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ARTI CLES CONTAI NI NG THE POLARI ZATI ON ROTATORS Field of the Invention This
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5 containing the polarization rotators. In addition, the invention rel ates
to methods of making articles that include a polarization rotator el enent
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BackgPHRd2HRSt he I nvention Optical films have been devel oped for a variety
of applications including, for 10 exanple, eyewear, building and vehicle
wi ndow treatnents, and displays. In many of these applications, there is a
desire to obtain and mani pul ate pol arized light. For exanple, polarized
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of operation. 20 The LCD 50 of Figures 1A and 1B includes a liquid crystal
(LC) cell 52, a polarizer 54, an analyzer 56, and a backlight 58. The

arrows 55, 57 on the pol ari zgackédromabran@inieationd, respectively, indicate
the polarization of light that Ts transmtted through that conponent.
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a backlight. It will be understood that there are a variety of other LCD types and other

modes of operation, as well as displays that use ambient light or a combination of a
backlight and ambient light. The inventions discussed herein can be readily applied to
these display types and modes of operation.

20 The LCD 50 of Figures 1A and 1B includes a liquid crystal (ILC) cell 52, a
polarizer 54, an analyzer 56, and a backlight 58. The arrows 55, 57 on the polarizer 54
and analyzer 56, respectively, indicate the polarization of light that is transmitted through
that component. Arrows 51, 53 indicate the plane of polarization of linearly polarized
light, respectively entering and exiting the LC cell 52. Additionally, the plane of the LC

25 cell 52 containing arrows 51, 53 generally includes transparent electrodes. Light from the
backlight 58 is linearly polarized by the polarizer 54. In the embodiment illustrated in
Figure 1A, in the absence of an electric potential applied across the LC cell, the director
substantially lies in the plane of the display twisting uniformly through 90° along its
depth. The polarized light is transmitteq through the LC cell 52 where the polarization



53. This light can then be transmtted through the anal yzer 56. An electric
potential can be applied at el ectrodes (not shown) proximte to opposing
ends of tweob@wel|l 52, setting up an electric field w thiPoTtUse2/223cell. In
the case 5 where the LC material has a positive dielectric anisotropy, the
director substantially aligns in the direction of the electric field |lines,
provi ded sufficient potential is applied across the electrodes. The
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exadfpl e, genarally SmiRampplarikpklight. Light of the unwanted polarization is absorbed by the
polarizer. As an alternative configuration (illustrated in Figure 1C), a reflective polarizer
60 is placed between the polarizer 54 and the backlight 58. The reflective polarizer
reflects light with the unwanted polarization back towards the backlight. The reflected
light can be recycled using a reflector 62 behind the backlight where a substantial portion

25 of the reflected light can be reused.
One method of producing a reflective polarizer uses alternating layers of polymer

materials, where at least one of those layers is birefringent as described, for example, in
U.S. Patent Nos. 5,882,774 and 5,965,247. These polarizers can be manufactured by
stretching the polymer materials to induce birefringence and orient the polymer.

30 A second method of producing reflective polarizers includes one or more layers

containing continuous and disperse phases of polymer materials, where at least one of



5,783,120 and 5, 825,543. Both of these two nethods of nmaking a reflective
pol arizer typically stretch or orient the reflective polarizer on a

pol yrmer &b 0310288t her or both the machine (0) or 5 transPerasot/aQy4
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20 polarization axis +45 or - 45 degrees away from the optical axis of the quarter wave

retarder, with the direction determined by the specific circular polarization state. Quarter
wave retarders are often made by orienting films with the optical axis either parallel or
perpendicular to the film roll direction. Thus, the output light of such a structure will be at
45° or 135° to the web direction. It is common to include a conventional absorbing sheet
25 polarizer laminated to the cholesteric polarizer structure in order to ensure high contrast by
“cleaning up” any light of the unwanted polarization state leaked by the cholesteric
assembly. However, in roll-goods form, the pass axis of conventional absorbing polarizers
is generally along, or optionally perpendicular to, the web direction. Again, either the
cholesteric polarizer structure or the dichroic polarizer must be bias cut at 45° in order to
30 align the two elements.
Each of the general methods for making reflective linear polarizers described

above involve stretching or orientation of a polymer web in either the machine (0°) or
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transverse direction (90). To obtain a polarization direction of 45, the
polymer web is bias cut at a 45 angle. This results in substantial anounts
of scrap wetoan2zaBl Summary of the Invention Generally, th@Cprisseni234
invention relates to nethods of making polarization rotators 5 and
articles containing the polarization rotators. In addition, the invention
relates to nethods of making articles that include a polarization rotator
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material to cure the liquid crystal material and form an aligned liquid crystal layer to
produce a polarization rotator element. This at least one additional layer can be, for
20 example, a second alignment layer with or without a substrate.
Yet another embodiment is another method of making an article. A first film
comprising a polarizing element is unwound. A first alignment layer is disposed on a
surface of the polarizing element. A liquid crystal material is disposed on the first
alignment layer. A second film is unwound. A second alignment layer is formed on a
25 surface of the second film. The first and second films are contacted so that the liquid
crystal material is disposed between the first and second alignment layers. An aligned
liquid crystal layer is formed from the liquid crystal material to produce a polarization
rotator element.
The above summary of the present invention is not intended to describe each

30 disclosed embodiment or every implementation of the present invention. The Figures and

the detailed description which follow more particularly exemplify these embodiments.
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Brief Description of the Drawi ngs The invention may be nore conpletely
understood in consideration of the follow ng detailed description of

vari ous ewbadiomeats of the invention in connection with Poa/sovapanyi ng
drawi ngs, in which: 5 Figure 1A is a schematic perspective view of one
enbodi ment of a TN LCD; Figure 1B is a schematic perspective view of the
LCD of Figure 1A in which a potential has been applied across the LC cell
of the LCD, Figure 1 C is 3Briefesexiptionef the 2% ew of a second

enbodi nent of .an. vi ew of one
enbodi nent of TE qve%lﬂrbmg g’ioﬁff &nognﬁet%m}z%{c’dgﬁ%%%@%%Edrp(g?%%r ding to the
i nvent i ofsllobigtli&aided desariivh@Mabiicusahdssineadt bbhalinventon of coans@mandith
enbodi ment of a film containing a polarization rotator, according to the
i nvent i offte apsQgapaying drayings HB MAES cr oss- sectional view of a third

embgdi ment  of F%u;é U\Pl £ kALRL ﬁ& n}gecﬂ% @fe\wzﬁtdng%nfbgﬁﬁ‘ﬁé?ﬂf of 8¢ROrdpng to- the
|nvent|on ure IS a sc tic cross-sectiaonal view of a fourth
enbodi ment of ngufe 1Bms cohtabti pgspechiod viewzethohChoifdtigire 1acioorideng to the

i nvention; re6|s che ss-sectional view of a fifth

embodi mehtt elgfaqga? P?%ape %ﬁc ﬁﬁ?ﬂ?ﬁté%’n rotator, according to the

invention; Fipighes ¥Clisa &h&ﬁa%@érsﬁecﬁw&i@wsﬁtaweml en Vo ¥t of a6 XA

enbodi ment of a film 20 containing a polarization rotator, accor di ng to

t he i nventi onFigergliise ®hematic wesreteations @mfs@ﬁcg@mb@dmempéw@fl a seventh
dinment .of. a film n nin rotator, according to the

i gi\igntl o%oméi’l'nm(% e oéanzaﬁgn }O%ﬁor a?co?’dlﬁg (It)(gjéheélg\g: 1|18Irl1al view of an eighth

enbodi ment of F@ufd“ﬂa&ﬁﬂhaiduw@ @ci@ladkiemast Dsecont @bydimastadndilag to the
invention; and 25 Figure 10 is a schematic perspective view of one
enbodi rre?ﬂnt%mnarm%lzaﬁ%ao&tam ﬁ@cowng fethedWesRiiPBn. While the invention is

amenabl e to VR, &@Qh@%&&? SsoffidhaR1c8) Q1A thi8 clBbdfen: SPERA| C5 L her eof
have been sho y way of exanple n e draw ngs and w e escribed in
det ail. ¢dntaaimmglacbdhamlatioiero$ettoxodccomdmg\‘/cethp inveatiobhe intention is not to
t the 30 nvenlon o the particul ar. enbodi ts.described,. On the
rary, the ’igH’fee t5i aost‘fh?rgatfcocrg Rreong viewy afjilol'}]ﬁﬁ?’?}hg&n}f&i‘&i)g%ﬁgﬂt s, and
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Figure 6 is a schematic cross-sectional view of a fifth embodiment of a film

containing a polarization rotator, according to the invention;
Figure 7 is a schematic cross-sectional view of a sixth embodiment of a film
20 containing a polarization rotator, according to the invention;

Figure 8 is a schematic cross-sectional view of a seventh embodiment of a film
containing a polarization rotator, according to the invention;

Figure 9 is a schematic cross-sectional view of an eighth embodiment of a film
containing a polarization rotator, according to the invention; and

25 Figure 10 is a schematic perspective view of one embodiment of an LCD,
according to the invention.

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

30 invention to the particular embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the invention.



WO 03/ 027731 PCT/ US02/ 26234 Detailed Description of the Preferred

Enbodi nent The present invention is believed to be applicable to

pol ari zatwor3noat7at ors and articles containing the pol ari rawiusn2eqsat or s,
as well as nmethods of making and using the polarization rotators and
articles. In particular, the present invention is directed to articles, 5

such as films, that include a) a polarizing elenent or other
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el enent amib)enadibrzaibe retaouélacient andohethodsanfinmekting axdrusotagueh ediglasi si ng t he
af orenengjoned first .optical device.with first .optical axis,, t

pol ari zat''k tﬁ%Prgf?ﬂt e ‘ilr‘gh]ts,m?%\%ﬁ“%t\é\% 0 SPB 1a8%15)9£%e}no3§\9§p§ tSvﬁr%t ¥ second
optical g¥bstidwal E@%dinéd%foﬁ%f_l aQiscOds! of RS Bethpldsprdvidampélbe! exanpl e, an
article including a Tirst optical device with a first optical axis_ coupled

to a pol ari zaf\s @n examnpleor pbigasinn refaier blsmsat ¢andetrrevided with d1q apprqriate
lLatively | ield | . ' . [ (N : I
ir ﬁ&? ; Veg){%} Wi %Igﬁcf‘aq rotgt%osr% to sﬁﬁétﬁrﬁ{eaﬁg ﬁ’gt%}{ntgg gﬁ{“g‘%?ﬁg o}f Q\gll?%{ %ﬁ?al\%%?lﬁé gdn y

ude arizatrron rotator e I'ca
optical @¥iopticallagisaiftal seednd@ipeib®devicanAdditiodadly o@xhembitveld thppdlariiatien, a
conpensation film a Brewster-type polarizing device, a polarjzing
| i ght gui @éator dgmgnt cangnahle the manugaciie of a lamingls sERgtHCLOHSHEHRE can be a
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5, 917, 664)d, thesecand pbiiced deded withrsscoadropyical Egrs in b irelsta-atll eotharmpabed , Innuch  of
the_di scussion herein will focus qn the nmbi nation. of a. pol ari zati.on
ot or EPUMEfRanRl: # poplsadafings Msopat AFvies Sitbaanst ontichpf cgled

under st o@dh §d1aizatibR r@loREleARht G VePhaftahlt féf LIENRR rdaveBeoRSyislanbaced by
any other optical elenent or article. The conbination of "a pol arization

rotator el emBriclesef theweregrol dpvienten ganerdllyon¢lnde apdangationmetetoackimegt e il m
or other_articl n_be .advantageqQus.As _an.exa e, .a Linear sheet

pol ar 1 g et & Glaf Al g vl MANAIERNE TheBpM SRR e KRR fce o

| east onglabssrdidtgpesibaih 10l 8 BréwsteMiybe Polafizing davity, agidlatmadlighteuiifie gl ass
substrates of the liquid crystal cell. The orientatign of the pass axis of

t hé0 sheetr BOTEY AHPEEHVElY the qpiispledemens cembe § &niipdal refinef rorntie Ghetags a
Y s e
symmet r y5,pt 0pét) oescylindtiba lenvegeny. Farilltstiasive gumpesaaf macl dfhe discussion
herein will focus on the combination of a polarization rotator element and a polarizer or
refractive element. It will be understood that the polarizer or refractive element can be
25 replaced by any other optical element or article. The combination of a polarization rotator
element and the polarization-altering element into a single film or other article can be
advantageous. As an example, a linear sheet polarizer is used in a liquid crystal display
(LCD). Many LCD’s use at least one absorbing sheet polarizer which is usually attached
to the glass substrates of the liquid crystal cell. The orientation of the pass axis of the sheet
30 polarizer with respect to the vertical and horizontal directions of the display are chosen

depending upon the liquid crystal electro-optic distortion mode of the display and the
desired chromatic and symmetry properties of the image. For twisted nematic (TN)
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-6 WD 03/027731 PCT/ USO2/ 26234 LCDs, this is typically at an angle of
about 45 with respect to the vertical axis of the LCD. Placing a 45

opti cal rwpDaBwo277Bet ween t he sheet pol arizer and the displ &¢gTgisazse2aoul d
allow parts to be cut optimally fromthe web, elimnating the yield |oss
associated wwth the angle cut. 5 Gher exanples of |inear polarizers used
in LCD s include certain types of reflective polarizers. Wen isotropic

| i ght i sLChRs,deistis typically eff dneaiglos abolitd5° »eith respest toghe sertisaltaxésridhe | i ght i s

substantially.transnitted .and. the oth olarization, of light .i

Subet ant B ekt SR ReyRB et The RRe i iRbt i B b s mouldn ¢ ne
bl ocked 4 1Rgk BhitZ Bt heddht ShtahalPlromitBhiveb SelinghatapttbelyleRClsss aweviged tid the
backl i ght for recycling. Reflective 10 polarizers can be used in addition

to absor BiglgcWol ari zers in an LCD, or instead of an absorbing polarizer in

SO LCD type : f. i l.ar.l.zer. i sed in
adg? tionto ag)ﬂzli rs%éélgﬁlﬁggilgﬁe\ag?%%?%&?H‘gee%H#gh%{]j %lrﬁlacﬁ@r?‘l%te #Zgg t%%/e%to e reflective
pol ari zefefleptivcpsiaiszern ValenliSotapld ligletisvpeidehven prflastivagiodarizas onk | ust r at ed,
for exanple, in Figure 1C and discusse abﬁ% To be npst Zifgge.ctive, t he

|ight trBerzatioapidight issubsiamtially fropsmygpdan thsr BplatiriionafdisthE same pl ane

of pol ar| ' . L.ald; 1SSl ' BloBked fOr tw sted
nemat i c %%ahﬁ%@?%ffe?tﬁ?bﬁ? %rp ?ﬁ@){ldclgﬁilﬁéﬁﬁﬁgwcgﬁﬁ Qf%ﬁ‘%g oﬂéktg 25(% th respect
to the pdatizatmin state sf loght isrefled@B] baokdowaidk dub wiklght durcieegliagr Beflediveve

l.ari | t . . f diff t. ; ials, wh t
Pedll | onbolaREeHn fuL SRy i harbing nafiEpiein Gord et S5 GR0L P bed, for
exanpl e, alsorihSpolRAt&Hh sRSL.CD §Bd%. T thedst WhRSthe2éflectilBPORIIRS iditeler s  can

be manufactured by stretchi ngdt@ e polymer materials to induce birefringence
and ori Bradditina to@nyhearbing pelsiaerd thedighd tawstnipedleiidi meflecéi e pelariver pol ari zers
i ncl udes 1 i d_dj sperse .phas f different. pal r
i er | a2 oCkhs R af 0 el P en 0P o BRES R BIERRD, R bRl i TghS e

descri beghd discussxdatol e, To Be bhoSi efRatieatthdNaght thndBided BO tiadu@d18ctBapoRdZer

Manuf act Lfl’i nc%ﬂl i near sheet pol arjzer, both absarbi ng and reflective

pollar i zethould haysithe same nlang Qfetarigation axiha §CH palpizeh ipRgnisHen poafiesidr on a
pol ymer j i A ik n 0 r S8 0]

i ot onp i e (P PED, i FBEUPR didheRlorkbBRIST AR Rt 1 ¢ e

| i ght bethagenicabatiedf the LB, i n t he nmachine direction or the transverse 30
direction. Ho&e;ver, many TN LCD s _have the transm ssi on axes of the

pol ari zer and &4t pgpdugme i refeqtiv petarizeigsehaltepratinedayerypd agent
di recti ofylydhBuSatetiBR, Rk GCIchdPne of those polymer materials is birefringent as

20 described, for example, in U.S. Patent Nos. 5,882,774 and 5,965,247. These polarizers
can be manufactured by stretching the polymer materials to induce birefringence and
orient the polymer.

A second method of producing reflective polarizers includes forming continuous
and disperse phases of different polymer materials, where at least one of those phases is

25 birefringent as described, for example, in U.S. Patent Nos. 5,783,120 and 5,825,543.

Manufacturing linear sheet polarizer, both absorbing and reflective polarizers,
typically includes stretching or orienting the polarizer on a polymer web in either or both
the machine (0°) or transverse (90°) directions. This results in a plane of polarization of
the transmitted light being oriented either in the machine direction or the transverse

30 direction. However, many TN LCD’s have the transmission axes of the polarizer and
analyzer at +45° with respect to the vertical display direction. Thus, the reflective

polarizer must be bias cut at a 45° angle with respect to the web to obtain a film with the
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pol ari zer nmust be bias cut at a 45 angle with respect to the web to obtain
afilmwth the -7 WO 03/027731 PCT/ US02/ 26234 proper orientation of the
pol ari zatworn3axi7sl f or use with an LCD. This can result inPaT/tsabsi2anti al

| oss of material due to the angular cut. As an alternative, -a 45

pol ari zation rotator can be placed between the reflective polarizer and

LCD pol ari zer. As described herein, the advantages of. preparin]g a single 5
filmor poperorintationel Wietnelagizeben s ferasp yikranddsD o BisCAR IEBHE B her

pol ari zat ibg%\l}ﬁ%@%o aérc;aﬁrgﬁé o tﬁan%L}IBDJu@” zation rotator elenent can al so

i ncl ude & space because reduced thickness and a pre-aligned

orientation bgakweahehbhitvd, glbepslatitativalraaior@tn b pladsdbetwesh thhecfiroties | zat i on
rotator el ement. Figure 2 schematically illustrates one enhodi nenf of a
fi1 m 100p¢lanizangnd LEd) polprizer. As@ewribae hereing theadyardagss oA PTepainda siogteat or

cauar  anbinpso BB kiR bl M AR, (o DS BALERoA RO T o on

mut ual | yelefkht) gadalponfidatidhebtate|cbment carvaled tickide m shviegpinaspecedfectise ofi | m
(indicated by arrows in box 106%150 is directed i zer el ement

oward .the pal ar
102 whi CHEHHASIHNES AP A7 Hearel PHRR=perk tHaLBe SehooH b3 o R
pol ari zagﬂ(pﬂﬂelbgﬁﬁtzgthn%%@@qe 15 rotates the polarization (box 110) of
el

the light. In't ustrated case, the rotation is 45. However, it wll
be under st oodFignet 2 sagmaitadlyiibnstatesmge embadiniat chamflm 100 having b pplarizer

recogni zed that articles. can also he fqgrned ere t olarjzer.elenent is
r eﬁﬁac edaﬁventzaalrg)&aﬁ’gra pﬁ’ﬁﬁ”&?‘il%{qt%?ﬁ %?IPSI? i 153- % ﬂ%ﬂ?‘?ﬁg’%}ﬁa?/ﬁ]fhtc ARt ot at or

el ement scRidefbdds b e6EpbRAELHER atndaniioglidedrBgPlR{zed Dghlivith blaned bonal
optical films, such as those that conbine the function of an_absorptive and

ref | ect i Mdlapentignimepallyrathgeenad and ey edgcdri¢ vessors by the plamefof thesfilsy el | ni nati ng

angl e cuttj. i . J t .and

or asumaoy § Rt BP0 S50 Bbitfs bt ReRBRAR ABnBR R Sl ot ator
el enent strasmigpstarized Hgvand mdrated in boehdd)| iThe pblaeizabsnuioatdrsl@nmer 3 00 f

optical devices using one or nore optical films in the formof roll goods.

