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Conventional backlit LCDs typically use absorbing polarizers and can have less

than 10% light transmission. Conventional reflective LCDs are also based on absorbing

polarizers and typically have less than 25% reflectivity. The low transmission or

reflectance of these displays reduces display contrast and brightness and can require high
20 . power consumption.

Reflective polarizers have been developed for use in displays and other
applications. Reflective polarizers preferentially transmit light of onefpolarization and
preferentially reflect light having an orthogonal polarization. It is preferred that reflective
polarizers transmit and reflect light without absorbing relatively large amounts of the light.

25 Preferably, the reflective polarizer has no more than 10% absorption for the transmission
polarization. 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.

In backlit displays, the reflective polarizer can be used to increase the efficiency of

30 light utilization by reflecting the polarization of the light not transmitted by the polarizer
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portion of t FRPIsteriiapidcistalpplymenipyer tchés adiacest do the seqopg coating

composition. Finally, the chiral monomer material is cured and one or more cholesteric

20 liquid crystal layer(s) are generated from the first cholesteric liquid crystal polymer layer
and the second coating composition. The cholesteric liquid crystal layer(s) generated have
a non-uniform pitch.

Another embodiment of the invention is another method of making an optical

body. First, a first layer is formed on a substrate using a first coating composition which

25 comprises at least one cholesteric liquid crystal material selected from cholesteric liquid
crystal compounds and cholesteric liquid crystal monomers. Next, a second coating
composition comprising at least one chiral monomer material selected from reactive chiral
monomers is coated on the first layer. Next, a portion of the chiral monomer material is
allowed to diffuse into a portion of the first layer adjacent to the second coating

30 composition. Finally, the chiral monomer material is crosslinked with the first layer to

generate and fix one or more cholesteric liquid crystal layer(s). The cholesteric liquid



30 conposition. Finally, the chiral nononmer material is crosslinked with
the first layer to generate and fix one or nore cholesteric liquid crystal
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hi nders further diffusion of any remaining chiral nononmer material.
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crystal |ay f e present invention is not intended
R

to describe eac t or every inplenmentation of the
present i nvent i onAnofhes efbefimery ofifiw invention is an optical display which comprises

20 a display medium and a reflective polarizer. The reflective polarizer comprises a substrate
and a cholesteric liquid crystal layer disposéd on the substrate. The cholesteric liquid
crystal layer has a non-uniform pitch along a thickness direction of the layer and
comprises a crosslinked polymer material that substantially fixes the cholesteric liquid
crystal layer. The crosslinking hinders diffusion of cholesteric liquid crystal material

25 within the cholesteric liquid crystal layer.

The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The Figures and

the detailed description which follow more particularly exemplify these embodiments.



the detail ed description which follow nore particularly exenplify these
enbodi nents. 3 WO 02/ 069032 PCT/ US01/ 44716 Brief Description of the

Dr awi ngs Wbezioepwent i on may be nore conpl etely under st ood PeTUSOFi#4Ies at i on
of the follow ng detailed description of various enbodi mrents of the
invention in connection with the acconpanying draw ngs, in which: 5 Figure
1 is a schematic represent ati ®piePheferinticaHOGe Mwirek a nmet hod and

apparatus for sequentially coating two or nmore cholesteric liquid crystal
conposi tions on alhedisatiohmay beymescamplgtelygmderstopdissopsidiationiaffiiee 2 is a
schemati ¢ r eRfieRRBGRllIQNIRErRIoR bOPRIVESSIHoRINGI s &F tid thvdnti6P R doRtbcHGORRRPS ti on
on a substrate, according to the invention, 10 Figure 3 is a schematic

repr esent at i HnagspmpansingdawEEsiBRhisk: first and second coating conpositions
on a substrate, agegt didschOndieb AR onb bt Eneiofa feBRREIRL [ .
representation of ¢ross-section of the first and secon coatl ng

conposi t i onsapparatus Serssqueatialymontingtwp eyinore chblesterid liggiiderysta compaesitings poat he

i nvention; | e [ ic illustration of one enbodi nent of a
liquid crystéaiﬁlb%tt%ﬁ?cé)ﬁng??ﬁg@g%{h&ﬁ’ng to the invention; Figure 6 is a
schematic il ust rEguref iod scheostivaepresshioitomaatcrast-section gia firsteoptigal  di spl ay,
accordi ng tocthe 1jﬁnvent iS . tl;ié{%uggi 7.1 1zlawl itgh,t transm ssion spectrum of an
opti cal body FEPREq" 825 ?‘lg’ GOTIIES BT T30 Fi gure 8 is a light
transmisi on spediguraBadd a schemid repbsehiatiyh dfarcime-sation bilfingarddeecobt asyping 2;
Figure 9 is a Iig.ht transbgi s%i on s(gr(lactrum of .an optical body forned

accor di ng t oOTEROSERSOnA SUbNAlG: pccopding g thednvention o+ "t ¢ ansi ssi on spect rum of
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according to the invention;
Figure 6 is a schematic illustration of another embodiment of a liquid crystal
display, according to the invention;
Figure 7 is a light transmission spectrum of an optical body formed according to
Example 1;
20 Figure 8 is a light transmission spectrum of an optical body formed according to
Example 2;

Figure 9 is a light transmission spectrum of an optical body formed according to
Example 3; and

Figure 10 is a light transmission spectrum of an optical body formed according to

25 Example 4.

While the invention is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention is not to limit the
invention to the particular embodiments described. On the contrary, the intention is to

30 cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the invention.



invention to the particul ar enbodi nents described. On the contrary, the
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optical films) and theiDetaid Wesiipton of e Meletred EnhiltRliMERs Of the opti cal

bodi es in optical_devices, suc s reflective polarjzers, and opti cal

di splays (e.g., |ThpmreeRiagrenaqn igbeives©)be amplicale &ma@oalﬁwﬁfh wioPfielal so
directed to gpid)erd thBPHbRTaGABLRWHING tifehRt 8sthebdtiall Yolidh th SptAlddises, Wi | e
the present invention is not so linmted, an apgr eci ation of various aspects
of the i nventichas refleetive pelarizarsnd opead dighlays (@ies Howd coRtablisnlme). clherpsrseat

provi ded bel o\entibigs 418 dRectB@ioVdPRibal boliks chABiMREGLR A LR ERShIIRR! Yer's,
copolyners (e.g., polyners forned using two or nore different nononers),
and conbi nat thepseser @version igmot sq mijed,|an apprpwiatiomef various esppws phtbe Biveion can be
formed in a gecd bt d j or reaction,

i ncl udi ng trgﬁggés%%llelrféfiﬂ]@%ﬂia?ﬁéw g{nh&)lg %’Eﬁgﬁ%&‘ﬁégé om %pol ynmers are

i ncl uded, unl ess Thedéronirelymer’ heilllieswderthed todnaludepolyyness capolpateay fead." wi | | be
under st ood t Q. . S ] e her ic or

i norganic adg?lwgljgls@%g%c#{%%{o ?rgfo %eéglgifen% gl,qo%{)n e?S ’xﬁhggﬁlggﬁ&%glsg%%g%?’ﬁszer S,

ant i ozdfant swelhsdlymdrg er@polgmes, tha ngh i fgmemdtis a miteild demi By ialeratyge,i c

l'i quid I d' .ref .t j dj I t hat
R e R et MR e N
to chiral coafpdschdid, vnlesd indicated ethérsade. | | quid crystal conmpounds and chiral

non-1liquid cryst conppunds,. that. can formor induce a 20 cholesteric
liquid crystal pﬁt}? i PR Fﬁ&?&&ﬁﬁ\?ﬁl}lﬁ?e B‘rfgr‘? ooflit‘hiﬁc]g‘d%}’?}w&is’ *ﬁé‘?’i‘?‘? al . All
i ndex of ref siast, 00 othed dtesiAbEnreNAE Adidtives) sudhdd, B8r &daffipld, SitloxidatES S
otherwise indicated., The term “polarization" refers to plane polarization,
circul d&° pol Hrbibzs awiozenapispplpstigizersydyien 2N BIEMEMS: or any ot her nonr andom

pol ari zation stat ﬁét&rﬂ’%ﬁ@l@st&rm%@)ﬁ;?&%ﬁil%mﬁmrﬁ* re®drs {of&_%mpgéldg@iﬁém&m%l i ght

does not changle di recti on rando ut ei mai nt ai NS a const an
orientation B?

