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WD 2004/ 076588 PCT/ US2004/ 000549 CHOLESTERIC LI QUID
CRYSTAL DRYI NG PROCESS AND SOLVENT Field of the

w0 pawefrés8s1 The i nvention generally rel ates to PCT/US2004/000549

chol esteric liquid crystal conpositions for use in

opti cal bodies such as reflective polarizers, and

particularly relates to solvents for use in 5 those

c oG HOLESIRERIShHIQEIDh6BY STALAD RY NGt RROCERH AND SOLVIENT

formthe optical body Background of the Invention

Optical devices, such @gqBPhRThé&kgnand mrrors, are

useful in a variety o NS including |iquid

cr yst ‘Bie idvenppmgenerallgrelays tochejesteticdiqyisltcaysted coppamitions fur ise in
. = at i es: ' .

PpaEbtics e iR R A RARELE Sma Sy oBudd o sy oo in

1esheminositivireind insthody ofidipiel theanuipdsitoont tb iferm( the gptjcal body

reflective) displays, where light is provided from

the front of the di %ﬁﬂ@fo&n?d&'thef’ Rh§t 119ht). These

two di splay nodes c pe conprne O form

t r ans®piecal doviseslisaqhl agpolativeas anslamirors, &ra wkdfultin afvaniety of
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intpiveadategonimse badkdio (kg ngpnpoissivd) dspbya ndeedightia peovided srom
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fromahé frentof thedisplapi(€gl dybibaVight).eBlsest tvaondidiidp modes can be

refl.ectivity. The . ow tra i ssiqn qr. . refl ectance, of ..
B b Yort e O S R IR s s e ok Slamelys B tight
caditione ohieghurdler®ight SObisatmghi. on. Refl ective pol ari zers
have heen devel oped for uyse in these displays as well

as ot a‘él}ven%a‘:tifﬁﬁ?tg&]:?s&}@?a Tpg @E?I‘I%U’@ PB%P%?IF 31} an have less
a6l 8%:aizhi @dnkmiskieh.] €6dvehii@Bl relE¥ivO BCDR 8reRPlo@asedidhiaBibrbing
and . transm.t |ight of the opﬁos_l te or orthoganol

polpaersARditgvcally haver lags| g 2aee teflephivith aEhetlpw trgpymhipsign ort o
R1cEBRAO) Bfdse ATy Pedub iyl !

perscent age S(’Jef they@I [ ghis%%%\l};?%‘?%%%f'gﬂﬁgﬁgﬂlggggﬁﬁovgvﬁ{
seuepiequent |y a higher transmission of light. It is
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| ec out absor bi ative
apmhgetions. 2Beftsltiveldrizghytpref@ensially sfleyt, lighhle vingfdne polasizmtion and
y . % rpti f.or..t.h -
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webeakee izt heakidis podsiBIY te hayrerldgler pavantaga obthe dightr @ngseted fo

SRR g B eq finEa P e SEFRR S el ki P
vefleetiverpgiakizerangemitmd weflekt lighh@ithdiv etsoitin elacivélg BSge amounts
AT N
transmission polarization over the desired range of wavelengths. Most LCD’s operate
over a broad range of wavelengths and, as a consequence, the reflective polarizer must
typically operate over that broad wavelength range, as well.

The invention provides compositions and methods of making optical bodies for use

in these and other applications.
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WD 2004/ 076588 PCT/ US2004/ 000549 Sunmary of the
I nventi on One enbodi nent of the invention provides a

woredohothsed form ng a cholesteric |iquid crystBCT/US2084/000549

that includes formng a cholesteric liquid crystal
conposition, depositing the cholesteric liquid
crystal conposition onto a substrate, and initially

drying 5 the cholestﬁﬂquthdnhgﬂgﬂﬂﬂﬂnnl conposition at
at er@? bod%}e% tgﬁ Cﬁ%l}%\% 89)Vﬁe ﬁ‘l@& ﬁﬂ?mmg aI choleﬁtenc

chol esteti ¢ |on as a
Bifd egstaldsyer &rmmnlmd@ foﬂrmngn dtoﬂmtenc &gl drysteh¢omptokigion,

B D Rl e L D106ty o
the |ch)dle£@10(ﬁquﬂrwjisk&b corepdsptidh a‘anttempéramkﬁat Ioﬂkfﬂdsw 90°rC S0 that the

rov of f.ormng, a lesteric .10 |i i d
Biefestett haBnsBanl ootpostiah Bt iy SRS rutrior I #otf o
Srﬁb@ﬁlﬁént ﬁtﬂé‘rﬁlﬁt&:l titynig taketk plaae atg)l:l bdbw amlec hndfuithdrteimbbdiyhent, the

LYi the chol e ter| iquid crystal conposition at a
W&Wﬁ&% (ficgurs gt or Fb éﬁ about 90 C, whe?gin initia

dryi nindifer 836:G6dMRIchiSIT@E ita86n Frovidédd @BBod\GY feinin®h Odlheeric
little or no airflow at the surface of the cholesteric

Hawd parstal qpapgsition dprpsiting dis cholesteric iy Q) gPBeRtiggonto a

EJB@trét@ Va8 tﬂlmymmﬂg 6 ShAesERMNQSHCHRA] §diosiiBR hti@Sipathture at
| east one cholesteric |iquid crystal precursor, and

QI br»lcdv ahout ARC, vmmm@rtlabdmwa iisrspemplished under qppditionsowhich
RPGANER o EA5) 0 1L ERRET LU HAGEN S Aponin
sol veAtfurttsr bmbodﬁasm of ‘phb |1rmen1m‘n mbned@azmmpgﬁticﬁﬁhat includes at
Legz%gﬂ% g o E?Sg%‘ﬁ 118?1d cwg{%} %rf?uéyor ang EI‘QOK{ e aélle] A&other embodiment of
desaventiéd meludds avRadt onsciwidsade H@ﬁd sryath] frémrsonvendiooriarenand
n ?Ctl ? with the acconpanying drawi ngs i n which:
AF eneether salvelity spect i ve view of an exenpl ary drying
apparatus t hat can, be

. qsedtjn onhmenbodlnent of a

met hod of the i nvetiforRuUenoLIne IawIneSr oss- secti ona
Vi ew Dhe fahetidf yiah Ge ﬂmﬁbamﬂjz tisdegifooliigeoneiddratio? & the ﬁiubemfg
is a cross-sectional m/tak alonqg |jne 3-3 of
ﬁ?t@mdéieicrlpﬁplg aﬁ\@nauﬁ abd ;92 iGN, CORIeS AL With the
g&%ﬁgh@ﬁmggﬁwm@gm@gﬁ@{atus that can be wused in one

i ment of a nethod of the |nvent|on aﬁgure 5is
cr ossEigBEtli ipARFISRACEVG WY Pha aepPhY dpa reratsuThatizey by %Sed in
$ne gﬂlﬂdﬂﬁtﬁ@tﬁ of $mRh8& BEMBidventldnl USt T ation of yet anot her
exenpl ary drying apparatus that 30 can be used in one
embodFigeiet2 isp cepsirescliog] vewok deidmijesanpemius P BigEE 17 is a
if?it b |3'Sl%)%g§btsl§ Heliid1 0w Hien SRRLHAIED b Fgud 11 AUl d

Figure 4 is a perspective view of another exemplary drying apparatus that can be

used in one embodiment of a method of the invention;

Figure 5 is a cross-sectional view of the drying apparatus of Figure 4;

Figure 6 is a schematic illustration of yet another exemplary drying apparatus that
can be used in one embodiment of a method of the invention.

Figure 7 is a schematic illustration of one embodiment of a liquid crystal display in

accordance with the invention; and
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accordance with the invention; and 2 WD 2004/ 076588
PCT/ US2004/ 000549 Figure 8 is a schematic

WO kdoumstassg | on of anot her enbodi ment of a |i qui BCUYRDE000549

di splay in accordance with the invention: Figure 9 is
a schematic illustration of yet another enbodi nent of
a liquid crystal display in accordance with the
i nveliguond is5 sultentatic ilhwstrationef eiother pmbedimetivf @ ligeid crystal
iar i ous . mod on alternative fornms,
aé??ia i'f PES” r‘ggl?%h é@g 0g‘en shown by way of exanple in
t he (iguve 91@81 saliatic illustretiondé setrandtber eimbodimteat df a liquid crystal
% ul.d be ndergﬁgfd however, that the intention is

ay,1h agopapcs with F JYERY9%n to the particul ar
enbo Whéind&ﬁibhhﬂ&ﬂenhﬁe & vario@modificationd xrﬂrajttemhﬂm& forms,
|nt ' to cover, all di fications nts,
SRR ot ey n BT gy LR 2 b i e e
ée@cr?fed Iﬂ”kgtdllr’;gﬁfgbhl@fbe ufa?rftbdd&ﬁovﬁﬁfﬁllc f.hapt‘hg @iter@fon tidwdt to limit the
Preferred Emhodi nent ol est g I.qu st al
wRbes (o the prrtisar geba dinenis Jessrip eprin | Q0 P BFATY: the intention i
2266k 3l odificREdid dRuivaleiB] 28 hRErhAivkd ﬂllin@ veithyi5tha kpirit and scope
material and at | east one solvent. A cholesteric
ofithgimgentie.y st al conposi ti on may al so contain conpounds
that function as initiators, termnators, 15 curing

agents, crogsdthiliaieriptidn JAZR Pl redBinbodindant s,
plast|C|zers rnhibrtors, stahilizers

ul t r dvholssistic ligwid cxystalcongosifipnsitp peeor a@?ﬁWlﬁb@l& yeRfipn yasally

ARl dPL SRR eSic 1iGI8 o5RR1 AaleRsliand hileHdt SheGbiahtalA dmleetetialiquid
general ly includes chiral nolecules or nnpieties, or a

erystelspmpesitipnaysalsoxeataiesanpapndssias Bur dan asipitiatgys. fgeminators,
P@ﬂg 'Igé CBQAI?{)H&E %nﬁ&on&ﬂté gﬁ’c{&{cﬁn’cs %’u&g&ls e8Htibikdrs; stabilizers,

crystal naterial can Include one or nore
@Mbﬂ@@@@ﬁumﬁZ@dMquwﬁebﬂyﬁbﬁﬁnmbﬁwéwﬁwgg@ﬂﬁéludlng

o] 8 b 6 RABRI 0 B o
usete, or 4 miviure hﬁtle@t m achifrgl qwilaqulm yusicah be mn@nmd@)ymers or
g%%?%%gqgg{] %%q s%e 16111§e c Sl‘ta ?lt cieaB I115;6: dde %Hé gr Br\é %fuﬂ!estenc

e cu
li@thd citykial conﬁaomlids I(ﬁnbludmg mhxﬂeﬂmlc (iquid. crysthd)p@ﬂylmatls), POSSEBFE

ane._of. s tr apnd.at | east ar.. unj t
RS i TR P b SRkl PeTRL BB A
Gélﬁﬁiulﬁﬂs)mi@?ﬁbmatgﬂi@ ltiesdodr Enolésit@id iliduldrcmtadl bomm(;ipdmgedsrally
are also referred to as chi nemnat i cr
&tsHide aierst onsBplaata P t e lch 15 palyrg (i% Af&ﬁ%&ﬂ% BeSEHA ‘ftne of
fsﬁﬁtﬁét%/) ah®hia8dsereGnolbduliid it Galis h@bogaﬂlaslenamem gthibike liquid
nol ecul ar and optical_ director (i the unit v

crysiehrhasq)i Ehelesters IWIWBAQ@P%'@Q? ar%]ls% gefpregd to as ghlralonematlc
gﬂug RARAL ()onﬂ;ouﬁ(nse bRt GquY @érzitalrc@ﬁlﬁ&ﬁféls bdh Rr e hAledkeric

shlon al ong the di nensi on hel 1 cal axis)
rj;gmg srydiabphase 1ntvdnqlh'@e mo}eg@lﬁlbafnd optical director (i.e., thé unit vector in the

direction of average local molecular alignment) of the liquid crystal rotates in a helical

fashion along the dimension (the helical axis) perpendicular to the director.
The pitch of a cholesteric liquid crystal layer is the distance (in a direction
perpendicular to the director) that it takes for the director or mesogen to rotate through