Mahy optiogaies the pplasizgiondbern i HO@fimieehito uthe djustipied vasse theyrotatien éf +%ct

! am nat 'ﬁPng\f/ roiQWifI%ls ﬁ%ﬁrﬁgocﬂ a{ r%Eat'oLM%%?ie%gﬁbi% El¥o Ex?t%gllllﬁose of t hes_e

i ncl ude ‘e |p€f1cal y and circulartly pollarlz ng firnms Tornmed by |amnating
r et ar datieosgdizddrhattapticdéiscan bisohesberdd whira thezwy &irnelefnchiis redaded biyng

reflective pol a{i,zers nd absorbi ng pol arizers. 30 A third nethod of making
a ref | ecioler pelasizatiouralienag glegent he use of chol esteric

Polarization rotator elements could be used to reduce the yield loss of
20 multifunctional optical films, such as those that combine the function of an absorptive and
reflective polarizer. Reduction in yield loss for such films by eliminating angle cutting
would be desirable due to the composite nature, and presumably higher value, of the
multifunctional film.,
Polarization rotator elements can also be advantageous in enabling the manufacture
25 of optical devices using one or more optical films in the form of roll goods. Many optical
films of combined functionality are made by the direct lamination of optical films of lesser
functionality. Examples of these include elliptically and circularly polarizing films
formed by laminating retardation films to absorbing sheet polarizers and films combining
reflective polarizers and absorbing polarizers.
30 A third method of making a reflective polarizer includes the use of cholesteric
liquid crystals and a quarter wave retarder, as taught, for example, in U.S. Patent Nos.

5,506,704 and 6,099,758. The cholesteric reflective polarizer transmits one helicity of
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liquid crystals and a quarter wave retarder, as taught, for exanple, in
U.S. Patent Nos. 5,506,704 and 6,099, 758. The chol esteric reflective

pol ari zerwODroans1Bt s one helicity of -8 WO 03/027731 PCT/ BE0AISAE 2344
circularly polarized light and reflects the other helicity. The quarter
wave retarder converts the transmtted circularly polarized light into
linearly polarized light. Grcular polarizers do not functiop in the sane

Cart esi asirasdashydaletizsd dighieansipaBectathe|othes Religi) deaapger wayg 1efarq4es ¢ he optj cal
axis of th rter \ : : L ' atirQnient ation
5 of theéoﬁjl%gﬁ%&lgft%ﬁ}% arelgzc{ar?]itdg{llggéla%l%g& ]l@ ﬁ?@t?%@%ﬁﬁé’ﬁ?‘%ﬁ%gﬁ@t ransmtted
by the spslttieds €o notQuadtioarin tesanrcetaredien soadmateesigadpadeyas dinearpolangers,

birefringent filns. On sing through a uarter ve retarder ircularly
AR TR ST e A A e e 2
pol gri Za&ftﬁ%g?a’ﬁb%f?@%i%i&htoﬁ%ﬂﬁﬁﬁ§§oE%&d fig @ ahSite@ bl ¢&d stAxtge.0f the

quarter wa reta the ditection determ ned by the specific
ci r cul ar Qpataravatréterdestcat de nidde Qyaricatinglivesiingamafittes. @neassingihranglie by

ienti fil ith.th tical i,§. ejth 1 el ndj cul t
o e St S L 6 L iAo Sk o
be at 45yah it PolariQatidheaxeiu T -eBtde@ioes hivay SrofORBBHtidaD akid O Udequarter

conventi onal absor bi ngh pol arizer lam nated to the chol esteric polarizer
st r uct urwayeyetardesy with theediepgtien detgrniaehby twrspefic eir@nainedarigstionpiptel i ght of
t he,un I I t h b Co enbly.
touduor . Cpin B ARueaet 88 oAb £2 S Ml i, BB B e

pol ar i zepsalied og pageadityarab angfilnorolbditdcdorml Thusp drepeanslit dighvsf such at he web
direction. Again, either the cholesteric p(}l arizer structure or the
absor bi rijTYsBIa MY &F aiftasror §a> biodse wigh dirggtions 1f is ceman tpgucdidegh the two

el enent 5con$91‘1’tﬁma} SosBIRANHES ark o BIHNAEE tSihe lég&l'éétgri hAger&urulilf B & kS

reflective polarizer, aquarter wave retarder, and a conventional absorbing
20 pol arémsere high peptasidyritcleanmgipdrany dight-afdhe wiwanpedpdsszation sttdicalied i s

desj bl I . i ti .rotat t t he | t )

Foth derosaiia SRESEHS rBRhG" FhMeeD dh oI agisdirn e wiss prd RO HA her

desi r abl @sb@iﬁgs&mmi@@a%rmbpﬂb?%io&% Oy YedehMBulapMeL EheOReb dirgtishde of
e

t he absor bi ng _{)ol arizer nearest cell 'in order to reduce nateri al
| osses 4syp] dibgythecheletitrec pelgiure strachire @shoabserbing yolefizeraust babigs edn be

used to formpolarizatign rotator elements includin for, ex | e, both
organic %_(r%' %tﬁ%rrd S%tr?iazi_ ﬁ}eet?”role %gmts'n_@?@r de?I‘g&lngﬁgarHﬂ‘fa{q Sltlé%‘;&urre ﬁg\gﬂ%?r uctions
of bi r efdHongeiilc reMicaré pblarizebNeqRRtcRiaatdifter MPS SnvehEsmbb&npe for med
using liquid crystal materials, such as nemaiic and chiral nematic |iquid

cry3tal RedMEer BFIBE a cpRipiuens PErolitpoll meocasssirdotnitds desihis toplasre al i gnment
layers. &h&%ﬁoﬁ r&tgéoyﬁét{;v@ér?ﬁqe%ﬂgrter wave retarder and the absorbing polarizer.

Additionally, it can be further desirable to use a secondafy polarization rotating layer on

the side of the absorbing polarizer nearest the LC cell in order to reduce material losses

resulting from the angular cut.

25 A variety of materials can be used to form polarization rotator elements including,
for example, both organic and inorganic birefringent materials, and multilayer
constructions of birefringent materials. The polarization rotator element can be formed
using liquid crystal materials, such as nematic and chiral nematic liquid crystal materials,
typically with the assistance of one or more alignment layers. Figure 3 illustrates one

30 embodiment of an article 200 that includes a polarizer element 202 (or other polarization-
altering element), a polarization rotator element 204, optional alignment layers 206, 208,

and a substrate 210 (which can optionally be an optical element such as a polarizer or
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30 enbodi ment of an article 200 that includes a polarizer elenment 202 (or
ot her polarization- altering elenent), a polarization rotator elenent 204,
opti onal wbiogioewat | ayers 206, 208, and a substrate 210 Ealiush2/zasd
optionally be an optical elenent such as a polarizer or -9 WO 03/027731
PCT/ US02/ 26234 conpensation fil n) I n other enbodi nents, as descri bed

bel ow, the alignnent |ayers can art_of _the }%Ol rizer el e{rent or
substr at éomwfﬁ’dll%ﬁlzlﬁt %ﬁthﬁbﬁlab‘%ﬁlmﬁé e?‘szﬂeﬁiﬂheétbé 8 1%‘?‘1}6}?& & @k es of

the polafi ﬁfb%eﬁ eelerﬁﬂﬁtormrtﬁfet erizes polarized light through a
ea 0

selected a ut substantially 5 changing the ellipticity of
the pol ari zedAI pcgdiﬁzauaofcmattbzgﬁnemilyrrotadaaschhfSpmwlcai(etsy)frthﬂ palerization ellipse

| t f Iight b t d that
ever ar lnsbfhpectirganbalotesd gt Drpost adid wele HBa s pibeb PSR Ba or s ar e
from 40 5191 ?ng(tﬁe glhgtﬁ%c?fgcgé?%lané‘éMﬁHtOPbﬁﬁzitRmQéta{&s BpicaBlhQbthtedBg - The

angl e of ation | y a function of paraneters such as, for
exanpl e, pd)lbﬂzatmdlocféighﬁ’fy atééasass, iLoN 20F ot merqdk Brwcpattﬁd)that‘ svatabesefd el ement |

the thickness_of the polarization rotator ele the erl S sedto
f or m t hetangesy &F r%a%qwg}eépéﬁleﬁ ?@v@ﬁeﬁfotatpﬁérgvg 0B 4hge R0 ega%ﬁg‘t A%ﬁd the

orientat %119&1 8 4585, %HV& %ﬁ'ab@éteﬁ) O{rhé{}%lé%fr% a'hbﬂ%'et?fg ﬁ%&g@% ﬁefthe

poI ari zation rotator res ec e azl nut I nput

pol ari zapargiertd dupBes, férmanqﬂ@lthez@ﬁicemomfra&tm cffltlesmanmlohymmal |y formed
using a |refr|n ent materi al 15 Exanpl es of suitable birefringent
natl8ri al gemgel ﬁ@éh@kﬁ‘@ﬁf’gﬂwﬂ’@wﬁé‘ﬂo? Tolt?ﬁ%r elergentnihe srpterial(s) nicdrte £orgy thSI’I ent ed

pol ymer ﬁélg[%moﬁr}gta%?reﬁn%hgeﬁ Wwarkl )gtlf‘ 'a%d%’éé i of%é Sé;cfchf‘

coati ngs exanpl es 1 rclude an cryst materi a
di rect orof mlhbtrefrmgelhtelaym(rs) obthb@dlanéammrmteitmr witloeesigkct toythe aklmmhajangealfl y
nol.ecules wwth their | ong axes aligned approxi mately

conposed r odl
paral | el t hFdnH}}’iBO!fﬁ‘G?%’reth any point 20 in the nedium one can define a

vector to reprgs &hnidﬁ%n96t§fo%re%n9{s't§ﬁlbﬁiy Bfnédudiiea birBRRGERURaterial.
nei ghbor hood of gm nt. This vector is commonly called the director.

Suilp abl eExarqmiﬁﬁOEwtg lalblr(sﬁ@gemn@tpndrs srlqluﬁﬁlqnmtedﬁ)obfr@ra”ﬂmdanmm opi ¢,

nemati c, | esteri I ViS mat eri.al s a es i nclude E7,
036, sl CiRBR Ao fm i, SRR Bebeant RRYGR: 17 1

Koni nkl i ljnkﬁni?g‘dﬂt lopatinigh. €0the0d a8 16Y. iNelu@ar(yAigli € £ eal mhReiaNahites lhamndstor
Pal i ocol or LC242 and_Pal i ocol or C\V649 from BASF AG (Ludw gshaf en,

Ger many) thabsig becenepiuls 4 pemriahivie sryae! pasmerbs cogposcAtdredidsal  exanpl es
L
noAdner i in thetrediual sne can define a vector to represent the preferred orientation in the
immediate neighborhood of the point. This vector is commonly called the director.
Suitable liquid crystal (LC) materials include, for example, lyotropic, nematic, and
cholesteric liquid crystal materials. Examples include E7, BL036, 5CB, and RM257 from
Merck; C6M, 76, 296, 495, and 716, from Koninklijke Philips Electronics N.V.
25 (Amsterdam, the Netherlands); Paliocolor LC242 and Paliocolor CM649 from BASF AG
(Ludwigshafen, Germany); and LCP-CB483 from Vantico AG (Luxembourg). Additional
examples of suitable materials include those described in U.S. Patents Nos. 5,793,455,
5,978,055, and 5,206,752. The LC materials can be polymeric or monomeric materials.
Suitable monomeric materials also include those materials that can be reacted to form
30 polymeric liquid crystal materials.
For some embodiments, a twisted nematic LC structure is preferred. In these

embodiments, the director exhibits a uniform helical twist about the normal to the surface
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Sui tabl e nononmeric naterials also include those materials that can be
reacted to form 30 polyneric liquid crystal materials. For sone
enbodi mrerwe,03@2179i sted nematic LC structure is preferred. PCA/UShEZR34
enmbodi nrents, the director exhibits a uniformhelical tw st about the nornal
to the surface -10 WO 03/027731 PCT/ US02/ 26234 of the polarization
rotator. The twist angle and initial orientation can be s%&hﬁ}%ﬁ t he

use of onéthsmolesizatierpiotaseral The tvégs #asle apdipdtial orippiatipeHhe t he

axi s abo i q I a LC structure twists or rotates is
not nor mgl%e %O%%h%é%g?%’@g@%gﬁ%@gﬂg%ﬁg{si ate upon which the LC material is 5
di sposed. |n thiasotesrieathodindnt, thkexisebmttiwhich the ddcal dirdct cdtLOstrudheepl ane of

t he polarizer elenent or polari.zation- ering el enent. Wt espect. to the
U T ace. BYELIRS TaISs 5t SO0 Iz yraces (hp BERFE WD WA LR SRS
di rect or dlsgﬁs;edpgn ?r_ﬂi_ﬁ%b%fn%ﬁt, e e ldidithL6dsQut bMhSpdaneiot thedffiiried as the

pretilt an e pitch can be constant or can vary (e.g., increase or
decr easeylealeohor pdi@izasios-altdie dlevnsnt. AWigh eespest| toothe ewtfadei addthe swbstisate.gbe ect ed

by the use of .gne .10 or. re optional..ali nt, .l.ayers. . At | east. sone
liquid cAUEE af Hegedsy pay el thedncdl digripr i %gﬁ%”%iw@‘(@’ﬁ.l? a&ﬁBF%%rtatg’ﬂ?t%)ls
l'iquid caystdl & thd fetilargIR, &hirhapitaPERMRBhstittios Bak e8YI(E.5,, ikkréddd®of Or Mati on
of a structure where the director of the liquid crystal material naturally
rot at es dbwaischalongibs apisr Jdwedvist bagle end ohentadioneen be selgtied py theusofof pie

chiral nematic I, Ufai cr s{gl corresponds to 15 the thicluiess of materi al
nedded t 8" BOFT WIS ]&311’%8 {¥0n of the director. At least sone achiral

nematic | i qui ohtGdasdoaleSiduddclyealmdrrieh] sugh abyhitdacmdde td. @nctofesteriehi ral
compound., The pitch of the material can be nodified by changing the ratio

of chi r aliquid caysly, apcludeoneurd perspongn whiskiresultpiny the formpdion ohasBr¢tale such as
a nemati ¢.Li.aqul d: ] i rincjpal refractive
i ndi ces, gvr}llg%eg[ﬁ%glﬁée%. g%fée}ﬂl%lrlgllﬁ%g%{a?ga?%%% ﬁ%gra?lﬁ(r@éﬁe‘é \r%g?lﬂiah% llﬁsences t hat
conponenpempéndicy it towhodiescedre dhe ipitch bethd chivhlaiehatit liquidwegstalrcotr8sponds to
perpendicular to the optical symetry axis of the birefringent nmedium The
extlPaor dihedhigkness ek matsgial needpd omchieve pRRP° rdaionmd fiee drectorg it 1gasbsamce| ect ri ¢
field polari i 0 i L1 .el t e js of the
bi et r| it B M el AR EL chaICRIGER, oL SUIR LRI 20
of a nenfhe pitdho fithe antealal vart be rpodiified be chargfiracthe ratioasfichotl opyhiral The
birefringence, An, of the nmediumcan be defined in ternms of no and ne: An

- ne - nEemponents.
A uniaxial birefringent material, such as a nematic liquid crystal, is characterized
20 by two principal refractive indices, n, and n,. The ordinary refractive index, n,, influences

that component of light whose electric field polarization vector is perpendicular to the

optical symmetry axis of the birefringent medium. The extraordinary index, n,, influences

that component of light whose electric field polarization vector is parallel to the optical

symmetry axis of the birefringent medium (for example, parallel to the director in the case
25 of a nematic LC material with positive dielectric anisotropy).

The birefringence, An, of the medium can be defined in terms of n, and n,:
An=n.-n,

Polarized light incident on a birefringent medium will propagate as an ordinary ray

component and an extraordinary ray component. The phase velocity of each component
30 will differ, as each experiences a different index of refraction. The total change in phase,

or retardation, of the light depends upon the birefringence and the thickness of the

medium.
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Pol arized light incident on a birefringent nediumw || propagate as an
ordinary ray conponent and an extraordi nary ray conponent. The phase

vel oci ty wb ogazit3conponent 30 will differ, as each experiPpemamse2/z6264 f f er ent
i ndex of refraction. The total change in phase, or retardation, of the

| i ght depends upon the birefringence and the thickness of the nmedium -11
WO 03/ 027731 PCT/ US02/ 26234 One enbodi ment of a suitable pgl arization
rotator el emefne ewbedimsohels wi2hlepalasizatiRnAcHiPThEneH CeRA9EIGI0 Ay f wave

retarder, and an .opti ' I : : -

pol ari Za]galvg}ig %{; ttp%éalegsgéﬁaaﬁélﬁvgg\%tdﬁgﬁrgﬂl %ggf’?‘{agﬁ%%téﬁ}?ésn@gﬁ%ﬂgﬁe angle, -~.
The optplead ofpdl&iAtion beinplleay lineatly polaricédligi be lasaeimiutha anplead.pThae
parallel” to the "extraordinary” 5 ray and perpendi cular tg the "ordinary"
ray. Theomisek axipefthe pelarigationrotaiaredentiand is 1p gIpkne atalishtoghe  seraoFERaEnt

i I lari 1 n Q4 r ' ion rotator
e: ggrr::]t y%&%@#%gﬁ?@%%é%ﬁ% %ﬁ%aﬁf’ga}g)é’?ﬁ@é%aﬁf\?/?vgﬂi?g[aﬁ&e’érg%t{age?ittléegti on direction
of inci brizakioh 8theln@drallingaty pdlgtted MphPRy Bh. Hdreexbmipie, AlaP holagization

retarder” signifies that the polarization rotator el enent has a thickness,
d, with Istaierclemant hag an opiiel exik that isisgeotf dropathe pelagesiogrdirseyam of pdentn i s an

i nteger,..0, .1 PR ~o ] h el | L - | ari zati on

r ot at or %?YIHP863F15%d Iélgbftf'l:’é’rz ezﬁs% f[{)e\g%or@ﬂq\s/%?ﬁée{éfde#ﬁ#%n lfei%%%gtlt?flgnt functions
as a pepdifeiatibRtRhOF clefett KRl thWRKEISS N Wit Advei2mal )31, Wwitdhe) af e ement i oned
requi renent. As yet another exanple, a polarization rotator el enent can be

a flor medwawilengttaof lightysnd e isyantiategembel.iZal. .. vifoo sthed wamelengths of lighésthal ong t he
t hi ckness ;axi s of .the polari.zat.ion 15 rotator elenment, by a tw st angle, O,
whi oh | SPYARGREPar B & AEEH SR iRl Bl oty g HopS i o
rotator gperebiotatdhénlpfiaS@avetingttdalt 0atiste thgiaf@Bmbitioded réfitiArdn?. Wien 1"r
for a particular wavel ength or wavel ength range of light, linearly

pol ari zed | i{hvetiapethgeerample, giolaizghonrotatpreloraenican he pdAtmest Usiigrd el ement
il emee . i, : - Q.. for that
whvel ongl L AL ARl blse dito e FRARTRUAL iR Bfes) WaS b BticRihion 0

rotét or @taeemddment O udesst hhgle) dl, whigh iamucmddlicathahavihage fetariaiont Edofhemat i ¢
structure. A twi sted nematic structure can_be achieved using chiral

nemat i ¢ f §olegzatiopdetafor planesnt.-allhe phass referdainm is gBend: gnment | ayers on
opposi ng sides of the polarizati q:n=r2(%kg{1&r el enment (as illustrated, for
exanple, in Figure 3) where the alignnent 25 between the two |ayers differs

by the dwsi @k<IWobh pafighr wavelangR bbiwavdléndh Ahgt BEBht, RSAQPSIarized

light incident at one side of the polarization rotator element will emerge rotated by the

20 same amount as the twist angle, @, for that wavelength of light. This effect can be
achieved when the polarization rotator element includes liquid crystal material having a
twisted nematic structure. A twisted nematic structure can be achieved using chiral
nematic liquid crystal material or using optional alignment layers on opposing sides of the
polarization rotator element (as illustrated, for example, in Figure 3) where the alignment

25 between the two layers differs by the desired twist angle, or a combination of these
methods.