yipgrs) Bt cpmfosmanchplestaris iquisherpie# Phasg. pl ane pol ari zation, the

el ectric vector Theterm “chiral material” refers to chiral compounds, including chiral liquid

crystal compounds and chiral non-liquid crystal compounds, that can form or induce a
20 cholesteric liquid crystal phase in combination with other liquid crystal material.
All index of refraction values are reported for 632.8 nm light unless otherwise
indicated. |
The term "polarization" refers to plane polarization, circular polarization, elliptical
polarization, or any other nonrandom polarization state in which the electric vector of the
25 beam of light does not change direction randomly, but either maintains a constant
orientation or varies in a systematic manner. In plane polarization, the electric vector
remains in a single plane, while in circular or elliptical polarization, the electric vector of
the beam of light rotates in a systematic manner.
Reflective polarizers preferentially transmit light of one polarization and reflect the
30 remaining light. In the case of reflective plane polarizers, light polarized in one plane is
preferentially transmitted, while light polarized in the orthogonal plane is preferentially

reflected. In the case of circular reflective polarizers, light circularly polarized in one



remains in a single plane, while in circular or elliptical polarization,
the electric vector of the beamof light rotates in a systematic manner.
Ref | ect i weOplesoszers preferentially transmt |ight of onecpaisariwaéi on and
reflect the 30 remaining light. In the case of reflective pl ane

pol ari zers, light polarized in one plane is preferentially transmtted,
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In the case of circular, reflective palarizers, |ight C|rcularly pol ari zed
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pol ari zation), is 1preferentl ally transmtted and light polarized i'n the

opposite s errgsalipg agreperentially reflected. One type of circular polarizer
includes cholesteric liquid crystal polarizers. 5 Cholesteric Liquid
Crystal Conpounds Cholesteric liquid crystal materials typically include
mol ecul ar unChalestéri¢ Liguid ChystadComppumdst ure (e.g., nol ecul es that do not

possess a mrror (@kgétéf‘ehc ﬁ&:gl tURr'f,tﬁﬁh'it 'i{cglpﬁiﬁﬁhde% 1ecd%%ﬁﬂsetﬂ%t%r gt ure

(e.g., nolecules ases
pol ymers. Chinlnetitee(eigs rﬂlqlqmledthat @csncmposscﬂsrpmﬁtrbi pas) hmﬂ:rhoidwlau'mnwnhme havi ng
a chol esteri Se uj dn r unit vector
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di cul t t I t I it
B <0 ref or r ol e Rshte bt B i Pt o i GRSt
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irection per hdi cular to,.the ct or at It takes for t e lrector to
rotate thr ou@EgWSIO’THF@e@%’iaéFPGé g‘éecf‘?ppi?%]P?t‘?’c’llUﬁlqﬁﬁyﬁ?rl copPesTtorR@epi t ch of

a chol esterigsd ﬂefwﬂed t&is)@ﬁir@l'neﬂi&ﬁcﬂ[quﬂi c&@ﬂ cbﬁ‘@bﬁ@dn’st@%@thfh@thhé’stéﬂcx' ng
or ot herw se_comnbini ng r%dﬁrﬂ’é copol yneri zati on) iral compound with a

nemati d3520 |igid S?V@tnﬁpu distanceriba direstian papindicglinochedireionsbatie

i nduced by atagéglfglatheag&wrluq% hﬁ{uﬁﬁtm material. The pitch depends on the
relative ratios by weight of the iral conmpound and the nematic liquid

crystal conp’zﬁ@ﬁdﬂﬂld@taheé is gpiicatiyd @k nnopr mpws- di rector  results in a spatially
periodic variati Of:heipri'!tcltl Qtea gioﬁalst%% Irlcllucfd ér?&sl%atgrfial Ea% 1ca11%r be %hére%}if ﬁl?xnllé] turn
or otherwise combining (e.g., by copolymerization) a chiral compound with a nematic
20 liquid crystal compound. The cholesteric phase can also be induced by a chiral non-liquid
crystal material. The pitch depends on the relative ratios by weight of the chiral
compound and the nematic liquid crystal compound. The helical twist of the director
results in a spatially periodic variation in the dielectric tensor of the material, which in turn
gives rise to the wavelength selective reflection of light. For light propagating along the
25 helical axis, Bragg reflection generally occurs when the wavelength, 4, is in the following
range

n,p<A<n,p

where p is the pitch and #n, and n, are the principal refractive indices of the cholesteric
liquid crystal material. For example, the pitch can be selected such that the Bragg
30 reflection is peaked in the visible, ultraviolet, or infrared wavelength regimes of light.
Cholesteric liquid crystal compounds, including cholesteric liquid crystal

polymers, are generally known and typically any of these materials can be used to make



gives rise to the wavel ength selective reflection of light. For |ight
propagating along the 25 helical axis, Bragg reflection generally occurs
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the pitch and no and ne are the principal refractive indices of the
cholesteric liquid crystal material. For exanple, the pitch can be
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20 to provide different solubilities in solvents.

Suitable cholesteric liquid crystal polymers include polymers having a chiral or
achiral polyester, polycarbonate, polyamide, polyacrylate, polymethacrylate, polysiloxane,
or polyesterimide backbone that include mesogenic groups optionally separated by rigid or
flexible comonomers. Other suitable cholesteric liquid crystal polymers have a polymer

25 backbone (for example, a polyacrylate, polymethacrylate, polysiloxane, polyolefin, or
polymalonate backbone) with chiral and achiral mesogenic side-chain groups. The side-
chain groups are optionally separated from the backbone by a spacer, such as an alkylene
or alkylene oxide spacer, to provide flexibility.

Typically, to form a cholesteric liquid crystal layer, a cholesteric liquid crystal

30 composition is coated or otherwise disposed onto a surface. The cholesteric liquid crystal
composition includes a chiral component containing at least one (i) chiral compound, (ii)

chiral monomer that can be used (e.g., polymerized or crosslinked) to form a cholesteric
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in part, thecopinogitionthat Heo typihdlydneledese splvepti dheteys t‘wiven@yasrused herein, also

20 refers to dispersants and combinations of two or more solvents and dispersants. In some

instances, one or more of the liquid crystals, liquid crystal monomers, processing
additives, or any other component of the cholesteric liquid crystal composition also acts as
a solvent. The solvent can be substantially eliminated from the coating composition by,
for example, drying the composition to evaporate the solvent or reacting a portion of the

25 solvent (e.g., reacting a solvating liquid crystal monomer to form a liquid crystal polymer).

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

crystal layer. This conversion can be accomplished by a variety of techniques including
evaporation of a solvent; crosslinking the cholesteric liquid crystal composition; or curing
(e.g., polymerizing) the cholesteric liquid crystal composition using, for example, heat,

30 radiation (e.g., actinic radiation), light (e.g., ultraviolet, visible, or infrared light), an

electron beam, or a combination of these or like techniques.
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(UV) irradiation 1s use
oriented using, for example, drawing techniques or rubbing with a rayon or other cloth.