360°. This distance is generally 250 to 600 nm or more. The pitch of a cholesteric liquid
3
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30 The pitch of a cholesteric liquid crystal l|ayer is
the distance (in a direction perpendicular to the

walcooaotressy that it takes for the director or nRPGDUSIV04/@0549

rotate through 360. This distance is generally 250 to
600 nmor nore. The pitch of a cholesteric liquid 3 WO
2004/ 076588 PCT/ US2004/ 000549 crystal |ayer can

trypaldalet yankigpiedllyde aﬂerbq/bynnmmgor@themlhemmlﬂﬁng G by ng

ofeegn AR B it o BB RR0Tlg ot
hdpﬁcm tifstalrepsipahndy G @hmhk)r cmmpdsunamplbﬂry mmaﬁu tiqlyid crystal

cal anerratlcll r
SoMpedad. Bt et el erenf S elarS PO Pl male eiate,
Gﬁh@éﬂliaYc&ﬁpo\iﬁd fhthe ctoledferit h@u@ Bilyktal coﬁ@ﬁﬁﬁ&ﬂ dr Heﬁntbiil 8
cholesteric liquid crystal }rLngo& ti

Th
gareliapelseieddp be pr theropiep of e e cngiteseporaigtest. The hlical

WAV BRAERCOf rebultd it a ﬂfatléll'yt@hs&t: variii6n fethé @@lectrit WnSér, Which
the director results in a ially fperlodlc varlatlon

infungivesrigs odhg W@V@%e@a@@ﬁlecwﬁ |r%ﬂ?ctl<rnn° ight Fr Geaganls, & pitgh

EhhBiaEEa—h lalamk 8qtdive rérf@&h&%b&pmqﬁe Jnmgiat ultrEﬁBlet or
exanple, the pitch can be selected such t hat t he

inlared ayelongsiy of dightom aneeambindtian fhigesofi si bl e,
ultr M rggés?etm: llgﬁld%ﬁrs{apgénﬁfo%gdsvﬁﬁ ?{e@ﬁ}%rlﬁ Sinc‘ﬁdaﬁé %‘iesféflc liquid

any conbi nat ol esteric crysta

coystplowistieera At genaallyr lowma, and pst Ql@lenfgn@h@n@@wetah qgmmnqui o

% lfc' L& kng\% aniﬁg f Qﬁlﬁ ngt?ug ?ﬁ @M lye dﬁ&?l\ﬁQheaiﬂgenﬁgM Examples of
esteric pr ecur

kuitaisle choiesttdfmcsielumlf crm1 chmpcmntlhzmdaxretcuxsalls atﬂedese‘éldd nmUtShEatent

v [ f)nS. S i qui
NPy ek e anis A Adrertraare Bop et i s et
Patvendr, ctler hhdestetic29@id43stal bordbaind2dd phecBB6rs Ad2disclosed therein
5,847,068, 5,.780,.629 744,057, and 6, 309, 561.
%Wi%’é?ﬁ “t‘g?‘?ﬁ]elpglleﬁ’é‘feé@?‘brl c liquid crystal compounds

and pGefidIFOd sholsteridl ligwil o5eE] ddi’@b&mc’{br pEetirsat iS Gelb®ed, at least in
utilized in the invention. Gene ¥ a.chol este
ih%ias hat

PR BRERd Op A RAFICU SR RRRNG B OT pPtica iy P@&ft‘:@ 'batlsed m.

IER@Afbled 6F chid@&tbristiB@@StaR Be E&RIABARA il G bmm&mh&sﬁmqrw
optical body that it is ultimtel be used in.

ERairptoponndsor aregusar inshyde Butapgrot éﬁlﬁe%@ é%&@ﬂa%wé@eﬁa ﬁltch
RR-COAIGE clmty,%laﬁ}r q&&z %Béo?ptioh%yihg w&{iél reSRABPHRGS::,OF

recursofs include but are not limted to: refractlve
copabdity pith ether commopensteis.lainepaticliquid erystalcgmgpund),egape of

0 1

SRS 5 BRI L ok,
Inogoinedrs ¢o fogmdlie aholeptotiniiguid emisiel pofymenahrolegyt metbod and
o %&rlar%gngé (I)ft chng% re!isi%r f g&%ng getn‘?ovhlc Pre})sﬁhﬁ[ a%d%ﬁéﬁl‘éﬁ roperties (e.g.,
cflemlbﬂﬁy, aaansﬂze dtnquth,cbobfcmsrbmtarpe,l symatzh resistemod, cagglphasetrmsiiion

’g renents af cur i ng, ease of soI vent renoval,
6‘?’:9%‘“’%%{ ) aneen et Rughes SPoperties (e.g., flexibility,
t ensi Cﬁolﬁsttdérﬁ:l’lgﬁlm crﬁsﬁdl V&ﬁpowésihsﬁa’ﬂmﬂfbles&ﬁc Hipdh crystal polymers

resi st nd S ansition,
are typlcﬁp formed using cl?irzﬁ moliecufés or a mixture of chiral and achiral molecules

(including monomers) that include a mesogenic group. A mesogenic group is generally a

rigid rodlike or disclike molecule or portion of a molecule that are components of liquid

4
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tenperature), and ease of purification. Cholesteric
liquid crystal conmpounds that are cholesteric liquid

wa@eygadsspol yners 30 are typically fornmed usi pgr/okiooaboos49

nol ecul es or a mxture of chiral and achiral nolecul es
(i ncluding nononers) that include a nesogenic group. A
nmesogenic group is generally a rigid rodlike or

diyselsi Ksamplegofihesogaiquroups areluwie, tart mlnet:]mhikectthqtaraammtuted

W%@%é}? %{)ﬁlé)li sugsruugt?&’\%%nz@,%xr{n%p CSG esr?g%%%%rﬁ}q&s are

optanpBy borcled they pdjjaheré)laei{bnmi thtdugh & eghcéro, The spacer can contain

bsti t.ut ed rou such as ...
B RoRt B2 VB foEbSuiete. PRIRS bweitin iuidive, Alormg sisps
alkglen€) ptkiand) athey tihiesitkedhibestea, mlammrfuﬁzﬁ@h&lﬂia@ through a

spacef... The.spacer..ca u naI ups
havi ng tagg’ Chgg‘é %qulcg‘é?ﬁs(z?agr‘@ymﬁgfrﬂl@}‘% “tﬁiff'i’li lﬁlﬂtﬁ%to’
@biyyﬁs haeﬁg e rchlrzﬁ oﬁhdﬁﬁhmestaﬂ Kﬂ?@rb@hﬁéeﬁolyaﬁihﬂ@ bl &drylate,
i¥f“€§7{“ a{ndefun |onaj;§ré{§(s Sui t abl e
gy aE3 P Fueganer FPeesterininaackbonsthal deeluds gresggegic

rgﬂziupé bﬂﬂohﬁl%/ Je arated BY Y5808 ﬂ&ﬁMé B&néndatthd. @xaﬁﬁle@@h&tﬁ&lsultable
pol yest er, car bonat e, yam de, pol yacryl ate,

SBeLSsRscHige f’éPO%PV@PY%(WCT@PC@GF@;/@@’[eéﬁmmecPePOI}’acrylate
Baﬁlﬁﬁﬁ’lﬁ&ﬁat@f)ol&ﬁﬁk%%ﬁfﬁ 91' ﬂblyn%l&ﬁ%a@l@o‘ré@%w éfural
Separ at ed exi bl € cononomers
gelHBt metpgenip ﬁlée-mhﬁne BoPRss Iae sidethay gr@umgasfoa pptwwh@pgrated
{
tgg}fﬁﬁg?éﬁ?&éﬂmﬁta@ﬁ&%g Qg@l al(; %f)i(’ glrl]cgl)ém ‘ﬂg/ e%? BRLaY %%Eéﬁj B frovide
?W@ronate backbone) with chlral and achlra

nesog rQups can
e COE R R B B g e D 9
spauie rf lest ohe ﬂ&veah (ﬁiollq«zﬂeam Bqwd czabtkl}dompesmom cd:enmmmgarmxxture
UId cr
Sgcﬁ%oo(%\ﬁ%m% %oslven% are C%I%o i gﬁcog?a%cet ‘ﬁlﬂ% ﬁlg lrfvﬁ{}té%t i %ﬁonéq g%tances one
ionmbtsechd thaetchbleststic iquid apdtaledinponlds|caste@éricdiduidiystal precursors,

st al. itions containing.a mixture of one
SbFBtSEnE TGRS et ol e on Sigte eetientt S Gher
IcﬁMﬁcﬁhd@lhat ﬂlﬂctﬁ)ﬁﬁEa bdl8dn@BCREposichs of the iMeRtidH, afelpEnerally
conpounds, cholesterlc

ol est d crystal
|S&q?:§ﬁipaal r%}l%ﬂt %Hﬁ%@gosm UBRHEIEEETIAG heryicen hegliminated

GAfoP:SpRE Hryds tRe SRP6SIAbn to ENEHoRNE 11 ko Bt 81 R4 MER 3 rtion of
or ot her 20 conpounds that function as a solvent in

rrpbsni(e-gneapiing arelve inelinuiderystalmeongagetodpinya liquid crystal
suRpakantially elimnated fromthe conposition during

processing. They can be elimnated by, for exanple,

dryi nfp eRéembedpissi afitisinvegtion ehplastsrie ligiié cystalempogitions include

n e@ﬁfok&gnea i) 9515 (%ﬂm‘ﬂg su Fggthé&l ‘Eﬁgth él?}(ogane fﬁrﬁ?gllliﬁ agg sBlvent.

sol vating | |qU| crystal nonofer 'to forma
d Bydioxllane pOA§ member 626-0616) e beiting qbomemﬂ75cﬂ’° a ztt€60 mm Hg, and

Ihnva[e %Igp Ig}escsnr%lo?ﬁ ?nrn% g at | 75 ICd Ci xloxaanecho %ﬁrln er o gynonyms

including 1,3-dioxacyclopentane, 1,3-dioxolan, dioxolane, formal glycol, glycolformal,

and glycol methylene ether. The chemical structure is given below.
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1, 3-dioxolane. In conpositions such as these, the
1, 3-di oxol ane functions as a sol vent. 1, 3-di oxol ane,