Polarization rotator elements can also be designed to utilize both the twist angle
and retardation to alter the polarization and ellipticity of incident light. As an example,
consider an input beam of linearly polarized light with its electric field vector parallel to

30 the director of a twisted nematic structure. According to the Jones matrix methods (see,
for example, “Optics of Liquid Crystal Displays”, by Pochi Yeh and Claire Gu, John
Wiley and Sons, 1999), the output light has ellipticity and azimuth orientation given by:
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Pol ari zation rotator elenents can also be designed to utilize both the

tw st angle and retardation to alter the polarization and ellipticity of

i nci dent WDghw27786 an exanpl e, consider an input beam of PCirnsar/tep34

pol ari zed light with its electric field vector parallel to 30 the director
of a twisted nematic structure. According to the Jones matrix methods (see,
for exanple, "Optics of Liquid Crystal Displays", by Pochi Yeh and Claire
@Qu, John Wley and Sons, 199_9%, i he 4 |It¢put27%j ht has ellipticity and
azimuth orientation given by~ “p5WH PCT/ US02/ 26234 e=t an
2sin-'CX sin2X tan 2yi = 2gX tan"X 2--r2 O tah2X-X2 where tyis the angle
of the major axis of the polgrézation é¢{ {9k measured fromthe | ocal
director axis at the exit plane. re, royis,the twist angle of the TN
structure, r is the phase retardati’omast®definéd above, and: 1z 5 X=
2+(2J . For exanple, for 550 m I\ ght, pol ari zati on rotator el ement
havi ng a_birefringenge 0..12, . i . Of h angl e
of 64 calthar ° PRangepaie AP Gai Sy ik FEAPRIOR sufuel Bl Bt B0 F,
el 1ipti ciifryct@f axislat tHEki PR, RS, | B tHeQlvidt @higle bE RN s'ilcthe, o¢ e @hatsi ng one
or nore different layers 10 (e.g., coatings) of material. For exanple,

mul ti pl erdtayeiicn asfdefinedabaye, sl be deposited on a particular substrate or

pol ari zer element with optional solv val steps and, optionally,
partial or full curing between de osi#jogfg? the layers. This can be

par?icularly useful if the parti<td trate or polarizer elenent is
sensitive to tenperature, humdity, 'or both. Miultiple applications of

nat eri al FeRk PGS J5081k _ﬁ@]@@ﬁggléﬁﬁatﬁfn rbiattR cpeshetatifg 4 Didfringenawdy the
solvent or cure the material . anot her exanple, |layers of material for

the pol dRzathidnessaifdi @ ue) aentwisanglseo AT eandalien thi fdlanization efilyesarlsit es or

pol ari zer el.enen t.hen,.t he t | ayers brought together. This provides
a met hodp?lﬁpz%g}%?m ﬁ%ﬂw%ﬂ%@l‘i%ﬂ\?ﬁé@i ng) individual conponents into a
singl e articl ehe p¥Ibii2RRNlrYtatcRR]AYNE 84 RUfofh&Pusthg ofd GvabRAiffeeRERAHr € can
be perfornmed to facilitate diffusion, coupling, or alignnment 20 between two

or 1Rore (w8 epostings) pbrwtirieht Forexempls, syultinde biypmalof nrigriad grebe dspositgd ared er i al
can be s Szllr?lgﬁlgldsu‘é@&zﬁ? o.{ B&llal!'fge?selern?e%? {7\1'1t‘1/1%p{1<l5'1{5(f tsé)lQ;Qf’&l rel%)%ﬂps%ps and,
optionally, partial or full curing between deposition of the layers. This can be particularly
useful if the particular substrate or polarizer element is sensitive to temperature, humidity,
or both. Multiple applications of material can reduce the temperature or time needed to
15 drive away the solvent or cure the material. As another example, layers of material for the
polarization rotator element can be formed on different substrates or polarizer elements
and then the two layers brought together. This provides a method for combining (e.g.,
laminating) individual components into a single article. Optionally, an annealing step at
elevated temperature can be performed to facilitate diffusion, coupling, or alignment
20 between two or more layers of polarization rotator material.

A liquid crystal material can be selected which includes reactive functional groups
that can be used to crosslink the material. Alternatively, a crosslinking or vitrifying agent
can be included with the liquid crystal material in the composition used to form the
polarization rotator element. The liquid crystal material can be aligned as desired (for

25 example, in a nematic, twisted nematic, or chiral nematic phase) and then crosslinked or

otherwise vitrified to retain the alignment. Such crosslinking can be performed by a
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that can be used to crosslink the material. Alternatively, a crosslinking
or vitrifying agent can be included with the liquid crystal material in

t he conpowoptBozr7eased to formthe polarization rotator el @ecentso2/ade4 i quid
crystal material can be aligned as desired (for 25 exanple, in a nematic,
tw sted nematic, or chiral nematic phase) and then crosslinked or

ot herw se V|tr|f|ed to retain the aljignnment. Such crossljnking_can be
per f or medansjy af proggssesinclydingy for ﬂam@v?@gﬁﬁ%ﬁ@a&d Flertrt beaél?’ gﬂ}?ﬁtﬁglses

i ncl udi ngil I{é?r exanpl e, by photoinitiated, electron-beam or thernmal

curi ng. et materials can be included in the pol ari zati on rotator el ement
or the conpo§ilidramtersascimbd iochmédia thmlbdaﬁimitohmntatomtebﬁnmnteﬂtbﬁent. For

exanple, a diffusing or. 5 scatterin beln to cause the
di  f usi 0FRCTBPOSLEOD: ¥ser it frpyt Plpﬁi"i‘flzat faféﬁq Leanen%aﬁort%@mé’ 18l rot at or
el ement . s&%tex%ﬁ%’%nﬁ%a?w fRcludéd ﬁ)%@iet%hé‘glfﬁio%rdr%l:atfe%ﬂgl@@ hghtnﬁ“'dﬁﬂﬁﬁ to
absorb |ight a particular wavelength if, for exanple, a col ored

appear anbg thsrpolariratipe msstatl eloment. oA anothgr Wﬁmsb@lmﬂkéd caERanpl es of

O e e

pr ef er entiieathyviksardafored gijeahcORcfRMABERplRDY shl&wéiﬁjiorbhﬁg Maetibeul ar,
a dichroic dye material can be desirable if the dichroic dye material is
capabl e #rclude; fey examplgndies wnd Rigncpise Ip serae pohedigrentsop dichroie fyawmpferialsyi t abl e

Gl oi ¢ éj% €, FBltal ﬁ%?%ﬂe%féﬁ{gﬁ Zalgéo%s ?%ﬁggﬂn‘?e %dlgtqia{ﬁ%n) ﬁsusy ﬂlﬁéﬁﬁlcular

anthraqU|n azo, azo, pentaazo ricyani ne
dyes, Coa@mhﬁerdd{zesmﬂteum chinpieategiratiie H-tlee diajpdoidhdsteamitoralas bdpabktiod being5

met hyl ene bI sti,l bene, dye (Col or, I nde 1) =.620), L

1, 1' - di efligped le"zhm Reaiatiza ﬂ‘ilg??taaelef@%ﬂt ﬁug‘&& © dishzgig dye pyategiplsinadude, (| ye))
2- pheny! e&@mhﬁléoﬂoameZam@mé ARRRGHALY, 828480, thado, ta'ra%(za y;)éht%%ﬂ) $hd ! benes,

peryl ene corrpounds 4’ 8- di hydr oxyant hr aqui’nones opt’i onal W th 2-phenyl

or 2- met hexyyhareydyes, LKBSIgOthEir(wdlmg @Mnﬂn&zwﬂap&tmmmhaqﬁomma,e dyﬁsf and
T GS A
ey meiERg Blifre riPeis B (REEMAICD Sha bt ROLENGR Heemee CHETC ar e

d es cri begcri=n 74E(o‘f‘hng|e§81dCI Q@'l B %IQe)gEeﬁﬂeﬁgffalotﬁqﬂa%ﬁ@ -pﬁ&ﬁﬂézo@fe&%ﬁaﬂ)‘l& hroi c

dyes, and net hods are discussed in thHe Kirk
Encycl opédi bls@rylex@ﬁﬁﬂbamesm@wﬁm og;ypouvdﬂ;, 4- &dlf}yﬁroxyaﬁmxeﬁlamo@dstdptlﬁdalm993)

ond 1 e ShSh NSy ShIS Sl IS L Yes LA, gr e o
agent s, ﬁmlcbo(byeﬁ&ii Hyétksluﬂg 280eRhs™ AlieBasasdinG YBASFANG Peudviadatone with the
a ggl d cf >elrsnga%ly) n’laltle? égo%!eru%g ofr’] tcl)lgser c?yae(s: talng ?nethods of making them, are described in
E.H. Land, Colloid Chemistry (1946). Still other dichroic dyes, and methods of making
them, are discussed in the Kirk Othmer Encyclopedia of Chemical Technology, Vol. 8, pp.
652-661 (4th Ed. 1993), and in the references cited therein.
Other additives include, for example, oils, plasticizers, antioxidants, antiozonants,
25 UV stabilizers, curing agents, and crosslinking agents. These additives can be reactive
with the liquid crystal material or non-reactive.
In one embodiment, a polarization rotator/polarizer element is formed using a
twisted nematic structure of a liquid crystal material that also includes absorbing
molecules that are oriented with the liquid crystal material. In one example, the absorbing
30 molecules align with the direction of the liquid crystal material. Light having a

polarization parallel to the director of the liquid crystal material is absorbed and light

having a polarization perpendicular to the liquid crystal material is transmitted. This
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I n one enbodi nent, a polarization rotator/polarizer elenent is fornmed using
a twisted nematic structure of a liquid crystal material that also
i ncl udes wbawki7ay nol ecul es that are oriented with the PCgaisdz/aanyst al

material. In one exanple, the absorbing 30 nolecules align with the
direction of the liquid crystal material. Light having a polarization
parallel to the director of the liquid crystal material is abso bed and

light hwmbrémenpef applrteatin re@icg@me@hﬁlaq agty ag RolarigeT; Jh&%@ Tnat eri al
Is tr ans{ﬂ a&ﬁ&tlon-rlja'taﬁor éllﬁelyt\QalQ ﬁé OB dmnpley/ "%%?—éﬁ?é@énzﬁﬁ#aﬁqbﬁ@rﬁﬂepﬁ a

pol ari zat'ron rotator el enent actsrtas a i's particular

pol ar i zatrefbtivopalhnrerelsamento ednandesthe é}dmcemanrﬁlight of theteeantedyiolphtion zer
positioned after a reflective polarizer elenent to enhance the extinction
of Iight St t he unwant ed pol arization state. 5 The optical properties,

i ncladi ng i nditpe$pQtall %ﬂe@t@és' RRIudH, 1ﬁ'&1¥esr@’tr@f'réc?‘1|onu§ieﬂly'rﬂatém usdhakd zation
rotator el enent can be wavel engt h gepen dent. For exanple, a thickness

cor r espomdlangation rtdier dlemeniean be arvdengtibdensndentaler @rﬁgmme reeffpickjesser at e | ess
than a ha second . wa sone

enbod meqpeeBBeagh B S  Peler Bud TR BEmE) Bty de@mag A, ° euce

or m ni myzee Ye%ﬁrdéﬂidnﬂfbr@\é%orﬂ WeNRIngMg T atll@ast an@e embodintnd)particulater t he
visible spectrumof lig q%ée wavel engt hs from about 380 to about 800

nm. One d#ﬁ@labf@apmatxoéautciw@sw {Ravdice ApERNITEEEYAIEHER OFPL avavelrsgtheasi ng t he
C hrgmat i (férg%,) fof Exa[lgxgiep eﬂﬂez\ﬁglbf%@géc : % heggxltt ?ﬁ?%ab&?@@segoﬁl qgo&t%%g%% i on of

two or separ ayers usin eria al'rgning the two
| ayer s sabéth&00 hhy. apieimethoda@edudifig thhevavelgegth dependenos@ed dedreaingahé i cul ar

angl e. exa he o tical axes of the |ay 15 can _be crossed at 90
to each BE’JP?E}atlg%QeOfﬁ]té‘i %‘?1? fation retaior plepepifnelyd tﬁﬁ lﬁBloéFW%%Ftlpefﬁ r ot at or
el ement isghapiié G eﬁnﬂfﬁg d1§el%ﬁp1§5ﬁﬂ51% @ﬁd Ml%l%?ﬁl@ Mol %yegs S0 ﬂﬂgtr i 51910 Yaxt NOre

than 10% or 59 desi red wavel engt’h range. exanpl e, ayer of
pol ypr oppf éﬁéa}@mﬂarb@rosscﬂ @ aqrapssvir segloy Bor @calrrazglerthmptmal glmapf)thnéa}@rs( or vice

t t t bst anti al | t | t ar dat
oud 1 he S8 eTFARL TP DD TR GRIeGa BRRGERA to Sbmy DRUKBIgS the
di ff
hr ongh The e P TR Bt iR P B RO L e

wavel engflf%raadge fof a desitedvesselengtheangel For weanie ckiagasof@blypadiylent cambe fi | s
elen t h. dependence .of t conposi te of

the 1? i iy%ﬁ’%&ﬂ%@%@%‘&%é’? eﬁlﬂcﬁﬁ?qaﬁn F VipeErsaloPiin ﬁnte{]?g‘eﬁb'f"%i? i zati on
rotator ehRpRAill @m?o'?nrp@fticﬁpreﬁa?@atféﬁblv&%he 8Xre rilgeHVIE 3 wiRRngths.
pol ari zation rotator elenent. This optical axis can
20 Preferably, the difference between the wavelength dependence of the optical distance
through the layer for the two films is substantially uniform over the wavelength range of
interest. The relative thickness of each of the films can be adjusted to modify the
wavelength dependence of the composite of the films.
Alignment layers can optionally be used with the polarization rotator element to
25 define the optical axis at surfaces of the polarization rotator element. This optical axis can
be at an angle parallel to the surface of the alignment layer. In addition, in at least some
instances, a tilt angle away from the surface of the alignment layer can be defined by the
alignment layers. Alignment layers are particularly useful with liquid crystal materials to
define the alignment of the director of the liquid crystal at the surfaces of the polarization
30 rotator element. Alignment layers can be provided at opposing surfaces of the liquid

crystal material (e.g., a polarization rotator element). One alternative includes using a
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be at an angle parallel to the surface of the alignnent layer. In addition,
in at least sonme instances, atilt angle away fromthe surface of the

al i gnnentwbager2776an be defined by the alignnment |ayers. ARCrgsopm234 ayers
are particularly useful with liquid crystal materials to define the
alignment of the director of the liquid crystal at the surfaces of the

pol arization 30 rotator elenent. Alignnment |ayers can be provided at

opposi ngsisgle flagresersflayeh end ieying on theystch rndritieleieay of the golarizatiggrefioz at i on

rotator ele t),., One ternati i ncl i a -15 WD 03/027731
PCT/ USOZ?el%g‘%RO dgiieﬂwng%ﬂé‘? glmeﬁ%/ gtldé%/%)rp%gﬁ% Sﬁ%{/é?ng on the pitch and
thi ckness of Afgnmehiasyezatinte depiratehr forreéElpers ot carled partrofeton encaé bfnment
at the opposing surface. Alignnent |ayers can be separately forped | ayers

or can béepther opticabpempenamty & the fim. nEor SxAPlee His ROATIZEH AEEIRE: R 215P 3fhe i | m

For .exa vall | ari : Wsagg- : i t layer.
Opt ?onar?slya?n ath%g‘%leﬁgl&?%{ @{}150?1 g ’mtlé(ﬁ?d;f@%%gn%%hglr%ggﬁ%i &ael;(kesghkaefg '?l grglnal i gnnent
t o mai nt gigantehetoahhigtuire the. alightienn &ptignalbnenepr moreofahe algnnzeni yensigan | ayer s
can be renoved fromthe devjce after crosslij nkiﬂ g:r Vi t.rlifyi ng the LC
mat er i al e ETPHFd SOYR B CREERBAS SrSimRAFF HEHVIRINEFEISEon of “al i gnment

layers becausg yagkiyliEdhodsaYEkSoNANE HRGPE HARM dMlighiekit IERIPRREMNES
including in LC cells. CGenerally, 10 one grouP of Known t'echni ques for

maki ng adliggmwentaybmypersbéamuskd esotherchanprets eludingsind 4T cellsi genreally, and a

segand group invelves cheni cal. and .phot oal i nt. hnj . e commonly
usgg nec rﬁq@gi Oﬁﬁ%]dtegl?m%eﬁifﬂrgm%ﬂg%%%ﬁ%"g?a%%sﬁa&&??fc gc gglcalrol?]bbi ng a

pol ynmer piaxRrhl dlinghent, RAH Y (Seéoml gralpdatisilds dhiem@ll yhdrpii@dali ghnichetectesiuesd

al i gnment  direction. Another physical nethod, includes stretching or

ot herwi se or i @ng Fegmaniyoispderechaiqal mgthod o makinganydigpmenhlpyer dndefesl ) il m
in the aljg ' ' ' : i xhi bi t
al i gnnefll%ulbg]%g‘ra g)i?tl}?eltllérgﬁégg&]gb'ﬁ@%&xﬂﬁﬂ?@cﬁo}@{)So r 8{)%?{1%?}1118[% go fg 1eléll{ﬂrzesrﬁ(such as
pol ypr opditeeties.) Anpthkeygistsérat method inchsiep sirgteling be oghetveise phitthmp atpelyamat

pol yet hy|. ene napht hal ate),, . and | ystyrenes (sych as gtactic-, 1sotactic-,
or 18y ndi BFREshas fptly fwlé}f@%l) e laéﬁﬁ,ﬁb%nnéhgwhanhg\wwﬁﬁ)ﬁwf or a
copol ymeg; a0 foAfinBer BhsBxhivH 8igBneREhhLeBkti TbLL.OQhMBBAIS -incdiiMEnpO! Yrer film
acting as an alignnment |ayer can i nclude one or nore |ayers. tionally,

the ori eprlpdefprs (gnay asfidlypragylensy), aslyesteral($ughme polyethytane ¢erephthalst add a

conti nuou hase and .a,di.speyrsed phase. Yet another si_cal t hod
ool uded e PSP ST S R gl ™ BRSO S Bna s 000,
Au, and flyst@Bihé). Thepalyndé@ah Be b AEmBpIIGMBESI 2 EipodEhér@nd cANBE hefixtiResaNi cal

met hod i nvol ves the use of 25 m crogrooved surfaces, such as that described
i n20). S. Mt morRpelymers 2 Thopeyms: Glysaqtigg as an alignment layer can include one or

more layers. Optionally, the oriented polymer film acting as an alignment layer can

include a continuous phase and a dispersed phase. Yet another physical method includes
obliquely sputtering a material, such as SiOy, TiO,, MgF,, ZnO,, Au, and Al, onto a
surface in the alignment direction. Another mechanical method involves the use of

25 microgrooved surfaces, such as that described in U.S. Patent Nos. 4,521,080, 5,946,064,
and 6,153,272.