Photoalignment layers 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 deposition, the cholesteric liquid crystal
composition is heated above the glass transition temperature of the composition to the

25 liquid crystal phase. The composition is then cooled below the glass transition

temperature and the composition remains in the liquid crystal phase.

Cholesteric Liquid Crystal Optical Bodies
Cholesteric liquid crystal compositions can be formed into a layer that substantially
30 reflects light having one circular polarization (e.g., left or right circularly polarized light)
and substantially transmits light having the other circular polarization (e.g., right or left

circularly polarized light) over a particular bandwidth of light wavelengths. This
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20 The center wavelength, Ao, is approximated by:
Ao = 0.5(n, + ne)p
where n, and n, are the refractive indices of the cholesteric liquid crystal for light
polarizgd parallel to the director of the liquid crystal (ne) and for light polarized
perpendicular to the director of the liquid crystal (n,). The spectral bandwidth, A2, is
25 approximated by:
A =2hp(ne — 10)/(ne + 1) = p(Me — o).

Cholesteric liquid crystal polarizers have been previously formed by laminating or
otherwise stacking two already-formed cholesteric liquid crystal layers, each disposed on
an individual substrate, with different pitches (e.g., layers having different compositions,

30 for 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

10
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the coating compositions including a different cholesteric liquid crystal composition.

20 After coating, material from the second coating composition is diffused into the first
coating composition, followed by final conversion into the cholesteric liquid crystal
layer(s). The two different liquid crystal compositions each include a solvent; the two
solvents being different. In one embodiment, the cholesteric liquid crystal composition of
the first coating composition is not soluble in the solvent used with the second coating

25 composition. The second coating composition includes chiral monomers (e.g., chiral
monomers or cholesteric liquid crystal monomers) that can be polymerized to form
cholesteric liquid crystals. The first coating composition can include a polymeric or
monomeric cholesteric liquid crystal composition.

In the method, the first coating composition is disposed on the substrate using any

30 technique, such as any coating technique. The second coating composition is then
disposed on the first coating composition. Because the cholesteric liquid crystal

composition of the first coating composition is not substantially soluble in the solvent of

11
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20 near the surface upon which the second coating composition is to be disposed. This

gradient can facilitate control of diffusion of the second coating composition into the
polymerized first coating composition. Diffusion is typically slower through higher
molecular weight material. Other gradients, such as low molecular weight polymer near
the substrate and high molecular weight polymer near the other surface, can be used.

25 A variety of techniques can be used to make the molecular weight gradient. One
method includes only partially curing (e.g., polymerizing) the first coating composition.
Partial curing can be accomplished by reducing the length or intensity of heating,
radiation, light exposure, or a combination thereof. Generally, the source of curing
radiation or heat for this technique is placed closest to the surface where the highest

30 molecular weight material is desired. In some instances, the first coating composition

includes a material that absorbs the curing radiation to reduce the amount of curing
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10 the first coating conposition is partially or fully polynerized. The
second coating conposition is disposed on the polynerized first coating
conposi t iwp oanekoshe nmet hod proceeds as descri bed above. POTUSNE44716
enbodi ment, the polynerized first coating conposition should be
substantially insoluble in the solvent of the second coating conposition.
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Di f fusi on rou t material.
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conbi nation ﬁl{wﬁ@gﬁmdﬁaﬁefmblayer the source of curing radiation or heat for
this technique is_pl acetg ose t to the surface where tt]e hj ghest 30
mol ecul ar wei ght TRR"aH the ehect ofgaygeadnhibifjon, eHZitoRcaLe S"c‘ﬁEe Placedtndetsat i ng

conposi tion cdnﬂi%ﬂoﬂﬂﬂﬁerénﬁﬁhﬁrdr%b okyg”ﬁu §ééhb$or'fef@ﬁn Bl fg arrﬁﬁSB fion to
reduce the anmount of curing 12 WO 02/ 069032 PCT/U 01/ 44716 radl ation

t ransnilft ed %P@ef%érhﬁﬁreé%ﬁ%g%mmsceéﬂnwolymwﬁmWléhtyreeﬂllim@ can result in

the formatiQBstaihtidyREHibITRE pé)waizaﬁ&a&t tE&Bfe%«Eb’S Iﬁltlﬂs{ ﬁga&etth%om%@pul ar
wei ght. Anot her Kod of form ng a nol ecul ar wei gradi ent includes
g

curing the fW?lglﬂtlsB’@&Pﬂh@n@@ﬁﬁ% helﬁngﬂpeémclmem Fﬁ@rcont ai ni ng oxygen
(e.g., air or anoAMerWﬂ;@ thaYem be%sé@ 135&1Wd9311ﬂfr1 Mﬁﬁhoﬁ@ﬁﬂ%rh&ﬁ&dson

term nation conponent. Cholesteric liquid cryst ’? material that I's proxinal
to the surf adiscusfedthiesin lasledesmhhzmgﬂﬂiaeqcom edating gapenesitien gg a regrvaar efjchiggl | not

Fg lyme r2b z e alﬁatléﬁﬁ(%b Ey cliiral &;}ﬁ“poﬁfﬁ %‘i’es{eﬁ@ilqﬁlﬁ cﬂrgﬁl éolﬁlp%f?ﬁys B¢ bnoMsteic PRuAEn
crystal monomers). In one embodiment of this method, the second coating composition
can be chosen to produce a cholesteric liquid crystal material having a pitch that places its
center reflection wavelength outside the desired range of wavelengths to be reflected by
the optical body. For example, for visible light reflective polarizers, the second coating

25 composition can be selected to produce a cholesteric liquid crystal material having a pitch
that provides for reflection of infrared or ultraviolet light. In addition, the second coating
composition is preferably selected to permit faster diffusion of the chiral material than
diffusion of non-chiral materials, such as the nematic liquid crystal compounds or
monomers. One example is a selection of chiral materials that are more soluble than the

30 non-chiral materials in the previously deposited layer.

Diffusion of the chiral components of the second coating composition into the

previously deposited layer will change the ratio of chiral to non-chiral components in the
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substrate surface). This is particularly true when the polynerization
occurs via a free radical process. Oxygen is known to reduce the anount of
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chiral to non-chiral conponents in the 13 WO 02/069032 PCI/ US01/ 44716

second coating cdhpsdh %rlr%ﬁﬁhodrﬂi%e@ﬁéﬁ@é@g EqyRPOsition fncBidesreadtye 8VRYRF: | i qui d

crystal mat ephalia thdl@hn GBRIPE ik QJcﬁ'ﬁ’d% th [)619%&11?2% ?%f&ﬂlﬁyﬁtﬁﬁ&éa@%&%ﬂ&%& tion.
However, because the center reflection wavelength iS outside the desired

wavel engt h r Baigaalds a reaetivechiremmonomsr gaingeme ﬂmb?ﬂlmélﬁs thaecholegericdigyid anti al | y
affect gohe dgsihiRImPRiddC2breBfORGL d &R1ebRriORqRPLALAGR 1y Mer P @lchiral

compound. For example, the reactive monomer material can be a di(meth)acrylate, a

diepoxide, a divinyl, or a diallyl ether. When this reactive monomer material diffuses into

the previously formed layer, the reactive monomer material can crosslink within that layer

as well as within the second coating composition. This "fixes" the cholesteric liquid

25 crystal layer(s) and prevents or substantially reduces any further diffusion of material

within the layer(s).