W@A®40m58er 646-06-0, has a boiling point of 7BCBUS084/000549

760 mMm Hg, and has a vapor pressure of 82 nmHg at 20
C. 1, 3-di oxol ane has a nunber of synonyns including
1, 3-di oxacycl opent ane, 1, 3-di oxol an, di oxol ane, fornal
gl ycol, glycolformal, 30 a glyycol nethyl ene et her.
The chem cal structure is givenlbelow. 5 WO

2004/ 076588 PCT/ US2004/ 000 O 1, 3- Di oxol ane

1, 3-dioxolane is a cyclic reaction product of ethylene
gl ycol and formal dehyde, ;apg@zgap exhibit behavior

typi cal of ethers or acetal s de pendi ng on th

condi {-P8REolare is.2 qyplisaspeiine proguwé ey lcapsglzcod opd rmualdehyde,
GhOLRTKBIbIt Gellalvidy byhical isdiRks SAPRAS Hép'eﬂcﬂﬁg &{ thE Iagndltlons 1,3-

invention 5 in part because of its ab
Sigxolang is peetiglpe a soluend dn eholestetic Hanid Clvﬁtylﬂoalpos}bwpmﬁﬂasnwuon

RS SRS of 1&%119%?0 HRBHizk ﬂle%ﬁglkﬁé{cq[dg&l 41'%3%1'cgmg&}ﬁﬁg &l

conposi tions of e I nvention

Ipregufisers day/are abedpn elealestasic élqmdmhtah@mpoqmpms dfithssingdntion. Many
10 ructures

i e L

suimagintisg stArctine) whtch lcan:hdva qery qbomrsyhnbﬂllty meopasintorgnici sblvents.

accor t.h t on may also 10 include
ot hor ~apreealyld B EER RmE Yicihe ol bR Rp ey lso
aédude wihedsohents on:orhﬂSt&mds thatewat dsGolyerits\On@iné E@b&dient of the

sol vents ar.ge used a cho est ric Jigujd crystal

TSR BrodfiferkR St Be e R hieerts A Byt In

cinhsaibobiared, @i sbl&zSnt&htﬂyMeTcHoséﬂb@@dl bibitd dbiRy $OSRuLize sbiR6 of
of the chqglesteric ljquid crystal

2‘1? r gﬁ&%ﬁh&&gg@% Felesteri fiauid (cipstat compggitipe and gy ofhsr solvent

afaky ©6 Lisddh@afilicy 18 grﬁﬁlg%’tﬂ@c@ﬁbtﬁ:ts h&BprBidsiRg QRS %di&teﬂf: liquid
the cholesteric lig 15 crystal conp05|t|on

SR8 hramPerteni Iﬁéﬁ?thefrﬁé“rb@dlﬂl moythabivpertventraay be used.
used. ml dhe eRMBoBRBRAN RN Ay iord Q&oﬁé@féﬁ@ he\H@ c@sﬁh@nﬁf&&ﬁ& Gf the

iquid crystal composition of enti'on I n
mvgutinngncdiden &, athexokang eedmgeoesl a@éfnnt Im pneogveb odirhend pfitbet

Hyehtit, th BB é&%nhg%%f&g&%(}% o St %foi‘? 3%11%‘9&%5 A sec{ond

evapor at lon rate t ane Secton sol v
wplvent wvith eugsver evanomtian rashcandie isasidn ciaxeblu&enh with the 1,3-dioxolane to

SPURLOAL PR DIt oPcl BN ADS HehslPodhO el Rh
fiedids mmr@btauehmfethyh@iah?@‘?fueﬁr ‘ahylmdnfpyraarmmethylcarbonate

I a I
T BT £ Loy YL Brngs, udghgpanone, and

cyobiogionptrent, Inambthat enﬂbﬂhﬂienkcﬁtﬂﬁlﬁvenﬁyﬁ;|aQihSI>éﬁélﬁmlﬁqu1d crystal

R E AR DR ngggﬁ%gg SelGpropanone,

mmyoahyllken@n@forhb@nblﬁmtth@ébfl ncl udes 1, 3-di oxol ane

and c hexanon cl opr opanone,
Iy % S)I(nents ?’che 11¥ en’gc?n thgt include'1,3-dioxolane as well as a second

solvent, such as cyclohexanone, there is generally not more of the second solvent (by
weight) than there is of the 1,3-dioxolane. In one embodiment of the invention, the

amount of cyclohexanone (or other second solvent) is less than about 50% of the total
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25 nmethyl ethyl ketone, or a conbination thereof. In
enbodi nents of the invention that include

wa 28407389l ane as well as a second sol vent, sPCHhUS204/000549

cycl ohexanone, there is generally not nore of the
second solvent (by weight) than there is of the

1, 3-di oxol ane. I n one enbodi nent of the invention, the
amoumit(boweighit bHhédirolare {ulrseant eolverd.c bratothot enghtidjméns of the

SRR BB P B0 MR RarkRE o S selon o B SRR apa 2

afithedeelombusioby eeight) lofi 1 Aniddxotane emtsecondeolvedf I 1@ another

[ ' t un f cycl) ohexanon r .ot her
Sg%)g(ﬁ e@%‘rh\e/: g&%}lﬁ{gg C)(cté%hgxa%nﬁé%%oa Bt e se&q;@) sglgfntflﬁ éests g‘tag pbout
davhunfithe(thip] ameughby waight), of -1 chi-diveallae andidosEobRE:. f
solvent. In vet anather . enbodi nent, e, anount. o .
cycl o é'“;(%\ o Oésgiion tsﬂlg’?ntéléaé bgrﬂﬁecglg Ig?/‘?ﬁ"‘ﬁf;' #@“T“é‘%ibacsﬁ%ﬁ least in
b ot the tihiEeXhafit thites td &apdra@fduihe Cllestveic BEill cBfstal composition

i oxol ane an..secoqugolvent“ The %nount of second

1. 3-
§8$‘i7 ProGesing eondilians ysed. Jo,0n¢ sperific gxananle st qysoBeragene is

hieiigdd, 4 desirpddrhodof dyElohdxaBorfeltah bd detdrAiRE flofh RYRRRLRE Bata
ic J]iquid crystal conposition under

fn& t%f.c O|eSt§f _
HE Tt SeReTRybf fp P ReAR0NS SIS anyadysiiagspHsoRtrast ratio or

QKARNE, T IRERNCIHFhOREHFRANORENttEat isUistd dahSithre Qen@ﬁ?l&r € Hased on
anmount of cycl ohexanone can be determ ned fFom

BEPPBIRRTTRS rsh the dyipg time apdihe aagepling tivount  of

cycl ohg ilidvd t: -] r

ol o e p AR B Bl P Bl i f il Ponlalo

ircdiile palymerrasiop éndaters that Hactimde ihittate pdyeirptionerseosslinking of
? ' ' t j i e, .

AR PRER bt o ch ol ol e ApBRE B AP SrhTFiop S

wplymetizpdion infiéxiors agluda norapainds thatchu genemtd fevandizads todnitiate and

Lt . tion.todniti.ate.pol ymeri zati on or.
RSk RGP or SRR L P ) FuPirt RO Bt Bt on o
weingértof Gaots invtislingfbut e lieowr as sthbitity. or Bulif-1iéh | Referably, the free

. Lization initiators.i.nclude conpounds that . can
Rt b8 ol okl Gooiifaal Sla AN Sh06S crystal
peyky/yeabs@ratiorost oftterwis@ss! i nki ng. Free radi cal
initiators, can.be chosen pased on a.  nunbher of,
f act o? §e f%dﬁv‘éf%fmaf?& Boubrraty Fllﬁ’ﬁf \%6’8“5’11 Gree wdigp) ipitiptprsgyr
pRbtbimitiatops. Theahf FiRD kadical MRiafdr£ ShichdehEAt fbdHaliicAlt Qpon thermal
goes nat, geq;rate any additignal color in the

FROPBSEEPT (GBS EMple Beroxides) BejaHliatsy oapestiple compernds.
PhiBmas cantR Actiatid b lelccRbhi AR Bdidhich drpriteRlit¥diation.
either thermal free radical initiators or _
prePRP Pl RhotopEatpIndyds byt argineblimites toj enfum ealt
Whbts it ARRE btk forhdiffic f)lﬁﬁ&iﬁi@bt%rsy&@ig ik BREA®E ph toinitiators,
deconposi tion, include, for exanp?e, pero |ges,
photedacempessble organosdpnesylptert sulphprovamids, phosplotodvides grhexyl

[ ef.j pation or
By PEGRD o Mot & SELBOTRANEH b AhABRE heraty,
phaviolet (WY pittedigtidmis hseddo adsivate dlreephnivinitidter] 4lédugloothariighm

§§ﬂr&es or irradiation (e-beam) can be used. Photoinitiators can be chosen based on the

absorption of particular wavelength of light.
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photoinitiators, organonetallic photoinitiators,
cationic netal salt photoinitiators,

wQb@uodssonposabl e organosi |l anes, | atent sul phpel/tS2004/000549

aci ds, phosphi ne oxi des, cycl ohexyl phenyl ketones,

am ne substituted acet ophenones, and benzophenones.
Cenerally, wultraviolet (UV) irradiation is used to

act i vehdestdrie ligjoiltcoystal torapasitionsintabaudinco itk thel inghtior3@ay also

. di t
R R
@genp!acmsshukaix ammzehammg titiomfdatiti g:ﬂ‘ﬁshcder?s@@aﬁﬂh@éké Oifbsy

RSRHAERE P8 R R e SRR ShaleFoins FHnfh TR oty improge the

&tﬂﬁhaby ofiat tynteo bétaesn mmuﬁ&ﬁebﬁb&ionfdmmﬂlé @bstiste, and dyes and

IRl Rondir R e ane Bl s

pl ast AGj methsd kasvabiolthase bSskilVin3kos foy forhRH of dhBleSteriSkGid
d.fillers, coaIeSC|ng agents, whi

as t{n ckeners an ch
FIRBT GogPosgoR ﬂ%ﬁ%%ﬁé’elﬁ’rﬁ’é “§° P filagh ‘T’F&’é‘y ligpidicrystal @ﬁ?f&‘éﬁ be utilized.

et Ore PMprbvehRts 3 4RI chRROR eEdsﬁHg ABhedd cﬁfforﬁq}i?&{ofbts@nc
%nd dyes_ and ments_for absorbing ultravio

Afid g‘fYé‘ial s oo i Figadito fquhﬁlé%tﬁydhqamsmléaypﬁdy@a the
@ﬁol&lféric hiqhda' g é&ﬁpcfsﬁirong S RGerfiok. hﬁeeﬁétﬁfids%éch&yd Bhlow

r st al co osition of the invention

eHer &3mples @ mﬂb@ﬂsané Eyhm@}es thaympy h@ﬁﬂbed tﬂ)tfpml glendesteric liquid
ERLd e H05E, t. nd changes to existing
rrigtghogyg 0 c%drr?n&%g@ éé‘feg{r??lg 10 liquid crystal
| ayer Onempathgd gbfopning |Ch¢129é@10thqulfdc¢r3r$ta¢ hwbnasctledels epplyiagid

t UI crystal .. .