An alignment layer can also be formed photochemically. Photo-orientable
polymers can be formed into alignment layers by irradiation of anisotropically absorbing
molecules disposed in a medium or on a substrate with light (e.g., ultraviolet light) that is

30 linearly polarized in the desired alignment direction (or in some instances perpendicular to

the desire alignment direction), as described, for example, in U.S. Patents Nos. 4,974,941,
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and 6, 153,272. An alignment |ayer can also be formed photochem cally.

Phot o-orientable polynmers can be fornmed into alignnent |ayers by

i rradi at iwp 0802781 sotropi cal |y absorbing nol ecul es di spo®ed/tisn2/2626edi um or
on a substrate with light (e.g., ultraviolet light) that is 30 linearly

pol ari zed in the desired alignnent direction (or in some instances

perpendi cular to the desire alignnment direction), as described, for

exanpl e, 5,082,00% anpSt9581293NSyitatie ghafo-gigntablepplymrrs Brabudeaplyipedesi8h 2/ 26234

5,032, 009, and 5 958 293  Syi t,0r Q1 . €0 | i ncl ud
ool yi i agenipepoly ke finp it BRI CoRlRRanaE, Y YOO 11 1A

1, 4- benzenedi afbthescladrudtphetoalifi@ssnt afatepiaty, oaldhgraenicaitgtpetynsdrs camhe ch ar e
typically polymers, can be used to form ailigng,ent |.ayers. Thesfe pol ymer s
sel ect i veieg o aljgnment laypiss dHew noPyeers e leFive Bt et iR SA RIF¥ECY Yight al ong or

per gendi g&%ﬁedaﬂtrﬁﬂ&eﬂi é}gﬁagdn%% ?Elﬁ)%ﬁkﬁcﬁgtet%ttﬁé &irécjtﬁ)h%f YRCE Qtric BE1d 5RB&or

pol ari ze ravi ol et once reacted, have been shown to align
LC nmmat eof thé polafixethyiresiotdt lighte shichmnes reatted drawe descshowadoialighlS. Pat ent s

Nos. 5,389,6698, _ 5,602,661, and 5, 838, 407. i.tab hot o i zabl e
ITB.tS eri al DafeRaly Eé‘a%?eﬁ\??ﬁwe MaferiAls fE %esﬁlﬁl&edgglrlrés %%P’gﬁ&tpépﬂ%h%ls Zt hose
di scl oseslsbneéd, and Bazenfoy. NﬁﬁabléRﬁ&@pcﬁ%eﬁ%l&n@&ﬁa@%md’dﬁlﬁiﬁﬁs, 407.

Phot oi someri zabl e conpounds, such as azobenzene derivatives are also

sui t abl ecifieamait andeatherpeismers sash afeibese ditrdosed iyUSS. RataneniNonNeS8969801, 277 and
6, Q61, 11 iti VS Lvotr.opkc liquid cr I rial al so
e sea 200RN AT S 7 PEB ol Rl pirele St e PRIk BiRsHP

subst r at ge aBb keitgH1Y falphgtvatienhem] 4saeseibein UE. matet Nak s6,06ExERings  of
suitable materials are described in, for exanple, U S. Patent Application
Serial 09P9BBl3%752. As an alternative to alignnent layers, the Iiquid

crystal materjgh:.: I.zaty : I I n

ol bot i o or  ranaBhalby SafghRepR I ert b R il B Bl A0 UBLRRART
crystal lamtrerJuah maeridis,ovigh shbeanated optoangpbttraeadtrobbiyvaliph detimptrepic.Cas in a
coating 20 or. extrusjon._.pr. ss.. The ligui rystal material_may then be

cr a1 gt b ples 86 S GO R mrar earhell i h AL (LS AT o y.
coating Apglichiiwieriaropstol7soat erial on an aligned substrate, such as
oriented polyesters |like polyethyl ene terephthal ate or polyethyl ene

napht hal at e, Aa#h altgpatpiedeiatignraéit daversnthe liguideriystelmateridi ¢fitey polerizationr i zer
el enent s

o e, 3 U YR Bl OB B, TR g v

the liquid crystal material is through shear or elongational flow fields, such as in a coating

20 or extrusion process. The liquid crystal material may then be crosslinked or vitrified to
maintain that alignment. Alternatively, coating the liquid crystal material on an aligned
substrate, such as oriented polyesters like polyethylene terephthalate or polyethylene
naphthalate, can also provide alignment.

A variety of different polarizer elements can be used. One type of polarizer

25 element is a reflective polarizer element. Reflective polarizer elements can take a variety
of forms. Suitable reflective polarizer elements include those which have two or more
different materials of differing refractive index in alternating layers or as a dispersed phase
within a continuous phase. Polymeric multilayer reflective polarizers are described in, for
example, U.S. Patent Nos. 5,882,774 and 5,965,247 and PCT Publication Nos.

30 WO095/17303; WO95/17691; W095/17692; W095/17699; W096/19347; and
WQ099/36262. One commercially available form of a multilayer reflective polarizer is

marketed as Dual Brightness Enhanced Film (DBEF) by 3M, St. Paul, Minnesota.
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of forms. Suitable reflective polarizer elenents include those which have
two or nore different materials of differing refractive index in

al ternatiwg oBaywss or as a di spersed phase w thin a contiPolass2/piase.

Pol ymeric multilayer reflective polarizers are described in, for exanple,
U S. Patent Nos. 5,882,774 and 5, 965, 247 and PCT Publication Nos. 30
W95/ 17303; WI95/17691; W95/17692; W95/ 17699; W96/ 19347; and

099/ 362B@rzativenalbitayer tiflertive polarizeaire dessrhedm, fonaspmpleallep- Maricads i ve

| ey ket 3M St.

bou | i RT3l DSk AR A, M ST R FIRRCE (OLO T R TRNERY VL,

rTﬁf I egt : mesggf&)poFa%n g?taffaeﬂge%:tggaacemw-ﬁi? Iex; gngsg r?ﬂfﬁme reﬂ/aﬂiveog) A
In-Frlm | Ca | ers n cm an u 1 SNl . an .

Thel an, P@&FegHinsluideBhq Wlﬂ%@%ﬁé%@s@mﬁﬂ%@ﬁ@ POL@E@ \%-%Wcil%?d (111]‘?{% (1989) .

Di fkuse pollig] isuds pal A évé]f%&éle %@g rEﬁ@ctfﬁ %1%13 Nga%&a&&%r&ec@waﬁ

reflective polarrzefs descri 5,825,543, as well as
t he di f fUsePyteneNbet 86T§1GruDthet Eﬁectlvp(plo&emzzsrae desscibebd SnPatentsNopat ent

hb 5, 86;%§Eg§% gﬂ§5%6thectlve pol ari zers are described in U S. Patents

211. Anot her exanple of a reflective polarizer

eI er’rent i's f oARBEHeSIaR1SHO Rk NG oldizetIEIBmERDiS FeHncdRkRicblestdiie

cholesteric liquid crystal polarizer element transmts right- or 10
| eft- hanl@thd enys@bmteml pbhaehiofestericilightd qystal pnéar@eénlgm@ntmléﬁpaghﬁ R to the

CRabTs b B el s RERAERL Erephlithh G hen it PT

OppOSI t eofhid piedH of thEbpblestd liquid tgsiall maflsgmkhates‘lhce@xtanmue@m refleed s are
descri bed |n for example, U S. Patent . 3,456, U. S. Patent No.
5, 506, 70 igcigeulpsdy @w@nmﬁ méhe@moomahehaﬁu EﬁPlﬂé@&ﬁ hﬂaltdeﬁﬁrst%ﬁﬁhceéeu on

Publ i Caéﬁﬁ%ﬁ%m@%ﬁgﬁb%é% %QISexar?‘l? tﬂeS betenk ﬁgUS 785, 4’5(%"6U Snpéfént l'inearly

pol ari z esteric éctlve polari’zer’s dre typica Iy provi ded
with a qi;ét@&,wdf Wa$ ePatert N S16M (788 comd dutrofidae PatanaApphctamed PobliaatibaNoy

| ari i t | | i S bl hol est
FefPect 1208l iAube LG FuiteEie fiouf adinly botaaideh Bees HRARSRI M by wer ck
and  Conpayive tﬁ%%?fz@f%r&’i‘é 1@'[!9 NiESJiM Qﬁuﬁt&%vp?agl‘aelqero@ﬁ{;éﬁ fhen. 20

Anot her type of polarizer el enent is an absorbing pol arizer elenent. These
pol ar i zefrangingtashiixcubarky HOJrqslzeélhglyt inedmeatly aolraazei light. Shiabl¢ ehodestazict ed and

absor bs h artlc i on olari zer
el enent leelhgcc é)la(glrzfa%n bt ?)?ﬁgn(ra %gf%é?amaﬁgﬁg% B}ﬁ%ﬁr%ﬁ di chroic
dye mat ea:m;bany:snmbmatb@dnmmcs@cw Nahebail®sCorpbx@sR] es of such

constructions include a stretched pol y(vinyl alcohol) | ayer that is stained
20 Another type of polarizer element is an absorbing polarizer element These

polarizer elements are typically made of a material that is oriented and absorbs light of a
particular polarization. Examples of such polarizer elements include oriented polymer
layers that are stained with a dichroic dye material, such as iodine or metal chelates.
Examples of such constructions include a stretched poly(vinyl alcohol) layer that is stained

25 with iodine. A discussion of suitable absorbing polarizers can be found in, for example,
U.S. Patent Nos. 4,166,871, 4,133,775, 4,591,512, and 6,096,375.

Another type of absorbing polarizer element includes an oriented polymer,
optionally made without additional dyes or stains, which includes segments, blocks, or
grafts of polymeric material that selectively absorb light. One example of absorbing

30 polarizer made without stains or dyes is an oriented copolymer that includes poly(vinyl

alcohol) and polyvinylene blocks, where the polyvinylene blocks are formed by molecular
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25 with iodine. A discussion of suitable absorbing polarizers can be found
in, for exanple, U S. Patent Nos. 4,166,871, 4,133,775, 4,591,512, and

6, 096, 375woAne11er type of absorbing polarizer el enent |ineCuass2/an3oriented
polyner, optionally made w thout additional dyes or stains, which includes
segnents, blocks, or grafts of polyneric material that selectively absorb
| ight. One exanple of absorbing 30 polarizer nade vmthout St(ffil ns or, dyes is

an ori entetydesdion of peky(vinyt alp dedisgspipn e Rplarizes @ds (Hithay yﬁ%P’SﬁPW?I ene
bl ocks, cular -18 WO

03/ 02773%%@@5?%%%%%3%%%?&@@%? 915,@&?51?%5?6 g?%%hol ). A discussion
of polarizer sOmd&d\poﬂyhmrtﬁlﬂweﬁttmrabs‘teadessnb@habsbﬂmig)pmmzen glementsermnpl e,

U S Patent No. 3,914,017 an 566 , 223, Orientf?deglf g&re éafg of the
above- dedlsp Atied ant S?W%tglaﬁél %B‘P APRIOE SIFMER dhAKHEC 8 U al i gnnent
| ay %r fopmbb@nRal ah 'oﬁﬁﬂeegof 1ﬁ§l°i1coﬁb§ %éﬁrbmgf oﬁﬁ&bf &6menths HBQidRd over

enbodi ment, an ori ent ed y(vinyl al cohol) absor ing polarizer elenent is
pr ovi dedam@ptlvapmlem@damt ok, a?pr z)@mpéeb dhBniat¢rsNn. 6{096, %ﬁhr?ﬁie@neutes

Pat ent No. 6,375 or i coho abs

Dol a1 zopolaRamRc b e B e o Bty Rt RS e BPeS 1BsBRora s s on
rotator ghleRRitionlrofaftedldasdnd Gorbied ubitlg Gibist lstaTah KEdifldighosddamate kottirg
absorbing polarizer elenment. 10 As indicated above, in place of the

pol ar i zepPolaliggr@mqué| ement 202 as il | ust rated in Figure 3), another

pol gy i zati on- gﬁ&h#ﬂgd 930%‘31?1 l&é%fﬁ{% é?ﬁ]]@mp@ %:‘n?%jf &Qnﬁ‘ét} FJdIIHg

el ements inclu conpe satl on ese ter the
pol ari zaFigore 3)f andthgmolatrmapomuﬁtejmgalaﬂma‘nft edrebd used| |S|at:ln palbnmuomalttemh@r

pol ari zatjon. This c de a wider _horizont i.ewi_ng gle, vertical

vi ewi ng SRGFRES Ligsy 197 g Lﬁ eerapAnggHon B, dhesq ﬁ%l%ﬁ%tehax%Oﬁﬁ?%mwn one

pol ari zefigighe PRVId didth&H o ffsh@a[l'oZ@erlﬂ;ﬁ p@h&g&taﬁa Tﬁ's%é‘i?v\gxtowd'e::% wiganpl e, a
etween t

pol ari zatton fotator el ement can polari zer
el enment shormn@évmwmg hl@lémemqahwewmlamgb nobah tiorandispiey . poI ari zation rotator

el nt. In i ther optica nts .can_be i dedlnthefllm
i nglrgﬁdl ng, fg‘ij g‘ averﬁl%l}ﬁgé%nrot?@tpﬂ ‘?ﬁ?@f‘ﬁ‘tﬁﬂoﬂkﬂ Pg{% AELRE i bed i n,
for exangk@entUIrSr ei?@hﬁl@taﬁ&l&nzﬁ@n%t@t@?el@ﬂl@nﬁéﬂ& @%s@@l@tweéﬂﬂ tlilousi on

| ayers, scatterl ng | ayers, and sel ective wavel ength absorbing and

transm t BYlprzer sleaeats. Alppverathe fdmean isdderperepbreanscolatizatiarhietaton m whi ch
0o o MR 0 SRR BLSRLUER M EALE g,
subst r at exaompike, mlnms‘gtu«btmed ptramemms/rth apdesciites i fhrasemby, Ute Patht Nog
20 5,932,626 and 6,044,196), diffusion layers, scattering layers, and selective wavelength
absorbing and transmitting layers. Other layers can be incorporated into the film which do
not substantially alter the optical properties of the article including, for example, adhesive
layers and substrates. |
The optional substrate can simply be a layer which provides a base for deposition
25 or formation of other layers. Alternatively or additionally, the substrate can be a structural
support member during manufacture, use, or both. In some embodiments, the substrate
performs no other function. In some instances the substrate can be a protective liner
which is removed or discarded. Typically, unless the substrate is to be discarded, the
substrates are transparent over the wavelength of operation of the polarization rotator and
30 can be birefringent or non-birefringent. Examples of suitable substrates for these

embodiments include cellulose triacetate (available from, for example, Fuji Photo Film

Co. (Tokyo, Japan), Konica Corp. (Tokyo, Japan), and Eastman Kodak Co. (Rochester,
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25 or formation of other layers. Alternatively or additionally, the
substrate can be a structural support nenber during manufacture, use, or
bot h. | n wormmg/ozrBodi nents, the substrate perfornms no ot hecTfusaztdzen. |n
sone instances the substrate can be a protective liner which is renoved or
di scarded. Typically, unless the substrate is to be discarded, the

t t th f th
Dol ari 2ol B S Ar aBle g SRIBE HFREE PHE RO, B | ngent
Exanpl es or these enbodinments include cellul ose
triaceta gf a@ﬁ?‘?‘gbl gswg%&%g?mgexanpl e, Fuji Photo Film Co. (Tokyo,
Japan), Koni cdn @blepst s@ﬂiﬁklg&bancdsaﬁmrs)lbstamjcﬁdmdmmctﬁnﬂa&aﬂaptic@lﬂ%oish@spie.r, -19
WO 03/ 027 31 PCT 4. Sol | XTM (avai |.abl e. f 1 Ceneral Electric
Pl astics A(Emngfﬁ Yer%& ﬁﬁ&sa?e 18&%%6? -SSR ﬂb@l&?l%@%ﬁﬁ CBAE WP ms. 1n at
| easy sOREnk Nk AERSnt thdHehs URRL bAtBra6@ch REnS NAklakiLditee8on)andonbiecal |y
|sotrop| C. Alternatlvely the substrate is a c-plate (e.g., the in-plane
i ndi ces ofeferablyae npgativaceplathewlick sgries t@wmpmvrefoéﬁ@m ret@asfiantedfectidex of
refracti oh odﬂﬁéc{] b tlbdlﬁ%(o%%i%caﬂ eg%[e%;ign la%l cell. a E oFsu%;r @ec Sstr%ters"?r at ive

c-pl ate, serves XI’sTre r £1 onef oduced

in a hoi nest e@podiaidnys mblug@efdr dih&ple@ﬂm@@ﬂéscnﬁé!c&ﬁipﬂap&e@é PaitAgiplieatidbst r at es
for these enbodinents includ t hose described in Japanese

Pat ent ABBWFQ%JPP(NP Z%Q{M‘!)&ﬂ%ﬁnd\lés Qé@g%fgéﬁ YrX3and U S. Patent No.
5, 186, 953. 107 gyt &Eﬁocﬁﬁﬁﬁg' tF{@ Qﬁb%ﬁgﬁegﬁsb?é%%%ﬁe é’ﬁbﬁBrer 'E1F£rfﬁ'i’§ct1‘2)ﬂ§ or nore

optical functions. or exa trate can ari zer el enent
or conpefisa¢iamplé, |th¢rs1darstrat®r¢ambma polarizdyStanidnt gr oahperisatiort flnpsraonthén arol or  or
reduce co] or,.in the of dlfferen},1 articles can be

const r uc ey ‘??ié‘%aéeréﬂlf‘? B‘]C’E@e&a rB’é’}ééB‘ﬁFs‘qu‘ch‘Pé]EF '™ a nunber of different
ways. |n addi W efickPot dieermt RARs 885K dReHudied. eTHbse i dsiconed céi‘étrﬁ?ft@ﬁrpl es

of nethods of making the articles are described in the copending U S
Patent  Apphiraher o eliSeentayaso In additiar tol tb@meﬁmdadﬁszcabmbheram atdiianal Articles

Cont t th
Sars "patf G LSS 8RR R Blrtes AL e EhAPE e peiP e & S col o
any of thAgpli¢aidin\GediabiNoel enents of the artl@itﬁleaapolbﬁzﬁi%ﬂ%o@ét&fd separatel y,
sequent i II% 8 20 si mul t aneously. For exanﬁ1 two or nore of the

el erne*nts%(’i%\c%S optpiginghs Pplagizationdtasatorsapel Methoss o Nrking andflsing than be
coext rudgger Iﬁf'@ﬁett}@o sS'S@‘i‘iﬂImoﬁﬁalc% e@@ﬂ 8&{:%@%69\/1@{] Iﬂ%ﬂ%ﬁ'ﬁl’ laX of firovabl e

substrate. AS another ‘exanple, an e I“ar2at Pon r ot at or
el enent ) indandipé eleoentoidhe atiblercan be gelicsgied sgpacinly, @q@ememllgmsl y forned | ayer

(e. R s1mu1taneous1y For example, two or more of the elements (e.g., the polarizer element and
an alignment layer) can be coextruded or can be simultaneously coated onto an optionally
removable substrate. As another example, an element (e.g., the polarization rotator
element) can be coated or otherwise disposed onto a previously formed layer (e.g., an
alignment layer, the polarizer element, or a substrate). Alternatively, the individual

25 clements can be formed separately and laminated together. A film can be formed using
any combination of these methods. For example, a polarizer element and alignment layer
can be coextruded; the polarization rotator element can be coated onto the alignment layer;
and a second alignment layer and substrate laminated to the polarization rotator element to
form the article.

