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optical bodies for use . 30 in these and ot her al%g {catl ons., 1
polarizers and typically have less than 25% reflectivity. The low transmission or

reflectance of these displays reduces display brightness and can require high power
consumption.
Reflective polarizers have been developed for use in these displays as well as other
20 applications. Reflective polarizers preferentially reflect light having one polarization and
transmit light of the opposite or orthoganol polarization. The reflected light has the ability
(- to be recycled, making it possible to have a higher percentage of the light converted to
polarized light and consequently a higher transmission of light. It is preferred that
reflective polarizers transmit and reflect light without absorbing relatively large amounts
25 of the light. Preferably, the reflective polarizer has no more than 10% absorption for the
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

30 i1 these and other applications.



WO 2004/ 076588 PCT/ US2004/ 000549 Summary of the Invention One enbodi ment of,
the invention provides a nethod of formng a cholesteric Iliquid crystal
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Brief Deseription of the Drawings
The invention may be more fully understood in consideration of the following

20 detailed description of various embodiments of the invention in connection with the
accompanying drawings in which:
Figure 1 is a perspective view of an exemplary drying apparatus that can be used in
one embodiment of a method of the invention; @
Figure 2 is a cross-sectional view of the drying apparatus of Figure 1;
25 Figure 3 is a cross-sectional view taken along line 3-3 of Figure 1;
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
30 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



accordance with the invention; and 2 WO 2004/ 076588 PCT/ US2004/ 000549

Figure 8 is a schematic illustration of another enbodinent of a liquid
crystal di g RYsbhfds@ccordance with the invention: Figureyaj tic
illustration of yet another enbodinent of a liquid crystall)%Tgll%%%@?/d%?Jnm
accordance with the invention. 5 Wiile the invention is anenable to various
nodi fi cations and alternative forns, specifics thereof have been shown by
way. of exanpl e i npLHe gdg 2 H Asiiibl ofaBotmanMolias: b 1! 1!t shoul d
be understood, hmﬁgm‘S #at t e intention is not to |fr}| ?ﬁtﬁd&%‘i nvention to
t he parti cul drSpbmwrémsmihﬁmm@mher ein. On the contrary, the intention

the Spirit and scpgeoibe spefi Pt St polr vl I ERATE RRi Sl " 11 T

Preferred Enﬁbﬂ]ayrérﬁcc@ﬂmices»ﬁthnha:inwnqmd cr yst al conpositions in accordance
with the_inventio e raII ncl u est S mat eri al
and at |2ast one gﬁtmveﬁ %‘h%la%lg’i‘ag’ tgv:imo EJP(?d%(’??ng‘Pg]I’%@%Wﬁég‘i {Df%sh may al so
contain conp@ cf&sﬂie&bfﬁm%etrmhoaﬁbymy bfdxample i thedavdh@lafd wilbbec ur i ng
agents, cr oss ers, ant a”té Xi dangﬁfﬁﬂgel astici.zers, .inhibitors,

I

stabi i zers, es&ﬁ‘ duIPfiFté\} 91‘1“1‘1855@8 PEXFL ipjepAn IS B4 Bl dhedyes and
pi gnent s. Th@n&ﬂﬁﬂlﬁ§%rﬂa&chhﬂé&hﬂod§xﬁéﬁﬁ§ @korbBd Rérbial OGRSy, themhdadesischi r al
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can inchyde QRfQvelBie cholesteric 20 liquid crystal conpounds (including
cholesterlc I'tquid crystal pol yners), one or nore cholesteric liquid
crystal precursors (which can be used to formchol esteri c liquid crystal
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generally includ s
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Chol esteric 1] dcr al d re a 1 s, chiral nematic
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moieties, or a mixture of chiral and achiral molecules and can be monomers, polymers or

oligomers. The cholesteric liquid crystal material can include one or more cholesteric

20 liquid crystal compounds (including cholesteric liquid crystal polymers), one or more
cholesteric liquid erystal precursors (which can be used to form cholesteric liguid crystal
compounds), or combinations thereof. Cholesteric liquid crystal compounds generally

(_ include at least one molecular unit that is chiral in nature (i.e., does not possess a plane of

symmetry) and at least one molecular unit that is mesogenic in nature (i.¢, exhibits a liquid

25 crystal phase). Cholesteric liquid crystal compounds are also referred to as chiral nematic
liquid crystal compounds. Cholesteric liquid crystal compounds can form & cholesteric
liquid crystal phase in which the molecular and optical director (i.e., the 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.

30 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



30 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
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nore. The pitch of a cholesteric liquid 3 WD 2004/ 076588 PCT/ US2004/ 000549

crystal layer can typically be altered by m xing or otherw se conbining
(e.g., by copolynerization) in various proportions, at |east one chiral
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used in t heanbsvelpgtediich thbilp pedecting reflegiion aenues in s vesdbleriizaviglefuerd cryst al

conpoyynds ﬁﬂ%e@%%&éﬁg@lﬁs%fﬁgﬁo?'%%ﬁéohﬁ‘ﬁﬁtibrﬂth&e& Patent 15 Nos. 4,293, 435,
5,332,522, 5,886,242, 5,847, 068,” 5, 780, 629, 5, 744,057, and 6,309, 561.

However, ot her Chiedstesic liniid ctystgldothpevnds and preoviyou melrdingdhpledeninlomids not

di scl osed ' 3 Ut il j ' ' ' rally, a (
chol esteri %x@%él?gﬁrglegs?%fégﬁ eq%lg'qrr%lg%{rjléﬁ %&1@5?@8%%&139%@%&592%1 , ﬁgf | east ig)
part, basegreansdrkeovpatotthese bfiskilhjmphe mttanda ued iofeinahtidio Bratpksof t i s
ultimatel y t

0..be, ysed. i.n... 20 anpl es of charact er.i st. cs. an be
cons! der e RastEigieuBuigeARRET ARURR 2R pEARYAEHS SrEHbaDm IS AR,
precursor s No$) a@|298.@35)61332,582, 15886, RAMISISAU,068) 5, 786,62R 6174X,057,Add 6069,5¢1. t ch,
processabiljty, clarity, col.or, |ow absorption in the vel e h .regi on of
Pnterest, FeBNsRQSE Fli“%%ﬁtw hlﬂmeﬁ'ét\évl SOBHRBHS ARL PERMIRpIS 1oy ﬁ&ﬂ%ﬁﬁg P qui d
crystal copRQuyadhk utiB2Aen 2k inveRabaf acture, availability of the cholesteric
liquid crystal corrpound,hpf?recursor, or. 25 nononers to formthe cholesteric

liquid crystal @uoresia cholssenolinpid el sampenad of prgenrses petelestedfat baitimg, ease
o o) T TR (RSOR b SIErBEh BN S SR e gy D1
t r ans2@ i onExamples of characteristics that can be considered in the choice of cholesteric liquid
crystal compounds or precursors include but are not limited to: refractive indices, pitch,
processability, clarity, color, low absorption in the wavelength region of interest,
compatibility with other components (e.g., a nematic liquid crystal compound), easc of
manufacture, availability of the cholesteric liquid crystal compound, precursor, or >
25 monomers to form the cholesteric liquid crystal polymer, rheology, method and
requirements of curing, ease of solvent removal, physical and chemical properties (e.g.,
flexibility, tensile strength, solvent resistance, scratch resistance, and phase transition
temperature), and ease of purification.
Cholesteric liquid crystal compounds that are cholesteric liquid crystal polymers
30 are typically formed using chiral molecules or a mixture of chiral and achiral molecules
(including monomers) that include a mesogenic group. A mesogenic group is generally a

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



tenperature), and ease of purification. Cholesteric liquid crystal conpounds
that are cholesteric liquid crystal polymers 30 are typically formed using
chiral ol geylbRgofss@ M xture of chiral and achiral nol ecad®gsz044/086449di Ng
nononers) that include a nesogenic group. A nesogenic group is generally a
rigid rodlike or disclike nolecule or portion of a nolecule that are
conponents of liquid 4 WO 2004/076588 PCT/ US2004/ 000549 crystals. Exanples
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oxi de spacer, &ow de flexibilit Chol esteric i crystal

conposi tions Pio}?{n'& & ik BRIV RRIOR#1S W%@eﬁtﬂ%ﬂ“%‘f@? aFlfWP%dEtha?th“F legdt one
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or nore solvents are al so I n accordance w i nvention. In sone
i nst ances, orfeom e berkbenedty asheces Hethas peplkyleng epaikylane pxide fpagesnip PTavHLs,
chol esteric |4 %‘16 g_},crysta precursors, or processing additives can al so act
as a solvent. e one or nore solvents, or other 20 conpounds that function
as a sollfent in c@hpbstmqlmwlarjrstatlhenpusmmm@nqormge gehérahleytionsldost ant i al |y

eI|mnatedfro 05|t| n i m nat ed
by, for exarrp rﬂl&&&?ﬁﬁa ??10 Ven %hoges{epgh&)lfu? \S/tzlporgfmp‘frﬁémﬁﬁlwgntml 5 eact i ng
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to forma I|i Uld cr 51In nbodl nt. of the invention
chol esteric | %ﬁ?&{“gﬁ"p ﬁ%‘i%"é’? N Erd" clesteric liquid erystal precursors,

or processmg additives can also act as a solvent. The one or more solvents, or other

20 compounds that function as a solvent in compositions of the invention, are generally
substantiaily eliminated from the composition during processing. They can be eliminated
by, for example, drying the composition to evaporate the solvent or reacting a portion of
the solvent (e.g., reacting a solvating liquid crystal monomer to form a liquid crystal
polymer).