EhoBRe RSy bR T SRR Sohla hafhd it gava
beystaleonpbfiton esndwpbplsdad thewtifad $n zamdnttee efmaﬁuﬁsluﬂihg,tbut not

dto formcholesteric liquid, crystal .
AP cdhing &8 Sph Sk O EARRE T blufer sfthe SynsBiel Shits aptentea
bmsrlm) _hgngc@ﬂ;&g]l \Eﬁt e choldstegid :hduld _rc%sstaalayéralwﬁé subagAte BDe
a ng a C steric . |iqui ryst.al composition
BSu e nror B, ittt Sotsidles, Biebi ety Ay o 1t o, or
Bfoyrshia bh@moau Bi Rhlfen@glﬁ @595633@} Imﬁtobﬁgﬂnke%t %étfreﬁ@s%ré abs@nbed
ncl u

PRl R L IE R ok e ST R R e ERL BV

subst At oy, B REIERM AR uidRI P c&rﬁp&%ﬁioﬂgs SRR b b Mquid
the cholesteric liquid crystal |ayer. The substrate

exrpabayesr Cerrrallys this pigoest isFludseampnagthe gprapgsitipn and annealing the

I,
e e P rahont o oe MR Ro i )

i taeongn mBikn fogudsion ohe e@lme@c dasid pm@ulawrwamb@ccomphshed

LR BBt e hila B ing bRy B e

ehrdesteivio ligsiderystal bonopgsifionyapstading ormqmog (d.g.opolymserizing) the

. ly, ...
?]ﬁ(?é/s?e"ntc %glélélggﬁta?i:&r%éﬁ tlgn u&r{% %?r exarg@lﬁé%eg’ﬁ, {Ga?i%ﬁglg Leoé{ , actinic
aardmeah)l, hghtt(hg, ultavieldt, &mﬂsﬂm st infravad light}, an BRttrateym, or a

Heglon og th%genoeras%nl‘u? tec r} l%cs: cur somewhat

One example of a process of forming a liquid crystal layer includes depositing the

cholesteric liquid crystal composition on an oriented substrate. After deposition, the

8



10

15

20

25

30

25 simul taneously. The formation of a cholesteric
liquid crystal |ayer can be acconplished by a variety

wo@Roonendsss ques i ncl udi ng evaporation of the soP@ENS2004/000549

crosslinking the cholesteric liquid crystal
conposition; annealing or curing (e.g., polynerizing)
the cholesteric liquid crystal conposition using, for
chommhe liqhié éltysta]fcﬁdipﬁhﬁ@fns heatgl aboecthe plass tranaﬁbﬁteimpﬂl)ature of

i S welinii®gpSiaes iinBoodiorar eRESledpen he
@b@daﬂﬁtldrﬁ@ﬂﬁﬁérﬂwﬁé&nd @b&:oﬁipaimd’rﬁ_emﬁmalrﬂh@ H@ﬁd; c®btal phase.

form a liqui st al clude osi,t.ing the
chol ATgFT ey drgoyt i Grvpbldied it GRourrele e

Sosieriati 8T cottfpReitbit d)lpzﬂsubﬁtbﬁe ﬁat\@em%{uw &584 alignment
PCT/ US20 4/0 0549 "chol esteric i rys .

B0 and #ligringdhaligpmgriaBgudowal %aggg %rrdé%?at lipg the
LpReHiat 4 18m8¥e tht Bgvé&@nposi ti on to the liquid cr yst aI
phase. The conposition js then cool ed bel ow the

t r ansYtianother drgsessdpiforming @ cholesterisdiguidicrysth laW@rrfaaﬂwge |Hﬁt1a11y

a&ﬁlglth@&b@steﬁyﬁw oRAARBmpAIRbTRG dBAOLEPRbORRO! A f1Ed
I'qui d cryst yer includes depositing't

béreine $111‘é¢1|d€yllllg"qlﬁ p dh@lp%t@tcd1qu@mwtﬁé FRRSAition 155511‘31@5 §t1’f|11§!tbef the
o [ 3
g{}@ént chhdg ﬁSeO;ﬁg%) r&g%glrng 8)/ ﬁl%: gjstcgh l(r:%ﬁg{flgﬁ)lveﬁtl{ A)r@sgcﬁl'al ﬁﬂ%nt)
mmealhg 1|a gt 4 @aamdcmp oléﬂr¢dnbwllﬂmandm1® resh@akml\mh@an byet
ot he for formng a cholesteric liquid
gﬁmﬂ%“fﬁ %gﬁncludes initially drying the
chol est %lsohzis H vpighd of sqhslt(arlmghmf]sdsmtt Hoveigtt OﬁS(ﬂhds:)l* tsed

tenperature. her e ahoni tihal. drying” of a
chol esteric i qLﬁ’jrSSIgﬁ]g &qlynt cé‘:?p(’é’g{?%"i}ﬂgr@gdr ying until
ei t her the percent solids (&solids) remaining or the
per cent I dyal sol vent (9% esi du | v

r emai ni ng ? 51 lé&XgPFZWW% éWVﬂwéPgﬁﬁ?&Qﬁﬁha%)and

per Cemtonk éﬁb&ﬂﬁlbnt%@ ﬂié&ﬁﬁenﬁ&ﬂ alitiafaligied eHoRdtedis llgdu& efystal
bel ow, . %80l i ds = ght. _of SO|Id/(MBIght of sol ve

w@gp@ﬁttloegs g |W1@§)F1ece11t@9h semeipg ofl pdsastahopigve. or Pg_rcent remdual
Qol%géf/ﬁiﬂlnbl@ $ﬁah a@&g 29% IR 6.5 BRbo BRbM R the Tl B irfally
sol vent / wei solid)* 100. In one enbodi nent of

fried ¢haleatpris ,1d %mbt@lrﬁmmamgn g PRt prsPens eadidp eempaingig of at least
BT H, or%@ﬁ%%sﬁdu%ﬂso‘l\%n%o‘%&gthQ§5190%[‘119§O| i ds

remai ning of at [east about 80% or percent residual
20 solmasaembédimentred the inveatiom hsisholegerc ligyidgipiitl epmposition is

érﬁ? Qfgisd{rrlg ata F:m}a&gta%enaY gpl%el(lg{l] aboziw 9d rt; tfn%h&tﬁer%lﬁb%&n%eﬁt of the

r-c Iron IS
ﬁlﬁiéﬁtﬁﬁht ths eholeBerfceiqaidmrysgﬂ O(fmlaismloﬁ mtntlaﬁ;bdmﬁd a0 ¥mperature at or
r | ven %
%glogv% out 6SSI d% nyet glgot}\l/e? e;nbgélment o e?n&egggn ?h lﬁoleé’!’c%nc liquid

crystal composition is initially dried at a temperature at or below about 30° C.

Initially drying the cholesteric liquid crystal composition at temperatures at or
below 90° C can, but need not, result in desired effects on the cholesteric liquid crystal
film formed thereby. It is thought that initially drying the cholesteric liquid crystal
composition at temperatures at or below 90° C increases the rate at which the liquid crystal

polymers or monomers align as well as decreases the rate at which the solvent evaporates.

9
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In one enbodi nent of the invention, the cholesteric
liquid crystal conpositionis initially dried at a

WO 20vperaEstire at or bel ow about 90 C. | n anot hePCT/US2004/000549

enbodi nent of the 25 invention, the cholesteric liquid

crystal conposition is initially dried at a

tenperature at or bel ow about 60 C. In yet another

Biind diyivert tefpetadnged at vebdlovofQ° @ h;ehcmghtl tedt@edse distuptions in the

crystal co osition is initial drjed at. a . o

b i 6 0 dirivaor B SBtTR PRFsCheing Tisfieip o s ging s

tolwe B iRfpaGsGrd hrdedidd Bé@éﬁsteaf takenip@isibiial €fhe @liring annealing to
nperatures at qor hel ow Cc but need n

fig ddpmpe Gdhece élselpflg@tcgussn T%lﬂef%sﬁa Hithesqigpptions 3?4 fftpecur the

6feR Y @dnneahgliinld s fatsRGedNET @Y is nbi reipfiret RO HPHT sdch%ﬁmage
initially drying the cholesteric |iquid crysta

P0n dhsicopting ra%ch@seadﬁéreamwgy dhesy dispgtiong a%le@ hkﬁlcyrt% ERTS
R &l i%tlay\ﬁilyglg al &eoe IwAdo ¢ € EXSHoRho R MR ASirOd effects.

mononmers al 1 gn as decreases the rate at which
the sGéneeatly, thelqver amgnpera@urmf @04/ BT 6B8kely the desired effects

Err {)&’%%9 3@0%%?6%.%{1% 1&111{11 {: %talque/ L nzgds@tthé ﬁ)%?{h@tdy @Sr.lel%berature,

Crease disrupti
the éongenﬁbalﬂgketihdty tha nhOdﬂBmD liguid icrygtat lagere \Mpfmdalgi onrthe solvent

%‘Jsoﬁveaﬁss 5% ) 85 thg celryv eglﬁ}?]el ttXre?sf %Ftc hegse%ot%t iay?r ot 8ry at all, or

i ons esire ecause
adtel it lmftﬁﬂlatd ari@ind uﬁ'urmgtoalrgn eﬁietaﬁge tio ond ¢mbddhﬁae1ﬂ aﬁﬁg @vention,
hat. sru er ef ore

t1o
SSiprone CagerBie SlEar B st B radhRie imrdifrrige
bodifivel cBfette dﬂb@deﬂﬁﬁﬁ&dﬁ&mﬁﬂl’mﬂh@ arithe tifa€ ititalesltol ddy AR paer at
such damage. Wen the coating reaches a higher
hedew &mBpTatithese disruptions are less |ikely to occur,

t her efQéiBer rhdifod dFidksidd thel EpolRBridliqRitl cBelaPYnERsifioh ﬁlcludes use
enough to cause such_ desired effects. Generally, the

p@mévcefl piflow spdreiedmiaust. Meiispryificalin thagfrang qubqngu@ls fgelude

dR3ld B cirfidseeit %qm@ rcﬁ/sfapcdi’l%biﬁoﬁ ﬂnde]f‘@on@ﬁﬁh§§hi%ﬁ bfovide little or
I'i"qui d crystal Al's the |l ower the drying

ne Aisdeva i @surfasmo th@ChOéﬂﬁtg@? ligyid eryptak corapogitionieaptipg, dn one
Qﬁgj)cﬁﬁltaﬁtr fr€se! éoﬂ&ilugns‘}ﬁa?é)g@‘hcgs ﬁ'%f)ﬁdéved Qﬁﬁ%pgl} tHch%d&&‘Fa er effects

vent or solvents u r I ng tenperatur 1S
detrleasdungd taditigyercanthy gwdtqutﬂrlyteef@ ceaqf Ithe chplesteritkléquidherystal

cﬁlﬁé%lt{b%tcgatg%ﬂﬁgg 1%‘ me to dry. Therefore, in one

ment ntion, the initial drying
t enpeMathodeofidrying patir penditionethat grodfle bitle omm grflogeinclude those

it ef f w te tur
PRSP SE5EHS SSnt OB e PH AR e LR, SR RPREi Ay S m
aﬁese drddl sirhitar|doying etipgquat thaeprovidolitle or meditfloey ¢ alss ynvmjpned as
he cholesteric. li stal conposition includes
§88 a@? fized QquE]‘ulFoglﬁv fj‘?ﬁﬁf%n‘i %Bchni ques. More
speci fi Grlehbodindear ¢t iagentieg AAappsesud iRELAUASa celidghdigs area is
the chol esteric |iquid crYstaI conp S|t|on under

&sgsdpr firyoﬁhg C%?Saﬁlc Ig,lﬂblg iCHata ?O(n%HOéltlBlF B Uch an apRaratNg gperfllllpécreates

SUhhA, Q%nﬁéllédh:ﬁv@d’iﬂleﬁﬁ 9rab65ve| th&éiﬂrﬁc&éﬁfﬁé (ﬁiatlﬁ‘gJ MR Sbpdrls
coating. In one 20 e ment, these conditiqgns may

FEewndishes semeyabef tbfowﬂ\fem fr% theteholpgerrdiaud gyl PO%P?S@EPS

without utilizing applied gas convection which is commonly used in most drying methods.