30 The elements of the article can be integrated together to form the article by a
variety of methods which will typically depend on factors such as, for example, the types

of layers to be integrated together, the method of forming the individual elements, and the
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alignment |ayer, the polarizer elenent, or a substrate). Alternatively, the
i ndi vidual 25 elenents can be formed separately and | am nated together. A
filmcan we oBoerred usi ng any conbi nati on of these net hod®CTRsS02/B8hpl €, a
pol ari zer element and alignment |ayer can be coextruded; the polarization
rotator element can be coated onto the alignnment |ayer; and a second
alignment |ayer and substrate |amnated to the polarization rotator elenment

to for muetesialerafites elemgutsTHevidl bervaderstopr thah sovarslidifferepiqnethedsi G dg nated
t Oget her %(;[1‘% SE Orl I}mhge%r, EHCC}JO arf%r é}em& ra'nﬁtaﬁ aﬂ%mggﬁthaﬁe? CMB&&)B%& dtéflal cal | y
acto ch’as np the types 0 %e

depend o rs’s . Tor exanple, ayers to

i nt egr at g@n tiegedlezatioh hetatve lea@nobmireited toghé higprinmhit leiyet)aMetheismit s, and t he
-20 WO 03/ 027731 _PCT/ USO#(%G@4 terials.of the elenents. It . w :hl be
under st oB¢eEHEe depentam & tAPGYLUSL A cpatings a¢hesivg lamynation, hgats j | m

(e.g. . theiRRA iFRlsid £ TR hted g@fhtﬁjeé GBI cbﬂ%iﬁlrg b%%eage&aeégfdaggd and

then the polarization rotator el ément I'am nated to the alignment |ayer).
Met hods o thertvegilanénts) apll ermssiinkirign Whetean ddhesior ssmped, the edhesivasd on, coati ng,
adhesive |am.nation,. heat 5 lamnation, diffusiaon at el evated .

Feper at BieBEEIT onBrayaRmasesd ShBE nalRer SherbitfrBleaS iR Efladhesiye

el ement sis a@d0isedl @5 &h bptidal hye B @y Mehesi ve is used, the adhesive is
preferably optically transparent over the wavel ength range of interest,

unl ess t he adhbefallowing arglexamplsedf Gk sensgpetionsl 1 witkhbe widersioedithet film The
f ol4lhow n g f fil r j on I i . hat 10
B S e
of el enetksihwdtratddEinis| Twsddidbgdt Will besundenstcaddhiti thaaligriiment lalyerdéllusndedst ood
t hat the, agi gnrrent | ayers illustrated in the Figures are optional. One of
the ot hel '8¢ Efi¥HIsre gbigonal.¢ Hae ﬁé#lapi BFICERITdRE) ecapplarizer clemau) &9 al i gnnent

aver.  ald AUER 1AM APLIGNLENRARN I ARicPef Lk Gn BlecRUBldsficdd £hd,  Of
one or nore of t al i gnfrent Tayers can be renovéd after crosslinking or
vitrifi catingror fiorg 51 theemligomant laytrs cam el rememtd afds cavsslitiang ad tigifivatiovef a
single alignpent.|layer can be used with the alignnent at the opposing
sugg ace %‘8%8%‘51?%9%§F‘F1§thése@ﬁﬁlﬁ’é§?e twlee%@?g]i%r?'hg’é‘?lﬁr}t IgyPr £Ebe ‘t‘%ﬁé’féﬂ’ess and
pi tch of tht ARghBER Ak e Ppotife sl béiﬁ@%&@&uygde?érﬁ%ne%[ @ﬂgm in farg ¥y ehe3

e o

illustrates a configuration that can be use escribe a ‘nunber of
di f f er enthickppsdRADHER of the neteriad pbdgipatanizatien fatten de@eitncl udes a pol ari zer

el ement 202 | olarizer elenment.or a reflective
pol ari zer el e%glrll{eesog %%Es g%%%?{gg}nagl%l@laég% é‘? A%hg°&° &Q?P@P retarder),
a pol ar i difftiennembddifrentse e BROEmESHme, § GRE D00IRIZIR a poditidet sdemeRDiognal

al i28 ne ”&. gl. ,%%%E)gor%?n% po%gr(isz'er ;rlgr%er?tl oir%qgﬁgcttivle %%ﬁtgiszerceallgmgrﬁ ofr %cr)trlfgpt?o?faﬂ}g

containing a quarter wave retarder), a polarization rotator element 204, a substrate 210,
and two optional alignment layers 208, 206. The alignment layers can be formed using
any of the techniques described above. One method of making such a film includes
individually forming an alignment layer 206 on the polarizer element 202 and an

25 alignment layer 208 on the substrate 210. Liquid crystal material for the polarization
rotator element 204 can be disposed on one or both of the alignment layers 206, 208 and
then the two separate constructs can be brought together and the polarization rotator
element 204 formed, optionally, curing the liquid crystal material of the polarization
rotator element to set the alignment of the polarization rotator element 204. The

30 polarization rotator element is configured to rotate light exiting the polarizer element bya

desired angle. This film can receive unpolarized light and transmit polarized light with the

plane of polarization rotated by the desired angle from the polarization axis of the
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any of the techniques described above. One nethod of meking such a film
includes individually form ng an alignnment |ayer 206 on the polarizer

el ement 280 oatzr7an 25 al i gnnent | ayer 208 on the substrat @C2AG02/242611 d
crystal material for the polarization rotator elenent 204 can be di sposed
on one or both of the alignnent |ayers 206, 208 and <then the two separate
constructs can be brought together and the polarization rotator el enent
204 for r’rp@larmqmtelamm@dt R92. Aarheyemniie aﬁe&mtwemo;@'tzar elﬁ@@@rqr@m@éfmme
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the -21 WD 03/027731 PCT/.US02/ Lizer e n exarrpl e,
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(90) di rﬁ&lﬁh%wﬁ%e@ﬁo&&mkéﬁ@ﬂlaﬁ\‘tﬁ%cﬁa&ﬁtl@@ daEdtioatdfPolakigéradl@henteb2ment to
forman article that can be used in the LCD of Figure 1 C while avoiding

the wasthe B@bb@atmnerdtmrtdhermna&'S designechiy retaee theolagizptian ¢fdight frowrthet a 45

le. 5_| t h ' -
ol orent  PRATARRY 5l ORI bugh 4B 3 RRbL RUF ot Ral BEPRE RSP AR o
di rect i opolefizq@lanidr 210 ,ll@oegh, iP&he infiascopoihapbkeization ootateumek erynt i s
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Potator B Shent thapod Rt R yich BoBR TR B e rd BT 4B Al £ 20 on
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el ements with cpol arization axes that differ 45). As an exanp
pol ar i ze#xigpEfesd seoondpelatieer glepmepi 2 is g ab%ﬂ gpelrarléﬁreq%@mntmhra a

| beor b
Dol ot o oh BB R s e PR bl Bmspt AP N b e RS ot ot or
el erent g&éntﬁloﬁ%f@fghﬁﬁaﬂsﬁuﬁmwtﬁe bbRrize Rehaft! Izé@lby@oo @r sbin@bthet hglem t t ed

by the pol arizer el enent 90 (or sone other angle, if desire to
permt pHslssigg) (Q)pdnympmssagl(OIﬁasala@bpansagtehéthecrbmmm angcngsl sabjtantsalllyst anti al | y

different. from.9 )] I'. ht through th cond pol arjzer elenent 210. In
anot her %‘ﬁ%ﬁe@lt ﬁrﬁﬁk 96)5 REL g}iﬁtﬁglioilél? g’%ﬁ@ é’ogarﬂﬁe Fmﬁﬁtlio% i zation-altering

el ement, sucfy ﬁx%ﬂ?er%ﬁma@ﬂx%é‘ﬂ 'tf?é‘sufb'stlrz{ﬂ: Qi@{s ﬁf&ﬁ{épb&anéatmrm@ﬂﬁgue%n{ il'mas
described in U'S. Patent 57). In yet another enbodi mént, the

pol ar i zesucblagmsampasation ﬁémr(éir Ieeamvlv,a cpmm}mnszcmn fdiersatescribed in BeS. dataghment
| ayg' 201%0.I 5,034{1,49’;)[ %n%/(eatdalllo er emgodlr%en {heI p@fanz%lr 81%91%{1‘2 202 1s areflective

polarizer element and the alignment layer 206 is an oriented layer of poly(vinyl alcohol)

stained with a dichroic dye(s) or optionally comprising polyvinylene blocks formed by

molecular dehydration of poly(vinyl alcohol). This produces an absorbing polarizer

element that can also act as an alignment layer for the polarization rotator element 204 in
25 the direction of the orientation of the poly(vinyl alcohol).

Figure 4 illustrates a film configuration that utilizes a reflective/absorbing polarizer
element combination. The film 300 includes a reflective polarizer element 302, an
absorbing polarizer element 303, a polarization rotator element 304, a substrate 310, and
two optional alignment layers 306, 308. The layers can be formed and configured as

30 discussed above. In another embodiment, a film 300 includes a polarizer element 302, a
diffusing element 303, a polarization rotator element 304, a substrate 310, and two

optional alignment layers 306, 308.
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stained with a dichroic dye(s) or optionally conprising polyvinyl ene bl ocks
formed by nol ecul ar dehydration of poly(vinyl alcohol). This produces an
absor bi ngwvpaBari7aer el enent that can al so act as an al i giecgntsot/zoees f or
the polarization rotator elenment 204 in 25 the direction of the orientation
of the poly(vinyl alcohol). Figure 4 illustrates a filmconfiguration that
utilizes a reflectivel/absorbing polarizer elenent conbinatiaqon, The film
300 i ncl udes Elgnmff'b dblstra/tes pélna ponfeguration thaitinguporaies angiha GPHFH F I | zer

el ement 30 zarion. rot 10, and two
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that inco anot her ’opti ca enent such second pol ari zer
el ement ampgencaivpefiledt iSaitatile bompehsatidn ﬁlmmﬁdudﬂmi}mimsnacgabtmp@eaﬁm ement

402 (e.g ; a reflective oI ari.z | ement, an ahsorb zer el ement,

or a conBihatthhis dpeTapPye, the tB@ﬁQrﬁﬁtStCP@ﬂ?e’F%Pﬁ? gfm%?éﬁ‘gfﬁpf%gﬂdo% “ubstrate
410, tV\DLﬁPEAl%ﬁ{m §w@t&é&ﬂa}9&ﬁe HyBYiar3igAQBne AR, f18RGf MY GTet@pidngiah] el enent
412 (e.g., a polarizer elenent or conpensation filn). Suitable conpensation

films i n@bud@aahwndélmwmlmeéldlse@mp’rémfum Plote Filmgia KT eleyo, fa@ﬂn)exBWpl e, the

tlledo Iat nstlo f|| T hno chW|I
zer I% ?f)lza lf)ﬂégt%&ﬁlﬁﬁpeé aélgﬁlon%%‘?q er&h elﬁptl ! yﬁglﬁ)%?anzg ﬁg em cal

( J apan) frémdhd &'tﬁn?ﬁis@tﬁﬁﬂﬁﬂlss q(hte ip6lakizhtich @Eat&us}ldamﬁh QlObéddsigried to ( Tokyo,

Japan). The 10 polarization rotator el ement can additionally alter the

el i pti contimiae opgirten weh apeginleesempengation B brdorompiie dis @wi®Eiains. The
| th
pol ari zaf bR, f %ﬁfc% ofle %g&ﬁl&n g@rﬁmP& S48 ﬁ%&ﬁﬁz&@ﬁ L &Eieﬁl%ng RE4 ﬁ% lon with a

particul ar conbensa I on exa oice o mat eri al s,
| nd| ces 1otatrcmfwm]mhlfdm4a0h| ckness of the polarizati on rotator elenment, and

Iocatlo filma4 ure 6 IlustratesaflJmconflguratlon
Z? does not lgl% %’Stéﬁe%ﬂgﬁ? Fwﬁurg@ﬂﬁg%tﬁfﬁﬁ%mtfﬁ@lﬁ 89| udes a

pol ari zegperR8emhe BAR.500 iRAURS b 5@1%9& e'ié?ﬁéﬁt%z el ﬁd’[ﬁ%mé%m@&ﬁkh@nnent
| ayer 506, and an optional second alignnent | ayer 508 that can al so

provi de %Q:ﬂf fam @lugmnerstlamﬁ o, and glmpmmtal $egpnerahgrineant layeng)Sathatuse alsbor
exanpl e,

pol y(vi rPy PVl fe)nt I(%'?rﬁge %rlt ?‘#&‘5 : “%%uglﬁ{]% %ﬁlﬁg P@grrelg%rl%ﬁed l asg?oﬂler 508
can be aillgabﬁﬁir layads (ISQJaﬁrbleéﬁ briehtedBiyer asigy(ViBMRohaNédher polymer.
20 Optionally, alignment layer 508 can be an absorbing polarizer element made from oriented
poly(vinyl alcohol) and a dichroic component.
Figure 7 illustrates a film that utilizes a cholesteric polarizer element. The film
600 includes a cholesteric polarizer element 602, a quarter wave retarder 604, a
polarization rotator element 606, a polarizer element 608 (reflective or absorbing polarizer
25 element or a combination thereof), and optional alignment layers 610, 612, 614. The
cholesteric polarizer element 602 transmits circularly polarized light. The quarter wave
plate 604 converts the circularly polarized light to linearly polarized light. The
polarization rotator element 606 rotates the polarization of light from the quarter wave
plate 604 into alignment (if desired) with the polarization axis of the polarizer element
30 608. As another alternative, the quarter-wave element can be aligned at 0° to the vertical
axis of the film, in which case the resulting linearly polarized light is output at 45° with

respect to the vertical axis.
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pol y(vinyl alcohol) and a dichroic conponent. Figure 7 illustrates a film
that utilizes a cholesteric polarizer elenent. The film 600 includes a
chol est erwo opokaBi zer el enent 602, a quarter wave retar delPCEHOS02/26234

pol ari zation rotator elenment 606, a polarizer elenent 608 (reflective or
absor bi ng pol arizer 25 elenent or a conbination thereof), and optional
alignnent |ayers 610, 612, 614. The cholesteric polarizer el nt 602
transnmits cirEiguea 8 illysoptas ¢ 2ikm that gieerporzies qugﬁz%\?@en@v&ﬂb‘%%wn&onver ts

the circul.arly pal ar] | i : i i j : e

pol ari zaﬁ?lg?\zabrﬁg a gsr é@gﬁéﬁ?ﬂ %6%(9} }c?ltt %@é%ﬁlg[%og{r%é?gtalé hgﬁﬁxg?g*ﬁi ght fromthe
qufarte][ Mﬁﬁﬁzaﬁ{@h&ﬁ@ dﬂ@élffmtmﬁmgtwén ()tgmn6m&m8 tpo(ari‘zaﬂmrs]amedl? c;[nthet ptglpﬂ]mrpmltt b .zation
axis of the polarizer elenment 3 : not.her al.ternative, e

quart er -%@/@E’éﬁgmu@éﬁﬁl@pﬁl“%ﬁf ené‘fn%%o?oa b pQlatiFation rotatoy elemspt + ho £ | m
in ich i i [ |4 i at 45 with
res\glgct z(%et% %géd\glgr‘{o?%g{e} éal%gl ngt @G%Lé&\?\%@g%a%%%%g fb%?:)trﬂelﬁ%be%f 2(56)82]%2 Figure 8

i |l ustradmsonal fubstrate 140, dandoptipol atigenentdaypod 22, 764, 7éb.camdritlS. Vihe irsti f f er ent

ol ari zati.on axes and two rization ratator el nts.to . transmt |ight
Povi no” e pRb oleea ok b o ioGro el kit B PSR ton gt s
of el t hepolR@ieRkelehint GOLIERY alignd@f 8dskBl)AVRL kRGIolERStich 441§ 8 theQédntizer
el enent 702, a first 80| arization rotator elenent 5 704, a second pol ari zer

el ement raatizes ekraeaah d0G ol ke sepend pyanizstian sotater element 708gotatas lighpt i onal )
7 Lonal (al 12, 7 8. T
R Y O G R R N G CE L

transni ta4sdyigyrdspect té thstvertital S4d @fthe Gl MB0 twhéAZidvdaR kIl 1o m@simgjbf fatesir ed)
with the polarization axis of the second polarizer element 706. The second

pol ar i za®tmheradtthe devied)ement 708 rotates |ight 10 transnitted by the second
pol ari zer eleﬁ%’ﬂ I rq i i tion d. 45 with
respect to the v}eergtyﬁ@lg 5{8% gﬁ%? &%%Q%Oﬁr%h%t%e%%ﬂe@uﬁ%va\es C%I(g)cfar%%%"jqegtt he

maj or f alager. dheilang0ahclutie deldrtey eleiﬁieQUEK(EaQp})laﬁuﬁidnab&isor&:ld‘nhdnlﬁﬁO4,f I
configuratjon_ that does naot require a second alignnment ayer. The fil m 800
in %udesanél Porigrmeat lagerdnthe ghgnmeni o theioshar swifaceaf dicgioletastiemiotgion, 15
and an alibgnmenh vk y&rdéﬁG@hJ ' gl of the

pol ari zation rot at %r 1eI errent Q@gﬁ:btgﬁgﬁ%ﬁsﬁé’E%at%ﬁgﬁglﬁ%?[eﬁnwglgndi tions
(e.g., tthekatssodpieelapdr. or by the thickness of the layer. In other

enbodi nent s, ;ﬁ | ari,zer el emenf and 1a %)ol ari zation.rotator el enent are
di sposed on &' ?{ten&?ﬁﬁgen(tseaép,al%eli slementge &ipi‘?if“ﬁPté‘inemfﬁtorfql%‘?r)t A t her
t he pol adikgoRed 6h @ MRRE guide (e.g., alight guiding plate or fiber). Either the polarizer element

20 or the polarization rotator element can be placed adjacent to the light guide. Any of the

films described above can be used in these embodiments. Some light guides by their very
nature preferentially extract one particular plane of polarization relative to the orthogonal
plane of polarization.