25 In one embodiment of the invention cholesteric liquid crystal compositions include
1, 3-dioxolane. In compositions such as these, the 1,3-dioxolane functions as a solvent.
1,3-dioxolane, CAS number 646-06-0, has a boiling point of 75.6° C at 760 mm Hg, and
has a vapor pressure of 82 mm Hg at 20° C. 1,3-dioxolane has a number of synonyms
including 1,3-dioxacyclopentane, 1,3~-dioxolan, dioxolane, formal glycol, glycolformal,

30 and glycol methylene ether. The chemical structure is given below.



1, 3-dioxolane. In conpositions such as these, the 1, 3-di oxol ane functi‘ons -
as a solvent. 1, 3-dioxol ane, CAS nunber 646-06-0, has a boiling point of
75.6 C alyg Sy 7pss®, and has a vapor pressure of 82 mpdigisates2605e

1, 3-di oxol ane has a nunber of synonyns including 1,3-dioxacycl opentane,

1, 3-di oxol an, di oxol ane, formal glycol, glycolformal, 30 and gl ycol

net hyl ene ether. The chem cal structure is given below. 5 WO 2004/076588

PCT/ US2004/ 000549 ONO 1, 3-Di oxol ang—178-di oxolane is a cyclic reaction
product of ethylene glycol and fornmafdehyle, and can exhi bit behavi or
typi cal of ethers or acetal s dependi on®the conditions. 1,3- dioxolane is
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precursors, suc Lbiquid, cr nmononer s, have extended.. aronptic ring
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may be chosen based on its ability to solubilize sonme of the otheér

const i t uentkolestericiguidisoistal prsgyreors, sepliag ligwi( snysihl raennpesi have pxtentiad t he ot her
sol vent f ' Acterl stic essing of
the. chol estirrae HREERAAIE: M ok e bol B b S~

t han two sol ventshelssterizdiqueiemystdl noropmsitenioatcondartce efithithreinyentiemmip alsa 6
chol eggeri Ui c FR% 4] f the inyenti i es
1, 3- d?%xol gnﬁ:(kamgﬁg]gﬁ&g‘}e%%%c%g ve%stt&t?ér}agﬁ%veélfb&%f%éer{% o%%}n?ngétltﬁl nvention, the
second sol westtidaasvoadiff@emrsoReEpae atddana clafdestetib fiquid cBsal anglositien. JA second
solvent with.a Lower evaporation tate can be used.in copbination with the
Y oxol dHHE tyodGten e SrEe: iy b e g onts b o GROUB et bt can
be used as tiehythes CoRfleObMBOERoldsREL UG ERERIINBHARN, @i the other solvent

2-met hyl tetrahydrof uran, tet r‘ah}édropyr_an, di met hyl car bgnate, _ ethyl ene

gl ycol ~di mB®HpF ugedriepifect the dppin retmstichendpypcesing At theshglgterici@ibhexanone,
and gonbi Q%ﬂa%?ncﬁ)g‘irﬁ&ﬁ%-an&tﬁer%%%ﬁiﬁ{ent?ﬁ@ﬁ%dﬁq@_ﬁ) sQlvedtdal BYERYI On, a

chol esteric’liqui stal conposition of the invention includes

1, 3- di oxol ane afdneyebedimgrindthe, inpitnnholsstamniéquid crystal composition of the

mvention includes 1,3-dioxolane and a second solvent. In one embodiment of the

=

invention, the second solvent has a lower evaporation rate than 1,3-dioxolane. A second
solvent with a lower evaporation rate can be used in combination with the 1,3~-dioxolane to
20 slow the rate of drying. Examples of solvents that can be used as the second solvent
include tetrahydrofuran, 2-methyltetrahydrofuran, tetrahydropyran, dimethylcarbonate, @
ethylene glycol dimethyl ether, cyclopropanone, methyl ethyl ketone, cyclohexanone, and
combinations thereof. In another embodiment of the invention, a cholesteric liquid crystal
composition of the invention includes 1,3-dioxolane and cyclohexanone, cyclopropanone,
25 methyl ethyl ketone, or a combination thereof,
In embodiments of the invention that 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



25 methyl ethyl ketone, or a conbination thereof. In enbodi ments of the
invention that include 1, 3-di oxol ane as well as a second solvent, such as

cycl ohexanQig o904 Jd8ds8s 1 S generally not nore of the second medwe0b4/dods49
wei ght) than t%ere is of the 1,3-dioxolane. In one enbodi nent of the

invention, the anount of cycl ohexanone (or other second solvent) is |ess
t han about 50% of the total 6 WO 2004/076588 PCT/ US2004/ 000549 anount (by

wei ght) of 1,a3rodatqepivaizst)andl3siasente sl el solléht amainb@Er ifeamheRest thof the
i nvention, the anount of cycl ohexanone (or other, second solvent) is |ess

] ( . X
than about 239Fentign. theemoyptht cyslofisranons (Pt Rbetsrordspiventhis dess thap Al 234 second
solvent. In ygihcanalHhedunt 9’% '{r%m,a-cﬁ&%laﬁmwec&ﬁssw@noh@@mr(or ot her

-second solvent) is |less than about 5 15% of the total amount (by wei ght) of

1, 3- di oxol anembadimsat Siramesntat fyclohprmonpion Athersecand selventsis lseen ebpt s used
s gener gl |y (Ao} @4HE BefaBARe el 3-doxditk lnfBobfiolkf® that 11 takes to

-evaporate fromthe c crystal conposition under the
processi ng condi t Tbaemaws df secondonkyentflat isfused io genepilly detginained baged ¥henstdnone i s

utilized, a i f. . QLN [0

perfor mnce daren i G R Blesid F-BHE AR CRRE SERTHRE bl
advant ageous wdatthembeassihg conditionsulsedynimme spetifie eaampletwhefe dyblehsmoanrds sol vent
that is used n rre.generally be based on a_conprom se bet ween t he

dryi ng ¢ e, AOEEhB SR ARP Y OF SRR Ot eh BF Pt Ahy GFRTeE 8fiBos 1 1 ons
i n accondancewri thédésired kvt bi GlobeMandleSiving frddusitageohs\oritdszatiben i nitiators
that function_ to initjate pol rizati ng?totﬁaﬁcros | i nking o 5, nononeric or

f
other | ower rAYBEEEH Al MGRETYRE OTBH355MFS & Jnqre gperally be hised on

pc(yrreri zat i Ofconfprdrhiod BitFednhd AfRg GRRRAYNML SniARlg t5Ad) generate free radical s
to-initiate and pr ogagate pol ynmeri zation or craosslinking. Free radical

initiators can be ChRissiEnc hupuderyew camperitiane in aspordance Hith theinention ¢ abat not
imted to, Shakd o @lzafilibithofsng RIRHE @ Moty blImEdiAfion SASbGRIiMY! | At OF

does not generate any ditional color In the c esteric liqurd crystal 20
| ayer byl5absongamsric or otherHewstingdecular weightaimpannds of the geropasitone Suijgblecal | y

ei ther ther Lcal .0t i.nitEat or. mal._free
i car oy ¢ e Endh e UL 30k gl g ILEIELS hA Rl R
deconposi t i onpropaget: pdigmefimitios wadrpdsEnkime riaed @éissl igigaten kirmieachpsearbaged@aiat ri | e
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but are not |aflicilecitiat0s ddRHhétPeSerAte any additional color in the cholesteric liquid crystal

20 layer by absorption or otherwise.

Free radical initiators are typically either thermal free radical initiators or
photoinitiators. Thermal free radical initiators, which generate free radicals upon thermal
decomposition, include, for example, peroxides, persulfates, or azonitrile compounds.
Photoinitiators can be activated by electromagnetic radiation or particle irradiation.