Drying without applied gas convection is thought to reduce defects that can be caused by
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and phase change conditions near the gas/liquid
interface of the cholesteric liquid crystal

W@ oi9p0%i588 on coating during drying. Methods of PCF/Ys2994/000549

under conditions that provide little or no airflow
include those found in US. Patents 5,581, 905,

5,694, 701, and 6, 134, 808. Furthernore, advances in 25
teegdow rasbosiiate'd Iath cdnweictign Iteet;'cttm iTtys @muglttahat pf snoth dkfects are not

I itt I ARY on a bei

st oot U R P atih BhGAr RoBRieegie B ot
dmetlfanmtmddemﬂered the | nventl on, an appar at us

i nclu a.condensi rea S ...US to.dry t C o
chol ot B PRPasn s B b RS il by chiffesteric iuia
appar @npssigeneidst tondiioaad/aish povidetittle,or QO ﬁirﬂ&ir bele surface of

nvi ronment ahove the surface of .t ng. The
b T i Sl et oni B soGh In GV 01 T oreregin 100
thhﬁ'ltl@I{Q@d) a&b&ﬁte(?ch% solitbinifr6h M&toﬂbleﬁ@fmﬁ'}hlﬁﬁtlhd drdtal cwttnlgqos and
utilizin ie gas onvectjan ich is co
Galkegt i o ﬁzsgmapw%arﬁ% brodide chedpsgsricdiatickmpsial c%ﬁﬁ%@ls
GaerARRBaed bPNsubStrdth 0040 ubttid BAYEELEEIsRohsd blAlvels @Bt shown
be_caused by 10 WO 2004/076588 PCT/ US2004/ 000549 "t he

a0 Figys z%"s’%?éii&?féﬁ with convection heating. It is
t houghe Jolﬂéénsétfon%%h 09 8hAPHE ShddsRriB HquidlcRs R goahh%?% are
cholesteric liquid crystal conposition Can anne '
Bereradly niywangslativee caedf atlears Thig 41 he aqenmeplisheddey any configuration

f t .

e S0 AR nfnl BB B MBI il coptine
dBhprygistshlestraigri@e carclesid |mqtlom$hwmd¢nsgmwr®el OR icént begin@uotion, or
R oﬁmfdn?a‘@(oﬂh&é?&? surface of the cholesteric liquid
crys conmposition coating is seen in Figure 1. The
ap par Ehmnd@@atlcmmt 102 nan 4l lm\aapmvwr Ent]d&mtlﬂ'@ thae tite cholesteric

g’]%fl gg’?‘!af g qu6| angglheasgﬁsgéfe @ﬁ iﬁ 85&315}875 erq:lﬁ-:éa re difference can

chot éstselvén ih thgthalesteriediqald cewal targpakfion itSevag@arR it He
coat ed. onagx l(JibSt rate 104. Subst rgbe 104 can be
SHPIIioRERd emdgnsgep thefondausion 23 4%%n Fi gure 1), but

need A9kech®n Fighe 2¢ Mo demadationardd 8 id gﬁc@%d’é" 8ut near the
cholestﬁrlc liquid crystal coating 1 are gene

ﬁ%q}?s'tf.@c 1&@3{;@}1} annlg)ég}qn AP eFhe ayngementofighe condensatlo.nl a¥ea 102

AECMOPhIISRLT 1HMiddRYtaS @&Bﬂmﬁiﬁbﬁﬁ 0O 8catt BImaA, LPNEnSHG iglanal gap
rel ati ve novenent. For exanple, the cholesteric |i

i qu
dP§ alroxe theghelpsieric il wriel |<>t>1§p<§m9§tl%t I opg #mbadinsat, 'Fhﬁ gap 108
me&soc{]dlstﬁltb% of M@@@@éntlﬁl@teﬁr(@rﬁ)rgrqgssc fardthet FnBRAEHLOR, thé) ap

some conbi nation thereof he condensation area
éﬁ&lsab@lé 19 emepnr legs,|apduisy yet anpteer embedémeriathe gapel 10 is about 5 cm or
cfgggl esteric liquid crystal coating 106 and the
substrate 104. This relative tenperature difference
can Thasatroliel eypironsmnt ¢rmatediley thé gdpeIBerddddsilittlel at no airflow at

q.’l{eys%{f?ée of ﬁ{g%gg’l étel%nhqtu% (%//s%ﬁ %crn%lt.msmonq%.t Eﬁﬂe or no airflow is

thought to aid in annealing the cholesteric liquid crystal composition which leads to a

better aligned cholesteric liquid crystal film, creates a similarly aligned cholesteric liquid

crystal film in a shortened time period, or some combination thereof.
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conposition and condense on the condensati on area 102.
20 As seen in Figure 2, the condensation area 102 is

wpb@emthssbhove, but near the chol esteric |iqui BPCOUYEDE000549

conposition 106. The arrangenent of the condensation
area 102 and the cholesteric liquid crystal
conposition 106 creates a small, substantially planar
gap AoBeablyus cviperadsdionsthe chaesteriqliuid erypel edmposition 106, it
grg{\gggficlrcgs% g‘E égg(%Sé c ] H%o 51?‘918 goﬁc;%ﬁ{anoﬁ ge} g@lpan%i 158 collected or
regseved fmmathe:)‘tdméensmdmadearﬂ@ﬂm scmteefasjpmm IEgui@Bﬂlustraiéxnmb method
Fo55 R Rhn o3l o e Roll G eORTHE Sg PRI 5 g, M skt
@Dlﬁhhﬂdoﬂog«ei e @a ﬂia%&ﬁmp&reﬁs‘éloﬁaﬁclianﬁeﬂd o gajoverOl 1ai wiittomilize
t he surface oIes ric liquid,crystal . _.

Shnisd et Mgt B eonteusd SR Herivn s Pt lghtecp in Fisure
a).dThersobaeah theg bé bellecidd befs tieps ddwhiegd lated Yt al
conposi tion ] eads to a 30 hetter aligned
chol eS8 ¢ aﬁ‘% ﬁF‘&“a&? Wl}ﬂr oxany °f€Pé‘BRaéa§“saf%§P% ip g dryjng step
@r the ednEdao Imssta@par@tub I MUinéludes idesshb chipdhehtd adthat discussed

ortened tine_period, or some conbinatjon thereof. 11

V00 TOPETAB FIBETEF LabdS AN RIS AAINAG heaE Bi5p J byt The heating

QMaN0s AllSStdIo8 Thd AB-ORRH 68t 61 th€ subkietid F4C ke thé’altlng area 112
conmposition 106, it travels across the gap 108,

dignidern beas theppeh e whvtiaien4(ansrany paderlymg stiviures that may be under
G diB R OQLto aicﬁm\‘zﬁﬁrd‘tﬁlg He sBﬁeﬁ%mg 1R rl%ﬁldjc?y%tal

in sone lon. Figure lustrates one met
@@mp@@ﬂmdﬁﬁor removal of the sol vent fromthe

cond e%g%ﬁ){hglne o%ﬁne]anf th!e Hw&ﬁio% £ cgn buked QQE 913' I o n

area can have transverse open channels or gr
Technighke it puovides Zigle @ apialrflow yAa@Kampie ofta shmud chinbe seen in Flgure

R RSk Sl BP0 BF4 ik R B B Bl 5058 i

dqmmsﬁmnﬁmnewgdeghaﬂamumiﬁﬂﬂEmgmm&&n4hangm56;&&@5@5@&&
not.her exanpl e of .an aratys for use .dryi

3Rl BT R PRI PSS 18 i e coner

tohe Ty maoe3oban the e@ugg g(bi@ﬂ tm‘;b@lﬁn&ﬁqlﬁ@ OL\yEtaWoHibosmon on
respect Fi es 1 an ut sQ, contains a

areutrrgie SO0 TRBBsEeefgE O0f B deret 8 T GORBE G R guosaid 604,
REHChGO pAre ek a&h&@ngﬁysﬁeﬁeu&ﬁp&fsﬁﬁé &afiff606Tihe thedkdudd08! B&er
112 transfers_heat t ro%?h the substrate 104 (and any

discrorting 40§ seesthropeh e shiud 6Qva gthprrronsaEng steng&an boearriog ut.

Hdhple®odueh biherRYRP RICRUL B akd ot ﬁﬁﬁﬁé@fbtheﬁﬁr%ﬂh bh even irradiation,
cholesterlc liquid crystal conposition 1

andetherr@issti nent of the invention, a shroud can be
used gfe ergfdydog e %&%ﬁgﬂgﬂb{ﬁ ih H%tpr&géggig@gﬁeljn 'a{’télj the Hatc 803

airfl ow. exanpl e shroud "can een I n Elgure
@rrrsit@qﬂoem& 406} dis orecemendianenbefithomvgnionche shrondsdé dsplaggd

%éstmﬂfeloﬁle t:@acu% B8 & aﬁﬂ%ld%é b€ rsélb%trlllje gb’éjl.dl"he shroud 605 can generally

be described as a structure that is placed above, below, and/or on the sides of the surface
of the substrate 604 that transports the coating 606. In one embodiment, the shroud 605
includes structures surrounding all surfaces of the substrate 604 and coating 606. The
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crystal filmfroma cholesteric liquid crystal
conposition. In Figure 6, the cholesteric |liquid

wa@eyghadssgonposition is initially contained i NnPEI/US2004/000549

cont ai ner 602, which feeds the coater 20 603. The

coater 603 forns the coating 606 of the cholesteric
liquid crystal conposition on a substrate 604. After
threudciitgenggal§Odbes sotdtemtaipiatie thenml tlemestsomt] da¢smobbtively khentrol

strate 60 f a nmoving system
?ﬁﬁgﬁnspe art%rgv?ﬁngltg%g?lumeo%ag%rg dg the shroud 605. After
t he C”Dlaat shrugd 606 figioens ttd]pmwgh little@r ﬁdn siefly &0nd thé beating 606.