In a specific embodiment of the present invention, a polarization rotator element

25 rotates the plane of linearly polarized light by a angle such that it is colinear with the pass
axis of the bottom polarizer of the LCD.

The films of the invention can be used in a variety of applications including in
electronic displays, eyewear, window treatments, task lighting, electronic or optical
switching and signal routing, telecommunications, and avionics. One particular

30 application is in LCD’s. Figure 10 illustrates one embodiment of an LCD. It will be
recognized that other LCD configurations are known and that the films can be used in

-24 -



20 or the polarization rotator elenent can be placed adjacent to the |ight
guide. Any of the filnms described above can be used in these enbodi nents.
Some | i ghwogaiozigst by their very nature preferentially extcaaiSonne34
particul ar plane of polarization relative to the orthogonal plane of

pol ari zation. In a specific enbodi nent of the present invention, a

pol arization rotator element 25 rotates the plane of li nearlg/ pol ari zed
|ight bythasadighley sorefiguriions The eonftguraiioaroffiguse {fé payded aSFsCBMARE bot t om
pol ari zer, of the LCD..The filnms of the invention can be used in a variety
of appli glugtr%te@lel %Sg:%lfél?en@’“%sh el ectroni c di splays, eyewear, w ndow

treat nents, task.dD@LOimideehelCrailico2ps polptizar 04, svinblyaenioaadadilightl

routing, teleconmunicatiagns, and aviopics. On artjcul ar.. 30 lication is
in LCD sandHight gaide@Ogy H Rr e 5Tt LGB AETHEcH 4 HEBIITE ORI | e

recegni z t i -at fihd Ms can
be gs ed ﬁgeﬁt@f%ﬁ%? %@%70%%&%'8%% Lﬁ%%dz 262@%&61?1 %\ﬁgf%@gg ]231&0(13%&31?%, ullr ations.

The conf expurpde,ivaith tie réflgtivepdariies 9p0.ahe geldriag W, exdhphealyzer 906. et rate t he
use of the filns., An.l CD 900 incl.udes,an.LC cel.l 902. a | ari zer 4. an
anal yzer GEEIeE HALR] TGO Ecy o 6 st vaby i g it EsSich M, 510,
and a reybeEtinEludd 2 reflHagvd pdiarzepbleiRft nd NYSAYiZa0Bn EdtitoPElelRBCthhtrot@Nect i on
with any of the elenents of the LCD including, for exanmple, with the

ref | ect i the pplirigptionee! lghd trapsruttpbbu tierefediye polsriden dhment 40 g dispctivpghatior
e, afilm.of - g | . i
61 80P e et fRshinndd Yy nfGill @ ot ol B URGSARAE I LALREDLNAA) oF 1 21

pol ar i za¢lemsntrdftthad film ah@the pblatihat 904aicadcd hieed fochapebalatizaionGieoin the gitie
transmtted by the reflectjve Elo_l arizer elenment to a directjon that 10 can
be transtirectien Bhusple wopcdive petarigauelempntiafithe B er hrype Pofagigatian d et ve

pol ari ze ‘3or€§08r£ﬁ@ttheﬁgq[1%' r&{nlﬂgvgigg)gica?l?a@&{ %{%g 4€{50904 do not need to have

pol ari zati on axes | e samne on. us, the reflective polarizer
el ement of t hk drokher embodigert, thepfihacdnznt used agitiepodirizerP el 1He pahdiZehe
pol ari zer can hav .polarization axis at 45. In another enbodi ment, the
fi |1§1 c ané%e‘ndlélé &r@@% Mt Ssiuses 3 aplagaer element gad & PpREFAlCS T9RUOTielemeRts In

enbodi meg, doﬁﬁk&ﬁﬁﬁnﬂh@?ﬂgﬁipaﬁl h 1R ERNA forde BETAMI AL 1Shek B it ement -

In one configtration, ol arization rotator efenent rotates the
pol ar i zateflostivsfpolariglet O G srvhathiecanrtef tramsmitiel lpothapblrazer@ldnavofthet it can be

L an SR e Pl e 2ot S ATEy o LN POl AL GeL 808 Lot her
;n; It |hg ht pdlareraibh o f Aghtadg eHe pRIRIBNElcHOnt dodhatiit isipiralal 8lor @Hthd & mal todht hogonal
20 liquid crystal director at the nearest surface of the LC cell 902.
In yet another embodiment, the film can be used as the analyzer 906. The analyzer
906 in this embodiment includes a polarizer element and a polarization rotator element. In
one configuration, the polarization rotator element rotates the polarization of light
transmitted from the LC cell 902.
25 The films can also be used in reflective and transflective displays. For example,
the analyzer can include a polarizer element and a polarization rotator that rotates the
polarization of light transmitted to the LC cell. The films can also be used in place of the
LC cell polarizer or a reflective polarizer positioned after the LC cell polarizer in the same
ways as used in the backlit displays.
30 In addition to these embodiments, other uses of the films can be envisioned. For

example, the films can include a compensation film element and be used in place of

commercial compensation films placed within the LCD.
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20 liquid crystal director at the nearest surface of the LC cell 902. In
yet anot her enbodi nent, the filmcan be used as the anal yzer 906. The

anal yzer wB®8/027113t hi s enbodi ment i ncludes a pol ari zer el ememtusarnzk2a4

pol ari zation rotator element. In one configuration, the polarization
rotator element rotates the polarization of light transmtted fromthe LC
cell 902. 25 The films can also be used in reflective and transflective

di spl ays. For Thﬁéiﬁnps ean berdeafignel jo Baveranltidaehinde pixolpéedragids- EPenent and a

polarlzatlon at el th r ot I ted to
the LC c&f™P ?L o1 gttﬁeb%ﬁ%se I%% C%B Ed? h?{]thefeg%é cﬁﬁﬁwgn zer
or a ref Hﬂfb’&éﬂt@hg@héﬂtl DRtioPAlS), thdlﬁpdn@ﬁbtﬁfmhhgnh&it mzlefs qmlbalamgedlso t he
same ways as used in the backlit displays. 30 In addition to gfpge

enbodi mefes certimeasionsexhigit opp degipe %P@%Z%l@néwl%w %ioth%%fea

fil ca I t f
Coer o) oS diEfeeHARSIREARALbARoh, FB} GaRHRE nAithdn U3 Wéﬁd@%@%&
PCT/ USO2n26230° piiramzﬁmdnrmtaﬁan \Ab‘énrccm‘famgmgm]hs,t\mhﬂeao,therrraglbnsjerdnbm or

pi xel ated re i.ons. For .exanp al i gnment. I ers of can be
conf i gur SPsERighyfo Pﬂlé%aﬁapéot}aea% alS Gt e acrged Py ele tIYeﬁﬁhﬁmng"%ﬁt. onal 'y,
the top gnd BeFhRMIRhSRER:. F8Y @ia@nﬁ@rbn@ﬁp&’ﬁf)ﬁsr@ﬁﬂe $ifack R@theCAIchbA

regi ons exhi bit one degree” of polarization rotation while other areas

exhi bi t Bymlmmuwg@xmseém hghtd&riphntoabgradi alignmpairlagsrgpiseanothiee il ns

edPons. NG difk@pPhalfors ot fhefhey Or B bR BTy bR B APEt A el &1
r ot at i ondirddtioss B?Buﬂb@ng’:hﬁ@ﬁ&éﬁk diectehestdxyedivg ﬁﬂelﬁlftioﬁg ofﬂﬁ ali gmmfeﬁce of the
alignnment | ayer. For exanple, only portions of the surface o] he al i gnnment

| ayer caI%retorlwbbé@rh&lff%rﬁla@@keﬂ%on frgies- (Fhepe gmbesmiipahen beusghifent
| ayers). 1‘%%1(%%0&1%2% gvgh%?%gge%llg% E‘ P@% portions of the surface of the

allgnnen I 'ayer be a rent directions by rubbing in

di fferent dir&ht fadhsving exaxpdss d@dnb‘&atpdﬁdmamnffa@ﬁretolﬁart'&ﬂésgﬁ theninvedt@yer to

I| t wih different po]arjzation angles. se COI’IfI urations cap be used
o35 pr ovltto o ediglsrsige iyiSEaat AN ST ﬁ%ﬁaﬁvm i dn TR PR Py

exarrpl esm@&gﬁ&ﬁtgse}ﬁﬁltlhngrge&g@g}lyﬁg,egtflo@rt| cles of the invention. 15 It

is to be understood that these exanples are nerely illustrative and are in

no way to be Amﬂ@eppé@@mpé@ dfi fmmmggntop‘ecaédo‘pee,@tcwdnagltmﬂennvamenArqunber

of exanples. . f t| cal Vi ce rdi i nvention, are
descri bed”Ba dbe??w \EIII‘TIC‘I’ ?1%85 Ogc’g@f]iﬂ‘to ];16]?/%\9@? fls 8%%@?“% ﬁ88té°az)f
form ng ddikcenidbéceided above are possible using, for example, known techniques. The

20 following describes some innovative techniques for forming the optical devices.

A polarizing element, such as an absorbing polarizer, multilayer reflective
polarizer, dispersed phase/continuous phase reflective polarizer, or cholesteric reflective
polarizer, or any other polarization altering element, as described above is provided. An
alignment layer is formed on a surface of the polarizing or polarization altering element.

25 In one embodiment, the polarizing or polarization altering element includes an alignment
layer. For example, the polarizing or polarization altering element includes one or more
stretched polymer layers that form a stretch-aligned surface that can act as an alignment
layer. Such polarizing elements include a variety of multilayer reflective polarizers that
are stretched to induce birefringence in at least some layers of the multilayer reflective

30 polarizers. Other examples include an absorbing polarizer such as poly(vinyl alcohol)
either stained with a dichroic dye or dehydrated to form blocks of polyvinylene. The
poly(vinyl alcohol) is stretched to orient the polymer. The poly(vinyl alcohol) layer can
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devi ces descri bed above are possible using, for exanple, known techniques.
The 20 foll ow ng descri bes sone innovative techniques for formng the
optical dwwiosms7731 A pol ari zi ng el enent, such as an absor bipeg/yset/aa2seer ,
mul tilayer reflective polarizer, dispersed phase/continuous phase
reflective polarizer, or cholesteric reflective polarizer, or any other
pol arization altering el enment, as described above is provided. An

al i gnmenbe pesjtéoneii onfappiredelement, whfaé@én@fﬂab’ﬁ‘ereﬁmﬁé(ﬁiPQFaﬁl@%ﬁmbMt&F B2ati on
altering_.el ement . 5.1n one ' . ar izl or polarization
alteri ngalﬁm‘ﬁiaxeﬁgolr388@%ﬁlﬁd§§ﬁl)e%ﬁ>’regﬁ?stol‘f%§gﬁ(.)l olrﬁé gie!g%%f'e, the pol arizing
or pol ari zat i Blotabt @ibdlgneltsERpararaligd@sniinger iy formed on gterelarbrieg ol yner

| ayers that forma stretch-aligned surface that can_act aspg;gg}ael i gnnment

| ayer. SeRIArigsioaritsiingelenente NS ¢oRdiSyEEon comps welnlofor f¥ATR] reflective
ol ari ze : .Str i i i i- , me

Faygr S o}? &ﬁgﬂ%ﬁf ?{31?%)/%19 ﬁ%@%ﬁ@%@\l} g 3 %glé?"é?%‘gér ggﬁ%%ﬁglrﬁex rrpn?gtz tlfi tﬁgl ude

an absor figmngno bathc zerfacudtheaysol piding vi polhriztion Akring @éhéeiis stthe mechgni th a

di chroic_dye or,_dehydrated to farm b] ocks of polyvinyl.ene. The . poly(vinyl
al cohol ) SFEetigh iEORBIED (&8 SN [35ryan aliRE BT (VIR P& ool ) 1 ayer
can -26 M.Q3( &%%%%z@rﬂg%{z&%ﬁﬂteﬁlﬁgﬁg&%ﬁ hRNgd peRrigRnNetatd! ement, such

as a multilayer reflective polarizer, act as an alignment |ayer for a
conbi nedelemskhteot ifitky mbisuelsiof thepwllarizing ergpoddrization altermggldment endbtdi nents, a

separate_al i.gnment, | ayer is_forned t he polarizing or polarization
al ?gri ngpcg?%%élﬁfl.mt#ﬂréﬁglgﬂf?rﬁﬁcgmpcﬁlﬁg{?an be useful, for exanple, if the 5
pol ari zi ng or Apakiafy rahdteiisald Ridwig e e meparsepsoMuibninBel 1gtes Becausd ace with

alignment; if the alignnment of the surface of the polari zi 2}9 or
pol ar i zadligpmeat layeisdgvebespaised nsother qopwopeh icluidinedatliGeellsi (Geperlly. | ayer s

. g., i I I .S, : t th
boi a1 21 Al GPHE oo b AR e R TS o0 LG R B Caor
el ement ; plysicaf alignenamg taed b absondfgrévdpeinpolves ¢henmicnl and plodtedli ghatendteclalitpessi ng

el nt and the 10 pol arization rotatgr elenment are inconpatible, A variety
of ?ggt hods ar@n?’(ﬁ OP@ruSF Blef)li‘aé’ﬂfa"ﬁ Srethod offm qgg‘"’r’i’r?i‘ﬁf““@&? Ve IBQH%??se
al i gnmentLhAYA oI RAME @agyﬁ@gwiﬁ;ﬁ%éb%n%?gwﬂﬁi%ﬁinl tﬁ@hé@ﬂeagnglf.}n&{% cells.

f chni f or “mak a

General |y, one group of known'te gues i'ng al 1 gnnent yers
i nvol vesdiraséhanAsatheophysishymiethall irdlidps seetching ndothersasondergingapolymel ves

hem cal -@nd._phot oal.i gr i . 15 One .. | hani cal
et hod. oi EhaRhG See R Rleabely Byt o mnt SEB R Ro ARY SRPRERE | ayer
(e.g., poiented prtymad flaRekhibaralipehhtdhdfbtekiBtidsier € $hdtethlalihQidmat

di rection. Another physical nmethod includes stretching or otherw se
or 2@nti ﬂ@l&olg@;%h as polypropylenes), polyesters (such as polyethylene terephthalate and

polyethylene naphthalate), and polystyrenes (such as atactic-, isotactic-, or syndiotactic-
polystyrene). The polymer can be a homopolymer or a copolymer and can be a mixture of
two or more polymers. The polymer film acting as an alignment layer can include one or
more layers. Optionally, the oriented polymer film acting as an alignment layer can

25 include a continuous phase and a dispersed phase. Yet another physical method includes
obliquely sputtering a material, such as SiOy, TiO, MgF,, Zn0O,, Au, and Al, onto a
surface in the alignment direction. Another mechanical method involves the use of
microgrooved surfaces, such as that described in U.S. Patent Nos. 4,521,080, 5,946,064,
and 6,153,272.

30 An alignment layer can also be formed photochemically. Photo-orientable
polymers can be formed into alignment layers by irradiation of anisotropically absorbing

molecules disposed in a medium or on a substrate with light (e.g., ultraviolet light) that is
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film such as a poly(vinyl alcohol) film in the alignnment direction. Any
nunber of oriented polyner filns exhibit alignnment characteristics for LC
mat er i al swoiogot1rei ng 20 pol yol efi ns (such as pol ypropyl en@€x/uspubazest er s
(such as polyethyl ene terephthal ate and polyethyl ene naphthal ate), and
pol ystyrenes (such as atactic-, isotactic-, or syndiotactic- polystyrene).
The pol yner can be a honopol ynmer or a copol ynmer and can be a m xture of
two or nbnerlygojanzedin thhdegpsidyahanment dijegden %/pg inpgpraginglaneRsASHenfigyiaF tcan

i ncl ude gne, ar .nore er.s. i rj r 4 bi ctin
:ats aﬁ al ﬁ’ﬁﬁﬁ@?ﬁ al}g&?’@# @éﬁ‘f@@’ %)é‘%s(éggéda)f%roe?\(?ﬁ H%biﬁlgﬂ'tpsﬁggtgﬁ{asn 34’2:7!%?)%?5 e:j ’
phase. Ygh32009,had 5pi3%208 alSultEsld eHotbaeietdbRE pobhdrs| ireludegplitmédesnigr a

material, such as SIO Ti02, MyF2, Zn02, Au, and Al, onto a surface in the
al i gnmenexamnlepelysndesgrmmrEsingwbpHied . 4-heARplianinst ves the use of

: 4 . . .
4 £31°080, 5, SARBEs o bfiheRiegh yRRSR RAHde HpRally RhoMer®inbe | he
f or med ptuetlae fien d@nment Bhet.oThedeqriaidre selpaivgiyaresct dathelpgeseoeansdd i nt o

| t | by irradiati f i sot icall. i | |
i sposedPy R AT HELIS Alore S peteRRatiar bt fisriop QLB ostes GORGRER! FF gh )
that is 52 YWOA3LAEAAL1PEINURBEhZRESfbaclel NBFE biferPdboami t3@Hgh DCt he desired

alignment direction (or in some instances perpendicular to the desire
al i gnnenmatiiiaksc Fixamples o thyesmpichials, ar¢ descukethip|BS. Patents Nos a3 &ha %, Nos.

ndfiae Bov PobaBe 3 Bn 07 feRon GL IR B PAR UAARIByG

1, 4- benzgngghaduREsthePpiRbRanclt hamssdisbet aaUi S Paents Wed. 8[388)J698, whi ch are
typi cal | é ol %rrer S, can be used to formalignment |ayers. These pol yners
sel ectiv 55275 hend 5338187 p Phaleisemenzableeprapquady sl peRzoBewAene AgRatideong or

per pendi %’él&?s{o shf?abtl%] &r%ﬁ?%&@%ﬁﬂmﬁ{: ?_lstdégcr%eﬁ% g é{a{eﬁg ﬁ0¥%6&2277%dt he

pol ari ze ravi o once reacte ve béen’shown to align
LC nmate6,0al,313.Exanpl es of these nmaterials are described in U S. Patents

No 5, 389, 698, .10 602, 661, :5,838,407. Suitabl hot |y i zabl
medSr i Als | ncgéel@%@giyyww iotiop i SvafiemiseRds CHbR5HBs TS feli gk Eose
di scl oseglyiQ g?-mﬁﬁﬁa@@%eﬂ%ﬁear@o%ﬁ%@ oﬁ%bsubgtr?ﬁg%&r@ﬁély B8 RrB38epi0 liC

Phot oi soneri zabl e conpounds, such as azobenzene derifvatives are also
sui t abl emiigrialsh Examplegnfrantableagatdusls pichtederibed b, $or Gammphe, INSsPatéyt001, 277 and

6,061, 113. 15 .Addi ti sone |lyotropic liquid crystal materials can
al so be ‘?}g%léfzaggngwadgﬁg%ﬁslzayers. Such materials, when shear-coated onto a

substrate, stagoagheradtiv@no bhgimeitripks; theQiquid crystal material of the polarization
20 rotator can be aligned using an electric or magnetic field. Yet another method of aligning
the liquid crystal material is through shear or elongational flow fields, such as in a coating
or extrusion process. The liquid crystal material may then be crosslinked or vitrified to
maintain that alignment. Alternatively, coating the liquid crystal material on an aligned
substrate, such as oriented polyesters like polyethylene terephthalate or polyethylene
25 naphthalate, can also provide alignment.