25 Examples of suitable photoinitiators include, but are not limited to, onium salt
photoinitiators, organometallic photoinitiators, cationic metal salt photoinitiators,
photodecomposable organosilanes, latent sulphonic acids, phosphine oxides, cyclohexyl
pheny! ketones, amine substituted acetophenones, and benzophenones. Generally,
ultraviolet (UV) irradiation is used to activate the photoinitiator, although other light

30 sources or irradiation (e-beam) can be used. Photoinitiators can be chosen based on the

absorption of particular wavelength of light.



photoinitiators, organonetallic photoinitiators, cationic netal salt
photoinitiators, photodeconposabl e organosilanes, |atent sul phonic acids,
phosphi ngyPxb§eissscycl ohexyl phenyl ketones, am ne subgtrivsaéoasdossso

acet ophenones, and benzophenones. Generally, wultraviolet (UV) irradiation
is used to activate the photoinitiator, although other Iight 30 sources or
irradiation (e-beam can be used. Photoinitiators can be chosen based on the

absorption of peEHdidstet Hfuid@MelaPataipdsi@dnslih Rbrdarte WRhARO A EWBR &Ry also
PCT/ US2004/ 000549 Chol esteric |i %{%d crystal conpositions in accordance

with the iAEHnpIBHCoMAn eamapouadsdnat fEIREIM A5 dISBTFIRE ARcEiSniSERIRAETs: HHOSf unct i on as

di sper si Ng . @ERM:SsslihIGrhitRbafts, Sdbdilts, QRIS MRt P&ty antiozonants,
antioxi dants, plasticizers, stabilizers, viscosity nodifiers, such as

t hi ckener s mafidiers; such psthickengrsend ififlers galptoing agpnts whichfendtion ta impraygiisve the 5
I ntl magy 0&%@%%&2& g@gacpﬁétw&%ﬁaﬂﬁe%%ﬁérg 0?{%151? batd ﬁi%%ﬁb&&afégaﬂqy% idde

substrat e, pl gnents absorbing ul'traviolet, rared, or
visible |i gismentafiy aherbioglultagwet, ifratedoageyisgtfle Bght! | in the art for forming a

chol esteric |iqui ryst al 0Sd 1 hQn..of .t nventi gqn. | g chol esteric
liquid crystal }ienéelg?tﬁ?:%%m%g‘tﬁ%@? c;flé%{.um graftﬁgrref%?%%aldﬁ%f%e\%t%@% s in and
changes t ocgxtalsdompgsitiat dfohksinedntibning ncholltotieBduid crgstdidayer can @ utiliysit al | ayers

can also b tilized to formchql gsteric .|.iqui r al.layers fromthe

Chol st or ¢ uitiermed TRy Selen A chamesie vt bhbruine SHknst oo

di scussed hgliwtystdl lapird € af% @FRIIRSd & foffe b o iguill @571 Byas fibRake My be
utilized to formcholesteric liquid O ,crystal_layers ih accordance with the
i nvent i on. ‘kiesteretinwd costal enmpopigons of fsiiwehten. Jdhemsthods disgrstedibelo®yer i ncl udes

appl yi ng aofkg &iRhieSsBhdikods hftiHethntdutSthat maSVER@RLdItO ForkithBlesthtid fufy Of a
substrate. The cholesteric liquid crystal conposition can be applied to the
surface i ncistallptses m@ecofdapes withBe inyewip but not limited to coating and

spraying. Ater LY of i I AGRPTiadi [ g@%}]pgg]%(yi ented prior
to bei ng coat ed@_l\?\né_t ﬁ t%% C‘E@Fégt eri cﬂ{:)lil &u?gxygt?@g%ea@cﬁgye . "The substrate can
be oi} ent ebblestsirin diguifl orysekeompiositionttoavsir{apetoé g btistjate sThe aholsstatc Iquidh a rayon or
ot her cl ot . i | nt-(U .E%et 5 395 4) .
Phot oal i gng A csoﬁg%ﬁf{%% %g%g%%ﬁﬁggogtrﬂ? f)ué%ge lihn§ ! -Er oga ag?ftmcﬁﬂ)@‘?g’ 2%3'924 941,
5, 032, 009, lijtaB,coMhg and 6 2yifd 1Altdmais8y AR surfacofihedmBst2®3can bAbtiattedcoat i ng,
the cholesteric,l.iquid crystal, conposition i.§ conyert into,a liquid
crystal | aP’é?r.tobﬁﬂ%F%?qu‘ th‘? %hogets%‘és 1‘% %?@3@?"%%5&“%“&8%0& tion and
anneal i ng \E;Eﬁltedifshggfoﬁm, Hia®ihg tedhhihésaibbial With @ r3iod @r 3fher Adharl i ng can
occur _sonewhat

o lyotropic alignment (U.S. Patent No. 6,395,354). Photoalignment substrates are described

in U.S. Patent Nos. 4,974,941, 5,032,009, 5,389,698, 5,602,661, 5,838,407, and 5,958,293,

After coating, the cholesteric liquid crystal composition is converted into a liqmd

crystal layer. Generally, this process includes drying the composition and annealing the Q
dried composition, alternatively, drying and annealing can occur somewhat
25 simultancously. The formation of a cholesteric liquid crystal layer can be accomplished
by a variety of techniques including evaporation of the solvent; crosslinking the
cholesteric liquid crystal composition; annealing or curing (e.g., polymerizing) the
cholesteric liguid crystal composition using, for example, heat, radiation (e.g., actinic
radiation), light (e.g., ultraviolet, visible, or infrared light), an electron beam, or a
30 corbination of these or similar techniques.
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



25 sirmul taneously. The formation of a cholesteric liquid crystal |ayer can
be acconplished by a variety of techniques including evaporation of the

sol vent; cragsipdcisig the cholesteric liquid crystal conpegidsh@ioodieal i ng
or curing (e.g., polynerizing) the <cholesteric liquid crystal conposition
using, for exanple, heat, radiation (e.g., actinic radiation), light (e.g.,
ultraviolet, visible, or infrared light), an electron beam or a 30

combi nati on Qo l&RAiRIa S k AR HEWES abdvB hePIAIRAS of
forning a qu;i}‘i)dgcryls aléffsg%l/e?ﬁli)&r?gﬁudes SRt Rt (nplahe e, | qui d

crystal conpdbs ¢ampasitien tarhediquidrnedel phaset Teg wmppsitien isdhapeople belowilite 8 WO
2004/ 076588 P é%ﬁ,(g che G be 35{11' St al rrpﬁé tionis
heat ed above gt(l%éehjg {a%lggét aﬁ‘@lﬁ?laon %gﬁe%fg%#e os%%gﬁ%ignc{)%gdll |o%i to the
liquid crystal phagetherfitecestiopfosiningeniqiid cristehlapgohadelieh demsitinpthe gl ass
transitign te re.and the co Siti ' Lh:the |igui,d crystal
bhase.  ARot harer ieclelitaps Spieaahbg bgb € BB e P8 il it

deposi ti ng t harfacecdndlabigding the oligagpntrid honid styatal ipyodrpimg iahd ameslingghsubst r at e t hat
offers a liquid crystal aIigpneH} surface, and aligning the oligomeric
liquid cryst aP™ By FPRRESANES i ng the conposition to remove the

sol vent. Yet anot et arptHeEmSses foi firiny atBoRstefOli@sd @Yitdl lhyediicRdey il | ayer
includes initjall ﬁ’& dr%/i ng .the cholesterjic i théi d cr}/stal conposition at a
decr eased tenﬁi‘%‘f*1 PE‘_?I i hgud onistah gRmERosItion fi FIgRsed FEmpSEatuIE A§I¥Hol esteric
l'i quid qpyst aler® ™ RARRL &ﬂg’ﬁh@" bS GHo¥kiRBc kphid Lry QAo is Eﬂz!ircﬁf%iil Sk e

(%ol ids) remaining or fhe percent residual solvent (% esidual solvent) C
remai ni ng i s Reroeat sebdsGesplidsprpmaininmegr dhemercsw| pddnabspdvepelerssidual edyeatlal sol vent

can be calc [ OWer o ' SN SY . ' i ght of
s?){vent + merilgeﬁtgﬁglg ng%lgichsg Qgggbwerféﬁ%lgg?mﬁ%\&}gﬁ{l ga?%%%%%gle%ol i ds)-100
or % esi dual cagulatednt giver{ gwdowght of sol vent/wei ght of solid)* 100. In one
enbodi ment of the in | 00, i -t al i C S L hQui d crystal
conposition is one V\%{E)ﬁh%oeggléﬁ{kfféw@? ie[?rtgslrohﬁ%ﬂtgdr%%%%totf?&e%%% lgltgout 80% or
percent Isesi dual 20 sol vent%asidaal soivew t(hdo0tekbenlidsPB¥ | n anot her

enbodi nent of the invention, an initially dried cholesteric liquid crystal
conmposition is one with percent solids réfmining of at |east about 90% or

percent residual sol vemrestfualIvaBI-E(vicizhboRdaR it weidht of solid)*100.

In one embodiment of the invention, an initially dried cholesteric liquid crystal

composition is one with percent solids remaining of at least about 80%, or percent residual

20 selvent of no more than about 25%. In another embodiment of the invention, an initialiy
dried cholesteric liquid crystal composition is one with percent solids remaining of at least
about 90%, or percent residual solvent of no more than about 11%

( In one embodiment of the invention, the cholesteric liquid crystal composition is

initially dried at a temperature at or below about 90° C. In another embodiment of the

25 invention, the cholesteric liquid crystal composition is initially dried at a temperature at or
below about 60° C. In yet another embodiment of the invention, the cholesteric 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

30 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



C In one enbodi nent of the invention, the cholesteric liquid crystal .
conposition is initially dried at a tenperature at or below about 90 C. In
anot her evomi/omegs of the 25 invention, the chol esteri edriwmibdd cosmst al
conposition is initially dried at a tenperature at or bel ow about 60 C. In
yet anot her enbodi mrent of the invention, the cholesteric liquid crystal
conposition is initially dried at a tenperature at or bel ow about 30 C.