Ao BpuoRERaE oGRSt P el BBy e

aRtafdeARat the shasdida0b @ from 2o caftilg GO Qke Boteal siERdeSf theabstrate

Bk Py Pesoe BB e G Tor e s R R Sergou] om

OFRssIWAQ diofEmE c&ftm% b5, boti@nEdrbe oft A subblicAs16040 650 dts In another
placed directly a ter the coating 606 is appl ied t
erBodimeR; the distaperds 2ok L HR QLSS omst R gRt ayather f‘anltr%hmq@é about 5

Gﬁ%@ ldsP el vaBarRitiet ErHsddithét idihtetior RbASRGF AHRAMBud BB H¥as close
/or on‘the sides of the surface 30 of the substrate

emoswh@tto fhe&ﬁ%t@@@@ bottem gwdace Afjthe eebstrats 68t @r both without
%ﬂ;@[‘ﬂgﬁr{;@qﬂé funEtli}ﬁm%rUf Qﬁéq)r@cggkmét sﬁ&%ﬁl%? ?ntéf'erhlrlg Wr'tﬁ?lgencoatmg 606.

sur roundi sur f aces e substrate 604

coat i Afe Oleirthléc liqupd pgstglpompostésdes ben duse oo odosg with the
S, S8 gL g R SR, DA BT oo
pmﬂweqametdroat wi thin the voI umre of t he shr oud. The

nggﬁg l?(ﬁﬁdlf) Unﬂ}%kés%%g B{g 810?@1.(%' k:ﬂe a‘i'tj av?r{grr]@?d tﬁ S sééc%atlon
e victodtyi ang cGﬂBlnemn dieheasadf bB-Idfmtplam albieq it usdofidad-tioxolane
by t 5 di.st that th f t he
Sty iap & ReRAEe sl Bin i Fee bl S os el bR b bppes alone

@f the @kdef dlryin@téehrﬁdiﬁﬁe@ chatBiide lifiie ot fid &irflowr cadlbe udilied. of

the s ud65 out 20.cm or Jes fromthe,
coat i %&8%%“’ }518 33&?%&*@"8? Catn&’ §er+ tap éh‘émemg]ﬂmd
RBkAI laydt tidd @&B@@hualgrfbmxétsn%ﬁthavtn@%nabﬁduwf@mahﬁauabwg 1&@ or
cmor less, and .in té/et anot her enbodi ment about

sieh csularly Rolyrired Jigh At subsisallymtsmie Hehtitayiag #@rother Cireular

bhfiages (&, HAL osRERHLISRD AR ARl AL AfarRRSSliBhef
t%oat he cc()a%l néh%g% bott om sur?acgeﬁjof t%lé&gubégtratel

diglt waselepgthn Vit shatpeterignsion Aersribes gba ilectign ex irawsmisgiop pf light
tdﬂ@ct&f é%‘ﬁgﬁﬁdl AR RHSLE meQﬁreét&t cﬁftlfleecrh'ofégteﬁé fl(!ihl& Eﬁstgl%é{tém Light

After a cholesteric liquid crystal conposition

rﬂm istskeptedipt ogiebT PvelescuiB trigsdz bolintioaks pplarizadthy die chalpgteric
flﬁﬁlﬁ%ﬁ%‘@?ﬁ]&&ﬁ?ﬁﬁﬁ Ghe B ehg@itonﬁ ok 19@?1%51? Bi¥e- Hﬁﬁ%d&?(?ﬁtm its on-

ose I'n the
sikie wlagelbreg thy NCOlexl ssteoio diq o Ctyhtahmat@flals b Igbnarailytchaaetpnized with

having rea th| |f| n n
CORET Y c?r%lnu}b ﬁﬁlﬁﬁ‘é S 0%%%0‘31 }botwo Ig%élrhle lﬁ onré% eex ltJhs'fl (ta*the
@éspdns8-ofltheseahaterdals can be determmed for non-normally incident light using
known techniques.

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.
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in conbination with another solvent, the use of
decreased initial drying tenperatures alone or the

was@4076588 yi ng t echni ques that provide little PCT/NB2004/000549

airflow can be utilized. Cholesteric liquid crystal
conpositions can be fornmed into a cholesteric liquid

20 crystal layer that substantially reflects |ight
Kﬁr@lestgri@kirﬂlid:twsmﬂl m@larigek arciugaltin one {ype of refleatifvé pelarizer.i Dt pitch
f 'rfé g}gbrlﬁ%genx 118 ar | tza‘le d%%m%};]}s)sm?ﬁlg to tg b?}%tﬁ;?gl@%r ltl}/iclmess of
pmjltmlayez mﬂeme(pel@lzers r Piydhtand bptioaf tayet ithi clttle sy deyeripiik @iel c2Rer

v art.icul.ar ba dth o ht ; )
SRl yihe Stleb it ko P2 <Rl mulfi Bt rofiggive polarizers
rr&bé@@élyoﬂi‘h@fotdtﬁlg desteSIf e chdledtergtiquidiry R4l tpeEriadr forms optical
nci.dence to ectqu of the cholesteric

d
PR i PP (it o BEple Gt BT i s OBReL s cigeness in
Qiullayed Rgleeisveoldrizérypi cal |y be el liptically pol arized
by the cholesteric _ |iquid crystal material and the

Br agg T Pefeniss apiienstn Ro,jagd thy ﬁPe@HFII bandsyidih, Ah, aftleedight wffected by
i

ﬁl%fcél?{égte@lﬁ?g&%’éﬁélﬁ%ﬁ Bepeﬁ&‘a% fglté Eﬁ{ﬂé gaﬂf*tgé’%gleg Lae fl(@lld (t;rgstal
Ade penitéryavelenglierit, i algmxlmaﬁsd tione bel ow, however it

w || be recognized that g) res %se of these
materials can be deter miMed-¥ normal 'y incident

|v¢1@faatné Wad ﬁLgiré?v@le keTRnohvd 1ﬁdibé%| oAl u@s;hola?i&mthat@&wﬂ f6r light
ul cryst al yer can be used al one_ or
ﬁﬂ?‘?ﬁ%ﬂ%‘ﬁl Wltarfla 15E1Ept the 5%4 ayHpl (B ond 105 lighy pplgFinsdan

%glfp glg(?ézué%%{lg it %o%i%g 58 zigéEk@l 8520054’?5%0543%%}‘ Ab, is

@pppegridiby: | quid crystal polarizers are used in one

type of reflectiv Q rlze ch .of a

chol esteric |iqui c% ]tjaln%glfarf’ (I ‘glmlar to the
0 pt [ Cé?holbﬂgt&rhquhi @y’sm@slaﬁielmﬂnﬂjb |f(a'yﬁﬂ by Eﬁﬂlﬁtﬁlg‘éﬁotherwme

I ar .. layer. thickness
ﬁﬁeﬁ@%’ v%f%ﬂﬁfrﬁ@flaxerﬁee Siseetedopan
Ilmdwml arbyﬁatalwmhﬁmﬁtqﬁtshea élg. Mddrs haymey diffebhi@einpY$tions, for
pol ar.i zer.s ively. The rotating director of

teﬁaéméﬁ &Ffréf’g?ré f3tios S}/ ikt fe;frcpg%lépd pesnaticilsaid orysiakgomaprupdsgr

rnﬁﬂ@ﬁél s}J MHeSe SloMhiedd ark Heattéaﬁo Hﬁﬁs@lﬁc&( skt RatkiBY B4 tHeen the
havi n&pt e same optical layer th nesS in nmultilayer

Ayesedby didfugion af material betrrsan the five layors aicaHy tasultsdo theaigh of
SR iR oR2 A I blwedithe Qfdlvﬁcnﬁl 1!;1& g&t ot{tﬁ‘é‘ ﬂvx%%}%ps R¥ther

t he chol esteric I|qU|d crystal epend on th

ethols oforming ehdestdiis! limgiderystal p¢1@ruﬁenﬁ e 9@§t&lahed in, Tor eihl@ple U.S.
JSRESHBAEL ESaRT ok 0ol s8RBORSLTRY A s, 2

| ndi c&he diolesteac bpotl ewsiel épticdlibgdiesicanrby stal 1nfc1(yar1¢ty ghdptical

%ﬂyé %n%?ﬁﬁ?'é@:ll 8§tlfwnts Pélncﬁ?gdt!ra %rgrsl%i% f t 2?18&1 ge'“ﬂ:ec ive ar%d
ttﬂaasflﬁctl\edmptaymf Fdrm&al‘nplq,&i @mﬁ:V ylhllsﬁdtes(mhemﬁn&rc&peﬁmr)ﬁdl view
%? Qgevﬁlggﬁgtivcﬂ(w’ckf-itsdisplay 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 wave plate as part of the

cholesteric liquid crystal reflective polarizer or as a separate component to convert the
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15 approxi mated by: A2 = 2Xo(ne - no)/(ne + no) = P(ne
- n(r)). Cholesteric liquid crystal polarizers can be

WO eooaehsRe | ami nati ng or otherw se stacking tmMOI/US2004/000549

al ready-formed cholesteric liquid crystal |ayers, each
di sposed on an individual substrate, with different
pitches (e.g., layers having different conpositions,
¢ievulaZlf) pelasizad light ﬁ]d)rfl fiterlizgotd arystal mﬂeblyvewelagh@r totingbly palarized

8 s ot B P PR R 259 i PR g e

Bmkﬁgﬁab4betmeen t he Iayers The di ffusion of

mat er we th ers A cally results.in

e’ oG e 103 tess Bgrhg oy Bufigesta HEatE e on
ﬁﬁlﬁnﬁtﬂ i Nt dat is Féhﬁtféd%n@ﬂle ﬂaﬁt&h@hﬂ'ﬂmh apas SxaniﬁlehﬁYa display

nmet hods o forn1n

cho idc
PSRy 4 issa liguid %Té L"‘éf ﬁD %Gtrtr %ﬁﬁ)‘i’lﬁﬁ@“ &f omapolarization
Rakent Applications Serlal Nos. 09/ 790, 832;
09/ 791, 157;  and 09/ 957, 724. The cholestﬁrlc liquid
cr yst Hie tophlishif04dbatiswplienthe ehtyseddfo iview ihe display §ystsm 400

aRIaca kor egdniﬁé %M%h?sr&grcehﬁ‘@ Endaaol@hk bd PIRSaltolsh slbng
transm ssi ve ef ectlve and

backligting @Ystw @n ge u%?yls Alﬂ!@trghé&eakﬁblt guid W@icwd in Figure 7 has a
%rieusﬁlﬁ%ﬁiaﬁlglé@rb {g%&@l{o Cba%fl?g%@s g 1%'?1 ﬂés%h a% sﬁﬂl%le

It ay system 400 i ncl uding
dliapp| Bar enaraplenrtheliight g@dbéh&@an@hwe% shappd, %ilaémi¢desﬂ3&quii@—wedge

gglgg'eeﬁc. ol hgﬁhelgryfc%ﬁéﬁ&& okl @gﬂ AL ngh% %QQ%@@C&? {Bf B&Sking

0 tlona cto
Siplstfeom ﬂxpﬂlgln;trsalllrbcyﬂ erki@dmn&tham@t phed wsulb ﬂpdtgtht @)1f8 aahe