The exposure to polarized ultraviolet light to align some of the alignment layers
discussed above can be performed prior to or after disposing the liquid crystal material of
the polarization rotator element on the alignment layer, as described below. Exposure to
the polarized ultraviolet light can be from the side opposite the polarizing or polarization

30 altering element. Exposure can be from the other side if the polarizing or polarization

altering element has a polarization axis in the alignment direction or is substantially
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materials. Exanples of suitable materials are described in, for exanple,

U S. Patent Application Serial 09/708,752. As an alternative to alignnent

| ayers, tweooBigurdad crystal material of the polarization 20Trusvae@ss can be
aligned using an electric or magnetic field. Yet another method of aligning
the liquid crystal material is through shear or elongational flow fields,
such as in a coating or extrusion ﬁrocess The liquid crystal mat eri al may
then be trm%ogtenhu@etbe vltrayjoletiltghbe-§ dhe ﬁlﬁnﬁ%nqlamzwatonhn YigRifeHRD-

Al ternat b\f)?io}{alw fostid F%g shﬂtﬁ'taqle{ﬁ[esr %ﬁgﬁhﬁ% tﬂ@ld@é i gned

substr at suc or| en ene terepht hal ate or
pol yet hyl ene 2Zhe qumhtchﬁtaflmmtemimf diesmlamzmvorﬂetead)n egemmttls diBpeseéxpdisure to

oIarlzed uItraV|oIet light to align. one of the aI
gl scussedligBeRélaysh bls b‘gmficﬁr}‘?é% "%3?‘?“ LR mé’fl‘t”é‘rer Eﬁ‘ﬂg‘stoﬂéorﬁné’w d
crystal Q@} @ efl l%g{)jlybﬁe?fgecpw REhZAL iQRd EB}E@I ﬁ’i'étte?ilaﬁ 'K?ad 19 Jolifndiignnent

| ayer, cri w. Exposure’'to he pol ari ultraviolet Iight can
be from trmaermi d@o@pmrsnatenalher qacﬂmbmzclmg)fcpplypwtrand pwnoosr Biteaiat. eFlieng

| t. . .Ex t.h t h f.
i art > R o Bp iy ihudts S arelS shd b B o R fuid, o
di t ect | 0fryafal instoihs BAiiahhint 10728, WO N GAAERIRSH L5024 2683dor Eanspar ent

to the ultraviolet light (e.g., the el enment polarlzes only visible light).
Qpt i onal liguidexystss materhpctpes @ﬁ@iwtta)ﬁéwdyu;d @ystelgateriel iasuspepdadmrbot h si des.

Thgol i qu E uﬁﬁ%ﬁk@ qlxqgtd?srpeﬁhnllg fIn E{)]ﬁe Qt?lhgc(ﬁ:l%g{sa@@ rlrfé]g}cﬁér taleﬂqgtg%ﬂtmélﬁdeql sposed

on the alrgnnen Iqui € ‘a nonone

mat er i al miohadnets®r oftfet oordpbrentsthat frseide adtckiye pedperissita et liquid afystal lager i qUI d
crystal gterlal a_partially polynerized material, a polyner material, or

a combin f frgp the fliariskorusiel TReRDHe  Dasccadhesiye Propesties P%]hfaﬂlhéqi?g’teal mat er i al
opt i onal Ly,iiRe 'o’f'@l%%qtﬁhcfag%/tglnlta &9 foﬁﬁ}{/ !é(.'ll) B&Fﬁa é% PQ=h tﬁ%ﬁ%l aﬁgnfn@ﬁ't lld%’eq{égast a

crystal materral |gn er e nt's
portion Slﬁchtmenonhftrqam@omﬁy@xmpomtsemqlwde fictesarapleaasgplateenbnaners,he | qui d

crmbad oo Rl RGBT YE mrorRrtar A1 AP UMBE oM aRor o or ot her |

conponent's t hake @&b%@ta@ﬂﬁ@&ia‘i/@arﬁh@]ﬂ@é bih@ScdnShdndhts| dsbsehidadbad, | ayer
formed fromthe liquid crystal material. These adhesive propertiés can

facilitateludig difesgcptigingfpartiades, duesi pigmeyist and theike. Imsomermnboahi}ladsnt
oren s, SHOMESR ALa e BAT SR S
nonomer sprovide viunjfbrma Spk{wﬂig leetwosione Il§ycrsT cbllltCtU itek €@ bB)stalBHafHapl can
| ngb ude "?}tqugarlly? %g%ggc%?st gre sgbsstgn%saﬁ; Isglﬁaglce?l cyhndncal or ellipsoidal with a diameter
or minor axis dimension corresponding to the desired thickness of the liquid crystal layer
that is formed using the liquid crystal material. The spacers are typically formed of
materials that are substantially inert to reaction with the liquid crystal material such as, for
example, glass or polymeric materials, comprising for example polystryrene or acrylic
25 polymers.

The liquid crystal material can be disposed on the alignment layer by a variety of
methods including, for example, coating, extrusion (e.g., coextrusion with the alignment
layer or the alignment layer and the polarizing or polarization altering element), spraying,
sublimation, or condensation techniques. The thickness of the liquid crystal material can

30 typically be controlled to achieve desired optical properties. In some embodiments, the .

liquid crystal material is disposed on the alignment layer as two or more consecutive

layers. This can be particularly useful if any of the underlying layers (e.g., the alignment
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including diffuse scattering particles, dyes, pignents, and the like. In
sone enbodi nents, the liquid crystal material also includes spacers. The
spacers aweo Bypi7enl |y solid bodies that provide a unifor®Csasot/ng3ibet ween
the |l ayers adjacent to the liquid crystal material. 20 Typically, the
spacers are substantially spherical, cylindrical, or ellipsoidal with a
dianeter or mnor axis dinension correspondl ng to the desir g t hi ckness of
the |i quiayeronyhe polatizipgor polasization dligripglayerd isfpat srasitivgan 0@}5 fal nmaterial.
The spacers._ar icall t|aIIy i nert
to react g%ﬂa%d%%gt’ Sgrlafi%] |b(¥q¥:1$Es t?%qmrg?{eoﬁegﬁklg 61%h tgg&E o‘?ly&ziagﬂp le, glass
or polyneric m&lemeaih@osmmmm liegid @'ystdxazmahﬂ pnhmbmrq/frp&'msmptms ylic 25

| The | d t al t be di th
oy by esist i Fm coboEIH A SedoRe FIaIHGH 16T SOl Antee, 1n bt e R FLs on
(e.g., 9{%)8%{195\1 gfcg}e}(xﬂéésrbfttﬂ@%fllaﬁ%%ﬁ Rtatol é‘lléﬁfenpéantﬂéeobﬂlhm&tntrbﬁﬁﬁgrth@nd t he

pol ari zi ng ation altering el enent), spraying, sublimtion, or
condens ath1<ckme$sen hﬂm npmrm.al Tged to hiakk ﬂesmlan&atucbterdtatqmldmemty Foakxamlerbal can

30 typic II be | ed, t 0. achi,eve desired opti.c erties. In sone
enbodi me ﬂ‘él edl’i’h ﬁa“c}i’?gltsmseflrﬁfl @} lignim?md]iag g%“‘ﬁ &ﬁ’élzaglol gnnent
llayer aspdtyyer &émémr}ﬁvﬁ%@&wﬁlbéée{aﬁérau@@ﬁmm&ve@ﬁi@, 18R oP&d drdxbt Bgliy usef ul

if any of the underlying |ayers g the alignnment -29 WO 03/027731
PCT/ uso2#@6@@@atetlay1eppbenqlw@ofbmmze ) tagormn aelf rave aetrrsier o eFPhYgaYeayer) is

o Wenpvir b hE” sk hacifie, BPRBRR Lrify BaorhE O FARR b REs kAR | 2001

crystal Hgiigictystal nfatd’ﬂam’&&t h@s‘ arpihb@esitopt AdBmatiediysthe alipnmerat gwbodi ment s,
a second ali gnrrent | ayer is . not used. In these enbodi ments, 5 the opti cal
proper t | B908¢d Riace of heipolarization walpislerasnd AnsantodRd B theamabisnid by

control Ib Ohl:h%ntt(:%c%f gss or the material used to make the pol arization

r ot at or exanple, the liquid crystal nmaterial can be disposed
on the aI [ gnnhmthéraa]modumerﬁts,rmeaombdl'@mnzat]hw is dispetedrovet thadintidivaxsialg a

t hi,ckness t he opt ol vent e d and the | cryst al
ar o et it o0l bR it S v Sightd B B rncal Bare oy o1 ouar t er

wave 10 gigfepndl@itectidn RRPLARI o @H@&Hér%l Fm@ntl 1hgbsl ¢h5 gye%halahgﬁhaﬁ Bler &8N

include a chiral nematic Iliquid material that has an inherent

pi tch. Abe disprsed gelhe hqwécra/IStagmmﬂa wsing heariegk posedhodsir nssomeof t he

pol ari za t rolled by th i.ent enV| .Onen
(e.qg., a‘lgIh &nﬁlgﬁtg’ttﬁérs géeoﬁg%g%mnlg t‘i%fé} 5 ea(r:toon S\é ?rat%r?gﬁf nfcgo%rthat ' SpoBosed
over t heoverghd chuptasioak. g,lﬁnﬁ‘ﬁtedrtb)athe lld'ﬁid%r}%&ﬂﬁfaderﬁill mﬁﬁae;saritayer can be

alignedlnthe sarreg rmretylcaIIY
2 construction includes'the second alignment layer dlsposed on a substrate, which is

optionally an optical element such as a polarizer or compensation film and can have

intervening layers between the substrate and the second alignment layer, such as an

adhesive layer or a diffusing layer. The second alignment layer can be disposed on the

substrate using any of the techniques described above for forming an alignment layer on a
25 polarizing or polarization altering layer.

In some alternative embodiments, a liquid crystal material is disposed on the
second alignment layer and the liquid crystal material of this construction is brought into
contact with the liquid crystal material disposed on the alignment layer/polarizing or
polarization altering element construction. The two liquid crystal materials can be the

30 same or different and can be allowed to interdiffuse to provide for coupling of the two
constructions together into a single article. This interdiffusion can occur at the

temperature that the two constructions are brought together or can be produced or
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different direction conpared to the other alignnent |ayer., The second
alignnent | ayer can be disposed on the liquid crystal material using a
vari ety ovomewpods. I n sonme enbodiments, the second al i gaEntS0/2028¢ i S
part of a separate construction that is disposed over and coupled to
(e.g., lamnated to) the liquid crystal material. This separate 20
construction includes the second alignnent |ayer disposed on a substrate,
whi ch i senhagstei bryapplicationcysthicetafor ekammiptin g0 @andeding sisp| &n poras cBPOLBFHEnsat i on

filmand,can .have, .interwveni I . e second
al i gnment® ﬁgvgrc,rysga&%at%%a é%su%ge u%}s{tl?{/ Ol@%ﬁ?e%gro Ut ;é P g 1i%211{':166[Iwggllfe!lru?(bThe
second alr,gneatridlayed faanabediges dQsiedryatal tayer. Suthsileating potesg camglsof t he

t echni ques_descri bed above for form ng an alignnment |layer on a 25

pol ari zifagilitate plegnarans 4eing thefMoAlisAgeNtadsts. | n some al ternative enbodi nents,
a lkquid cry L8 difRnd 4 QRS 15RF M ¥rAkd GiREBYbn iy er and
theljl iquid Cf@?{eg{;@hﬁ%ﬁ#% 8@’@%?@%0@ ruct |l§ﬁ I's brought ?n{lo cont act
W t h t heliduidjciystatmystial. Fatexninale, the sposd dlignmentdaydr cgnbeeatddagerydsd) ari zi ng
or polarization alt %ri n(gjgel.errent conftruc ion.. The two |iquid cgystal

mat er i al PUEHRGASPPHIEIRY QTHECHPT BIFIEY VARPT ATRPSHIOR REReSTFo _ﬂwf%ls

i nterdi fdiysged On MeGuitecrlyotal satephi d%glg?fqrteﬁﬁmﬂépamﬁmﬁé fdeRhi@RAct@mRE her
into a single article. This interdiffusion can occur at the tenperature

t hat t heabovpfasdamninganiabgsmentdaysr onglyolarigipgtos eplasizaitemalissing elsenggednor - 30
WO, 03/ 027731 . PCT/ USO2/ 262 .enh d | i.cat | for exanpl e,

i n1 n an??gaefr}br? e ’pt.?le ls?lcoglgr‘%%ém n%ngga%ﬁ%%%%@eﬁ}]tq %Cﬁlﬁtr?%%i rﬁ&gx?@?ﬁ[‘eal material is
subsequeddektyudeal YhEvaesot dispedgahiiere e ph thettbendtiva Jdfithpiiguid eryytat al

materials and forman aligned liquid crystal |ayer. Such a heati _n? process
can al sonaterdianddha secand algrsnant lpyem fropsabrepiaer dISpisaRs can bgwpampaiing, yet

ot her er i . | : r1.S. i l:yp-an t he

i i o CrPar. U3l e R Rl 0 R o AR nl i ORI Ve B 0
coat ed, ietetdiffd€eidn betsymeh tler teab, lagkeposi t ed by chemi cal or physical vapor
deposition prQcesses, or.otherw se i.sposed.pn the liquid crystal materi al
us?gg, for exalpl®! %ﬁtab’frfa{ﬂ‘i‘@i,u]tgzgﬁﬁgd’&tgé‘ la%g@?qygt@ﬁlay%r G & ™5 i ng an
al i gnment ik AKEfHLIRRNPR! tAE FFiRHoPbf RO &0hd alihRReR 4 RE iPGsc! #YpiRhiy,! N 10 one
enbodi ment, the second alignnment |ayer and the |IQUId_ crystal material are
coext r udbeliquifl crystal srateriadis apelpmegzabiesoraressliskablé matehiel thetrosabeon of t he
liquid crystal . material .and the second i ghnent | ayer, the .salvents or

ai aper s L Ran I fhedal e 88 AL MR il ErrieR Rl T o

mai nt ai reohfagsipdtinvértiadle hoi@Bers b pQymerd dr FRMEKindigehittrboth. That er di f f usi on

bet ween the two | ayers. . o o
20 polymerization or crosslinking of the liquid crystal material is generally performed after

the liquid crystal material has been aligned using the one or more alignment layers.
Alternatively, alignment can be achieved using an electric or magnetic field. The
polymerization or crosslinking of the liquid crystal material typically results in fixing the
liquid crystal material in the aligned configuration. Optionally, any of the alignment

25 layers can be subsequently removed, if desired.

The polymerization or crosslinking can be partially performed prior to forming a
second alignment layer, if desired. If the polymerization or crosslinking is performed
photochemically (e.g., using ultraviolet light) or with an e-beam, the light or e-beam can
be directed a) directly at the liquid crystal material, b) through the substrate and second

30 alignment layer, c) through the second alignment layer, if a substrate is not used, or d)
through the polarizing or polarization altering element and alignment layer if sufficient

light or electrons are capable of penetrating to the liquid crystal material. The penetration
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15 The liquid crystal material is formed into a liquid crystal |ayer prior
to or, nore typically subsequent to the fornmation of the second alignnent

| ayer, ifwoaM2773ypically, the liquid crystal material i ®ca/ysot/yaresi zabl e
or crosslinkable material that can be photochemcally, thermally, or e-beam
initiated. The liquid crystal material typically contains pol ymeri zabl e
nononmers or polynmers or crosslinking agents or both. on rization
or cr osgifilight thgough thagolariginp a1 pelggzaaion pHeiang elemest ig VI VI’E W@d after

the liquid cr I r

ol gnertepdly s oSS} ilsp R BRA WP duflR ac‘ﬁ."%@%gﬂﬁ}él?ﬁ%ﬁgn

el ect ri corpdtalrgeigdlios if pathithed Tight capdleyused.i zati on or crosslinking of the
liquid crystal material typically result |nf|xn e li crystal
material in tﬂl@sﬁﬂ(ljﬁ@‘ﬁfe%%hedﬁ?e&ﬁdd% pet% Ige:QHgycﬁ?r B?LP{é’%b ffi gnment 25
layers %tlét&'pcg%f'@l@ﬁ{e}{ Cﬁﬁ%&l ddvidlesh 'é@(ﬂtloﬂ- hﬁhd?%}béfge{ah%%tlﬁ&@déar

crossl| |ng can be part|a ormed prior to formng a second
al i gnmendr addgeto, forrh thl@eptrcehklevicb ﬂlhesed@‘j/e}ﬂeam beatquptedde any obthE praviavgly s

per for oche cal usin ravi ol t h. an

b beam denatigmerpy dpeditatihogutaiing b Syt ebiiioh @ R
crystal gradegffih@inatidh) chﬁtﬁiggbr SR dmelEicnalie enekiagend 30 alignment | ayer,
c) through the second alignment layer, if a substrate is not used, or d)

t hr ough the pBiearrpessaes @scrﬁ@dawman@ﬁ parfpeneden idbndusd atdislesdnibgishent | ayer

cr §21al ok confin®ell b, TR BRLEPRR AGF plEREY Bt he RERRF B BR B, I oh

t hrough tedigriquek. amséhmgalﬁplep@ﬁﬁﬂi bzapblariziag oepblagzatlcaraiting sleinygpt, Suwdhl ¢
facilitated If the  elenment is substantially transparent to the ]ight used
to pol yr?erreﬂﬁﬁwarpoéafr%w wRveund fromy el Ap phigamentdayst isfprmgd on thﬁ(ﬁ B zed

light c &%% fg%pe
si mul ta?ldr}ousl yérﬁglre g%agt"ﬁ(’%‘éﬁg%ﬁ% z ?gt;}&?égt at o?t e tee{rjrigfn(gl{%l n t e “opti cal
deV| ce. tmcd&i_sdwtth@rsplvwntm'rdutp@;semts Tharolting canl hedeedformed mdohedr horé or m t he

| d T |2 f the |
SOl L P s S DR mo NS et refolalts oY it eREA oor vt o
(e g., qﬁf&&am su:brstaﬁﬁﬁly éﬁmbg%ﬂn@vé the%@%ht”& dlgfers%t ﬁqﬁlﬁthcfahQﬁhbiﬂ' ng

co-extruding.) The processes describ above can be perforned on individual
articl egnatpmaltﬁam bheyred usmeaktrayiolet ltgdihwlﬁumﬂsalmthe |dns1x¢éraﬂ1gnmb@tr t hese

PrOCESSES LA rggﬁce(%ﬁgglg il ro"llhetc?lnﬁo” l%c—i: %?{g EH(Q’#A‘S ogan exanple, a

filmof apo ar|2|n arlzalon alterfgﬁaln a

reflect Isubse[qﬁérﬁlm ﬂﬁardlsposltmwu tiguikircpysta nﬁe@éﬂlal oARh&Ali ﬂIayélab{ﬁr is formed
on_t he )() for exanple, coating or ot herw se_di sposi ng

ph%q oal |dI§ gloma r Allernatives tq ¢natipg Iayﬁl aligning a photoahgnment materlal to form

the alignment layer include, for example, using a polarizing or polarization altering
element with an aligned surface; coating or otherwise disposing an alignment layer and
then stretching, rubbing, or otherwise mechanically orienting the alignment layer; or
sputtering material on the film at an oblique angle to form the alignment layer.