This method and configuration has advantages over previous techniques, in which
there was heat-induced diffusion to mix portions of cholesteric liquid crystal polymer
layers. In these techniques, the resulting product would continue to experience diffusion

30 between layers of different composition over time, particularly when the product was

utilized in an application with substantial heat production, such as many display

14



5 portion of the structure formed using the second coating conposition. In
an alternative enbodinent, the second coating conposition is not a
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r eaﬁt ive ] no namse&aém eéquadtiaCevating prsfa'tdQKOWﬂcNd?s 4 dadxier Keﬁgﬁ:{ %oni%ymélt 018€f5 |
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di ffusi on of Angh&ived), the $htishatd 20l RSO ASIuOUTRESthiMES Elﬂléd@&ﬁ‘ugh(lﬁé i guration
has advant ages oveépgrevi ous techni ques in which _there was heat-induced

In
di ffusildn t o2RPPSetsdP frueneh gre Qflsiveallsy The pseet divesplls pxp sipiipymeshanisgy er s | n

t hese techni filaRwinkR duBsdletd00 and®bRA Gl or¥VBdakify BOGE L iintiRatE b BEdeSiG e
di ffusion 30 between | ayers of different conposition over tinme

parti cul ar | ylopaesrientd2plogatertindggmeath thejspbsiiale 208, Bhe BESiORERE GoBWOFiHioH202

substanti al ﬂ%%e&@@ﬁﬁ'&fghg@irst %&E?:i_lﬂg RS2 d"RB Yind bkB iR ubsfratd@06 2A R Q%Bg
PCT/ US01/ 44716 “applications. ThiS continued diffusion resulted 1n changes

in the opti cethniqusser b¢ essd drcluding, fopexpanpde, keifesqoatingybar coating, slot coating,

20 gravure coating, roll coating, spray coating, or curtain coating. In one embodiment, the

first coating composition 202 includes a solvent and a polymeric liquid crystal material or
monomers that can be partially or fully polymerized before coating or after coating to
form a polymeric liquid crystal material.
The first coating composition 202 and substrate 200 can optionally pass through a
25 drying oven 108 to remove solvent. Also, the first coating composition 202 and substrate
200 can be passed through a curing station 110 containing, for example, a heat or light
source to polymerize (partially or fully) the first coating composition, if the composition
contains polymerizable components and it is desired to polymerize those components at
this stage of the process. The curing station 110 can be placed at one or more various
30 positions relative to the position of the substrate 200 and first coating composition 202.
A second coating dispenser 112 then dispenses a second coating composition 204

through a second coating head 114 onto the first coating composition 202. Again, any
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In contrast, the technique disclosed herein for crosslinking the
cholesteric liquid crystal layer(s) provides a nethod for substantially
reduci ng wo opioeswent i ng further 5 diffusion after crosslinPCagiSoy447me€r easi ng
nol ecul ar wei ght and reducing the availability of nononer materials for

di ffusion. Thus, the optical properties of the resulting optical body can
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202. A

and second coating compositions alone.
The rate of diffusion depends upon a variety of factors including, for example, the
specific materials used in each composition, the percentages of materials in these
 compositions, the molecular weight of the materials, the temperature of the compositions,
25 the viscosity of the compositions, and the degree of polymerization of each composition.
A desired diffusion rate can be obtained by controlling one or more of these variables, for
example, by choice of materials, temperature, viscosity, polymer molecular weight, or a.
combination of these variables. The first and second coating compositions are optionally
placed in an oven 116 or other heating unit to increase the diffusion rate of the chiral
30 material of the second coating composition into the layer formed using the first coating
composition. This oven can also be used to partially or fully remove the solvents from the

first and second coating compositions, if desired.
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WO 02/ 069032 PCT/ US01/ 44716 coating technique can be used. Preferably, as
di scussed above, the layer previously fornmed fromthe first coating
conposi tiwe et substantially soluble in the sol vent ofCrhsor/sgeond
coating conposition. The second coating conmposition 204 includes a sol vent
and chiral material (e.g., cholesteric liquid crystal nononmer or other
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i nt er medi ate};)ltch The internediate pitch is 20 between the pitches of the
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e
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nol ecul ar wejg Tynféhéédggnom @?hé&@n of b€ sécgﬁmraﬁﬁg»@o%ﬁaémbﬁlemeqmr&u%s 25
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of the chlra eria fie 'secon coating conp05| Ion e | ayer
f or med usi ngoxygen,for n stitableaompgund that can inhibit the action of the free radical, at the surface

of the first coating composition. Heat or light for curing can be supplied by the

appropriate sources, for example, by an oven or a UV light, respectively. The duration or

intensity, or both, of the heat or light can be used to control the extent of polymerization,
25 which, in turn, can affect the gradient of molecular weight. The extent of polymerization

can also be controlled by adjusting the relative oxygen content present during the

treatment.

Ags illustrated in Figure 2, the first coating composition 302 is applied to substrate

300. The first coating composition 302 includes, in a suitable solvent, a polymeric liquid

30 crystal material or monomeric liquid crystal material that can be cured prior to or after

coating the second coating composition.
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conposition. This oven can also be used to partially or fully renove the
solvents fromthe first and second coating conpositions, if desired. 16 WO
02/ 069032WB@Th&s8BA/ 44716 After a desired degree of diffu®cCernusos4€ehi eved,
the first and second coating conpositions are fully cured using a curing
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conpound that cannistdié Bhbodiéntsiatwhach BE cdalifly on@Rsitiosh ifehde Mbndnites bk f ace
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at, Q ht f
by t he ISapprappplameriagie tas hegpleggasiigud cwgldweaxr@rmfeﬂon&rwmbwm@l_ly
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polymerize or crosslink) the monomers at particular rates. This can be done to alter the

20 diffusion rate and control the pitch profile in the final cholesteric liquid crystal layer(s).
As an example, a broadband reflective polarizer can be formed according to the
methods and configurations described herein. This broadband reflective polarizer can
substantially uniformly (e.g., with no more than about 10% or 5% variation) reflect light
of one polarization over a wavelength range of 100 nm, 200 nm, or 300 nm or more. In
25 particular, a broadband reflective polarizer can be formed that substantially uniformly
reflects light of one polarization over the visible wavelength range (e.g., from about 400 to

750 nm).

Display Examples
30 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 S illustrates a schematic cross-sectional view
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As illustrated in Figure 2, the first coating conposition 302 is applied to
substrate 300. The first coating conposition 302 includes, in a suitable
sol vent, woOpologgeez i c |iquid 30 crystal material or nonomecirashi/eurie
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20 components to achieve the desired functions.

The reflective polarizer 408 is an optical film that includes at least one cholesteric
liquid crystal optical body, as described above. The reflective polarizer 408 is provided to
substantially transmit light of one polarization state exiting the light guide 418 and
substantially reflect light of a different polarization state exiting the light guide 418.

