee ﬂﬁnsr redytiive mindmer
orm an optical bo n one enbodi eating can.
e MY By R T E H PRROmEh & GG |6W§Hdlm*‘f8ts is a chofedtric

1ol Bta® Edrbpdub U Stediabs Fdla chaly®drie lighld (ﬁfd‘ﬁﬂ&)bwﬁiey, or a chiral
sol vent renoval and annealing can be 32? per f or

compeynd; Epyexampile, teapastivempronier gtegiakqap deer e f-‘sa ‘
d?(h‘leﬂﬂa ‘P%l!lt@ A b y- %laﬁ' 5 @i 1dér a di®fnky B 6 dial§1 Shdr@h Sﬁxeﬁ@actlve

road rang i ght spectrumis covered

m@eriab Poosioy 7the ehcﬂ@wrwéme@m@@b@g@(s) AN e rSHbTmgally
Crysioﬁjp%o%maﬁ%%n{a%avaﬁ@ eibyagbe cholesteric |iquid

conmposition can |s osed on the first and
s ec ofitlisohasiasisind cpefiguiagion (haﬁmdy@ttwes pegy ereyiougigehniqess, infdich

S B Y BLh (ol RERAN SR EARRAY LRI AR Srduced

Cross ternative
dffesioacto mﬂpomgnmfrqholsstemcdlquwd ¢rhstd polynpokiyeison ﬂm& prlor

erti.es 5.siml g to | '
Btttk oot adal ol BT T ot g o
diffesite ofmboslnﬁﬁﬁdvef Me,qiaﬂicehﬂg Iwihen thee graddctovagsititized inyer s
(as descrj e for t LSt coat,.
SPBIIOT P11 oS B, pish Eh SRy Pk oy shpligaiog i
SnehRA defisfon rbfilitdinGh¥isdeln thawiRicsl prdgeeties pif the iprc&fuctﬁfvehtlme

| ayer may be different to provi de cov e oV
VI si Bn eoqtiaginthe d3sbpigps disclosph perein %&fﬁ?}ssj‘é‘ggﬁﬁ]@e otebebo tiquid

q’aé)ef b)%oxﬁ@é@ AR AN LR Aubbiitialy ?é'@dciﬁlﬁ of préverliial asther i C
|qU| crystal 10 | ayer disposed on t first a

wevestvt afieb Prostliaking by infrqaging mplecwlpr W%}glétraéd rqdyciRe g? aypjlebility

g%bﬂe 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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| ayers may alternate between a thernoplastic materi al
and a cross-linked material. The first or second

webekostiesi c | iquid crystal conposition may i nBPCT/US2084/000536

reactive nononer material that can crosslink, in
addition to polynerize. This reactive nononer
material nmay be a reactive chiral nononmer and, in sone
bgid enysialpomippsition is spmpeidhls with the(spagnd ehadesjesicdiquid crystal
is
%Mrre ?ﬁi thg? tegiﬁ C(ﬁﬁl{r %o‘;eoarw B‘Pea o%ﬁéfxag Sl)];vgllfli ?ﬁ(ﬁ{&@c{ f%us,
g@h&tﬁuln@nmmh@refﬁqﬁs end @w cmmhrﬂ@lg Hrowdeawacmlcel body that is
I
%Jb\%ﬂlglﬁ%/ }@&B% o@%rem?eaﬂltdﬁzgl? é% lrls%g% r@&lﬁse a%%o% fe 93(16 Plddu& with a
Phis lifdtimess' bompz&ecbtmqir@s bt pptical bcﬁ{lwsd crystal layer(s)
and tantiall redyces any. nov nt of
mat er o R e oAl Py Pt G ST S mianes and
eqmn;fmeglu rEG. © nildsastesaﬂymma@eﬁ a oniebleprieavodand dedcdfor qu e s
%‘ ach r h@d ﬁ for d se uentlallg
PSR bRAoSEE AR R POERGPATITS
EnXpoRidibh bMO 3 s@lfsttﬁﬂao lsesiatiig @phﬂaﬁl@ iLob ﬁlb%l&ésai caﬁ‘liﬁri(é@ I'a conveyor
In the resultin

D et al SRt Bt kO v e M AT E A0L P 4 g rsiing Bengaes 104

hayaitseBl thdishdsahnbo Gmohtlﬂfbué)’vi% thﬁi ®Bulled through the
gﬁﬁtlcularly when the product was utilized in an 25

Taius 409 Brougnuse Shdsie éﬂ%Sr dihe peeat dpvoralietor 8 similay echagism,
R bR R AYstARPI00GAl bANS: mdib b§at1n? %Eﬂs REL ik L&?e' rQQessﬂ:y

resulted in changes in the optica gertles of
for 8 qereier WekC%t?wdemﬁhéWPﬁete 20Ph ehmagnecomposmon 202

Q'd%‘ﬁ!e&%@ﬂilr&%ﬁ & 'fﬂst aQe(tlnétha?isl'dG' aﬂg biYd tﬁéﬁbﬁﬂ? @t %iy%oating

liquid crystal yer(s) provides a mnet
tecldquersen b wepd instidoigntpr exampie keife ¢aatjng, bet dvetingrslpbomating,

gfaﬁﬁg oGH8 S @&Juﬂg gyaP, cggt{nga cﬁ]qalgg%ﬁ%g. i %nge%ngn%aneae the

uci ng he avai
frest enaiing @nfmsltldm ﬁfDZJmcl@ﬁesoarsotvememé tWo orfhers chéleserivdiquidrystal

he r body can be
nﬁj%? %Setﬁ tare ast:l a vsé)rub!]eglngpeﬁﬂ el&tan be used to
pr odueene ernbmhmelrt,ethe fist ehopasteeiv tituidictystabedngpogieibn includes a
lLi.feti . on n.the fi hol esteric 17
s St T el Dt PUBGRa G608 3bend el JForial Polymers; the
sbomm&blelst@ﬂ’ﬂc liguid étgﬁﬂlpﬁtﬂpbfaﬁoﬂ\ﬂn&lhdés hehs8q ﬁf@'l crystal (Ijnonomer ora
erlc ui.d crysta sition t ten
%h&qu FER] BERHnE ﬁE%) t5kcholosign; %lqlrlé ‘Heitbved
&dﬁh{ﬁ)smoﬁ)ﬁia? bé PEAIRCATIIR pdlrhériKd. eThefbichoRetetid Bquid crystal

cross-linking provide an optical body that is

CQROILAR Mgy F’W thermoplssiis laysr nghgsrgondeaholsaterie gpid erystal
SIndeEin @anrﬂérp%l)ﬁﬁérllz@cMOQOﬁ{ PEMHdstept tiuid cgls!ag'}ﬂe%nal %}]e second

lifetime as conpared to prior art optical bodies.
tholsstseie lignid envriplepmnosivien may: fase areessdinkestlayssi ng a

vari efyy i cBﬁfﬁEQb H’Eﬁ%e 2 58K EOO ﬁhﬁ‘aﬁ:‘t h a dryin

illustrates an exa a su e met devr c
évsn 10&tecrorpyd solventy Rezmqvahg" at m@st e Ipolttles obthe :sollverq |1ﬁrod1 the coating

gJﬁp%Ef’ﬁl)n h(ﬁy &lises Wlet fﬂstachg eE]tglllc 11«51%3‘ éryge% composition to separate from the

second cholesteric liquid crystal composition forming a first layer 206 and a second layer
204.