Initially gl &ginkhetetPelafSdsQt bitbeldwoad® d i ﬂwﬁgmlto ERASSAitrbfiibndin thenper at ur es
at or below 90 C can, but need not, result in desired effects on the

chol est er i €oafifgflipldan porur dyringshy qvppQTItionPrREEsSFheR dlisyViscpiity; of TheregRfpsas ¢ hat

initially gdtyisagh &1%&5&%&%@&&:&i)écgtiéleﬁtﬁ(eﬁ&ﬁﬁonﬁﬂiﬂi’@&lﬂn‘g%ﬂne%ﬁmét%”per atures
at or below 90 Cincreases the rate at which the liquid crystal  polyners or

nmonomner s afik &a dasagedhdt these diapians eanse. hEherefere, i the\iisruptiontio nopperen ffhe

evaporgt es

t errpersgt ur 8s g‘t’e%gagigéé%gggé@fg‘% oug t 1%’@&24@1}%%2)&5%?1}83}1 ﬁ%ty:{n% S in the
coat i ng t h#thex tha coating readbssiarhjgheras@vigp theset diouptpne ae dess likdntotdeemyi scosity of

the coatin h di sr s are u deswed use.dt takes

addi ti onal &F’i f?é &fr’}nﬂ?" e ay ‘i‘h’?@‘t"f"g’% Fitsenep 'i?afﬁ‘ésﬁéucﬁ‘r{%fmt g%‘étsdl sruptions
cause. Theref orceanetaﬁy,tm@lo%ﬁma&Eﬂp@ﬂﬁu&ﬁdﬂﬁhg,wm liké1g il defiteacifete anneal i ng
time is reduced because tine is. not required to repair_such damage. Wen

the coati nifeieeeHas e dhplgsienc lequgktagﬁt%lwe& & thei leyerihs %@géﬁn@era@% likely to
occuryy thee @Jngéﬁt cahl?eﬁ(e't@thty'tﬁé C}Qfe)(ﬂeﬂ(ghtﬁltld &Srstﬂ%ﬁi’v B ehdihSoMeWQer: 0 Cause

such desired fects. Generally, the |ower the tenperature of drying, the
more | i kel §r sohentaussdy asdhedryiag temperanie ts@e@%gefi therlayes mag el dsy et of | i qui d

crystal | aye QWS ger i( an
take to dry %ﬂ]e cﬁgﬁgsatng?#c Ilc?ht?gryc%ésrt?%fé ayerﬁitb%ﬁe]ggﬁﬁ%lgﬁen%ﬁrg sol ven%j
or sol vent the ingtad dryasg ttﬁlhleerdﬂumm@mdeﬂpmswlteﬁaecmrmmm degitpgs | ayer nay not
dry at all e i r e , In one
enbodi ment p%sﬁz[v?tﬁggcﬁsn@g%‘%?%rp%&a%% lt%ﬁr&bjfﬂ-{gl {i rtﬁ%rfg %rr%e F faggr% | lized is a
resul 15 of thedowenpoiasies. bet ween desi rous positive effects of |ow tenperature
initial drying the ti it tak [ he |.a er he | ow

t enper at ur e. H%qqgll ﬂggdlgf"g(ﬁli‘e)ﬂ ]§St? g‘ ‘Trés&l@ RO oad}?"i"‘dt‘é?k}?t al

conposi t i obf efzbdSEfoniding Mchhigaksc Mbraspeélhéamgimy u@glgtte@lﬂmpemﬁauddvbr e
specifically, the drying te(!c)hnl ues i ncl ude {ﬁ/ g the chol esterl c liquid
crystal cofiBgits drlefiraeliaid rrstelicomeositnnandsscg lwsmlmhuﬂéovcﬁe htfleoni v £ 1 ow at

the surfacg, gindha uehatRet Titechblefthcdiqalds)stl cGRpRADL thAMg CRAJENG. | n one 20
enbodi ment, these conditions nmay provide inpr oved control of t he boundary
| ayer2f egmbo&ment these conditions may provide improved control of the boundary layer effects

and phase change conditions near the gas/liquid interface of the cholesteric liquid crystal
composition coating during drying.
~ Methods of drying under conditions that provide little or no airflow include those @

found in U.S. Patents 5,581,905, 5,694,701, and 6,134,808, Furthermore, advances in

25 these and similar drying techmiques that provide little or no airflow are also envisioned as
being able to be utilized in methods of the invention.

In one embodiment of the invention, an apparatus including a condensing area is

used to dry the cholesteric liquid crystal composition. Such an apparatus generally creates
a small, controiled environment gap above the surface of the coating. The apparatus

30 accomplishes removal of the solvent from the cholesteric liquid crystal composition
without utilizing applied gas convection which is commoniy used in most drying methods.

Drying without applied gas convection is thought to reduce defects that can be caused by

10



.and phase change conditions near the gas/liquid interface of the cholesteric
liquid crystal conposition coating during drying. Methods of drying under

condi tions yhadospreggde little or no airflow include thosgegusfhedsrsion U. S.
Patents 5,581, 905, 5, 694,701, and 6, 134, 808. Furthernore, advances in 25

these and simlar drying techniques that provide little or no airflow are
al so envisioned as being able to be utilized in nethods of the invention.

I'n one enmbodigiiiioRfasicbRtddMdtoh RidtiortkbadibP af 8 thesghtMedt s A dFeBUNIRAST Ng ar ea
is wused to dry the cholesteric liquid crgstal conposition. Such an

appar at us genepgfthe eholestens liquid grygiel compgsitiongep apneahpstehraise thgdpfeaiBove t he
surface of the Rt td @ redd&e@Pparatus 30 acconplishes renoval of the sol vent
fromthe cholesteric Ii qui d crystal conposition wthout utilizing applied
gas convection whigkximple sharmppsraiys that gap bertdlized foyidrgngribe Rndesteric Bigyidng

wi t hout appli ’ ' 35 : be
caused by 160N S ERE R R Bdshickd BT brs By SRR Bo AFNGY bmd W@ 1% 11
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chol esteric ldgui ryst al OSL k] C nneal .faster he e 1he defects
don't have tcg:u %ewl%é%re %ﬂ P reé?t%g\‘[}r??‘ée%g?rﬁrﬁgl eoci&gﬁe%cpgqél}c{a%rﬂststﬁtcﬂ%n%?gﬁza dte utilized

for drying tkellhivbesfeebhdenkdtighatta 162, CTheshalbstatiingsi drystad comign 0€ivondi ti ons
whi ch provide litfle or no airfl th rface of. the chalesteric liquid
orvetal compasrarttliroatio haieha At Sunidie, THiead 6 adtirontioh Sk Gotaorn
functiong toiergpernatwthdd soberent fromthe cholesteric liquid crystal
coating 106 and collect it on the condensation area 102. The chol esteric

liquid crystal coaPs fRpdawsetionareaddend fhe gheleptgricdiapd cxystal pratipg i are 4.
S'-%St rate 1Oﬁ?ﬁ@ﬂ]yﬁﬁoﬁﬂgsi.eﬁﬁ‘?@ﬁﬁaWOQeﬂA@ﬁis(’:ﬂpﬁe RBPMishdDny By EbRPhfitids .  but

need not be. The condensation area 102 and the chol esteric Iiclw d crystal
coating 106 dhatallowrevel rlatiye movement.r Borgxampde, ithy chalepterds hgnid crysislsodding be

acconpl i shed m?t{%- ka3 BO; LS loate] ; . For
exanpl e, the 1? 0 est_%??%“?%ﬁc%%g%rny%%}%}ug%a% né 18‘#@% ﬁlgelsu@tgrﬁ’g%e 104
can be ilA notsomacombreatoonbeefat i on area 102 can be in notion, or 15 sone

conbi nation there T condensat,i on a C al.so t L ower
tenperature than t eec%t&g?sgs&earrf‘acﬂhlclgréﬁl?(ggecart%g%r%(?:nc})éaﬁ r{aa%ﬂgleacﬁ?}e%%nec
substrat e 104iquiitiystal edating 106 iiginthesubtntel(di Thardnide teaperatta difterdrbecaol vent

N the chol gt o o i 8 A i RSyt b it 3P edbrSie oo o "'
composition and condense on the condensation area 102.

20 As seen in Figure 2, the condensation area 102 is placed above, but near the
cholesteric liquid crystal composzition 106. The arrangement of the condensation area 102
and the cholesteric liquid crystal composition 106 creates a small, substantially planar gap

: 108 above the cholesteric lignid crystal composition 106. In one embodiment, the gap 108
( covers a distance of about 20 centimeters (cm) or less. In another embodiment, the gap

25 108 is about 10 cm or less, and in yet another embodiment, the gap 110 is about 5 cm or
less.

The controlled environment created by the gap 108 provides little or no airflow at
the surface of the cholesteric liquid crystal composition 106. Little or no airflow is
thought to aid in annealing the cholesteric liquid crystal composition which leads to a

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

crystal film in a shortened time period, or some combination thereof.