25 Figure 6 is a schematic illustration of one type of reflective liquid crystal display
500. This reflective liquid crystal display 500 includes a display medium 502, a mirror
504, and a reflective polarizer 506. The display system optionally includes a quarter wave
plate as part of the cholesteric liquid crystal reflective polarizer or as a separate component
to convert the circularly polarized light from the liquid crystal reflective polarizer to

30 linearly polarized light. Light 508 is polarized by the reflective polarizer, travels through
the display medium, bounces off the mirror, and goes back through the display medium

and reflective polarizer. The reflective polarizer of this reflective liquid crystal display
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reflects |ight of one polarization over the visible wavel ength range (e.g.,
fromabout 400 to 750 nm. D splay Exanples 30 The cholesteric liquid
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20

Compound 756 (Paliocolor™ LC 756) and Compound 242 (Paliocolor™ LC 242) are
liquid crystal monomers available from BASF Corp. (Ludwigshafen, Germany).
Darocur™ 4265 (Ciba Geigy Corp., Basel, Switzerland) is a photoinitiator. Vazo™ 52

25 (DuPont, Wilmington, DE) is a thermally decomposable substituted azonitrile compound
used as a free radical initiator. The substrate used for coating had an alignment layer on it
consisting of stretched (by a factor of 6.8) polyvinyl alcohol (PVA) (Airvol 425, Air
Products, Allentown, PA).
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substantially reflect light of a different polarization state exiting the
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coating solutions were prepared for the coating procedure. The conposition

of these cod{Y pyingsveemHusionM{raRQMY RupiorHi Systemsdpgs.iGaifhershuegi on 4 is a

m xture 15 i : d t et hyl

ket one (NEK)M%%%?(P%%E?P%}%?@ }a(%)nr% Eﬁg pﬁégﬁ&%‘%{éﬁ%&%&e‘éﬁ@ ! I'V\% kcgée{t?n ) were
used addt he vewsioyred pt20 fymin. using pwe paskesn of Conpound A is described in
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Compound A is:
using a #14 wire wrapped rod. The coating was again air dried 5 minutes at room

temperature. Coating solution 3 was applied to give a thickness, when dried, of
approximately 5 micrometers. The substrate containing the two coatings was placed into a
20 90°C oven for 15 min. to allow diffusion of the coating compositions to occur. The
substrate containing the two coatings was again UV cured in air using the 300 watt/in.
Fusion™ conveyor UV curing system. The dose was approximately 1.5 J/cm®. The
coating was cured at 20 ft/min. using two passes.
Finally, a Lambda™ 900 spectrophotometer (Perkin Elmer, Santa Clara, CA) was
25 used to measure the optical performance of the optical body. A quarter-wave film was
placed in front of the coating and a standard linear polarizer was placed in the light path
and the transmission through the coating was measured in a range from 400 nm to 700 nm.
The transmission was measured with the linear polarizer rotated both +45° and -45 ° from
the quarter-wave film to give parallel and cross-polarization results. The results of this

30 transmission over the measured wavelength range are indicated in Figure 7.
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20 Conpound 756 (Paliocol orTM LC 756) and Conpound 242 (Paliocol orTM LC
242) are |liquid crystal nononers avail able from BASF Corp. (Ludw gshafen,
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pol ymer. Next, the coating was UV cured in air using a 300 watt/in. Fusion

TM conveyor thiekpessywheiydrisdsefcapproriagicly I micapagters F ks catingwas it diied fonshe .
Gai t her sbur gmlnuté@rt%&m)nféﬂqn@aﬁtﬁé@m/h ftd @mocmsn £936 niRiResaP Riigytharat el y

1.5 J/cnR. The coatin was cure ft/mn. usi ng@two passes.
Coati ng sol wolyssr. 3N©ﬁsth§m§eawewwu@épn alwsnaﬁﬁ Ylcratidn. Busionhepnseyant i on 4

o oS et gmmqe%oégmﬁnga 0aLIAg MAS LAl @hf dried 5

m nutes at room ture g so ut|0n3vvas applle to give a

t hi ckné%s, hpmxigraied] 2 dfem’ aFhe eriingves opred ap? @ flone tusing thighpassas ot the e

ContaInIng WRIReGERIIS, Vs placed 110 a 20 90C oven for 15 m 1. to

cont ai ni ng t he t Woatngablutigs 7 was subgajuentiyMpplisdedta curesl coatirgy sobptibi €0 3Gkk a

watt/in. #14 wire wrapped rod. The coating was again air dried 5 minutes at room temperature.

Coating solution 7 was applied to give a thickness, when dried, of approximately 5

20 micrometers. The substrate containing the two coatings was placed into a 105°C oven for
6 min. to allow diffusion of the coating compositions to occur. The substrate containing
the two coatings was again UV cured in air using the 300 watt/in. Fusion™ conveyor UV
curing system and a Fusion D bulb under a nitrogen atmosphere. The coating was cured at
20 ft/min. using two passes.

25 Finally, a Lambda™ 900 spectrophotometer (Perkin Elmer, Santa Clara, CA) was
used to measure the optical performance of the optical body. A quarter-wave film was
placed in front of the coating and a standard linear polarizer was placed in the light path
and the transmission through the coating was measured in a range from 400 nm to 700 nm.
The transmission was measured with the linear polarizer rotated both +45° and -45 ° from

30 the quarter-wave film to give parallel and cross-polarization results. The results of this

transmission over the measured wavelength range are indicated in Figure 8.
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Fusi onTM conveyor WV curing system The dose was approximately 1.5 J/cnR.
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measure the optical perfornmance of the optical body. A quarter-wave film
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at 60C. Coattemgergtodeut i on 10 was prepared by m xing solutions 5 and 6, and
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was 15 appr axy Bkl sYeidm froblo e cHip0GARL AR filhedneliofGkt/ M n. using

three passes fromthe Dbackside of the ating solution 7 was
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was placed 'u@InQ a%&a‘ %@v&yp%@d i’oqlr The coating was again air dried 5 minutes at room
temperature. Coating solution 12 was applied to give a thickness, when dried, of

20 approximately 7.5 micrometers. The substrate containing the two coatings was placed into
a 80°C oven for 10 min. to allow diffusion of the coating compositions to occur. The
substrate containing the two coatings was again UV cured using the 300 watt/in. Fusion™
conveyor UV curing system under a nitrogen atmosphere. The dose was approximately
1.5J/cm?. The coating was cured at 20 ft/min. using two passes.

25 Finally, a Lambda™ 900 spectrophotometer (Perkin Elmer, Santa Clara, CA) was
used to measure the optical performaﬁce of the optical body. A quarter-wave film was
placed in front of the coating and a standard linear polarizer was placed in the light path
and the transmission through the coating was measured in a range from 400 nm to 700 nm.
The transmission was measured with the linear polarizer rotated both +45° and

30 -45° from the quarter-wave film to give parallel and cross-polarization results. The results

of this transmission over the measured wavelength range are indicated in Figure 9.
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cured at 20 §&t/sﬂt9%on if} thlg‘é@o P@a%iﬁ?éwésrtﬁafﬂ W%ureﬁ’ﬁé‘ih%{hggo@(va&/ﬂﬁ Fhiib
S su ppli ed cure

Coating solution 12 was sequentfy a onto coating solution 11
al so using eonwe®riMV enring ayien undsd 2 niffegercasapspherendbe depaiwas approximately 5
m nut es at

" PSfbm?. The coating was cured at 20 ft/min. using two passes.

Finally, a Lambda™ 900 spectrophotometer (Perkin Elmer, Santa Clara, CA) was
20 used to measure the optical performance of the optical body. A quarter-wave film was
placed in front of the coating and a standard linear polarizer was placed in the light path
and the transmission through the coating was measured in a range from 400 nm to 700 nm.
The transmission was measured with the linear polarizer rotated both +45° and
-45° from the quarter-wave film to give parallel and cross-polarization results. The results

25 of this transmission over the measured wavelength range are indicated in Figure 10.
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t enper at ur e.
dri ed,

Coating solution 12 was applied to give a thickness,

a 80C oven for

the coating conpositions to occur.

coatings was again WV cured using the 300 watt/in.

of 20 approximately 7.5 mcroneters.
two coat iwO20e®3pl aced i nto

The

10 m n.