18



10

15

20

25

30

conposition onto a substrate. A coating apparatus 100
includes a carrier (e.g., a conveyor 10 belt or a

wa@ kiodiontyopl at f orm) that conveys the substrate PODURRS1/000536
a first coating dispenser 104. Alternatively, the
substrate 200 can be a contlnuous meb that is puIIed

through. th t f.d
The HeggrouiEapon e g ank oL Pt e B iecid ofesp 04 and

SUBBYALOEN 0L AR padd RIsrbi gkl £oui@P safish H@Q:oﬁtﬁlnmg[ for @mﬁplﬂg heat or light
| ayers can elimnate the necessity

C
squiisde ee (el oafnty) fe fisy Bgﬁfﬁnaf%m%@lonﬁﬁ@ ° ff‘ 2208 Fha
se%&ﬁi 1bG 269 1P@s b&hﬂﬁm%ﬁ%oi and/&r R38R Mddfsé@mg lrayar 204

first coating head 106 and onto the substrate é Any
capgadns qutpble ewepanaiirend s Besingd BePurHBpsarrgonst et %ﬁ%ﬁ@@f the

proPAsk, eTﬁé)&ﬁ-i'nE Sati]10G9AbE PeedSh Bhe GOt Petious §hANMHs Selative to

Peoati ng, coating, spray coating, or curtain
the pasitiergof thmsubsteateodi ment, the first coating

co nplg) 1165 2% %%sﬁ lrzﬁ‘i%ﬁsc'st?g% Of & MenRR HidsWRe@by PRY.Q. In one

chole eric |qu crysta npositions that” are at
embahmelpa:ftheynmtlmb laeﬂhustraterden ﬁﬂi e the firgt@oatingsamposition 202 is

t.h St t t:
oGREL R P Lo B S Th R h RI BRR
s€lvend anfirxitchvesterdic liduid a&staimdmaMmaiuch asgjal pcﬂympyshqmd crystal

ol t he i d t .
oBTeh e et SRR R b F51 8L E e
1i hid @1f~ysﬁh¢drﬁ§ir?s1?6ﬁi, R afb(b:bmpathbdldz mosoluﬂaleanyl&tsalvemfmmag a mixture

e fir chol esteric liquid cryst mpasj ti on ma
e S e b A
chol g}, 8riilgstaiet] the Goreled Shedal badfy m&r@ms Kitsk mlmcﬂqnmcaystal
thernDpIastlc | ayer. The second ch terlf é#
compasition hag sspargisrioghthe é‘?‘r'oBng}?EﬂS‘;?ﬁ‘éﬁ 3&%&9 opRpSion
f&ltb%llﬁgscﬁr?fngq O!S hﬂ%&uﬁﬁg ?i(ﬂ' The TRdt @Bélédtencﬂdlﬁld&ﬁﬁs@dl domposmon
lesteric u sta conposi tion
nwég@l ) ﬁﬁkbmenﬂy érsposv en fh%%‘?%@a?@f’nEh%%?ﬁﬂzs’sthl%‘ﬁﬂ%b@ld
gﬂgosﬁﬁ&% ﬁoﬁ/ zg&oﬁ@ﬁ 8293 cﬁspss%u R tcp S MGk 1aRY 206, 1BR first

O renove SsoO ent. Re | east a portlon of
laylee2@soind seond fayen 2q4enwd@v¢ g sarsw)orccbﬁm@tuthml@wssz Okhe relative

tl%glmegs oftehc% lfaﬁ(err 566 CZBQ L:Sisl;e ré ﬁetlalhng éﬁ‘&lﬂh% one of these

seépar at e fron1t esteric
vlamh]nsdfou: eyesmlﬂda by @hq:tosswﬁmajenaﬂso rqhtwg amoﬁm s mitenjads; tgry@rature,

"By SBBuA bORIE: wRR" pr § R e MRabtes. e giacss

odfiigkt Diyerf 106%d Hieysedond (Dz@'eﬁlﬁé can bea:tqn’ttjlckjw)%fe r Ti2QHickmeds of the first

QR0 Akl o BB e s R e RS TBh FRb

rﬁlUfo%efdﬁﬁdSﬂZ a5l nickimetdsd dry3) todhiciointesdrs o adsibiegight and thicker for
HEOSIIIOH and/or first layer 206 and second | ayer
Iﬁd@;t‘FeﬁﬁQP%onp05|t|on 202 and/or first layer 206 and

Secontle gy Bfyer2idh raycoRtais OBolésR Hqeideoyspo a@ﬂpmmndthat once
is desired to cure those conponents. at this

afigeed, pvse e Bartiom pclightiFneRE nacousred Yih deregpad qug%%% der
SRGR! thIBER 12Y& 108 Yy ROSct 161 Sud, BteBh bMR1bR 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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the position of the substrate 200. Figures 2 to 3
illustrate various stages of the nethod illustrated by

WO-k@4/017106 N one enbodi nent of the invention, BGI/US2004/000536

illustrated in FIG 2, the first coating conposition
202 is 10 applied to the substrate 200. The first
coating_conposition 202 includes, in a suitable

2061 Snestficallyfthe Srst oy 286 may reflert thug \isibleyightsnd the second layer

rﬁpag,%ﬂéc@fkdwg}e fight. @ polymeric liquid crystal
sition, and a second cholesteric liquid crystal
c 0 rrp@é@t‘} Blusteatestanasameple pfmeawable methor god devigeyfot fprming three
{E&Qﬁé fu#tﬁ@ crygtglaﬁiye% \911:19%@%21{1 c,% OSlﬁglllS hi%hg fi 'rﬁ t\%nbgholestenc
ent Tormng a mxture an
hqusbdryﬂbaléayme:mn bolformad ag @sm@n@mccﬁIdw um@ Htit wrsecondl5
od e
cr%lai%sgt és&gh%€¥§£%@%§ g éé}ges Sg@g tc aﬁltné %étil 3\6{:1] %ﬁro%gh a second
mmalwhédilcf ommheh;eccmé ¢y 0dh dlgeimt B1yi o@aﬁngxm}nhque yat ad used. In

co S t|o /or C

SR ERBR bR el Becnd halite Lentbi o I8 BRI ST e g
dholestesc fidutid trybtaly@mpadfifiodi sposed on the substrate 200.

The cond hol esteric.liqujid ., c sition may forma .
seconC FEBT COARE APERISLS S0 harkFIOBRG 419 < pess Urggea diving
RLR 116 Raehbiédol2at foRiRE a 20F! 1y 36T CTHRGet i@ bat#ig4ofi@Ysition
have th§§§ane or different thickness. The rel ative

10 e petird dyer ¢ end syistraio 880 cande RasRd uoyshe. EpS St 8
&)Yltaﬁﬂﬂfg & elchififle O MRa Odr HehRBroe YAPIIRRES (pdrR4ily o #B) ehe second

by choi ce of materjals, relative anounts of materials;
toafrpseromppiEion and/erdhisd leyer 38315/ he porpaseion 387 angdeighid lager 306
SnbH Qi LdboREntt RRSE:s Vadilea R &ﬁ‘e thofo hﬁ‘)bﬁé‘if?seagtgthls Qhge of the
first |ayer 206 and the second | ayer 204 can be any

nrpgesk e urimy gtation IdR v be placed hbolieuqrgtorwnoaymsnmsr&&a’me to
Bl 0 8 i LD R 2B e
306 aad fiavethdamest 804 for visible light and thicker for IR

chol ge aicaf Rl Rorafolfich toF ok B¥RE iRy B A

@impgsigons thzn:t\oace digpet, coena portiba ghlight pectrum mothaivered with el first

W th t S | aye 04, . r exa e first

oDl DR 0 W pFabe. ffnird Bl 305 PR BBt iy it feBt or

wﬂ?Wb’hﬁlé lighttané ad séchﬁd I@QCZMdndy&yﬂHct Qg?lomésﬁlﬁgé ligittthad is not
or. of  VvisSi t isn reflecte y

e Pl ialy dd Tog e ouber PO muCies olE 56 Vinblsdich

thiashdtire@dcted bytehﬁerfﬂhdtﬁird 12916303 3P fhe RBOnE BifykExi. ls &ifEfically, the

visible light and the second layer 204 may reflect

firstfaysr §P%méy refisRt blugyigible dighy ang éltersa?:c@é lager & retlegt red
Hibleahemimhd At d a6 HB\hESeiRf b WLiBR 1Hht ee

chol esteric |I%UId crystal layers with two coating
T

conpd4gwesonty. 6 iitneratq vegipus siggecdfdhemetbed dlustmated WI@ 4. Inone
&ﬁ%ﬁ‘rﬁ‘ént bAE ﬁrﬁreﬁ% Qﬁllﬁé?lra{gﬁ% F‘ﬁ} QeHE tdBES cdafing composition 301

acco rdance wth 1,
is applied to the first layer 206 and second layer 204 on the substrate 200. The second

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
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coating dispenser 112 then di spenses a second coating
conposition 301 through a second coating head 114

worioa/orhes second | ayer 204. Again, any coati ngPCT/US2004/000536

techni que can be used. In one enbodi nent, the second

coatlng conposition 301 includes a solvent and a third
ol e ri ui rystal_caonposition. 10 The second