11



conposition and condense on the condensation area 102. 20 As seen in Figure.
2, the condensation area 102 is placed above, but near the <cholesteric

li qui d cmystmljowesgosition 106. The arrangenent of thepcandeosavesam area 102
and the cholesteric liquid crystal conposition 106 creates a snall
substantially planar gap 108 above the cholesteric liquid crystal
conposition 106. In one enbodi nent, the gap 108 covers a distance of about
20 centi et er s A<ty savent esporates framahdeholestatiolijuibery stalichmpgator?®6 108 |1 s about
10 cm or anot her enbodi
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filmin a shortened tinme period, or sone conbination thereof. 11 WO

2004/ 0765882H12TY 235D tumonschyendensed spdveatipiglly tasign Blaies d5° fSeamip Figure

chol est eri g) I TigubHef¥Shal b QDA 45iCRipt B6wn bdeebl2f¥gh§. across the gap 108,
condenses onh the condensation area 102 and is coOllected or renoved fromthe

condensat i on arBgureepands idlusisteransthetarample gl peappatetus ftusainesdming seet hod  f or
col I ection ,pf,t T8 aéﬂ;agauisgllzlﬁ%ucfﬁg R IHE Mﬁﬁﬁa‘?'&igﬁﬁs@@d 102. In this

exanpl e, 5 condensation a can have transverse open channel s or
groovéd 114bavkivath respedtitwBigurempind byt ale tontaing achentingeareahid 2c dhe bendieg sol vent
laterally to e plates..115 (seen.in Eigu spel vent .can then be
col l ected 35% gﬂ ﬁrklgn‘ﬁfé%da%;c/\hﬁ n@%fé%ﬁ% ¥ eeosf ﬂf%g&%ﬁeéé?'e@eih egﬁ %Ieﬂ ustrate -
anot her exaampdfes hdat thouah e rselistrate {104 (and any wndarlgfigystmgtusdselmt nod bt haddr nvent iQ) oJi B

Thi s apparatus, 110 jincl udes the same c opents as that .di.scussed 10 above
Wi th respedt SBSTERJ e 2 12 Avsporafing the FUYL B A DOLS HESIHG BT Ea 112, The
heating akempdkdnil86.| ocated on the non-coated side of the substrate 104.

The heating area 112 transfers heat through the substrate 104 (and any

under Fyi ng” st r ubaneiber qmvadimeatofisee igpaden @ shroud o begpet a5 Y294) to aid in
eVaPOr at | Nk igu:SOAEMGeS iAot SPGB Slinple ir A Uh Bk AFRAR] L1 OD 106,

15 I n anot her_enbodiment of the invention, a shroud can be used as a drying
t echni que Bh&isuprtolipgemies p pertipe 68 ofrapredessingostenfordwamipg @ chflesterigigeidd can be

seen in Fi gk %\21 frfﬂag‘éﬁo‘?es?eﬁa l'lji};giﬁtch%?éon?po&%ﬁ.iB%ig%@é)ﬁ,%e ShollsRRESSI NG system

for formng a c esteric
liquid erystal composition is initially contained in a container 602, which feeds the coater

20 603. The coater 603 forms the coating 606 of the cholesteric liquid crystal composition on
a substrate 604. After the coating 606 is deposited on the substrate 604, the substrate 604,
which is part of a moving system, transports the coating 606 into the shroud 605. After
the coating 606 goes through the shroud 605, other processing steps can be catried out. @
Examples of such other steps include but are not limited to heating in an oven, irradiation,

25 and other treatments.

The shroud 605 is generally placed in the processing system afier the coater 603
forms the coating 606. In one embodiment of the invention, the shroud 605 is placed
directly after the coating 606 is applied to the substrate 604, The shroud 605 can generally
be described as a structure that is placed above, below, and/or on the sides of the surface

30 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 crystal conposition is initially contained in a
cont ai ner 698.,200476d3sf eeds the coater 20 603. The coater pERuEMIBookIvE
coating 606 of the cholesteric liquid crystal conposition on a substrate
604. After the coating 606 is deposited on the substrate 604, the substrate
604, which is part of a noving system transports the coating 606 into the
shroud 605. Aflbtd 669 @ne@R ddts n6QABnERSSY tHafed) elendechie, £ 130tkthob QRivel9 bgfol
processi ng steps can be carried out Eﬁfﬂples of such other steps include

.S
but are not ItheiPRRdats wilut thgolrme ghthg$Ad i r adi ation, 25 and ot her

treatments. The sHmOWLRIRDS iR BlobvMe BIRGEHs hifldW SoREPRESSkAG 66/ St em
‘after the coater 603 forms the coating 606. In one enbodi nent of the

i nvention, t Héesmpwtaf sefipw aropdibeepativg $06¢er he enmtrelled; pdeasbinrarighyebe i s
appl ied 50 the, SHDSEIAL Gy OSTmoxﬁh{eQUQin@(a@ﬁ,Qﬂ@b%ﬂ)h%ﬁu%oggggs%l : gribed as

a structure that Is placed above, below, and/or on the si e surface
30 of the sul¥déreabethcdroneleatbodiment fornteriar gerfasenef theshe®@@l 606 areaheutdfisodi nent |

t he shroud 6 i el ( j fr.t

substr at o604 ity AR RS Kb ARG Sodih bRDEH e Skt B4 0B i BB o
shroud 605 gendpdirleyt, tedstancd isabott 40 omanless, aet gkt mbtheratisdinsndatdoes not
actively control . the t rature.wi thjn the volune.of the oud. .The

b oud B0 1 AL ey tsEIRGHA PRt b RS SPaieR g s shibie SO Eelfng s06.
The anmoupt ofas@bgsibledd/tias @bttty A0 hotiomisuifige 00te catiztrine 600k bothweétloutat | east in
part, by the 5 di.stance that the shrouyd 605 is frogmthe coating 606, the
bot t om sur f ac®stBictipg, e%‘ﬂ’ﬁg?@?ﬁ tesoprocesTngRFIRM OF (tIHFEng YRGB dherroatae ¢0%e

irterior surfaces agkr 4 BRIERES Ui OFsBT @npbHtdn 10 b&eR driRl il KsSrdawBWwithigm t he
coating 606, bottom surface of the substrate 604, or both. In another

enbodi ment ,  tipentens agREherpropseRng steps thal a¢ eensendly uspddyithpsy af skithin: theart

enbodi ment  ahgite Smri&kdd@r | ess. In yet another enbodiment, the interior
surfaces of the shroud 605 are as close 10 as possible to the coating 606,
bott om sdrf ace of Ittsheuld bpvnderstand b thoseef shidlin the arthbaying rewskthis gpecifirgtierhe
functioni ng } . e Rl i i 11 606.
After a cbol ceﬁs1 té’?ﬁ%ﬂ}? I gw gfbg}%@%ftﬁ%?}ﬁggﬁd%%ﬁﬁ%@%%@%%% @d?_?ﬁ“g%%or dance
wi t h t he i nventombinatanywifhianbthersopentcths ssernd dsdregsed inftal diging tepapeeataks alonesed by

those of skill .in the art an b arri.ed out. 15 1t shoul. e under stood by

those of ski |9% Hedst ﬂ’idw% :‘ecﬁl?i@‘i’eﬁgmfgrg&ld? ?Igogﬁ%@WQ“&%?fliq’SH,tlﬁzﬁghat virtually

any conbi nati on ofChblstetiSkiquad cristal coinpositions andedtithed i6 a Wbdesdric liqeiddi oxol ane
20 crystal layer that substantially reflects light having one circular polarization {e.g., left or

right circularly polarized light) and substantially transmits light having the other circular
polarization (¢.g., right or left circularly polarized light) over a particular bandwidth of

light wavelengths. This characterization describes the reflection or transmission of light

N

directed at normal incidence to the director of the cholesteric liquid crystal material. Light
25 that is directed at other angles will typically be elliptically polarized by the cholesteric
liquid crystal material and the Bragg reflection peak is typically blue-shifted from its on-
axis wavelength. Cholesteric liquid crystal materials are generally characterized with
respect to normally incident light, as done below, however, it will be recognized that the
response of these materials can be determined for non-normaily incident light using
30 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 use of drying techniques that provide little or

no airfl owp manotasssutili zed. - , Cholesteric liquid cry®Calueenposid?i ons can
be formed into a cholesteric liquid 20 crystal |layer that substantially
reflects |ight having one circular polarization (e.g., left or right

circularly polarized light) and substantially transmts |ight having the

ot her ci r c Ghalestergdigaid aptal polafigergare used ghénedypel of tdfleciivenolaizery Thepidh zed
light) over_,.a.parti.cul ar bandw dt h .of. .light vel engths. This

charact eri 951 ?ﬂg)ﬁa St&%%é?‘?‘%%‘ggf‘nﬂ%ﬂ?gﬁ léﬁ’ﬁﬂgrntgg%c c\{,\pg(éaﬁia%e %ﬂesﬁf’% light directed
at normal nhtildenededtive pbierighrs. eRifch enddptivdldayehibiokadse determihghe centery st al
material. Light 25 that js directed at other angles will typically be

o £t cal Pt el R Fsao REES sl tRr e Rl va ond « he
Bragg 5 ef | egbdcatelpetife roftihy Sirdetdrlo¥ thb khiesthic fliygid chys@MpdthSzePRrmadtisal

wavel ength. Chol esteric liquid crystal materials are generally characterized

with resp&@eatupityvmia te (hejuse plrawiiple layse baviag the sampantisa) lavss st will be
recogni zed ol i@ ivet RBlectivEpPRAREs Of these material s can be determ ned for
non-normal 'y 1ncident Iight using 30 known techni ques. The chol esteric
liquid crystal Tayentecuavelmgibs belamd the spectral bandvadthi Aa of the lightréfleoteidy | ayer s
or devices o

ool ar! zor . CESRIBRORPOR SHET DS 0 b O ERSTAR I R TRRRE oryst al

pol ar lger s Ths Gentes Ravélehgll) &, iyApraximitef byect i ve pol ari zer. The pitch of a

cholesteric liquid crystal polarizer is simlar to the optical |ayer

thi ckness of nultilayer reflectivéeT8F&kitZels. Pitch and optical |ayer @
al

thi ckness %E%rnﬁ”}ﬁﬂiﬁ?eta&ethgﬁ thve iflfoes 'ogﬂglPEﬁblé%ieﬁE 'Tiﬁuig*&ﬂ}sﬁﬁo?iipﬁ liquid cr

pol ari zers an l'ayer reflective arizers, rrespectrvely. The
rotating dippletitedpanileltitthe dirottesdfdhs liquid agystad () yrsltfot light pelatizedr f orns opti cal