T LR P
F?ﬁ%%ﬁﬁ@&ﬁkﬂﬁﬁsmggfgwdﬁukammy polarlzed l'ight fromthe
pol ar s pSog? SAeah BpieR i harahuidel AECa ang pplsteric
tigeid diysfal @mcﬁi%dﬁ%s 4E2ribddaboves Thp pefktbtive dolapiaeit408 is provided to

backll t 404, di spl.ay medi um 402
ORI e g og Gt oA gy R T BRRALS 1
|shlﬂ;l€bht1£lﬁ»%ﬂéc$hgﬂbf 5 eﬁfefehaﬁeuﬂwn&@@éfé bgiitg O ﬁght@ame 418.

exanpl e of di spl a medi um 402 is a liquid crystal
di spl Egzm(e@e@y cARme N JIFEpR &t astypelof gflectste lgHy dhystal display
B@d) a’[‘l‘n? %tﬂ'e@cﬁfe hﬁﬁlﬁtc?ystair!'ﬁ@]ﬁg’}am 1hs§1{11c§es %Q PI&? %edﬁllﬂpm@ gs

ht used to view't em 40

|ch@1pm@shqufdms@l EamspiEve palaripigh fnné@ré@& ean&bsoraw backingpRo, and
aH 'ags%gpg%g B\?IQIIP] 1eh 9%9 hﬁfétlﬁﬁfd R ARHbY S0 %ﬂgna?bﬁﬁcﬁﬁ@es a3ve

be us oug ght” gui de 418 depicted in
Filagruasepait ofithe cholesirrivdiqald opystad eaflaptiyiglpalariesr §94 on s Seprate
hack

ﬁ& J)ﬂegggr%oé\%ﬁ nlfliﬁgd }&(Jtlcﬂ{e}% 1(?1;1}@? éﬁeﬁ Z@gy #éltd%l:éeto an
wpﬂgpﬂﬂﬁapddmmﬂh@hMeled, a pseudo wedge

Liquid crystal display 500 functions first by the absorptive polarizer 502 polarizing

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

absorptive polarizer 502. The other circular polarization component passes through the
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gui de, etc. The primary consideration is that the
i ght guide 418 be capable of receiving 1light from

W0 b@4lovegBg source 416 and emitting that |ight.P@EUS2004/000549

result, the Iight 418 can 15 include back reflectors
(e.g., optional reflector 406), extraction mechanisns

and other conponents to achieve the desired
Choletéripimpidtnsstal effleettveipokaripa|S84 hukis ab0bed by e brapitmg:ﬁﬂG The
féérflyeg% p%ﬁantzercgoudg reﬂ%{:g%%fé ugc? Ie glodé%ga\y?m -]'IH}ludeS Stle cholestenc
lighitl egststal eptmaﬂl taxdy,ze ﬂesd;ﬁﬁedl aboym. Gitie dﬁ&ﬂ:lﬁoo:hoﬁbl bedhalesiefit liyuid

tra ari z stat t|n t
BB St ol o enEre et pEor s el &5k S grbiTrs
ma@hnfafsearrﬁnﬁavplehgh rahgé bOiftefkAt e exi ting the | |f ght qgui de
c eﬁatl |IIustrat|on of. o e
ot Tl o Senelafe MR DPR o o ity ooty erystal
I‘dfé;f)la? 600. V'ﬂué tréHsFlebtios Ygilia bryﬁihlsdiip%y 690 Gndludet & fRSe ﬂatardlng
glesteric liquid crysta

508, a ch
%@P a& @gl’ L Partigl YT QQBOq. chegrsterig Hawd stystat Iieﬂ@:tlve polarizing

hagk qug, 59&@@ 406, aRd APREPLiV/HIRBEAG02Z The @RRay ga%m
liquid cr di s | ay 500 optionally includes wave
23“%1&‘51’ Bclidegmygvegraty Voprelog e shelpsieriq liggish cayséad yesﬁeaﬂwe polarizer

664 befstal s¥FarRO LAy o%@ﬁt 10 Ohvert nfi‘:?ed%oﬁnﬁﬁﬂfoﬁthghthﬂlflrﬁﬁ Wﬁgﬁi crystal

to convert m xe 0 ari zation fromt

deyiegtgen emp@@tqlbp@wzeé bighto fr thatr@ﬂeytnpmn@des bréght amglhmt light 610
br%o rQe& kg sogdtﬁlg k}@lé%%g QO% 't’rg\%lé %%gfl Ii%e?}iﬁsp%% éeﬁﬁ‘]ﬁﬂe 608,

rpti e pol ari ze ari zi ng
paflegis ioffdle pargh mitroret3t M\ped;sss bagk dm«g}lghttlhaedlsplaphayum 608 and

ht .
T e T A
Iandqlnglni 1scaegesmwlly paséeklelnrbugmhqsdio&menc pdatider 60, na@hedtdchrovide

g@pég?%% %%(l’(l% rg%%gtg? h%gfp ida%l{ {)? gl %}?rgpgl?ﬁ%ggé‘e%ness is back-

}mﬂeaIEd zadycled, mdREenivaly pﬁﬁS&thodgh Heuhbleitht: polﬁlzm04 to

/] 076588 PCT/[ US2 000549 hol esteric |
€ ?ﬁi&valpf meEgasebac 86$ qs&gﬁﬁ sqfffctam#agza@ vaaefsve liquid
chetabdisiisngD0GAGudet Bee cHoRkkRE tiqwie cﬂ?ﬁhl&fpﬁéﬁ bo®P4s @é‘scﬂi%us
reflec%lve | i qui.d crgstal di spl ay 500 inclu es on

ehyEe dte pregific ICP‘%}Eﬁ of chelgeerig h%}pﬁ qrxs%al opfésa body s é@f@nql Py fctors

IRME; fod HBmPREEIsE, S&@,Qﬁ@kﬂé@s Qfateﬁgﬁla%atsﬁ%l&lgltﬂ Al f mterest
crystal op tical bo ody can depend on factors suc

f or eIMmeste% Hquid grystal optipal breseess be gsaderityd waristy ﬁmher
WeMFArRALE b fiRGRat @fihanbd @xrp?éshde (Ehéi’#i ongl%eé B alahqgu| 1lafsplay.

illTustration of one type of trans tive
Shshseomponglitsidgiime 00 ludg Hprexpmplastir ghtnesseahinicomeénd films,

gl ATl 001 0t o R385 s 0
chinpsusalipersk popse ebfbctys@tpalanzm Ingec4lliaed bpek rafléczdrsgprismatic back

1. ! | baht 60 and..an _abso ive
BTSBl, BPt Sl s B0 BB iy lctors, ane
hmmbmdmsbakmeEum$ate as part of the cholesteric
I qui gll Cher mlcas for%ﬁeI fo ﬁcglell\rllg e)glmp?es can f;e obtained from Aldrich, Inc. of

Milwaukee, WI unless indicated otherwise.
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604 or as a separate conponent to convert m xed
polarization light fromthe liquid crystal device to

wa@pooappisepri ately polarized light. In the reflBPCI/US®04/000549

node, bright anbient [ight 610 is polarized by the
absorptive pol arizer 602, travels through the display
medi um 608, reflects off the partial mrror 603, and
passes back through the dEsphply 1nedi um 608 and 15

CPBaationE A hatnhRlar oot BonBle R CEbat o e

tdven®. ecti vel y passed through the cholesteric

pol arj zer 604, match to.proyj,de roprjately.

Dol art Ceheriogind e iR bR Fumg BRI A Sliser 1 o
Elﬁﬂl &%ﬁa ﬁ§L|ﬁd b@sﬁaﬁlgnoriﬁdifm}iﬂhﬁlﬁmcmﬁcgfﬁnh i &ﬂlo_wedmd clan be prepared as
sel ect.i,ve asse rou ol est e pol ari zer
desariged in Eyopeanhotop Pﬂ@?‘goé‘sptélgﬁ%i@&? Néh%“@#‘f ght ness. The
refl ective polarizer of this reflective liquid 2
crystal display 600 includes one cholesteric
crystal optical body, as described above.
speci fic choice of cholesteric liquid
body can depend on factors sug ;
cost, size, thickness, materia ength range
of interest. The chol estexic optica

body can be used w th(3 ety of other conponents
and filns that enhancg ovi de other properties to

a_Lrgui 9£¥§;ah\Qi Pty 5 Such conponents and
91 ms (ncl ud€, for%exanple, brightness enhancement
films, liretardati on plates including quarter-wave

pl ates®and films, nultilayer or continuous/disperse
phas e4(BALEtdylotg-ataka)-behesis acidratahhd-giphenyha 1 ester was dissolved

reflector [ tic C .eflectars,.diffusel

et Gy o e et Brd - Hieadiel AP erblt Relorstox
[HREdIRER iR, teteRGldro @A 9hAPHI% dRamedrie fleact-ibSolan) ThAlsIshows
chemicals for the foll owi ng _exanmpl es can be qgbtained, .
fhappholesterie dAuid crystal genomary, RATRsR f’f-(wcréf%yg%eqﬁawcb;%%c acid
QALBRE N D Benyl-2-1Y\Eid QAP REGRARe, ReeTh 61820081 @9 03 4fbxolane than in
Exanple 1 nmpari son of the éolublllty of Vari ous
Naabyssefyrann 1, 3- di oxol ane and other sol vents.

4- (2- Acryl oyl oxy- et hoxy) - benzoi c aci d

4' - cyano- bi phenyl -4-yl ester is a 5 cholesteric liquid
crystal nonomer with the dizawplead e gi ven bel ow and can

ARG RRE PR LSy i e BREARE 7

The ingredients in Table 1 were combined and dissolved to create solution A.