Sé’ V&P‘i }Egc%ﬁla tﬁ?ﬁlﬁé ayghP3JoiRsripg plignmsat ofhe third gholesteric

Iﬁqmim@ﬁamoﬁf)yglﬁkgl oven 116 to renove solvent formng a

third layer 303. The second coating conposition 301

and/ §1Ct hillugirates,Asrexamnnle ghpsuifable retiod apddevderfopbrpag feut
SHBTSH i @i by bB0a P iR ch;&ﬁtmﬂﬁ{p@ blﬁblﬁg ThE gﬁt %@E@le%tenc

a heat or light source to polynerize (parti
i gyetal ey errecen e foreed ed drectibe rerfense id/R6. t,hu oﬁ@bmd

éo@ﬁﬁ?g dlsqﬁgx?fser {2 B8 aSHIRAS! kiR 3 @&gﬁ&ﬁn&n% eSI 1?%1 d{ iecond

contain curabl e conponents-an
‘299?11@ heh@éb"r evorthsrsesnnd layer 3041 dgginagny coftingtechnpue cesls used. In

R enbbiihRf Featdo08 cé’%ﬁﬁ’xg %&Hp(?ﬁmﬂgﬁ% ﬁ%lu%g Qo?ve% al{&ﬁwo or more

various podrtions r POSIt1on o
chalssteriali@d OPstaimdnpennis dhat aatat h@t pmlp saiuble axnthB @@vent

and/ % oﬁ@én%lgodlrgé/n% rthe t% c@oﬁgﬁlf cgig na? céc?rﬂ}%osmon 1ncludes a

second coa

ahivel lemtdenystal Iplolytmed om gmamndaa adnmpn@m bxgsial pdd@herpmhe €ourth
ect rum not covere

cover f 1ight
Bl i St e RgoHiPE sy Rl A 6% Gaghina
aoliian chuayE{uuS&@stﬁHyoﬂcﬁﬁdr eTlie thedlchdlstégic lighideRystl composition
ellow visib ht an he second | ayer 204 may
S reRRTal op e g RaC gy gpytal Composition

Iﬁ@f ﬂoﬁﬁﬁ ﬁién’ﬁb‘plﬁs’ﬁﬁ lijytéf rT’heJ o ch%Qgteﬁ@ﬂqdl@ @ryﬁthf&ﬁnﬂoﬁﬁ&{ can be
reflect a color of visible light  that 'is not

%qd| °é8 SHlppdde fomma qhalestens hayid eysials motgriak Ehﬁéomﬁbstem

@)y st domSRafdnh&AblY o clBelidRd fidyest | ayer 206 may
reflect blue visibl'e |ight and thé second | ayer 204

may 8¢ thirdicopting copipesifip3(2; agH subshate @%cqnmassjthiwgbn d8hs;
|
JBY 1168bk&hSveIoRRRL. WeRloRhi®rhi lgﬁka p(ﬁh&EB@ﬁ F(Tl\%%i[ rﬁ'g etlae %oatlng

illustrate various stages of
oemEpsition 303 cawRes therthighi¢hetesteriofiquid el'ystml\ﬁ@)mppmnpn fsseparate from
méfgﬁ co TROs; L on
PHRA RSt o ysil opifosh o B R Ry B TRy o ke
lmﬁwé®4204 on the substrate 200. The second 30 coating

i a & sPaL ik Ciiifn by bl PP e 20

aad pu‘lisgtatte 2O@ carberpassedgirowghlai cqﬁngjstatoyﬂtl 8lconmminiig] Bk example, a
BB A e e RS O

1mk B@ﬁmnﬂg”ouﬂh lgpersot, 1ﬁfhet‘5lﬁpdshioh(302 hel/@shied 1ager 06 9Hd fhurth
é conposition. FlIG illustrates an exanpl e of
R B R A gsirebioririghess gpmponents at this

st‘dg@ bEthE Bfocéss! TR behinglsyibRl 14 &M%E plaed 1 oh¥Br FRORNLAES
conpositions. The first two chol esteric
positions relative to the position of the substrate 200.

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.
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5 1liquid crystal layers can be forned as described in

accordance with FIG 1; a second coating di spenser 112
WO b@a/otilspenses a second coating conposition 3BRI/US2004/000536

t hrough a second coating head 114 onto the second

Iayer 204. Again, any coating technique can be used.

one enhodi nent,  the se ond coatjng ositign 302

i ncv%f‘ée dgsieed [dggRe OLAMS (RS farls P@ec{ gl‘?cﬂ"% SO OF HBRFi TRy
bl Eidkd ﬁﬁ@e@éﬁ?ﬁ? stafiad 1 B i@cldding, Fasdxample! 4 Nt OF ek Sourde. Tn

t he sol vent n one enbodjnent, the third
onerfahedinent, as dgsefihed 2bP¥Psths CortmEEERPASTLARS Mekidg @ gatesial that can

crobllih@ihe nlafiiiafd <Gk 3t e cﬁéllaétéfﬁ:rhqﬁfd Ry 'rr[a@énaﬁﬂﬂt}ﬁ@ that layer.
achiral liquid crystal polyne the fourth

chol Bigires § 1o 9 iflugioé wrgus wgewfﬁbw@@l%ﬂlweﬁwégma7 In one
elﬁ dﬁlﬁéqt Iof iy aldgﬁﬁaﬁsasau IRRATEEIP @T@ggéyofl@&oauag Horfosition 302

iral Tiqui crysta nononer . hird cholesteric

lslappiuaddo theyisst ddyeclopod isedondh layersdd4 o theesuibsteatd 3000 The secoyd
£
co%ﬂla%ggs%ﬁ}%déﬁgn ig{'ﬁcfuﬁ sgglm Jaﬂlﬁlﬂﬂé %oﬁéelnf g Stl{u?&’é}ﬁlegfg%ﬁ;é il%cel crystal
cdnoposition smlaesatwﬂyrmericﬂquuldd:rxstay swrmbosmnmdlatfpmh dwmlestedc
ll% (Ii Slint?l CO%?S Ol‘éﬁucﬁede n%o&lﬁ]%%]ﬁ% (H,lg(i~I fg l él:ci%c pg?llilé)rg ltlhcjig are
ccﬁnpaﬁbtelor salvijie &1 the eolvamBforfadigrn saluobmashha:ammadb]ea)y erolulilee
ition 302 and substrate 200 can

b ‘FﬁqghﬁﬂgﬁggnBVﬁ%“ﬂ%V@n 116 to renove sol vent.

Renomal, 9 @fusiited B8 sdrmad Bpﬂdal oy &hetehie thirt VﬁdléstérchMuttheystal
coatjn 20 co

RO b7 BT D RS Buith SheHAeE g ! Edipgitiog folowing

d [1@11115 hed ERihetins Clied @&l endlestéﬂcqlquﬁ cEyfsias E(ﬂhpd%m(iﬁdytfbﬁma
mng a third |l ayer 306 and a fourth %er 304. The

ﬂ%rééeﬁa Qogtisnosry wdhpisserd lgyer 364 Hr?ofpwh ‘elmlers ric igwd 306 -
cRsbsRioh YA bl AX8Fth BR4r 303NKkpestaDh i & tROBir P06,

passed thiough a curing station 11 contalnlng, for
exanpiesecqnd cogingeampesition YRrmaysortews ekplestaris Lopidharysial | y
szogwlaﬁ di FRGON %féa}% ofifn G ﬂgg%%ﬁ% 10 Rl e firs

a er and e conp osition 30
tvemidyas 244,20 chyearmxﬂdehefwrth bmrtSiM maayeﬂecsmd, Wun igtden Qr

y&%‘i&\?{&ﬁle qgﬁpat%ﬁ%l%t tﬁm‘?ﬂl?eﬂ 3t06I ayq‘ﬁﬁécf a?gjol&roof Q/ﬁg{tﬁehgﬁl?}%ﬁ bs not

r ocess.
rdle&'etﬂ bmthi I@lr&!d:qyeb 805l Sixcelcﬂicaty tha é'lrsb tayen206 nxgr iefexd blue visible

glg 5 g%ns h az:lon I%%at Hecé Pe%siillstlbleo P%h?%%d gugéﬁ:ﬁ‘rg;l%mrr%boe may
reihnﬁmdns/wﬂe)hgﬁtaad the fburqumsr G@@/mhyaieﬂeacyan)mm nidibld gt