[ i 4 h f rmult] I i h i cal
ayer ¢ hi cloaeeiuk? P giotiorsl hedeniepiobLlno Y Firdrd bordideboR & vavel engt h
A0, angl thepspgshkabybandw dth, A% of the light reflected by the

cholesteric liquid crystal |ayer depend on the pitch, p, of the cholesteric
liquid crystal. 10 The ced¥eT 2Auieeite¥{gt hno) KPR 1%)- appr oxi mated by: 2,0 =

i aui d orybtal ©areqtieRnatEl Bolk o pPRh ) R AR B ol T quia
crystal ( neprckngtwoaireddyefmesiothalestemadliquisbarystsd diivews] exch dispashdomiir ect or of t he
liquid cr yslﬁcﬁxlidlfapé)l)ostre;g] %viél%ﬁérgrﬁlpit&%g Y\é..,qu%rs }i%‘%r(?ng idﬁzferent compositions, for
20 example, different ratios by weight of chiral and nematic liquid crystal compounds or
monomers). These two layers are heated to diffuse liquid crystal material between the
lavers. The diffusion of material between the two layers typically results in the pitch of
the layers varying over a range between the individual pitches of the two layers. Other 3
methods of forming cholesteric liquid crystal polarizers are described in, for example, U.S.
25 Patent Applications Sertal Nos. 09/790,832; 09/791,157; and 09/957,724.
The cholesteric liquid crystal optical bodies can be used in a variety of optical
displays and other applications, including transmissive (e.g., backlit}, reflective, and
transflective displays. For example, Figure 7 illustrates a schematic cross-sectional view
of one illustrative backlit display system 400 including a display medium 402, a backlight
30 404, 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: AA, = 2X.0(ne - no)/(ne + no) = p(ne - no). Cholesteric
liquid crystal polarizers can be forned by |am nating or otherwi se stacking
two al r eadywbooadeshol esteric liquid crystal |ayers, eacPcfyuSRRssRspN an

i ndi vi dual substrate, with different pitches (e.g., layers having different
conmposi tions, for 20 exanple, different ratios by weight of chiral and
nematic liquid crystal conpounds or nononers). These two | ayers are heated

to diffuse | icRuitgyGloksiked lighetermita Li Wl‘r&ﬂ&@uw'p@}é@&& to Tik&rdipbfatigddon of
mat eri al between the two | ayers ty%ﬁﬁl}l%% resulfs in the pitch of the |ayers

varying over lighty dnfjeveds ]\Ré"é“rfi qofhe §i splay flevich 442 Gt 1p H%P"F%ﬁ‘?’af}@rs Qt her
3 nethods ob,fk@kEiHsng chol esteric Iiquid crystal polarizers are described
in, for exanple, U S. 25 Patent Aﬁpl ications Serjial Nos. 09/790, 832;

09/ 791, 157; and OBhexbisplaymediam 402 disnleys infermatipn grimesesity eaiewssby cal  bodi es
can be ed i n I i ons,

includi 1:3 trgﬁg%m%s{%? hgﬁt%é%a?gs'e?&%égﬁr? %b)gl,bEr e Zg?l %95,55{ ea(%}?adm?ﬁgecti ve

di spl ays. Fomedian{il2es a Hingdiemyst7! displavst€B) Sat transwiteondy light of owspodaizetiosnal  vi ew
of one ill ust{% ive backlit display system 400 including a display nedium
402, a backllg t 30 404, a cholesteric liquid crystal reflective polarizer
408, as descri bedTh%:inmlehghamthatsumima;thnhghtmeédtewtmthda'ﬁplaﬂ'mwditﬁpl ay system

optionally inc e as ric liquid crystal
Pot | ecti ve poteiES N Lhelh Hus R0 i Aiae SRCHIRLA e’ 14 o

2004/ 0|76(58 ?I B@Hhkﬁﬂ@&?ét&ﬁ@&ﬁ%e uﬁdldr mmﬂharghthllﬁghagmaedlzd deghtedfiﬂi Bigmtel‘v&lah h q ui d
crystal reflecti olarjzes to li pol ari z A Vi

| ocated on t lgéneéi%ﬁé'é %?ngtlﬁecra?sgﬁ?%fvn@é@f%& &’ﬁ)‘z‘setlﬁg’i gtll‘lesg’ﬁ*?}&evee 1r"’om t he
backl i ght 404hapxheoxcbx§:ab1eythaﬁght Yidé 0% dhh B hddge-dhapeal sihhedl, @ pscudRgegeet 0 t he
viewer by 5 transmitting light that is emtted fromthe back i ght 404. One

exanpl e of a @Widgpttaylhe mamﬁozméermonas {opighe Leht pyide 418 ke capablgofreeenyng hat

transmts onlys ddhihe® %h%ﬁ’rc@@i@&ﬂd%ﬂﬁthﬁg‘thaﬁigﬂ €As A RSuD ARkl hods 404 that
supplies the I'ight used to view the display system 400 i ncludes, for

exanpl el3a | |1g1hld3§mkrr§ﬁed¥:m(eemwpaonai wiiectonfille exfigtiommethouigis andwsher 10
backl i ghti ng cﬁ%ﬁ&ﬁeﬂﬁ & eQch‘é?l@ﬁred@ tcg%gh the light guide 418 depicted in
y

Figure 7 has a genera rectangul ar cross-section, backlights can use
i ght guides wt hThmI;cﬂsmvB atihezer 40faip en opteal iﬂmhq;thm:,ludehalbasgdm choledd@ic418 can

be wedge-s haqlquid crys\‘?zltil cgﬂdod% £ %gs%ggédvé%gv%? The reflective polarizer 408 is provided to
substantially transmit light of one polarization state exiting the light guide 418 and

20 substantially reflect light of a different polarization state exiting the light guide 418,
Figure 8 1s a schematic illustration of one type of reflective liquid crystal display
500. This reflective liquid crystal display 500 includes a display medium 508, a
( cholesteric liquid crystal reflective polarizing mirror 504, an absorptive backing 506, and

an absorptive polarizer 502. The liquid crystal display 500 optionally includes a wave

25 plate as part of the cholesteric liquid crystal reflective polarizer 504 or as a separate
component to convert mixed polarization light from the liquid crystal device to an
appropriately polarized light.

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

light 510. The polarized light then travels through the display medium 508 where one of

30 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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guide, etc. The prinmary consideration is that the |ight guide 418 be cdpabl e
of receiving light fromthe |ight source 416 and emtting that light. As a
resul t, woeobd/araiss418 can 15 include back reflectors (eCyUS2@pveSHal
reflector 406), extraction nechanisnms and other conponents to achieve the
desired functions. The reflective polarizer 408 is an optical filmthat

i ncludes at | east one cholesteric liquid crystal optical body, as described
above. Thechokitedchqudcyyahlaeiledve gdBizes50gnodisdbsbrbved byshedsicking 5. | Thet r ansm t

i ght of on ol ar.i zat | ate exiting the Light.quide 418 and 20

subst ant | SRR e PER pPLpriBiRatite i shay S sBfhaficd bk PaFE5 g e

| i ght gui digquil@ystalfoptical Body, assdescribed shvmt.i Thel Spkdifid tlmice @fi claflestefie ligyipe of
reflective liquid tal .display 500. This reflective |jqguid crystal