when

substrate containing the two

i on-

The substrate containing the
t o alPCowsdi/i47u6i on of

w

Fus conveyor

curing systemunder a nitrogen atnosphgggle 1The dose was approxi mately
1.5J/cnR2. The coating was cured at 20 §0t1}2t{@n usi ng two passes. 25 Finally,
a Lanmbda- 900 spectrophot onet ero(Per kin I Santa Clara, CA) was used
to measure the optical perfoEHd: o Splgtion) A quarter-wave film
was placed in front of the coatl ng and a standard Ilnear pol ari zer was
placed Pn the light path and the transnission through the coating was
measured infa range f¥om 400 ndtg 0 |nh |THe fr8nsm Isi ph2was &%a*Eured
wth the lip IECYAS trated t ad—3 e the r-wave
filmto gi vaéﬁéﬁg&ﬂ gl4'2§ (}43?(; Iligpl Z g.é[tlg01 res 1%1%,5 esul twgr_h this
transm ssi onLeYEr t{I5me &SAIr € é)l7enq'()l’7 rwamge holbzat eds5i noki gure 9.
23 WO 02/ 069932 PSH-US63 /444 arpte Coatth H-en 33 was—prepar ed
by di ssol vi C?‘Hie gonpounds ¢ ti ng sol ut T%% as | i ss?gggi n Table 1,
in THE at GPT}[FCOat 18899 s@kut | cf {8as Ligben purg FQS nftrogénsgas,
seal ed in alcontainer nd_he at _60C for_16 in order flor 5
pol yneri zat | MEKof tlhe | i|qui d al mpnomer 8% o - Coat Bhg sol ut
was prepar efp,agsnNdi cated a [he gpticals bo _prepghred oy
coating sol ution 13 on tlhe P bstrate using W relw apped r
Coat i ng sol pVeren5213 Olas |appl i 90fi ve-a thick when| dri egH,0.4of
appr oxi mat ery—6—nrcroneters—Tthecoattng—was—atr—dr+ed—for—516-mnut es at
roomtenperature and then placed into a 130C oven for 10 mnutes to align
the polynmer. Next, coating solution 1%@_%§qubsequently applied onto
coating solution 13 also using a #16 apped rod. The coating was

04

A
a

on 12

plying
bd.

again |r dried 5 mn ro u Coa tion 12 was
appl i e<al1 to give a thi %@g} b@\ﬁﬁ’gﬁndtl"faw fri%‘ﬂ'rod %@f’% m cromet ers.
The substr ate—containingthe twcoatings—was—placed intoa 15 90C gyen for
7 min to allowdiffusi on 8t the coati ng 1@onp05| tions tH occur. The
substrate cOg§gi N ng the f{weyCoall ngsS was then UV cur ed using the D
watt/in. Fusian

Soln. 2 30% - -

Dar. 4265 0.6% - 0.30%

Soln. 5 - 70% -

Soln. 6 - 30% -

Soln. § - - 70%

Soln. 9 - - 30%

TPO - 0.45% -

15

The present invention should not be considered limited to the particular examples

described above, but rather should be understood to cover all aspects of the invention as

fairly set out in the attached claims. Various modifications, equivalent processes, as well

as numerous structures to which the present invention may be applicable will be readily
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conveyor UV curing systemunder a nitrogen atnosphere. The dose was
approximately 1.5J/cnR2. The coating was cured at 20 ft/mn. using two
passes. RWpakly903n Lanbda- 900 spectrophotoneter (Perkin ECFRarspy/gams a
Clara, CA) was 20 used to neasure the optical perfornmance of the optical
body. A quarter-wave filmwas placed in front of the coating and a
standard | i ngphrefictb Aids@ 6f skitkis () 506 Shvhidh thdEredehfiivenfiad 1§ didteld bt review
transm ssion through the cqating was neasured in a range from 400 Mh to 700
nm The tra?dh7 Bsagiireaicaihsured with the |inear polarizer rotated both
+45 and -45 fromthe quarter-wave filmto give parallel and

cross-pol arization results. The results 25 of this transm ssion over the
measured wavel ength range are indicated in Figure 10. 24 WO 02/ 069032

PCT/ US01/ 44716 Table 1 Solutions (Weight% based on Total Weight of
Solution) 512356789 12 13 Cnpd. A 14.25 14.25 - 14.3 14.3 - 14.35
14.35 - 14.4- LC756 0.75 0.75 1.5 0.7 0.7 1.8 0.675 0.675 1.05 0.6 LC242 -
- 13.5 - - 13.2 - - 13.95 - THF 85 85 - 8585 - 8 85 - 85 MEK - - 85 - -
85 - - 85 - Dar.4265 - - 0.3 - - 45 - - 0.3 - Vaz0 52 0.8 - - 0.6 - - 0.4 -
- 0.4 Table 2 10 (Wi ght % based on Total Weight of Solutions from Table 1)
4 10 11 Soln. 1 70% - Soln. 2 30%- Dar. 4265 0.6%- 0.30% Soln. 5 -
70% - Soln. 6 - 30% -
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Soln. 8 - 70% Soln. 9 - - 30% TPO - 0.45% The present invention should
not be considered |imted to the particular exanples 15 described above,
but rat hewoghoedos2 be understood to cover all aspects of tReTiUsSVEMTION as
fairly set out in the attached clains. Various nodifications, equival ent
processes, as well as nunerous structures to which the present invention
may be applicable will be readily 25 WO 02/069032 PCT/ US01/ 44716 apparent
to those of SWHATIIS ¢hAIMED IS2 whi ch the present invention is directed
upon review of the instant specification. 26 WO 02/ 069032 PCT/ US01/ 44716
WHAT IS CLAIMED 1S: 1. A method of making an optical body, the nethod

conpri sing steps . ferm g I 6ol Gl : r
| ayer on a substrgft'e us?rﬁ%gt lg&l %I{lésk[ﬁéc%lg?ﬁlcgﬁgfg{ fégﬂl%@d@ﬁ%ﬁ%ﬂ?&sﬁfnd
coat i ng conposi ti aformimgtahfirst dhossterih diqest aystal dolymerdayer ps bahbstiaod ysieg al ayer,
t he second cg%%i n .cog’gosi tion conprising at |east one chiral nononer
material sel SUFEEPHPEFPPRAYM e chiral mononers: diffusing a portion of the

chiral nononer natghtiah akitoRd BoRRildoRipoSitioh BA thd fist chofRRIRI@Id Gybtanui d
crystal polyner |ayer adjacent thé second coating conposition; and curing

the chiral npodymer laptrethe atcond coatingreanepositioh eamprising atlhadt ¢ ehiral rhorpoia
crystal layer framthe first cholesteric liquid crystal polymer |ayer and

t he second 683??%6268%(%0%Tegﬁt}vet'ﬁi’éta;pop‘é@gﬁs’ one chol esteric |iquid
crystal |ayer havifigfuginp@portibhi SrafidRHtal Glonomer MBRrifEhiOIpsitiof bR kst
wherein formng a first cholesteric liquid crystal polyner |ayer conprises

coating a fi rahwlestsaiciliggidwnisepolyes layer ediacent Bistseeend cophieg compasitians and ng
C L o o g Pt e, AR Sl e kBB e

sel ected from chol'esteric |iqui cholresteri i qui d
crystal nonor@ysal lape faeh hedirsizholsterie ligiddsrystslpblypeer trpasd the@dednd f or m
the first cholesteric liquid o .

coating composition, the at least one cholesteric liquid crystal layer having a non-~

uniform pitch.

2. The method of claim 1, wherein forming a first cholesteric liquid crystal
polymer layer comprises coating a first coating composition onto a substrate, the first
coating cémposition comprising at least one cholesteric liquid crystal material selected
from cholesteric liquid crystal compounds and cholesteric liquid crystal monomers; and

polymerizing the first coating composition to form the first cholesteric liquid

crystal polymer layer.

3. The method of claim 2, wherein polymerizing the first coating
composition comprises polymerizing the first coating composition when exposed to air
to establish a gradient of molecular weight throughout at least a portion of the first
cholesteric liquid crystal polymer layer, wherein the molecular weight is higher

proximal to the substrate.