coveTahitt e 8 551 re® Tl AP e Sl SBE! Slfficmcs

 a2@R4MH2d 48&R. PCT/ US2004/ 000536 After a desired degree

of mass transfer_is achi eved,  the Cﬁégi itjon

may D PR §f the pberairstiran alse by sratg SRengp ghe duration o
tredtfletiCHy 8o oveR$ 1 (RXAIBRIr Qurirdy stdtiBhd 11071 18€ahe §@UHiGiEof deatmem by

the oven 108/116 may be any length of time such as, for example, 1 to 30 minutes or 1 to
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
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one enbodi nent, as descri bed above, the coating
conpositions include a material that can crosslink

w0 b@4foeties i al s "fixing" the chol esteric |iqui dPCT/YS1084/000536

materials within that layer. 5 Figures 8 to 9
illustrate various stages of the nethod illustrated by
FIG 7. In one enbodinent of the invention, as
driohglstorpadvent degrafati@n of thetmirderindsowithin the avtisag bedynpdsiovéron

| | b 0 0
Pifferahil FRPb EfeabCrst L By W P 1800 A3
conpdietrato nf BOR tiansferfithens p single wysuintMOesemitv tyers dapends upon
N R R S L
@hglosisive rth@peié@ntag@wfemmmstmlheezoamq;&smomnms wathecaby waight of

tgo nomer%ic tg!el ?n L cr ?{%&1‘? ﬁor{l}ﬁ)é @fﬁ‘ J‘g&?m@'é%%sﬂaerﬁs the viscosity of
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gieEniteq fiprodmgpae prnprs of fspearia %ﬁ? eefamale by
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Laa¥s %cghgpdbsgfoﬁme 800 nfh'isoc‘:{/emcaﬁ S tellisE ol &ﬁ}fﬁﬁy gpﬁlﬂy reive the
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sothesintsraan the cpathgucdrnpwcgma,llfd@mbsu tions that once

alig , Ye t ed
o RS el 90 STRE OGN
$dqeerftiallly tdat tna;ﬂethar@@m avetingreefipesitionsedto axubsratey Foe pxaprple,

?cgﬂf V\f[coa 1115@?415? elnse \c}\lfeglg,bqrilg ts%ﬁrgés?cﬁg%g e&deﬁgc? threr%f;paratus. In
acelfitiomc the dutalertdf evén@ or tdnnlg&;aabns&ﬁﬂ be pmasediot dédryased fo@ptimize
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8veath 8631888 rmsig An gptical BdYact red visible |ight and
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PMBARar 1 OB od dan@ e fRitve "IBGIaﬁE&tch&B’esfoilrﬁgH tiia-t%ubsjmﬁlaﬁlyﬁlﬁfdrﬂ[&
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sol veFhe apwlesthiy kquitherystelmptical bodlmlntba osedtie ppanicly of eptical

4 n
F3 e 00 A e SR
tlpltslﬂe@tive kimﬁ;ays THoe exangrie, Figure 10 illustrates a schematic cross-sectional view
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
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tenperature may be at least 75 C or from80 C to 140C

or 100 Cto 120C. The rate of mass transfer froma
wa@eomgle7ibayer into two separate | ayers dependsPapus200&000536

variety of factors including, for exanple, the

specific materials used in each 5 conposition, the

E@rcent ages_of materials in these conpositions, the

P eh,<ll¢séﬁﬂ0\A)é1P§1fWYS@ﬁ reflepfive palagizsrQr as @ %elﬁéfafeé’ﬁﬁ’@%%nmoéoé‘f’eﬂ

t}fel?:ﬁ'c&lgﬁ?@ﬁbxﬁieﬁ 'TJ% nt thdRE e EHEH RHRE1 1%9%&?1@ tp%lan&éi‘%o linearly

Vi SCO e conpositions, and the degree of
ppletizeddightz 24 viswenis 1@a@ﬁ o Bepsisis iof the ﬁhsp)qydléglw HY thetdgopposite
ﬁnﬁﬂﬂggﬁk ﬁﬁhg4can be obtai ned by controlling one or
ese variables, for exanple, by choice of
mat eThadisplayt @egiend0 displayd igfoositiop,or frotgeaty theleweular
trslasggggé llgflt tﬁanc){s ?m{l@& ﬂgﬁl tl?e{})a%lg gglg’-(le 6d4h :?éhl% aez{Ql{o lgk&lf %ggyl%g
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mas s Thé Bargfight 404ttt wbplées thedipht hsed v vugwtlieeilsprta;mystmg 400

.conposj tions, 202, 302. Thi s, ov. C S ed to
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ods illustrated in Fl%g ?i C? g b
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sﬁﬁﬁp@& &R, MR RIS R Cat 8 whdgs- sEzi@@H,’FUh@nneled a pseudo-wedge
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ecrease 0 optimze the overall process of formng
1m1u®ﬂ1aplc wilettorsy(e.g-20ptinsalapilestos ﬁ%)eextractmnda%amans and other

refle formed according to the
Cr(?empﬂnegl& téﬁdlﬁ%gnpé &S{r%(fﬁg%@ﬁ%escrl bed herein. This

br oadhaneflecifd rmdztnzmefloﬁod ardptieal fidmthat éngbipsati¢as) ang cholesteric

.y
lw} cg{/ﬁt% ﬁf&?aég?%'c gs 4escrh ed 2 0vE. Ifﬂéaféﬂ%&%k Blaﬁz@r 408 is rpr%Wded to

one at I On ove
soBsteltanyg trhnshﬁﬂ@t off onk ®Glanmhoﬁ @l@temmtmg thed bt guideod 1 Srande.

sbwBrheerdie St AR A i FBk it Ehipg .
| | g htF1§i1fre Oﬂﬁ an@h@xﬁdES &olluwihoﬁ\bé bnd fyge ‘\_T_ﬁ iﬂ?ﬁgf lignié bxystgt display
TP et pp s hbd 08 e L AR R A et y

@b1eoRtié G@lid c@btﬁpﬂeﬂyﬁlvaﬁﬁa@ﬁﬁ@hlrﬁﬁ po4, Qﬁfabsmmve ibackingi 0 gand
transm ssi ve

backl it) efletlv
%Wf’é’ﬁ@?‘l%ﬁ‘dﬂlwem(gp I‘I§§‘f L*qulfké?y Sté BEHQ@Y R?ludes a wave

He H§{Jirﬁ$1ecﬁe BhoGREEBELE cﬁét@ﬁ%ﬂmé b@lﬁﬁier BOL£YY a3Q soparinre
rative backlit "display system 400 i ncI udi_n

mnaqongy toeanvent g, polarigation lighiHom hodiquig cefrby devics %P én
‘lé{{ggo\kﬁ,n teyn%'?ﬂr%dh | ective polarizer 408, as described

tional reflector 406. The displa
syst drywipcivorhdisglay 79 fusionsiingiiar the pospepiize polatieer 442 polarizing

Pgh‘[%l& 3The 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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WD 2004/ 077106 PCT/ US2004/ 000536 of the cholesteric
liquid crystal reflective polarizer or as a separate

w@eomorans to convert the circularly pol ari zepCT/Ugtw4/000536

fromthe liquid crystal reflective polarizer to

linearly polarized light. A viewer is |located on the
side of the display device 402 that is opposite from
abkmrpﬂwcﬁolargm 50204he sthdharculiasprilaizatisdiompod@f pahssqahmygh the
ﬁhofeﬁ{:rqal%%ugg crgstal e ?%e ]%@%ﬁr%gf %dh,' agl ngrR%& %ﬁé %]81 %6 The
reﬂmmé polarizea 5040 f5his agﬂecummqumh chiBRl dsplay ISO(bqlmchﬂldezsrqns chdlesteric

dis LCD at
L oG vad R bR b T e ol HiFplspprsiavia
dr%l bp@dal batsadn Hepewd ewfdch)& sﬁiblsm fyr esamltle,moé@ﬁm ckness,
i ncl.ydes, for exanple,..a light source 416 and a |i ght
I@‘%F 5 A Wa‘éqkf‘ﬁﬁlfnﬁg o‘lfﬂg?mtbackl i ghting systems can be
us eﬂ Figh¥rd hpﬂgﬁcﬁéilliaub lllgiéfratﬁirllo;ﬂenefltgzﬁe sfapinsfitlvé Nqutd eystel

as ener y rec ar_cr ctiq
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PEPT emmseppistd Wom ko qoefqrte@tw Bolprzagion hslﬁtfm@hﬁlp 1quid crystal
de51ck 8ELPL ﬁ%gi)atg idBEd i L@‘R quﬁ@l%gb&% n‘ﬁﬂg lﬂglﬂ?{]mblent light 610

corrponen eve t esired functi ons
is pblavizediby dhqpadisempiivepolarizer 602, ‘awebpthnocai the idisplay Inedium 608,