G splay. 506V epinLasd G afeRd onbetans, oL e gutsrrbRkgP e Lryet al
refl ecti vemmelds, add WevdlnghQinge Q@ intéést.absor pti ve backing 506, and C_ an
absorptive pol arizer 502, The liquid crystal display 500 optignally includes
a wave 25 pl attdew’? pa cheratic fEsErimes pes Yee ofi teartiee Wé‘l“%ﬂ Yl ecti ve

pol ari zer HQ4ay4002ThA tAREREMNQiquiiUIRAN8RHla SOGRAVES b plAssedalfigar i zation
light fromthe liqguid crystal device to an appropriately polarized |ight.
Li qui d cr y&isrday mediyn 498, s0ertilmirrar 60% afcheletterisyiapiderystad silsetive@olspriagi zer 502
pol ari zing_,. | i : pQlsar.i i . t gh the display
medi um 508"\ %?Q&,g%&%gﬂ@g, %ﬁghlaﬁsgﬁﬁvgg @ftﬂrlgggﬁ%hr' fphg?égsk Pgtg |€%ﬁ conponent s
refl ekt s fopiondllyendindsk e stage pletelar gart of the gholesieric Bjdidoystwlgefiesties paarizgr mi rr or
504 and passes . back through t di spl a i_um. 508 d_ .absorpti pol ari zer
302. “The' ol RaY oot e relidPul B P IR e il L0 IR AT D5 0o ”
2004/ 07658&vikETd SRt iR Pl rizalitdhe Shelid refldctigeindds byight ambieaf lighe6iove .
pol ari zer 504, and .i s, absorbed by. t he_backi 506, Th ref.l ective polarizer
B4 of ¢ hi 8 PPERT R R poli bl Vel Pgi b e STRABEEIS Al chol ast er |
l'iqui d crygfigdts pthe pattiab@ihor 668 a fds Badt (b aMethe disflap Megiuhid08 ahdi ce of
cholesteric liquid, crystal optical body can depend.on factors such as, for
exanplie, c¥seIpiy palarizei {02y fplow ambicnilightisipabions, te bagklightaRgdtaciyped of

interest. [aQisheis geléciivé!ygﬁé‘&%dugh iHelcHS\E i e iR RrOEr 60/ SndtdtRE tPfrotii@nsf | ecti ve
l'iquid crystal” display 600. This transflective |iquid crystal display 600

i ncl udes aznprpsiatelyaolarigedidght ¢ thpdisglayrddelnf do@ppaitphandeduessis baddr 603, a

chol est er! fabdidhbdlyld] Sheteld: Bl PRIt AR GloMerThStERer a_backli ght

606, and an absérptivé polarizer I splay system 10 optionally
i ncl udes acffwatreslpinateasedaclgight brightnedse Tiptrefl@svepalarizer efithid raflegtitediquidef | ect i ve

pol arjyes crystal display 600 includes one cholesteric liquid crystal optical body, as described

above. The specific choice of cholesteric liquid crystal optical body can depend on factors
such as, for example, cost, size, thickness, materials, and wavelength range of interest.
The cholesteric liquid crystal optical body can be used with a variety of other 3
components and films that enhance or provide other properties to a liquid crystal display.
25 Such components and films include, for example, brightness enhancement films,
retardation plates including quarter-wave plates and films, multilayer or
continuous/disperse phase reflective polarizers, metallized back reflectors, prismatic back
reflectors, diffusely reflecting back reflectors, multilayer dielectric back reflectors, and
holographic back reflectors.
30 All chemicals for the following examples can be obtained from Aldrich, Inc. of

Milwaunkee, WI unless indicated otherwise.
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604 or as a separate conponent to convert m xed polarization |ight fromthe
liquid crystal device to an appropriately polarized light. In the reflective
mode, brighwoanizioesdss! i ght 610 CJ is polarized by the absefpkicdfodesdeari zes
602, travels through the display nedium 608, reflects off the partial mrror
603, and passes back through the display nedium 608 and 15 absorptive

pol ari zer 602. In | ow anbient-light situations, the backlight 606 is
activated and light is selectively passaggletthrough the chol esteric polarizer

604, matched to provide appr.opri.atel | arized_|ight to the display. Light
of the oppos @@Pﬁﬂfﬂ?é&ﬁ’é%’%ﬁl‘@gg'a‘g&”}%? R@@P’é‘ﬁfs ipd pipxpianeand otigrect i vel y
passed t hrougfivdne chol esteric polarizer 604 to effectively increase
‘backlight brightness. The reflective polarizer of this reflective liquid 20
crystal display 6b0-faeloylpeg-clnsy)divarasicat ¥ yamogursndrygeater 5t i cal body, as
described  abRy&iend Niguid RESHal mbndRY WG tﬁgstﬁaﬁfc%]%ﬁe‘ﬁ'hbl%wl dnfl WP dir¥tedlas OPL I cal
body can depend on factors such as, for exanple, cost, size,” thickness,

mat eri al s, adescrikadar EptgpernrPategbApiflicainndiublqatiomNe. 84d¥%est eric |iquid crystal
optical body can be used with a variety of other conponents.and fdn ns t hat

enhance or provide other properties to a liquid crystal d Ay 25 Such
conponents and filns include, for exanple, brightness enhg gint filns,
retardation plates including quarter-wave plates and fil m ilayer or

cont i nuous/ di sperse phase reflective pol argzers,
prismatic back reflectors, diffusely refljecti
dielectric back reflectors, and hol !
chemi cals for the foll owi ng exanpl#
M{ waukee, W unl ess indicated ot} . 16 WD 2004/ 076588
PCT/ US2004/ 000 aqpl e Conpa of the Solubility of Various
Mononers in k73-digxol a and ™ot her ol vents.
4- (2- Acryl oyl oxy- etjhoxy) - benzoi ¢ acid 4'-cyano-bi phenyl -4-yl ester is a 5
chol esteric liquidocrystal nonomer with the structure given bel ow and can be
prepared s descy i had iyl aRgFodhalis Mia ARShAAbARNLYPLlcF Rhd BRoNRa

in hot (boiling) tetrahydrofuran and hot 1,3-dioxolane. Only 20% of the monomer

10 dissolved in the tetrahydrofuran, while 40% dissolved in the 1,3-dioxolane. This shows
that cholesteric liquid crystal monomers, of which 4-(2-acryloyloxy-ethoxy)-benzoic acid

] prack refl ectors,
eflectors, multilayer
ectors. 30 All
d”from Al drich, Inc. of

4‘—"6yano-biphcnyl-4-yl ester is representative, are more soluble in 1,3-dioxolane than in

tetrahydrofuran.
15 Ezample 2
( Addition of another solvent to control drying temperature
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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0 4-(2-Acryl oyl oxy-ethoxy)-benzoic acid 4'-cyano-bi phenyl -4-yl ester was
dissolved in hot (boiling) tetrahydrofuran and hot 1, 3-dioxolane. Only 20%
of the nomanni/aB588i ssol ved in the tetrahydrofuran, whi PeTAG00dicssed ved in
the 1, 3-di oxol ane. This shows that cholesteric liquid crystal nononmers, of
whi ch 4-(2-acryl oyl oxy-et hoxy)-benzoic acid 4'-cyano-biphenyl-4-yl ester is
representative, are nore soluble in 1,3-dioxolane than in tetrahydrofuran.
15 Exanpl e 2 Addidlition Powaanmgddeviﬁs@trmmmdhﬁa@dmrrawmdmamg1$ Bowpeatat ur e The

ingredients_in Ta nbi.ned. and 0. create sol uti
Table 1 Comp %Pur{ﬂm%gt?glbut e}“étéa pd@angu “.%@f??’iy\f%enzo g™ 2y A %
Pal i ocol or kdGrdRESoliBADER anl @rdsQédndn THYI) 2 Bel@®o Car bon tetrabromi de 0. 25%
Vazo 52 (WImngton, DE) 0.83% 1, 3-di oxolane 66.7% 17 WD 2004/ 076588
PCT/ US2004/ 000549 Sol ution A was purged with nitrogen and heated for

approxigrately 1S hours at approxinmatelpyple® C to initiate pol ynerization of
t he acryl at es Solution. A was. -then.used to.cr C as seen

in Tabl e 2 bdl oompopgn| e 2 Waighdiereent ipSolyiion er"E@ahthnc%prlwx%. ght
Percent in Salution B C Solution A350% 50% 4{ - cyano- 4¢ 5% 5%

hydr oxybi phenyl 1, 3- di oxoliane 32. 5% 45% Cycl ohexanone 17. 5% 0% C)
Sol utions B aLrSdluﬁblv\Are coated (wet &ating thi ckness eqﬁﬁ;% to abouj 12 to 15
pr’r) onto a 1( ﬁ‘r\.) 1Y) yctlryl fne—tetrept frad c’ﬁcJ\ r_T) ||1—|‘||Ty -a—dr+ed—t hi ckness
of about 2.5 ? I 5% 7

hydroxybiphenyl
1,3-dioxolane ' 32.5% 45% h
Cyclohexanone 12.5% 0% KD

Solutions B and C were coated (wet coating thickness equal to about 12 to 15 pm)
ontoa 100 pm polyethylene terepthalate (PET) film to a dried thickness of abont 2.5
micrometers (um). The coated PET films (shown in Table 3) were then dried at either 30°
10 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 nsing a Lambda 900
spectrophotometer (Perkin Elmer, Santa Clara, CA). The coatings were then annealed for
aﬁproximately 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
15 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 iransmission @
(extinction) and the spectra was recorded. The resulting extinction measurements were