Table 1
Compound Weight Percent
Cyano biphenyl benzoate acrylate 30%
Paliocolor LC 756 (BASF, Charlotte, NC) 2.2%
Carbon tetrabromide 0.25%
Vazo 52 (Wilmington, DE) 0.83%
1,3-dioxolane 66.7%
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O 4-(2- Acryl oyl oxy- et hoxy) - benzoi c acid
4' - cyano- bi phenyl -4-yl ester was dissolved in hot

W@ bowitlo76sg9 t et rahydrof uran and hot 1, 3-di oxol aPET/USX00Y000549

20% of the nmononmer 10 di ssolved in the

tetrahydrofuran, while 40% di ssolved in the

1, 3-di oxol ane. This shows that cholesteric liquid
cryst Sbluimnd mes pyrged with hittogen and heated for approximately 18 hours at

4- (2-ac - benzoi ¢. aci .
bRl (R EsE GV repaor bF e fodatsh, Sypian A g hen used
O Eeats Oblutid1d B &hd1C & sée@moraane Heloan i n

tetrahydrofuran. 15 Exanple 2 Addition of another

solvent to control drying tenperature The ingredients

in Table 1 were conbi ned amghpti 5sol ved to create
solution A Tabhle 1 (‘nr(nmmd AVL7-Y nhf Percent Qvano

bi |pheRYMPANEAL 0af SVaight Percent dnSelution i oWsiaht Percentig Solution
(BASF, Charlotte, NC) 2.2% Carbon tletrabrom qe 0.25%
Vazo 52 (Wlmngton, DF) 0 .83% 1 3-idi oxol ane 66. 7%

17 SMWQOM/ 076588 PCT/ USé@‘i’M/ 000549 | Sol uti orP0% was
purg 11” mtTogen and Jegated for japproxi ||u5d;| y—18
hours a?t approximately 6 Ctoinitilate pol yneri zati on
of | hyld @xwlnplgdnal es. Sol ution A was t hgn used to create
S _J allu \/ (J.D O C IaUI C Z UCI UVV 1 6 L
Conl;3 ﬁlgﬁ?a Rei ght Percentc”zsr( Sol uti on Wi ght Iflél/‘lc:lent in
Sol @xiciohexanbneC  Hol ut i on 1B.HH% 50% 4'|- cyan- 4-0%% 5%

hyrlr oxvvhi nhanvl 11 2_di nval.ane 22 BE04IAE0M4  COQuel ohevanone
GH-oXy-oHphRehRy H-O0XOaRe—urro 4o —H-G+-0nREXahRohe

= O

12.5% 0% Solutions B and C were coated (wet coating

thi ckRgRBoRIAd ¢ QerRRBMED deet E&n%g tHiBhe R réqﬁa@ t@ab]e)qpl?_'% 15 pm)
pol yet hyl ene terepthal ate (PET Imto a dried

tdnite k hessm pblyathplane @r@thalate (PET) film to a dried thickness of about 2.5

micrometers (um). The coated PET films (shown in Table 3) were then dried at either 30°

C or 90° C for one (1) minute. The average reflection of the coatings from approximately
400 nm to approximately 500 nm was then measured using a Lambda 900
spectrophotometer (Perkin Elmer, Santa Clara, CA). The coatings were then annealed for
approximately 5 minutes at 120° C. The transmission spectra in the selective reflection
region of the coatings were then measured using a Glan-Thomas polarizer oriented at 45
degrees to a 1/4 wave film. The selective reflection leads to a lowered transmission in that
wavelength region. The polarizer was then oriented to give the minimum transmission
(extinction) and the spectra was recorded. The resulting extinction measurements were

averaged from about 690 nanometers (nm) to about 580 nm, and can be seen in Table 3

below.
Table 3
Solution | Drying Temperaturd Reflection (%) Extinction (%)
B 30°C 14.8 23.6
B 90° C 38.5 27.8
C 30°C 274 27.2
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mcroneters (m. The coated PET filns (shown in Table
3) were then dried at either 30 10 C or 90 C for one

W@ 2904/07658% €. The average refl ection of the coaPCTS2004/000549

fromapproxi mtely 400 nmto approxi mately 500 nm was
then nmeasured using a Lanbda 900 spectrophotoneter
(Perkin Elnmer, Santa Clara, CA). The coatings were

t hen ammeal ¢d forgg eppr oxi|mt el W23 m nutles at 128 C.
The_transm $sion spectra iin the selective reflection
region of the coatings were then neasured using a

d an- g‘!{j O Harig bigfila? &gtk %i@é;erﬁhrﬁnrg t@ép&@ﬁge%ﬁ% cdr®beReen that
1/4 wave f1lnt The select|ve reflection |eads to a _
loyvee deyinstterapesafiiess regplt inp qhielgsterigignéd angrHilmayitonlowshstlection
P i Ll R i e PR T BT s hazy and
hecfowerattfechandrteaefbte thelignid ¢misselisbenldriake leseiimetosampeal e A

e I e

Sahpdsitons. Dk ghargr drenplaingt also deedrhliiyciniptins thefthé&sttinagdn afithe film

e ng o il e S e o i e e

34 seén By the erfxactibm esdurdnients. Sol uti ons at different

dryi ng t enper re it. can bg.seen tha ower. .dryin

C enperti GrGS i BT T et oGk BURERE chiRr By e PP o Heond
fsblkvéntVih tHs &ah@waryclobédatéie] frpart\bkdietionlB. By ebnypafiglg the.

| ower reflectign value generally inplies that the film
masuggrentof yolytep B svithaelpigne at brth &¥t(sandi G 1egrest i it can be
L08 thdt M Hatiby 5F Ble1ohBAUbEL, HAIER wWaSpRsdnt FESRioRMIGR) redfives the
shorter anneal ti'ne is a significant advance for )

pribd dsirin psobrsl st lewereflection vales)y 4 ailes thesagsds 1Qves Aryinga

. I g
OB RS LR SERFRE W TRl
afeuts,)whidh shionld de¢alddo a Wimrigsanned dinfe dndhadpiver dzdinetiopeas tlep seen in
_;?‘%{)l%r?)i zer, as seen by the extinction neasurenents. 10

h

eresults in Table 3 al so shows the difference
c aus e Thdybové epeaifidatidnoexanfplea asdkdatagtovidoh venpleteidasctipiion of the

exanpl e cygl oh none, .as t.of solution B. .

S ABRF g R e orRaenmienEie 81 mEe) SirogRa ptodiments of the
Seledtidrodan Ge atadb@ithoud defaripipdr DOhE spieisaActopsalfyhe intended) the
he Seen.ahat t he.addi tion of cycl ohexanone, which was
Aresion repifiesdp i aoms BeRiis *PReBtfdes the initi al

defects (as seen by a lower reflection value). As was

the case in |ower drying
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15 tenperatures, a lower reflection value neans that
the filmis |less hazy and has fewer defects, which

w@balothsBgad to a shorter anneal tine, and a | PEBUS2004/000549

extinction as also seen in Table 3. The above

speci fication, exanples and data provide a conplete

description of the manufacture and use of the

conmposition of the invention. Since many enbodi nents

fptham20 i nvention can be nade w thout departing

fromthe spirit and scope of the invention, the

i nventi on élsql@;ﬁéﬁglclhﬁuldim’s@ll edmeRositien eomprising: appended.

19 V040006 RTABRA RGKAGIR 0008 g VE CLAM 1. A

chol edteri ¢ Ilqu conposi’tion conprising: at

Ieastléﬂmﬂwhmbesterlc liquid crystal material; and

1, 3-di oxolane. 5 2. The cholesteric liquid crystal

conmposition of claim1, further conprising a second

solveﬁl 3lheThelestérdd lgpiideerystal lcompdsitionroy skhah 1 clorthasbinposing a
d , Wherein said second solvent has a | owner

éggﬁ' %Y?ln rate than 1, 3-di oxol ane. 10 4. The

chol esteric liquid crystal conposition of claim 2,

wher eBn salte chelesenit ligud qrgematl canpyitioned cloine R oklesxein sié second

G ro th yi ne, or a conbination

ﬁl%en‘%%? S i’@wgﬁ.%\fapo AR ryra’ieglf‘lal c1 % ‘r[‘(‘gﬁ‘ﬁ%f’ crystal conposition

of claim 2, mhereln there is not nore second sol vent

by we#ght Theaholestenieliquid dryRald¢pwrasitimef clafn 8, whidrein said second

SPOASLEGs L Mlnbhy S by SAIRES L O e Bl IELAL T combinarion

dimgedtthe anount of cyclohexanone iS no nore than 2596

of the amount of the cycl ohexanone and 1, 3-di oxol ane

by wei:ght

cryst g] | al;hgrch@g&%m%m%rygt%i gﬁlnpcgsltﬁ)n%qg aftit %Qf/flecf?lla 'tl%yé 1g not

Inhagel et ot spdteat byoweiplu $hani tioag isA(B-dibjolateposi ti ng t he

chol esteric liquid crystal conposition onto a

subst ate; Tl%qi%olegt&)ic 1'1411'1& érﬁgd%oﬂ{)%/s'ltf& otf’gﬁmcf Qo\,lvﬁesfélg Eﬁecsecond

l'iquid crystal conposit erature’ at

be]vgtwcampmes eglebesanonhatd thhanmtmbbhslclehmmnbneqamjmore than 25%

X é” ﬁrr%taglouﬁt 0 %Sclygloﬁer;(agc%% aﬁé 1 Iiiecf?l %(olane 1%/?/ W%l% % ds

7. A method of forming a cholesteric liquid crystal layer comprising:

(a) forming a cholesteric liquid crystal composition;

(b)  depositing the cholesteric liquid crystal composition onto a substrate; and

(©) initially drying the cholesteric liquid crystal composition at a temperature at
or below about 90° C so that the cholesteric liquid crystal composition has at least 80%

solids remaining.

8. The method of claim 7, wherein said initial drying results in the cholesteric

liquid crystal composition having greater than about 90% solids remaining.

9. The method according to claim 7, wherein said drying is accomplished at a

temperature at or below about 60° C.
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8. The method of claim7, wherein said initial drying
results in the cholesteric 25 liquid crystal
W@ vpo%is88 on havi ng greater than about 90% sol PABUS2004/000549
remai ning. 9. The nethod according to claim7, wherein
said drying is acconplished at a tenperature at or
bel ow about 60 C. 20 WD 2004/ 076588 PCT/ US2004/ 000549
10. yghe HRl ﬁh@ﬁ%ﬂ%&&b&&&gg% L9 Y My MRréin sM¥ELr9Ing i§ & mplished at a
drying is acconplished”at a tenperature at or beléhl
tenglecatire 30o1heldw abdi0NEL hod according to claim7,
wherein said drying is acconplished with 5 little or
no airflow 12. The nethod according to claim 11,
wheijei N $RL fheBloWiaBEhrdingRo blalrh 72§ 8er@ih saRP@Frdtid Sccomplished with
conprising a condensation area. 13. The net hod
littleerapcinfigwt 0 cl ai m 12, wherein the configuration of
said apparatus creates a controlled environment gap

bet yeen id condensatioqn ar ng. sai.d: . .

oai Wcnon Bb el G e Pl 3 Mherdlfia A il an
apﬂmtmmgjd&@db@aﬁbﬁml& wherein said controll ed

environnent gap is less than or approxi mately equal

to about 20 cm 15. The net hod accor_%i/(ﬁ to. cl aj mqlgl,.

whetdi n $he metodianepriigsde eoHpIPswael F roriedriion g
ot trearkon Luol8 B R ERPEb Ot i Cfielation arca and said
surfek df sk osoleeericholié stystal corhpagpiticth. cr yst al conposi ti on.

17. The method according to claim7, wherein said

cholesteric liquid crystal..c osi tion. conpri.ses .

1, 345 oxohametied aeagingnplaig 45! whaeinapiebPHelge B rignment
gap R 16T élt'?appwiﬁﬁﬁélﬁ egahido ab@ltesteati ¢ 1iquid crystal

20 conposition further conprises a second solvent. 19.

The nmet hod according to claim 18, wherein said second

sol ¥ent dbapethodaccgingdneledn dd ewheyin ssish GpHgdmaccomplished
wit'ﬁ‘?ﬁ@é@eo?talﬁéﬂou etone, or a conbination thereof. 21

16.  The method according to claim 15, wherein said shroud is less than about

20 cm from said deposited cholesteric liquid crystal composition.

17. The method according to claim 7, wherein said cholesteric liquid crystal

composition comprises 1,3-dioxolane as a solvent.

18.  The method according to claim 17, wherein said cholesteric liquid crystal

composition further comprises a second solvent.

19.  The method according to claim 18, wherein said second solvent comprises

cyclohexanone, cyclopropanone, methyl ethyl ketone, or a combination thereof.
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