Ileﬂgétsy&f ﬁxg g)ért aFl%%&o& gg% raISE g%sg tb%li &ro.}.lﬁh ! (ﬁﬁp? Iﬁé(ﬁﬂm 608 and

above ere
qjxsblatlvezlmiarﬂzﬁBMQS Ip tow ardlsehntilight s’i’jﬁatmmb,sth@bﬁckhght ¢O6 is activated

R P G B S bl % Bt p ovie
ajjpfdpﬁatelytpoﬁmﬂzed hghiltd» tha d&b]aj/ engku df Itlﬁtgopipbﬁtel hagdtﬁdng;s fisokeack-
sche tl on, of

e foopled aad s T GRS e Ghak i Poude i ta

éfm‘chwp;t in¥Rasd HAUkILhe biyghuteks. TheRIfladtive POlatindglof desreflective liquid
IS Iay medi um 508, a. cholesteric l.iq

?raé%tqﬂé‘esuo a\‘/éOBa}calrdie%Plﬁgchﬁ%eﬁt?laﬁh crysiy Oaﬁ%ag Peﬂﬁ/ e%gesmbed
RRGKI T POGfic BifeXot cREleRRR UqRIdi YsRtaP Bhtial BRE caf depeddI6n factors

liquid crystal disp Ia 500 optionally includes a wave
prrhee f%@XﬁmPl@ @6t fﬂﬁ@ ﬁme@sméfﬁn@s |2né Waaelerrﬁﬁslraage of interest.

refl eﬂk'cﬁ@leﬁ%@lﬁd&@éryQQ%pﬁ&al ﬁédyacaﬁ &0 ﬁie%tv@th 29%3% Qther
to convert m xed polarization lI'ight fromthe |iqui

emyponerits ehehilee thed erfrancegsprayisieoflice Pippprdiesio; azisgid qr@qﬁl display.
{ t
Sh AL ApSlok ol oS ol 18 budiE el i o s 1,
pirdation plitels nrg:ﬂudutghelarttrrwe kaltets land{ilphs, triulilajies pt ay
%HEOUS/%?EGI‘SC a“ge 96%%0 (7] polta GI'S Itn%paﬁhz%d %%({1 I'gh%[i TS smatlc back
o ar onponen s PPét 0

rom
tetflqmoﬂ diffyslyaleflecting back reﬂectors multilayer dielectric back reﬂectors and

holographic back reflectors.
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refl ective polarizing mrror 504 and passes back

t hrough the display nedi um 508 and 24 WD 2004/ 077106
wERIMOBAMO4/ 000536 absorptive pol ari zer 502. AE¢EUSL00€000536

circul ar pol arization conponent passes through the

cholesteric liquid crystal reflective polarizer 504

and i s absorbed by the backing 506. The reflective

pol ari zer 504 of this reE BS|jquid crystal

fiaphey 500 includes one cholesteric liquid crysta

optical body, as described above. The specific choice

of cHoteatngsalution;vepgipeppared fordhesdoaiin nreesduiso dyo2gmams of

RPN R OB A BB Bl Bt s

150t grws of difigdanedcdimérsially seildnafipo Alitidsthanitad Cogfifibrmikes,

L

3 ) a}:thratmel intintar.dT g reachlcmpimyumd il@hwurﬁﬂ€60° 6 Fhistsomtion was then

Bl o et P EPh et Qi I Bt Son bt cremica
GdnsMrlm,mkee, WOl 8.2 zems@d2C 2T .58 gahayl IS 35&€ MO grams of 4,4°-

SRSl e Wbt ot Blab et o Bh Capmizfco.go4

Milwasked, WHRAA 358 cCamidagiiblah®(comeésidllyiv¥igdle from Aldrich

golarl athf§¥lkgh ron1the l[1quid crystal device to
f@-?’g@ -arized light. In the reflective

nmode ,ThQ @t@ﬁ‘ﬂa’um Shiob Gﬂhgﬁ'ﬁ bbiate bfhyPRIA4 18 sBibell REEuropean

absorptive polar zer travel s through the display
Hapligtion Ruplipgondyq. §3‘b7f5f1 Thestrigurg oY RRbiEny (ignzoate
ahd .B9BREs back through the display nmedium 608 and
absorptlve pol ari zer 602. In |ow anbient-Iight
situations, the backlight 606 is activated and |ight
i's selectively passed t hrough the chol esteric
pol ari zer 604, matched to provide appropfi?
pol ari zed light to the display. Light of

handedness i s back- reflected, r ecythad;

604 to 20 effectively i
The reflective polarize thls reflective I|qU|d
crystal di GO0 pe *S one cholesteric liquid
crystal optigal body, as described above. The
specific chovce of cholesteric liquid crystal optica
body can depend on factors such as, for exanple,

cost, size, thickness, materials, and wavel ength range
@cﬁmpdmhda LES6 (H'dhec@lbﬂMéﬂEﬁilgcdrﬂrmatbldllﬁmaﬂmﬂb fromtBASH) and

of 25
St e Fr b onslaimt st 8L g il cofieliopfBp e aae fom
BAKF @Utpd (mﬁwsgsaéfeﬂ@dﬁxhanw) VETh 5T ODIRRE Wﬁmﬂﬂgd)nf DEIES a
ncl for $rlghtness enhancenent fi] gi
fﬁ* ﬁa ﬁfqoawoiﬂ Stiflﬁe AT gompuad uiadvs 2 dreq padicalpifiator.
fi | mephig¥ahuitioh %@an@éd onGOIN0 Ntk fef P B P Sl Bate dhBnercially
refl ective polarizers, metallized back reflectors,

Pieilabigasi eots frary ¥ r Beul, MV using) awiresiopd kodrig pieduge 4
fEdRedAhisk aRdl bohdigyer dielectric back reflectors, and

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
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30 hol ographi c back reflectors. 25 WO 2004/ 077106
PCT/ US2004/ 000536 EXAMPLES Exanple 1 A coati ng

wa@elbiTne was prepared for the coating proceduP@r/U$2082000536

grans of cyanobi phenyl benzoate ethyl acryl ate was
pol ynerized with 0.74 grans of LC 756 in 5 25.1 grans
of di oxolane (commercially available fromAldrich
Eheptaasdlin Pont of e |cortingaad a stidardibneagpdarZeér yrspiscedfin Wa Zight
% Q&Ptﬂas g Eaﬁlfs m‘fﬂs oh ﬂ%&%ht tﬁg {:o%tlglé %ﬁs @%ﬁsﬁ%@im ﬁang%ﬁg 4@0 5 to
1® dmouile pﬂiarﬁ@r @is rftated ts givel bnosxrpolmzammmmd tleariainsedsion was
of. ¢ cI ohexanon com avai | abl
eisthel 3R TR Ra e VeIt N rE R thplersn el
ofasufed 2R elefsth ngs aﬁﬂhﬂfratbﬁnHG, 12.0 grans of 4,4
hydr oxyl cyano bi phenyl (commercially avail able from
Al drich Chem cal Co., M Ilwaukee, W) and 45.8 grans
Bkarfiprexol ane (comrerci al | y avai | able fromAldrich
Chem cal Co M | waukee, reparation of
cyandbf® @ﬁﬁ?lufbféh%aar@aéqdﬁw thaeqa\}mg?r@c‘? el #1BBEOT n
g,%@mﬁﬂﬁyl Rk AR ctifyD B&r&ﬁ%ﬁbﬁ%e@%ﬁhhé‘cﬁbﬂt@@ 8@\'@ran§%{‘ 186456 in
he structure of cyanobi phen benzoate 15 et
Act gragsef figxolang (commeryitly @ailable dompidsig t@caﬁ)fé@ Milwaukee,
i RERLOEAM, bSv {76521 (SorMBREBI
Lt 5y R4 g g,
@ﬁf’ethPliﬁt?lll ingfiagqry Etvé [reagtiproyres ryn fardiohaws et 60°6m Thmamt@o myas then
{ Wﬁmﬂgﬁ%ﬁf f%eﬁrl.??f %ﬂgéxatn?{?ez(er g&%ng%gelgw? gfs)lg ﬁl'ogl Aldrich
€borsicaltGot Aileiadne, tW1)] .4 gape ohldC @%@ 6dsgr?ana‘ ofd&C 7R 2dlgrams
il 2d, Qn._. . .
}r)nf]%: trhg&lr%g 1,1 %l’l)ﬁenggll ?%rg?mm?@ CO]%%%%GFagllyl a;//alﬁg\%egi?cfné élldencg S?hemlcal
Soot\/hlmzakéELVWI) @l ImsSif didRalahe (cMﬂ)nettﬁzﬂ}ygavailaMar ﬁom Audrith

Rt A S e D 01 Bt b et (g Rt

Edrhimeérciabppiailable om, AIGHER Chémwad@‘b Mlﬁ@hlﬂkéb WEIE),QJJI 85‘g1‘h1|ﬁ§ of
Egt | 032%19@({;%91%%@ e\?gable (9 %a 8elgy,ti-? v%home NY), and 0.84 grams

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?.