4. The method of claim 3, wherein diffusing a portion of the chiral

monomer material comprises diffusing a portion of the chiral monomer material into a
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crystal polyner layer. 3. The nethod of claim 2, wherein polynerizing the
first coating conposition conprises polynerizing the first coating
conposi t iwo oaeen3exposed to air to establish a gradi ent etCTnsbheeuThar

wei ght throughout at |east a portion of the first <cholesteric liquid

crystal polyner,. I I I I 1 . Lmal to
t he substrat g)% ﬂﬁg)r?éfﬁ%ler%\@ ﬁ%@%@ﬁ%‘ﬁ%@&&ﬁ@ﬁé? %g‘g%rf‘%'ueg?lﬁlgﬂg&pf;%lg{q )é%] of the
chiral nonorihitedbethegdradianpf mdesuli ivelphit tgowghpot the Gifst eholefterie Hdidl

nmononmer material into a, 6 27 WD 02/069032 PCT/US01/ 44716 portion of the
first chol est@®Ystel palyasdaystyst al pol ymer |ayer wherein the diffusing is
limted by the gradient of nolecul ar wei ght throughout the first
cholesteric liquid crystal polyner layer. 5. The nethod of claim1,

wherei n coating the secBmimethed bHgaimo ijpebértina@oatingiip s¢cond goatogt dongpdsiten
second coating conpositjon._on the first chol esteri i qui rystal, o] ymer
aver . whor elUTHBTEROGHEE 6 rdoR] eBtRRTRROS oG Rt sl Gid ghlah
in which t hf})qﬁylﬁéﬁ 1aga%ﬁa%ﬁrth@sécbﬂ&watﬁlgxe%ﬁ@bsiaeﬁ Yiffifer EMBtiseh & solvent in
substantially insoluble. 6. The nethod of claim1l, wherein ftormng the
first chol estwhich the finst choleasteyis dighidpuyspagrolyragrd ayer ingubsterizaltydasdlnbjet he
substrate with a first coating conposition, the first coating conposition
conprising a cholesteric liquid crystal polymer. 7. The nethod of claim1,
wherein curing thegchirahe ABNOASS cliit € WhdreinGoRRinG SIRSHiret EHodstdiei IRFid he
chiral mononmer material. 8. The nethod of claim7, wherein curing the
chiral mononmerystalinadymer layes spinpaess coptiasthe sihstrgterwidh & first gpatimgreemmosiigtier i al
and the first ' oY I I . met hod of
cl aim 8, wherﬂélfg ?194&%%@{4 C%épr?giﬂ? ﬁgochﬁﬁig ar(rzgéryll(%#egﬁé 11@?§ﬁs%a?pgl&§1%{ ‘he first
cholesteric liquid crystal polymer |ayer fixes the at |east one

cholesteric liquid crystal layer to substantially hinder further diffusion
of any remaini ng chi ral TheReked ofglaiar | ayvhereig curing theshgahmgpomermgtenial

wherei n the Scto?rﬁor%fes g]]%srﬁngglgqﬂe %lﬁga?}noﬂeﬁerﬁi:aféhﬁﬁt eric liquid crystal |ayer

conprises formrg at |east One esteric liqurd crystal

8. The method of claim 7, wherein curing the chiral monomer material
comprises crosslinking the chiral monomer material and the first cholesteric liquid

crystal polymer layer.

9. The method of claim 8, wherein crosslinking the chiral monomer
material and the first cholesteric liquid crystal polymer layer fixes the at least one
cholesteric liquid crystal layer to substantially hinder further diffusion of any remaining

chiral monomer material.

10. The method of claim 1, wherein the step of forming at least one
cholesteric liquid crystal layer comprises forming at least one cholesteric liquid crystal
layer wherein a pitch of the cholesteric liquid crystal layer substantially continuously
changes along at least a portion of a thickness dimension of the at least one cholesteric

liquid crystal layer.
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| ayer wherein a pitch of the cholesteric liquid crystal |layer substantially
continuously changes along at |east a portion of a thickness dinension of
the at | ewoto2oem3zhol esteric |iquid crystal |ayer. 28 WOPQ2Z/UB600326

PCT/ US01/ 44716 11. The nethod of claim 10, wherein the step of form ng at

| east one chol esteffc 'ﬂé{’ﬁ'n | ° i arm ast one
chol esteric |iqui dﬂc'rysitra gﬁhggé?a%%pgﬁﬁ%&%@%ﬁég?fito'ﬂém(g%}%gttdér%i c liquid
crystal | ayerchobssterieriquid érystaliaysyesmatisssforminglackadt oae phsltstatc bduid crystal

t hi ckness di nensi on of the at |east one .chglesteric liquid crystal |ayer.
12. A net hod Wgyerﬁﬁharﬁg aathBﬁé” f@&ﬁolf%*av? li g etal by s BioppiouicA y changes along
formng a firgledsty BbridA of a IMBSHERLiSHSOAGE thelah ekt RRhbIAGeS Iypd, the
first coating %gnpgsﬁtt |Honacorrpris::(?lnge at Ieaset one dg‘ho estg“@g&lﬂlﬁéﬁ%ﬂ
crystal materlapdr. sel ected from cholesteric liquid crystal conmpounds and
cholesteric liquid crystal nonomers; coating a second coating conposition
on the first layer, the second coating conposition conprising at |east one
chiral nonomer mat ey ial ASRLBED SRS 65Gdal ¥Ed ,ﬂmlﬁ@thom@csm?ﬁmﬁ'sté'gwsi ng
a portion of the chiral nononer nmat eér)(}aﬁalﬂ%l.to ayporti.on of the % rgt | ayer
adj acent the seconfrogma s hgt bgenwss substrate aping erfvstsopting sogndsdionhihedirst
nmononmer materjal. wth the first.layer t eperate and. fix_ .at |east on

chol est er . 19trE CPpdotip {ariie e ortleBhe Mg ol Phaerftiefred
crystal | ayefiothatolgtetic liguidwhystad compbirei’ antl RRolestasSTiduid tHgtas toabmets; al | y

hi ndering further diffusion of any remajning chiral nonomer material. 13.
A net hod of naki ngCcesinggispeosi cogHng commesitenipadhe Bishlayen Hig sseadcogting
forming a fir . t i i i LLi.an;
coating a secomp ARl ARishlof ke ShirMpfdndr SRRk RERABAAT.
second coat idhgrat aroposietss ons bei ng di fferent and each of the first and

second coating co sjtions.co isi.ng at |east one chiral, materi al
selected fromchir R‘é‘&ﬁﬁcﬂ?ﬁ&? 0%{‘?1@1?2%“’865’@76%?%@?9? B%ﬁfﬁ%er
conprising a 1§9érvé?i§‘£cenﬁ’m&§€doﬂd EoBinkichbRbolifi¥eranyS substantially insoluble
in the solvent” of the second coating conposition; and diffusing at |east a

portion of the seconsslinkingthechimhposbmeomateniabwiih gerfirstdayasfto generate and fix

at least one cholesteric liquid crystal layer, the at least one cholesteric liquid crystal

layer having a non-uniform pitch, the crosslinking substantially hindering further

diffusion of any remaining chiral monomer material.