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

below.
20 Table 3
Solution | Drying Temperaturd Reflection (%) Extinction (%)
B 30°C 14.8 23.6
B 9° C 38.5 278
C 30°C 274 272
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m croneters (m. The coated PET filns (shown in Table 3) were then dried at
either 30 10 Cor 90 C for one (1) mnute. The average reflection of the
coatings fremappgioxEsmately 400 nmto approxi mately 500 mOTVEE00:000T49
measured using a Lanbda 900 spectrophotoneter (Perkin Elnmer, Santa d ara,
CA). The coatings were then annealed for approximately 5 mnutes at 120 C
The transm ssion spectra in the selective reflection region of the coatings
were then neasufed dsing a G @o*thomas|pol ardx®r origented a0.445 15 degrees
to a 1/4 wave fll-m The selective reflection leads to-a - lowered transm ssion
in that wavel ength region. The polarizer was then oriented to give the

M ni mum transm sSigio alﬁx?g)‘stilhﬂzﬁtsbﬂﬂr}ns%‘&tff&ﬁﬁt cﬁﬁﬁ?ie’i@eﬁ%ﬁeé’ QCRE Beden HBE
resulting exti nctr on nmeasurenents were averaged from abouf 690 nanoneters
(nn) to aboutlowgOiniAg CAPETAEES rseﬂtseeﬁhqlﬁtemaﬂmed grystgbfilgyavith @ lowggs reflegtiono| ut i on

Dryi ng Tenper r t

365 97.8 | C %g&ééﬁ%&gﬁ ltxq‘l"’]‘”é:r’ex{Q %@éﬂ @&53‘&? %?153% szggéﬁg‘gﬁé%?)ﬁa% "‘ggc 42.3
31.4 By éonpahfiswesldﬁfﬁﬁaran@‘dﬂcwﬁreﬁshatllddtyfsﬁae&ﬂleﬂﬂ t?dquSﬁgrrteeﬁpmealt u‘res it can
be seen that i urd
crystal film vv| i "‘m‘?%éﬁfé‘?%r eS%H% a%a#@?n%gfo?@%c%s[s E g?rgdi!&c%qkﬁ %tal ?ef | ection
val ue gener al d:cynpompbmses\ ghbetér anhenl fimk Aiso gerlemlly ithdiey tlﬁt]ﬂhe&xﬂilﬂﬁoﬁ efvhe fikef ect s,
and therefore uld take | td me . ann A shorter
Aneal 11 DL R G eR s trop SRR Sread T O el B ARPRE P
crystal corr})mgﬁéﬂrf@rme e)&msrﬂlit?rl’rh&@ura;ﬂétﬁ@| ti rredal SO gener a: ly inplies thﬁt t he
extinction of the fi Wi ove ] ecr eas val ue i n of her
words, tHe film wiihe rﬁélt%lln@@gralﬁéf’%‘?ﬁ %él?fefea%e @E@ﬁ%ﬁﬁqml@ﬁpf%"&?%
Megsur ement s. sokidni rnemrsewhlsiecydrbﬁ%bﬁe 35 pHrSdT sSIGNSR L BS coinpdifip@Rce caused by

the addition of a second C solvent, in this exanple coycl ohexanone, as part
of solution Bmeeyrewmpafrq}rgloml?eWIﬂmﬁ&w&ﬁhmb38?C§m1a@ G respeaivell, ibesnbe i on C

at both 30 C ?e@ﬂ h% §a&<ﬁ§&eo(‘ftcgéd§%e)éan Wi ré%&ﬁ o BSi1 quuEésocﬂ
cycl ohexanone, res Ution B SO re uce’s I'n

defects (as seletial be;fecas ﬂammn by eﬂdveau:tafbctmnarlahle)) AsAgas\lascashim Iora&&lrymgl ovver
drying

15 temperatures, a Jower reflection value means that the film is less hazy and has fewer
defects, which should lead to a shorter anneal time, and a lower extinction as also seen in
Table 3.
The above specification, examples and data provide a complete description of the
manufacture and use of the composition of the invention. Since many embodiments of the
20 in;rention can be made without departing from the spirit and scope of the invention, the

invention resides in the claims hereinafier appended.
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15 tenperatures, a lower reflection value neans that the filmis | ess hazy
and has fewer defects, which should lead to a shorter anneal tinme, and a

| ower extinction as also seen in Table 3. The above specification, exanples
and data provide a conpl ete description of the nmanufacture and use of the
conposition of the invention. Since many enbodi nents of the 20 invention
can be nmade without departing fromthe spirit and scope of the invention,
the invention resides in the clains hereinafter appended. C 19 W claim 1.
A chol est @l gailgt qui d crystal conposition conprising: at |east one chiral
nematic liquid crystal material solubilized in 1, 3-di oxolane and a second
sol vent of either cyclohexanone, cycl opropanone, nethyl ethyl ketone or a
conmbi natipn th ei.n there is nore 1. 3-dioxol ane, by weight, than the
second sgl ven‘fg E@e“ ﬁc h%‘ﬁéo]f:ré/gkf'g‘fol"épof‘lnaﬁF%mErr’S"é}% ‘al conposition of claim1,
wherein the seqdast @rlchizalnenatiodiguidesysey alathiaksutbikzedrial 1 [3hdioasEersnd of

cycl ohexanone i s no nﬁlthan 25% of the anount of the cycl ohexanone and

1, 3- di oxof @ﬁ?enwmgﬁ@t eBeYCRohTXANoRE HFloprOPAIONg: BN (EIone o1 2 qui d crystal

| ayer compyisihdidn thdrdaf itkdTh ’E}Qr@-ns%Hré h- dd?&(Bi‘éde vai he tfah ¥id RborfeOmPOSI ti on;

(b) depositing the chiral nematic |iqui crysta O0sition onto a
substratesolveahd (c) initially drying the chiral nematl c liquid crystal
conposition at a tenperature at or bel ow about 90C so that the chiral
nematic liquid crystal conposition has at |east 80% solids remaining. 4.
The met hoal of "D}ieadhme&,ermmﬁﬂicﬁyswb@lnjxmittdna:lfcﬁﬁmimgzhéxemhé second §dteenchi r al

nematic |iqujid crysta nposi ti on havi greater than %SO|IdS
r emai ni ngco@r's?ﬁ@’c@?ﬁ%’&"%\é%fg‘j‘aﬁﬂ’@mﬁt& EVaPRR*GNONRHBRLMATeS F‘H%%V?

accorrpl'smﬁsln@bmecgamae&ﬂera%dqts -Sibx NSty whgut 60C. 6. The net nod
according to claim wherein said drying’is acconpl i shed at a tenperature

at or bel ow about 30C. 7. The nmet hod according to claim3, wherein said

drying i Szacco tl%?jeoq' forml ga Icﬂ les?eric liquid crystal layer comprising:

(a) forming a chiral nematic liquid crystal composition;

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

(c) initially drying the chiral nematic liquid crystal composition at a
temperature at or below about 90°C so that the chiral nematic liquid crystal composition

has at least 80% solids remaining.

4. The method of claim 3, wherein said initial drying results in the chiral nematic

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

5. The method according to claim 3, wherein said drying is accomplished at a

temperature at or below about 60°C.

6. The method according to claim 3, wherein said drying is accomplished at a

temperature at or below about 30°C.

7. The method according to claim 3, wherein said drying is accomplished with little

or no airflow.
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or no airflow. 20 8 The nethod according to claim?7, wherein said drying
step utilizes an apparatus conprising a condensation area. 9. The nethod
according to claim8, wherein the configuration of said apparatus creates a
controll ed environment gap between said condensation area and said surface
of said cholesteric liquid crystal conposition. 10. The nethod according to
claim9, wherein said controlled environnment gap is less than or

approxi mately equal to about 20 cm 11. The method according to claim7,

wherein gai d gryinBliold ScRFERFTR IBRLH Whetdn EJP&dryH%estéH utfized P barab’- The
met hod according to claim1l, wherein sald shfoud I's | ess than about 20 cm

f rom sai dordpniring & eandetsation amamatic |iquid crystal conposition. 13. The

met hod according to claim3, wherein said chiral nematic |liquid crystal
conposition conprises 1, 3-di oxol ane as a solvent. 14. The nethod according
to clainmpl3, Vhemethod acdofdisgta dhimn®Reeretn the guhfipueatiomtaflsaidappgaas t i on furt her
conprises a second, solvent. 15. The net haod according to clagim14, wherein
sai d secsﬁa*e%%m“egswmng@gt 8%FW@>§%!H6H%$°“W@P&W@BQ%‘ surfagsohy| et hyl

ketone, &4id @h(ﬂ@i@icnﬁ]md)&yshﬁl%%ﬁsitioﬁ 1

10.  The method according to claim 9, wherein said controlled environment gap is less

than or approximately equal to about 20 cm.

11.  The method according to claim 7, wherein said drying is accomplished with the

use of a shroud.

12.  The method according to claim 11, wherein said shroud is less than about 20 cm

from said deposited chiral nematic liquid crystal composition.

13.  The method according to claim 3, wherein said chiral nematic liquid crystal

composition comprises 1,3-dioxolane as a solvent.

14.  The method according to claim 13, wherein said chiral nematic liquid crystal

composition further comprises a second solvent.

15.  The method according to claim 14, wherein said second solvent comprises

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