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 -
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.
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WO 2004/ 077106 PCT/ US2004/ 000536 was placed in front

of the coating and a standard |inear polarizer was
w@bk@amdine the [ight path and the transm ssi oPCT/HRZHOYHN0536

the coating was neasured in a range from 400 nmto

700 nm The pol arizer was rotated to give cross

pol ari zation and then transm ssion was neasured. Two

exti me 'pﬁﬁem ﬁﬁfkﬁtldﬁ&h@ll& ﬁ(ﬁrb.e ca'ﬁmler@lﬂhﬁlteﬁ tofhetpaitiular examples

rans Si over wave t
b e Fov ey ter shonfpe ha g’CQV?{ F?g’f Bityelgn o
ity s&L P ﬁlr tael atfagliedt dEmS. OHEﬂF]d’mg niUdi’ﬁt:@ﬁbifs eequﬁia%ﬁt 1oER%:s, Qfs well
cyanobi phen enzpate et acr.yl at e, was
awnpﬁe@ug ﬁg?ﬁg‘.o 8%110@@167@%%%',@\1@’&1 mfy ? %c&dé’ mee reachly
z%ﬁ@féﬁ’ﬁl t@ﬂ%se( SN Shedr 1% wAYAIthofrb@nf 10MHibh & digbted upon Teview

enm cal M | waukee, W) using 0.29 grams of Vazo
Qfﬁhe(l@%‘ﬁé]?‘??i‘fﬁa'fl% avai | abl e from Dupont, W/ m ngton,
DE) as a thermal initiator. This reaction was run for
16 hours at 60 C. This solution was then conbined
with 15 grans of cycl ohexanone (commercially avail able
fromAl drich Chem cal Co., MIwaukee, W), 15.4 grams
of LC 242, 0.64 granms of LC 756, 2.24 grans 15 of
4' - hydroxy-1, 1' - bi phenyl -4-carbonitrile (comercially
avail able from Al drich Chemcal Co., MI|waukee, W),
27.1 granms of di oxolane (conmercially available from
Aldrich Chemcal Co., MIwaukee, W), 0.11 grans of
butyl ated hydroxyl toluene (BHT is comercially
avai l able from Al drich Chem cal Co., MIwaukee, W),
0.28 granms of Irgacure 819 (commercially avail abl e
from G ba Gei gy, Hawthorne, NY), and 0.84 grans 20 of
phenyl ethyl acrylate (comrercially available from
Pol ysci ences, Warrington, PA). This solution was
coated on a 100 microneter PET substrate using a wire
round rod to produce a 5 microneter thick dried
coating. The coating was dried for 1 mnute at 110C
and then dried at 120C for twelve mnutes form ng the
opti cal body. The dried coating was Wcured using a
Fusi onTM D | anp. The dose was approximately 1 J/cnR.
25 Finally, a LanbdaTM 900 spectrophotoneter (Perkin
Elmer, Santa Clara, Calif.) was used to neasure the
opti cal perfornmance of the optical body. A
quarter-wave film was placed in front of the coating
and a standard |inear polarizer was placed in the
light path and the transm ssion through the coating
was neasured in a range from400 rimto 700 nm The
transm ssion was neasured with the linear polarizer
rotated both +45 and 30 45 fromthe quarter-wave film
to give parallel and cross-polarization results. The
results of this transm ssion over the neasured
wavel ength range are illustrated in FIG 14. 27
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WD 2004/ 077106 PCT/ US2004/ 000536 The present
i nventi on should not be considered [imted to the

w@asogiocubar exanpl es descri bed above, but rat heeT/Ehmod/aho536

be understood to cover all aspects of the invention as
fairly set out in the attached clains. Various
nodi fi cations, equival ent processes, as well as
WEfdrAddE structures to which the present invention may
be a pI|c Qéag

ski | ﬁ int egﬂa}éfﬁd'tl Liiné a%%%hkax bé?}é@%ﬁ%&?&ndvcé%}phgﬂg gteSJOf
di r ecbgihgupoirturevingwisingfa fnﬁ@hwlnstttrmitqumtﬂ|composaxmn 28

40 RO OLI08PCTLHSR0M 00053, «ollon ChAl Mhcrhc i e

ﬁlsmhblestemgh@né pystef compogtdn in glf&r&ml, o tle seampchdesngicdiquid
aﬁc chg!q;tenic liquid crystal conposition, a

LR RYB B P8t i ¢ liquid crystal conposition, and a

sol vdadmingfram3hdsixtat e firstiageraind atsérend ldyer &i the substrate; wherein

t%l?] gﬁ?fﬁi&%rclg%@glﬁ Leltléﬂ%?ré‘% Ptﬁxﬁ glrs? r@cﬁ%ﬁ#ﬂc ﬁy@fcg%ltatl compos}tlon and
0O BROA i@ tomphcks h@iaarig of the Bcbitbchdlesictit q@id thk®I composition.

| ayer and a second | ayer on the substrate; wherein
the first layer conprises a magjority of the first

chol est er iThe hictHol Acsordind @lclRMPASIE RhpaBids célVertme G kst
| ayer .conprises a ngj orlgﬁ)of t he second c%olesterlc

hotfsiede Ew@ pryPlakemposifion Bip an alignesl firtrholegierigliquid crystal

AgERAdha QorIVQrtfﬁF mergeéondthﬁlh *a%rstapsmgdsﬁlbﬂ tht€ SOWRbd §ond
the first cholesteric l'iqui'd crystal conposition into

¢helogterig Hawid £iystgl mataddlest eric liquid crystal materi al
and converting the second liquid crystal conposition
into an aligned second cholesteric liquid crystal

mat er3i al . Ths n@thogthecondinhiod!aam Cowliéreig thested oficonerting the first

é[}ﬁ% cﬁagst?%cei% gf crysti ¥ ]Bdsﬂ%ntn% th;@fed il an?ﬁ

erlc ysta conp05| nto an a ned
éhomknahqhid erysnatimatehzdlcempmes poliymepizing atrlgest ale oﬂﬂteeﬁrstahd

f he f d
ST R T b P iBet ol "commost i ons. 20 4.

The nethod according to claim2, wherein the step of
convertln the first _and ec nd. chol esteric |iquid
Crystal  CORpaSEHaRrIbD oA R GHUERYET P Shramiediishe first
&ackemt @holestéricHiduell @A tahpd¥Bioninta lan €BHRHE ifis® &nd second
¢cross-1i.nking } | east one of the first and

cholesteric liquid crystal material comprises cross-linking at least one of the first and

second cholesteric liquid crystal compositions.