13. A method of making an optical body, the method comprising steps of:

forming a first layer on a substrate using a first coating composition;

coating a second coating composition onto the first layer, the first and second
coating compositions being different and each of the first and second coating
compositions comprising at least one chiral material selected from chiral compounds,
the second coating composition further comprising a solvent, wherein the first layer is
substantially insoluble in the solvent of the second coating composition; and

diffusing at least a portion of the second coating composition into a portion of

the first layer adjacent the second coating composition; and
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the first layer adjacent the second coating conposition; and 29 WO

02/ 069032 PCT/ US01/44716 formng at | east one cholesteric liquid crystal

| ayer frowotoheedoBzr st | ayer and second coati ng conpositi omrcCafuser/44fid f usi ng
t he second coating conposition into the first layer. 14. The net hod of
claim 13, wherein - Chi k3l : i I e
second coati ng corrpcli;rgll1 '#Hg%&gtr@%gg%gtg é%%?@%ﬁ’:%%?%k gP][}%L??%Sﬁ?acYg %:?@C{s]t al
conmpounds, andcaiibéeting compbditien aftet diffusalg thre sevond soatikfy.cofipesitien had tief filst ai m
13, wherein formng the first |ayer conprises coating the first coating
conposition JAYS: t he substrate, wherein the at |east one cholesteric
liquid crystal nmaterial of the first coating conposition is substantially
insoluble in the solvent of the second coating conposition. 16. The net hod
of claim 13, wherels fofhe mgthblef élaims 3, wlyereindoeghirat esmpamas ofithetchaaf i r st

coating conpositi.o to the substrate.and curjn he first coati

Composi t o (BHPHRTR RS AL PoIDE AP OSI Ty U AP HER GemuTolGupale doHd grastal

pol ymeric |i qignthounbiy ShacnoBéeid Bduid SryeidPRoAGhER! | Y i nsoluble in the

sol vent of the second coating conposition. 17. The nethod of claim 13,
wherein the second coating conposition conprises a chiral liquid crystal
nonomer naterial a an.achi pal terial . wherein i ffusing the second
coating conpositi oﬂéj‘i nt’gﬁ? Wg_{hf)fiPg&%né;]lg’rw%%%rt?%gggﬁfﬁ“ﬁ@fﬁ%_%’ﬁ’é’m%i ral

l'i quid cryst aloatiR GEfirst@ating 8dmpdsitiditorte aRHbanss, Whgra®MeaBidasihel Nt o the
first Jlayer. 18. The nethod of claim17, wherein diffusing the chiral

liquid cryst sfholastsaisriguicepel ngaterigliof thesfinscaating spmpesition ig §ukstantiphy a
rononer mat erihé‘cllﬁbl%tiﬁtﬁe Iehf Stithe %%Xﬁg&@ggztﬁn@%siﬁoﬁaﬁ er_rate than

di ffusing the achiral "'materral 1n ayer.  19. The net hod of
claim 13, wherein the second coating conposition conprises a chiral
nmononmer material and wherein diffusjng_ the second coatjn 30 WO 02/ 069032
PCT/ US01/ 44716 coh%osi Themeiba ot ?lﬁgngfnr\glﬁerﬁlaf@mea Hﬁﬁréglémicrwwﬁg t he

chiral monomes,affRE &d fist QatihP€omposition onto the substrate and curing the first coating

composition to form a polymeric liquid crystal material, wherein the polymeric liquid

=

crystal material is substantially insoluble in the solvent of the second coating

composition.

17.  The method of claim 13, wherein the second coating composition
comprises a chiral liquid crystal monomer material and an achiral material, wherein
diffusing the second coating composition into the first layer comprises diffusing the
chiral liquid crystal monomer material of the second coating composition into the first

layer.
18.  The method of claim 17, wherein diffusing the chiral liquid crystal
monomer comprises diffusing the chiral liquid crystal monomer material into the first

layer occurs at a faster rate than diffusing the achiral material into the first layer.

19.  The method of claim 13, wherein the second coating composition

comprises a chiral monomer material and wherein diffusing the second coating

30



second coating conposition into the first layer. 20. The nethod of claim
19, wherein the second coating conposition further conprises an achiral

mat eri al wod2mbmesei n the step of diffusing, diffusion of wPrkg/ushi/ule
material into the first layer occurs at a faster rate than diffusion of the
achir .al mat er O%Jle‘positgatnqn{oqﬁe E{'Sli: %a%elj &Yﬁﬂsesz &Tlfflll tﬂ?&ﬁl%gm%ko&%lailn ;Qeégl’ 0%? remn
the first and second coati hg conpositions each conprise a Tiquid cr al
conpound havisegoml sqatiog compbeti@i intd the firspayeer s of the first and second
coating conpositions differ to provide a different solubility to the
respective liquid crystal conpounds. 22. An optical body, conprising: a
substrate; and a | es | kawid: ] 1 :

substrate, the chol est e??%hﬁ%?hlagﬁg&lg%l?3%’?&1]?&F%%€£eﬁgf\lffﬁ%ﬁggﬁonP%%ﬁ?%Plrﬁh&rt ch
al ong a t hi ckevagwisds peethimhmaferibhandohicdres tles step of diffusidg,aliffsdion of thy ehiralt he

cholesteric liqui.d crystal |ayer conprising a crosslinked polynmer material
that - subst antPaPTg PigiBe Hrs SR preG B B (ot cT SLHIaD of HparNiee Thtagl
di ffusion of infW0L&sti84ves, | i Quid crystal material within the cholesteric

liquid crystal layer. Z3. The optical body of claim 22, wherein the pitch
of at least a portion of the cholesteric liquid crystal |ayer changes

tonically al t hj ck ' ion, 2 h ti bady of cl ai
o Cwher o xt 1 oagk o piFERERYoF b i haidpe AR pilien T crRREY Payer o
adj acent the @uisdsitRing ehdhScopab b UG ARIYEd] corPouddBavait 4 §iakerdRUYrea] the! ai m

22, wherein a portion of the cholesteric liquid crystal |ayer opposite the
subst rat e hassPacess o€ thedirstangdsaeond geatig-qompesitions didtes tq prghide aaliffergnt a

I th ' d 31 WO 02/ 069032
gac\'ll'/eugggl 44g%ﬂ@%ﬂkﬁ&o%wgyé%? t,ai goolﬁ}g%nsﬁ?ng: a display nedium and a

reflective polarizer conprising a substrate; and a cholesteric liquid
crystal |ayer dispgsed &rl t he i)u strate,, the cholesteric |iquid crystal
| ayer having a nonfini f ORPPEFA EADACEMEISINENi ckness direction of the

a substrate; and

a cholesteric liquid crystal layer disposed on the substrate, the cholesteric liquid
crystal layer having a non-uniform pitch along a thickness direction of the cholesteric
liquid crystal layer, the cholesteric liquid crystal layer comprising a crosslinked polymer
material that substantially fixes the cholesteric liquid crystal layer to hinder diffusion of

cholesteric liquid crystal material within the cholesteric liquid crystal layer.

23.  The optical body of claim 22, wherein the pitch of at least a portion of

the cholesteric liquid crystal layer changes monotonically along a thickness direction.

24.  The optical body of claim 22, wherein at least a portion of the cholesteric

liquid crystal layer adjacent the substrate has a uniform pitch.
25.  The optical body of claim 22, wherein a portion of the cholesteric liquid

crystal layer opposite the substrate has a pitch such that the portion reflects light having

a wavelength outside of a range from 400 to 750 nm.
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cholesteric liquid crystal layer, the cholesteric liquid crystal |ayer
conprising a crosslinked polynmer material that substantially fixes the
chol est erwo oiogpedzl crystal |ayer to hinder diffusion of clrcrasboesd7es |i quid
crystal material within the cholesteric liquid crystal |ayer. 32

26.  An optical display, comprising:
a display medium; and
a reflective polarizer comprising

a substrate; and

a cholesteric liquid crystal layer disposed on the substrate, the cholesteric
liquid crystal layer having a non-uniform pitch along a thickness direction of the
cholesteric liquid crystal layer, the cholesteric liquid crystal layer comprising a
crosslinked polymer material that sﬁbstantially fixes the cholesteric liquid
crystal layer to hinder diffusion of cholesteric liquid crystal material within the

cholesteric liquid crystal layer.
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