5. The method according to claim 1, wherein the step of forming a first layer
and a second layer on the substrate comprises separating the first cholesteric liquid crystal

composition from the second cholesteric liquid crystal composition.
6. The method according to claim 1, wherein the step of forming a first layer

and a second layer on the substrate comprises removing at least a portion of the solvent

from the mixture.
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second chol esteric liquid crystal compositions. 25 5.
The nmet hod according to claim1, wherein the step of

wo eoomiontyo@ first |ayer and a second | ayer on PEEUS2004/000536

substrate conprises separating the first cholesteric
liquid crystal conposition fromthe second
cholesteric liquid crystal conposition. 30 6. The
nmet hod according to claim1l, wherein the step of
formng a firs e
subs t7P at e Tiqe rl,&()aghod Scorr((i_:‘nlgg{&%la‘filmsl &fﬁ&g%ittﬁiﬁé o(?flt}ormlg%? ﬁ{sh layer
adl awecrind 14yeoom theauivstrte wompnﬂghmgﬂ@zhﬁlﬁtﬁel 06
PCT/ US2004/ 000536 7. The net hod according to claim 1,
wherein the step of formng a first layer and a
secorsd | ayiae nwﬂmﬂkﬁeccﬁcﬂib@ torciding 2¢ etpeingbsstéest dongertilipethe first
PSS i T Bt M By sc 5T i
Lqud egtislthaedidlgttntbrisedtehile £ kAROSE bi BB Sirst BidsedddIheBsteric
& t and secand cholesteric |liquid crystal materials
%H%PV§Q§°H@8?PW§ at | east one of the first and second
chol esteric liquid crystal conpositions. 10 9. The
met hod according to claim 1, further conprising curing
the f4rst T8¢ meélé’@éﬁ%f’f@% foecdgimyli Erfhpramprieing sprng the first or
%Bﬁ dh@ie%enéﬁqula— BSstaBhieghiaccording to claim 2,
further conprising coating a second mixture
conpr|5|ng a third cholesteric liquid crystal
conp e MUhA a%Fcﬁ&’iﬂ 1SR FyrBr 00]1’31 *ﬁ% obitlnpla s8ond
secon cho esterl c I qu crysta I a erein
wiirgure hpmprisshgd Gad sholestéricdiguid crystay s@raPOSUmpoé ps¢cond advent on
I, ek,
glreif/‘ls &%%1%&;%&1 Hggﬁ S}h&l& &q?tgl?tﬁ&g&a?{lgh g&gﬁ’ h%scﬁlgd J:h(%)les{ef‘uil ilguld
cdyaalmottﬁ)pmﬁm is éffere fpn it fivgg and sacend ¢chodpstehie hqhd lcrystaE 0
chole%_erlc liquid crystal composition into an aligned
FATR8"CWol esteric Iiquid crystal nmaterial. 12. The
met hod accordlng to cIa|n12 further conprising,
coat i eco m xt r
chol o8t er 11 reincerafog i TEBgo L B hpmprisge gomgiting e third
elvdstsit Bihid chystu tcdnp‘dsmsh aﬁto £:04T1pA&d thirf Bholaditicdiqe Rkl
solvent on the first or second cholesteric liquid
PaeErt al ; wherein the third cholesteric liquid crystal
conp05|t|on is different than the first, second and
fourth cholesteric liEUId crystal conp05|t|ons and the

f our t - choihegnethqdeacpqrding ¢ eitpst, Ayrthebepmensisiizon i s
di ff efo8fifle 4 8R30nd REulrt EShprishRGARTD kstelic Tifluid 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

forming from the second mixture a third layer and a fourth layer on the first or

second cholesteric liquid crystal material; wherein the third layer comprises a majority of
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chol esteric liquid crystal conpositions; and 30
formng fromthe second m xture a third | ayer and a

wo caroh7ib@ayer on the first or second chol est ePCT/US2004/000536

liquid crystal material; wherein the third |ayer
conprises a mpjority of 30 WO 2004/077106

PCT/ US2004/ 000536 the third cholesteric liquid

the thirtl aholesterjpdsjuid aystal nempdsisionand the fowthdayes omppiisse s majority

| ori f.the f. %le ric liquid crysta

<§§#§%@%¥gg%§wkg%qwﬁgﬁﬁé% 0 oggégrding to claim12
further conprising converting the third 5 cholesteric
liquig crystal .c 0si.ti.0n, i nt i t hi . .
chal da or 1 B¢ PR Aarots Bebfi 8B hRind Gl fripg e miva
dhbRstEuliduid tiyepul dnpositdmintocanigsddithiohclioistria hiqail icgret
fourth .cholesteric Liquid crystal materjal...14.
HOPTRS Ao nvanb edn B iy ) Gy Bpost i g idicd fh
SORPEHSINGd SiyeRBmaEial. 10 coating a m xture conprising

a first cholesteric liquid crystal conposition, a
second cholesteric liquid crystal conposition, and a
IS_ol v qg.t O, ﬁetlﬁ&bﬁf ks anMpEER body, e méthddri]dolnﬁﬂﬂl@in' e Slepy oft

iquid crystal conposition conprises a cholesteri¢

| i quicaEIEASTEITRepTyRRSIE acfitl chplEestereclime Endtlesmaryieon. a
Alebétﬁd' HoRE¥Sd Aduif OFRIAT ORI GOIRS d BFenPorC bS48 Miferein the

iquid crysta nmononer ; and 15 form ng from.the
fitstahaleateric Hauid pryptal eompapioracosttiseicr halpeterie Hayi grystal polymer

SHAREE deBdife th“{éﬁtéﬁ% ??usng &?ﬂfﬂi domipodiHEIonfp PRty d c'ilgléstéll'ic liquid crystal

majority o olesteric liquid crysta

wompeesi anidon and the second | ayer conprises a majority

of t : e, & 1L L O Istrhe@. i
3L AR AR T L RN GRS erin
the it lageruypmpoiseser majmgty tofi the ffirst sholespicdigul desystal icomposifisingnd

YRR PPl o Sl e O gL ER) bfoston

liquid crystal conmposition into an aligned second

cholesteri ¢ liquid crystal materjal. 16. .The nethod

acco r%’r ng ﬁ"ﬁ an%mdrﬁc%%%ﬁn%\/ﬁ’eﬁlaé?lrﬁt #‘I%h%rt CPPE e BWSE?? g first
tHogesfetic ﬁtplli_d Zﬁfstghfdr@ﬁkﬁbirl] ﬁ]td i@ligﬂe&{i&ﬁ&lﬁ}jesﬁﬁﬂﬁqxﬁfl tiysml
into an_aligne i rst oJesteric liguid crysta

HARE| 231 CopRR e SRsseR o BKICHSI caTAResHio 0 o A e asepd
Lotdiedlc GYiaAlstab@aRASI tion. 17. The method according

to claim15, wherein the step of converting the

second cholesteric liquid crystal conposition into an
al i gned s egRRekaciRlE5Hi8E tfeldilnTyl Fn3Pinthe/SEPIL BRYRHidgthe first

conprises cross-linking the second chol esteric |iquid
elrojestealr ligwidsostal F@ppositign inpgrppgdimaed il gwlesteric liquid crystal

B%élﬁ%%%ﬁé&%@ﬁ%@nzmg the first cholesteric liquid crystal composition.

17.  The method according to claim 15, 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.
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18. The method according to claim 14, wherein the step
of formng fromthe mxture a first |layer and a second

wo 29081071106 t he substrate conprises form ng the PCT/EB2004/000536

| ayer between the substrate and the second |ayer. 5
19. The nethod according to claim 14, wherein the step
of formng fromthe mxture a first |ayer and a

s e c o msl | ajiae nethot! hecosdibg torcktim 14 omiparéin dw steprafiforgingeom the

r]|ll§91éera ﬁrﬁ{)l }/e_f:ﬁg %%Acﬁg at &?:rg)gr S%IE {e coﬁ’g)gisés?grm1¥1% ﬁ}e ﬁrst layer
WeaVRh tigistigtraRand g sacohd dayad 10 n1xture conprising a
third cholesteric liquid crystal conposition and a
second solvent on the first or second chol esteric

l'i quitd crysd abthBRbabidalg to Wi &4, whshin thhisted oC hﬂinﬁ%tfﬂ:mi the
I|qU|d crystal conposition co I ses a. c

iR et pETand ﬁé?%@ oA BT PESry a’mﬂag 5 e Eoond
18¥eY BétAker MO GBRHata BAH 1hs figkk fah@r ent than the first and
second chol esteric liquid crystal conpositions. 15

21. The nethod according to claim 20, further

conphpsi NGLERABMBA hidogind¥8 clakth rlsi fudihe h&ﬁﬁﬁﬁﬁicdatlﬂglé gbcond
crystal conposition into an al i gned th olesterlc
mixqm epranripipgal thirdreftodosioaip liqwd coystal compoREiomaRf atseandiehgt on
d’lﬁ Tﬁeﬁj s ’CP%&&& ﬁﬁu‘ich&ysﬁl SRR, ARSI the ﬁgrdtéﬁgleﬁtgﬂlcr quuld

steric IqUId 03|t|on into an al |g
dryrital dommnt@sutcemmsdsmq:hplgstmqlww crysipd Pelymgr olothotasisEe hquld

grgs?ra\é g{so:.;n%)lﬂgr eInllaﬁ Illliif‘efegt t%Fﬁ'? hEF ds@ 5¢]§se!:6rﬂté'hple§téﬂcsﬁ id crystal

0 an I gne Ird cholesteric liquid
@mpetitibnst her nopl astic material onto an aligned
chol esteric liquid crystal cross-linked material. 25
23. The nethod according to claim21, further
c 0 rrp r2i1si n qhe aethiod mgcoadmgto@mkn 20 xfurxhcar commisihg conyerding the third

‘rteﬂc {13 gltg/?tré c?oglﬁo BII? 1&1 0 %yai d tg%%?l'goles efic ’r111qu aystal
@@@@ﬂd solvent on the first or second chol esteric

liquid crystal material; wherein the third chol esteric
l'iquid crystal conposition 30 conprises a cholesteric

l'i quig, cr b HettidalaydRdin@dd14ii 2 1f Whiréih (i vdpasiceivetting the third
liquid crystal conposition conprlses a choljste i C

¢h0éﬁ§ﬁeac Hayid erystahesmaesition ifgncaligngd hird ghqlesteri Jiauidicaystal
#h@ﬂél@ofh Mk @Bn\%ﬂ[@(iﬁé thi:@ @hdléte@llb i@ @Rfstal Elﬁﬂpdsﬂﬁ)n into an

I rst con ourth cholesteric |I'iquid 3

dlizpad Htd thelestiy/ liggaboustd dosselasse yustesp] %m%li&n% Hsolesteﬂc
ﬁﬂﬂ%&ggdﬁggﬁhﬂﬁgﬁﬁggﬁggr|c liquid crystal conposition
| | t han

erent

23.  The method according to claim 21, further comprising;

coating a second mixture comprising a third cholesteric liquid crystal com;position,
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
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the first, second and third cholesteric liquid crystal
conpositions; and formng fromthe second m xture a

wao boor@7iieeser and a fourth [ayer on the first OPCT/ES0$000536

chol esteric liquid crystal naterial; wherein the third
| ayer conprises a mpjority of 5 the third cholesteric

liquid crystal n¥03|t|on and the fourth |ayer
o 1%91%1}66#1? gprigchelpteriedignidieristd Fegpesition it fiffeedt than

{66 ist, Bcofi@ ROBIrE ciMlestetf liqlid@ ¥Rl E@ﬁ’% s qqaepg to claim

23, further conpri si ng convertln

chol d¥ng Gomithp seepndmyigtuzd a fb@ddm,n atnd@rfomrth leyaronahd fipstent

deBididngbgl

convertin grﬁ;tsi%qgl{d th%lh t‘%& E [ {:e?dytg% %nﬁq%’%% %@# II%%%a mnjcomy of
e thid |C§¢ié&§erfcdmutdvry st obepesgionend ihgdowthdryes talnprises a majority

ng to claim24,

ﬂﬁ%ﬁ%%ﬁl% gg?FgQ&%§E§E@? é%?%gﬁthlrd chol esteric
liquid crystal conp05|t|on into an allgned third

chol ggter bd crystal 15
CONV e r tin gﬁ ?% acc r tf) gga{né g?;g{ul%ilea ﬁ?rapla n&cioglvemng the third
@QW@'@ ]llqlmhcrystnlazomposmdm igtoesl atipneddhieheHotstesit liGuil lcﬁylsita,ﬂ

asti rial on an. al.i gned sec
T B L PETRE R 3y R oS icB nfla et o
chhlestamxt il aeaarmkitergplt o cl ai m 24, wherein the step
converting the fourth 20 cholesteric liquid crystal
conmposition into an aligned fourth cholesteric Iiquid

crysbal TR ﬁéﬂhadl adcOrfddig t6 QRirk 0N @letdinthe ts{é? bR the third
holester UId cryst.al conp03|t|on into an

PreRrritigu Wfﬁ CRBPRUtY it anjaligned third cholestere gwd ciyakkd
BRI bethprdBs &ﬁvéiltlh? ﬂl%%ﬂfd"é}bﬁ:steﬁpﬁ%ﬁé E@Ethpcokﬂtpgyiggn %nto an

crystal thernpplastic nmateri al

%*gmdﬁ’@lr%‘fwfﬁterle Hpmip sayytal thpenaptastiogaterishonias ialigned sequad

' &Bleste&gﬁfulld}g?@ap&ggg MhBedCRIBEsSing a plurality of

chol esteri Iquid crystal conpositions, and a

solvent on a substrate; wherein each cholesteric

|'i qubg crygtak fferent. and formn
fromthe mﬁe;t utp(g@g%gﬁﬁl‘gl t? E]ta n§2411 q’*haereclenr g° cs)fr?p £ ﬂ%vemng%e Rurth
cholegericaliquid mﬁlepmpea@dn 1hmaa nligriea fmﬂmﬂmhasmahdmiql orfykthly

.Lhe chol ester| gui d cryst al 0sj.ti.ons.
e S0 i EE: Pk soaPtiiai i HREbaaera i
aﬁgmdrfdtilrﬁgclbbstehahqma drysthLurdd3dink &DagEis oA @n @REHeARKIENQ
t f cholesteric.liquid crystal
Cgiglﬁ%g cLiHubd ﬁﬁtaﬁ lbengf’?lésrs\’@&naé%’ esteric liquid crystal
materials. 5 29. The method according to claim 27,
conprising a plurality

wherein the coatin m xtuyre
of cﬁl& est-&qio qf&%ﬁkaigéwg?%i bedynise Elethod §emPHFiag seps of:

sol veditin® B ndxture comprising a plurality of cholesteric liquid crystal compositions,

and a solvent on a substrate; wherein each cholesteric liquid crystal composition is
different; and
forming from the mixture a plurality of layers on the substrate; wherein each layer

comprises a majority of one of the cholesteric liquid crystal compositions.
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substrate conprises coating a m xture conprising a

first cholesteric liquid crystal conposition, a
waewmafntriohol esteric liquid crystal conpositi onPCHUSIN04/000536

chol esteric liquid crystal conposition, and a sol vent"

on a substrate; and wherein the forning fromthe 10

m xture a pluralit f layers._o substr
wher28i n QBQHWWQQé?%HgW% i?ggigiﬂgugfowgn%?gcmwg 88 Bone
pl ﬁﬁ%y%%ﬁ&lés@ericllﬂuid@rﬁtay séraposidAPDE dlighebchobusieric Squid crystal
ormng fromthe mxture a first layer, a second
mpiggials. and a third layer on the substrate; wherein the
first layer conprises a majority of the first
chol esteric liquid crystal conposition, the second

(ll ayeld. cdimpmiethed sgcondipdio daimay ¥ Yheeia QA EdTE, | ¢
SV OSP4 o s vt
smblstwt admmmtmg eomlxt@@ conprgsinge fstrhalesishie {1111‘6 oS a| m
ccgﬁ%qsfu%rt hero %mregérllﬂg(gl?@fW§£ltcbﬁgosﬁﬁtﬁl Q't}ﬁrﬂtcholestenc hquld

erlc IC]UI osition into an alignhed

cifystalbdonphgties bed splifﬁnqgm d Sl(hssrm 9allnd wirgrely the formng from gl
conver second Ry

S p&ﬁ%%y ggfglgers 0 gw sHﬂ> grg{éat Vé/ffi{rglﬁ:é?éh 15‘)39 C@&ﬁbﬁée@ R nal of

oh@bfahd eoleatatlc Hquid erystahgpnigoeitio qodlphsec’, liomnm fremahe mixture a
conp05|t|on ned th| h

fg pear srarblrarnd 3 iR S el bab bR A frsl bW O

cOhpfidedth Majority Ahafrst thopsteeluitiuif cxyslbabc@m}byltlbmehermpmclayer

of claim27, 3
comprises a majority of the second cholesteric liquid crystal composition and the third

layer comprises a majority of the third cholesteric liquid crystal composition.

30.  The method according to claim 29, 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.

31. A product produced by the method of claim 1.

32. A product produced by the method of claim 27.

34