25 . The alignment layer is then coated with the liquid crystal material, typically with a
solvent or dispersant. The coating can be performed in one or more coating steps. The
liquid crystal material is optionally dried to at least partially (preferably, substantially or
fully) remove the solvent or dispersant. In an alternative process, the alignment layer and
liquid crystal material can be deposited simultaneously, for example, by coextrusion, on

30 the polarizing or polarization altering element.

In addition, a substrate film, such as a cellulose triacetate film or other optical film,

such as a polarizer (e.g., a reflective polarizer or absorbing polarizer) or compensation
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typically with a solvent or dispersant. The coating can be perfornmed in one
or nore 15 coating steps. The photoalignnment material is optionally dried
to at | eawoop@metBrlly (preferably, substantially or full PCTrEsmuesd he

sol vent or dispersant. The photoalignment material can be cured using
ultraviolet Iight polarized along the desired alignnent direction to
produce the alignnment |ayer. The curing can be perforned prior to_or
subsequefim; i unmeound spdan elignmest layen is dermpdanytbisdilmia tles same mapneke THISi gnment
| ayer, a Cli - ' 0 ' -é]' ﬂ]?é' .

phot oal i éﬁgrrg%ggr?rea{ll!él?ﬁ%fe%?%?’\f%&dﬁm%’? %81% ﬁegg%ﬁéonﬁhgg%{ea@ 8}1 ?\’2 %‘ngclle 51? 9&3)%1 anpl e,
usi ng a pod dgiuididgstamaaeiAobh et padirizhg ey polgrizatibe akeringvdl¢therstn imbhgned
surface; coating or Qtherwise dispqgsing.an alignment |ayer and then

st r et chi AYTIREBHIRRLIIBFIpE H_@ﬁuwcgé%i&aﬁ%rfﬁ?&aﬁwwqd&m g sthreld i gnment

| ayer; Ol apuhi@hi B0 Bh&FlcAbn, O Y SndthbHiRinafVe BRbMAHENATELE drfefior M t he
alignnment layer. 25 7 The alignnment layer 1s then coated with the liquid
crystal mmteral & goatedpirotickwisaidishosed osdhe sutistrate flinéhigneseant layéFlvenstomtipmg can
be perforned in one or. nore coatin teps.. The  liquid crystal terial is
opt 1 onal P2 B9 e Boltiz gL potat S AMGriRE plererygip et by er s EsiPhor
fully) rempveThBeosed F@l@ﬁziﬁg ofjp@lﬁﬁiaﬁ@ﬁtalteﬂiﬁ% alBmdhi BhNBid e sisaaRSHm t he

al i gnnent | ayer and iquid crystal material can be deposited

si mul t anesibeybrought tegehel(eg. ymisslestt saibpiohe liawid3oystah eaperiad is betweendthe

polari zat,| tering el ik L I £l such as a
cel 1?u | os Eédv? %ilhg%‘: e?fzii% fe?&%llg fsﬁ{g%pﬁ%% glr %gghdcugpigfpl%loﬁ%%&téaﬁ%ﬁ ﬁ}fsn n%%%?% FiZer
(e.g., acumig @cfoinehdqslaizazien rasitonbismehi. nonyPsHodddcaedtdd oF c-bedrpemsmt ison - 32
WO 03/ 027731 _PCT/ US02/ 26234 _ fil % i s_unwound and_ an alignnent |ayer is
formed oRPLRY dope frpyeh the subsratertimm ebhe tmal combigationes desmevenduimntapedls| vy,

prior t OPre%raEHIbﬁl%%HﬁE%opoetliaﬁidf %ﬁ%&hﬁ%ﬁfco%eﬂﬂe%ﬁﬁgkoﬁﬁﬁﬁg iong2Nd 11 quid

crystal materral on t ari zi olarization altéring element. In one
al t er nat togethenbodi nent, a liquid crystal material is also coated onto the

suhstrate 5 filmalignnment |ayer .construction. .In, yet another alternative
errg di ment, | ?ﬁogheé%%qlg]le’aﬁ%‘?@ﬁ?ﬁ&apgm&%f’ n@“%‘taﬁf@ﬁw glemgnis § Sett on the
subst r at g rdfideiil@po18HPERNE uhAY@id FOHMHOHC APNignated: 1%1?& i9Rorhted oRQh&Miing | NG Or
pol ari zation altering el enent/alignment |ayer construction. The coated

pol ari zi by for exsemde.iceatingomphteadicnmgnienatetiak orftd e fHmd typhelly it a stleerfti | m

are theng bg t inated) so that.the liquid crystal
mat eri al Ofgaﬁ%%%éeﬁg?e%%%{l%é% %bp?rlhi%{r%a ml'ﬂrég P Iagﬁe(fo%tpggssﬁg?s. ?@f’eri al is cured
usi ng phpligoaipnimeat edierithieoptidnallgrdried be anlegst bhrtigy GoréREbLY, REbRAtANY dat | on
rotator el esnant : Agy phot oacti vated _or e-beamcuring is typically done
t hrough ﬁﬂlé Stertag e0lysnt a1 disprasantnZhe plgipaligameshmpisriehis suigdwsingont o a
roll. ultraviolet light polarized along the desired alignment direction to produce the alignment
layer. Alternatively, any of the other methods described in the previous example can be
used.
The alignment layer is coated with the liquid crystal material, typically with a
25 solvent or dispersant. The coating can be performed in one or more coating steps. The
liquid crystal material is optionally dried to at least partially (preferably, substantially or
fully) remove the solvent or dispersant. In an alternative process, the alignment layer and
liquid crystal material can be deposited simultaneously, for example, by coextrusion, on
the polarizing or polarization altering element.
30 Optionally, a second alignment layer is coated or otherwise disposed onto the

liquid crystal material, typically with a solvent or dispersant. A second alignment layer

may not be needed if the desired twist angle or retardation can be provided by the liquid
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Preferably, the curing of the liquid crystal material couples the to film
constructions together. 15 In another exanple, a filmof a polarizing or
pol ari zatworn3at17eri ng el enent, such as a reflective pol aPczarsp22@3unwound
froma roll. An alignnment layer is forned on the film by, for exanple,
coating a photoalignnent material onto the film typically wth a sol vent
or dispersant. The coatin be rformed in one or nore coating steps.
The phot c?éY%t*’dﬁ?-Péﬁ“EalarP&fdé eﬁa@OV&ptlfﬁﬁa?mﬁdcﬁh@@aemd%&r iy wiedt thgapdond) | y

( pref er abliiynmepigR N b oh)ﬂl?ﬂnec?@ dt ll’éagﬁ/ﬁartﬁﬁ[mf'ef&liﬁl Qib\éf%tﬂﬁalgf orq‘uﬁﬂer sant.
The phot oali gnment material” is cured usin travi 1et ght” pol ari zed

al ong t hecriess thegolykntcpn M@rSdmtr émon@ nmb@dlpreot;l theasetdral aiignmnellayer ihelydss.

Al t t f th h |
can bo . 9Bt el S USRS FERRI PR st e SR
mat & i al alippesaliteytion. tia oaher%ﬁleQin\{&ﬁ 1Y sebbRIRSioAMBht lay&tes GRAkl BY, KRN be

performed in one or nore coating steps The 1iquid crystal matefial is
opt i onal Iefampicedispasing 2 pelarzngar palatizajion pheringredtshent vatiban aliged burfaceon

R e T RO

si mul t anédiqusl orystélanatei apd menbyretbhﬁ»gt fubdingor dRerwidtemedlagichly Siferfbing
pol ari zaﬁl on al%ﬁ i ng el enent. Optionally, a second alignnent | ayer is

coat ed of IR PElg¥eeqr Wtﬁm’%@atqnlah% @eélﬂ%jt%@tﬁd”ﬂ@ﬁﬂ%llat agypical |y
Wit a sebN& arf tglf&{i)@{h%és@& d’%l?ﬁﬁl% ignnent |ayer may not be needed
if the dem?{a%:l %vﬁ st angle oorn ard gﬁﬁgér{ can be provided by the liquid

-33 WO 03/ 027 13¢ lipgd/comts mpaad4 is curyd tshg pindteactishted akerded arictedmabove. | f

t he seco | i n sed, the.s all msnt | ayer is

opt i onal PH‘ %‘ ‘Qlayne%omat(;%%tﬁgf’r ﬁﬁ?‘?}laﬂl{”&g tsﬁ?'@?gg’a H%f@rﬁﬁ?%di y or fully)
renove t bﬁgﬁ@ém@mer t@ﬁoﬁh%cﬁ&ﬁﬁaﬂoh@ot@t@?eﬁﬁ?@ﬁ@'mﬁéunﬁglﬁn%%gﬁnd al i gnment

| ayer includes a photoalignnment material that is cured using ultraviolet
light pofi&rlizagpus) Ydﬂ&l theecenadiatigamsntdnyqy iereaven tiithabe Fiom aligmmaett fiegrer or

d , I d f
i Spost ne hEEeRIFRET oF UPaRR ) MRk of R SRS eSSt TS | gned

surface ﬁnalcph@maqunsihemwstlmiomtata&bllal coating or otherw se di sposing a

second alignnent .l ayer on the liquid crystal material and then stretching,
rubbing, or o Fﬂfﬁ@%@@ﬁ%@scﬂgmoyswp g%ﬁmﬁﬁlfacﬁlﬁé of éﬂ@lﬂﬁ odltheginvention| ayer ;

or sputtpnd ﬁgaeriﬁifd@fs’to%H IR tﬁé@@ re]%delﬂl%{b?a& rn¥e?é 111 3% e 1181n 19 ?Oeﬂ) L que

angle to formthe second alig ayer. I-qui crys%%ﬂ’wﬁﬁ Tal is
cur ed usinﬁRjPrGFﬁdtaéélmﬂm@th@(ﬂ;popdmﬁthainvemtore beam

20

EXAMPLES
Unless otherwise indicated, any of the chemicals mentioned in the Examples can

be obtained from Aldrich Chemical Co., Milwaukee, WI.

25 Example 1
An aqueous dispersion containing 9 wt. % Airvol 107 polyvinyl alcohol (Air

Products, Allentown, PA.), 1 wt.% WB54 (sulfonated polyester from 3M Co., St. Paul,
MN), 3 wt. % N-methylpyrrolidone and 0.1 wt.% Triton X100 (Union Carbide, Danbury,
CT) was coated onto a corona treated polyester cast web, using a shoe coater which

30 delivered a wet coating thickness of 64 pm. The coating was dried at 105° C for 1 minute.
The PVA coated cast web was uniaxially oriented in a tenter oven at 150° C to six times

its original width. The final film had a thickness of 175 pm.
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curing. Any photoactivated or e-beamcuring is typically done through the
second alignnent |layer to formthe polarization rotator elenent. This
curing cawomsoen73l si mul t aneously with the second al i gnnentPCiraiser2q2e¢ even
with the first alignment |ayer or 15 both alignnment |ayers) or subsequent
to the curing of the second alignnment |ayer. The final conmbination is then
wound onto a roll. The foll ow ng exanpl es denonstrate the manufacture of
articles of tAdhemaphastiebiquidarystal maienid ComEROWAGbd t hat these exanpl es are
merely illustrative and are_ in no wey to be interpreted as limting the
scope of t i peQt Lon, 20 MNPLES ™ Unl ot herwi se indicated, any of the
chem cal s“nentli oned in can 7 3 fr(g&] Al drich Chem cal
Co., MIwaukeg, W. 25 Exanpte q ntaining 9 wt. %
Ai rvol 107 polyvinyl alcohol (A r Produets, own, PA.), 1 wt.% \WB54
(sul fonated pol yester from3M Co., St. Paul, M), 3 w. %

N-net hyl pyrrolidone and 0.1 wt.% TEPRBAAA0 (Uni on Carbide, Danbury, CT)
was coat i RcatlbniN@ $3433M0€EA goat er
whi ch 30% e?él]é/rg %8&2&\%3?%gﬁ?ﬁlﬁgeﬁ%ﬁ%?ghgﬁﬁ%fﬁgm The coating was dried
at 05 Cwitds sdlutiimeft @ompdiind ALwas prptred i esahybbiwans(Th)axi al |y oriented in

a tenter oven,at 150 Cto six, tines, J ori.ginal. width. . In filmhad
a_thi ckness oflrﬁ‘isléuté?ﬂ Wangoaq %9%)32%%% 1?%6?}1%5%(;&@\1]_{52%{?%% Bstic
l'iqui d cysdidtied M dbkical Ne ) the polYeste: PUARRALAtA ThOndiingl egar ed
according to European Patent plication Publication No. 834754, A 15 5

W . % sol thitaessoraschepbéhama Thesupsteata paet qoatedavittahiqiid srystad materiabWasThe
| ut | ' i i ' R. D.
Speci al 1 AR R L0 Tl e i SofRRL | ffls hifled SBaENsEahho™

nonional  WekinatbdhicHBESB20M8%0 AR AdENti¢A HiuidldrgstalWosted atiestra@n@tngcozyied Wit h
liquid crystal material, was dried for 10 mnutes at 110C to renove the

THE sol véaminaiiiModed il €43 Baurnany Stelaul AN)-1Ehq aintrsioa #f de tawsaeted 20C to
an i dent Iuﬁﬁ!(iahﬁf gﬂélﬂec? El}'b%{rgl!es %@b@‘dwﬁﬂ pessf)éc@tt(? oS idbhed. 3¥Ms construction was

then annealed at 110°C for 20 minutes.

15 Example 2
To 79 parts by weight of the Compound A used in Example 1 was added 12 parts

by weight mesogenic diacrylate monomer (LC242, BASF AG, Ludwigshafen, Germany)

and 2 parts by weight of a photoinitiator (Darocur 1173, Ciba Specialty Chemicals, Basel,

Switzerland) to form a solution with 18 wt.% solids. Substrates were coated, dried, and
20 laminated in accordance with Example 1. After lamination, this construction was

irradiated with a 400 Watt mercury arc lamp for 3 minutes to crosslink the liquid crystal

materials.
Example 3
25 To 69 parts by weight of Compound A used in Example 1, 31 parts by weight of a

low molecular weight liquid crystal (E7, EM Industries, Hawthorne, New York) were
added. The final THF solution comprised 20% solids. Substrates were coated, dried, and
laminated in accordance with Example 1.

30 Example 4
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Lam nat or Model 1147 (3M Conpany, St. Paul, MN). The orientation of the two
coated wuniaxially oriented substrates was 90 with respect to one another.
Thi s conswpwsnemal was then anneal ed at 110C for 20 m nut @ST/USB2/E623hpl e 2
To 79 parts by weight of the Conpound A used in Exanple 1 was added 12
parts by wei ght nmesogenic diacrylate rmnorrer (LC242, BASF AG

Ludw gshafen, Germany) and 2 parts b ht_of a photoinitjator (Darocur
1173, G ba Spdeit3inayts byavsigkios Coppeund Al myRxranaple ) Waéafiéﬁdri‘gp 1%t i on
wth 18 ' ! 5 &licRBea pRbtbARAAGH ed in
accor dan&%@?ﬁ g&lc @EH?H@#? a(%cgg?)f o%mgh%’s (l:gonstarlﬁcti on was

i rradi at ¢daretiuhl 1&3ﬂ(hﬁd\mﬂtpartsrby merghtafa:lolwampldm}ar Feighnliqed cmtad: (WEHNInk t he

liquid crysta] mat r|aI 3.2 arts b f Conpound A
used in Bidyspice Hawt Qnt?af\@ﬁg E}?\eﬁfrﬁ %]ﬂﬁ’ Sq? ééP‘ﬁféﬁ%éP’g@% i qui d
crysjal GRdsirabddvwddusiibd, %ed"ﬁl‘ﬂ'tlﬁlﬁfnaf%d 11'1“@&’&0}/@&[%% WIS gd. The final THE
sol ution conprised 20% sol 1 ds. bstrates were coat ed, i ed, and

| am nated i n accordance with Exanpl e 1. 30 Exanple 4 -35 WO 03/ 027731

PCT/ US02/ 26234 To 62 parts by wei ght of %orrpound A used in Exanple 1 was
added 14 parts by wei ght nesogenic E%B—p‘}l—ate nmononer (LC242), 5 parts by

wei ght of a phot®iaY4 teatidfe liduRbé9ablrmdidna)(LComd) Hs padpbsedlty a welugbh oof a | ow
nol ecul ar wei ght liquid crystal x<z.)E7 EM Industries, Hawthorne, New York).
The fi nameitnisthyikeions MESIH A rhooinitiatos (Prigsur Bl 78) et ingtused fipsnameuited,

dri i I

oot valpresBBhARE 8. oo R AR A Ry ot AR il A BRRbGiudh, bt *

met hyl et b(}'lhk(ﬁﬂ WBECc(d%Eﬁ)smgﬁa #m)]s/layeﬁ\ﬁiirat@tmgﬁaad ecdascriieddn BMplenh IThded i n an
anount 10 corresponding t Yo of the reactive liquid crystal

mat er i al ceatef Prstye maﬁb&kﬁﬂf for%ﬁ@n%tsff #9066 AN AOBES ogtedzpbsipiear wire
coati ng T t aked for
2 m nut eg&g @B%QQYg{%%%gd\?&elgesgpve o 1 E@%&&l Qleﬁﬁm {rfglfttﬂea&%g amBnat ed in
accor danwasmatdﬁnt&kﬁrmlcerdhncd:wiﬂhﬁmnmgelzam nation, the construction was
irrlasdi ated in accordance with Exanple 2. 15

Example 6

Example 6 illustrates one method of making a polarization rotator film with only a
single alignment layer.
A 30 percent by weight solution of liquid crystal monomers in methylethylketone
20 (MEK) was prepared. The liquid crystal monomer mixture comprised LC 242 and LC 756
(BASF AG, Ludwigshafen, Germany), and Irgacure 369 (Ciba Specialty Chemicals,
Basel, Switzerland) in the ratio 96.4/0.1/3.5, respectively, by weight. The solution was
agitated until the solids had completely dissolved in the MEK.
Using a 15 cm wide laboratory microgravure coater, the liquid crystal mixture was
25 coated onto the polyester substrate described in Example 1. The Gravure speed ratio was
0.66; i.e. the angular velocity of the Gravure roll was a factor of 0.66 times the line speed.
The line speed was 4.57 meters per minute. The coating was dried at 80°C and
subsequently cured using a 600 Watt ultraviolet lamp (D-bulb, Fusion UV Systems,
Gaithersburg, Maryland) run at 100% power in an inert atmosphere.
30 The optical rotation of the LCP coating was evaluated using a RPA 2000
polarization analyzer (Instrument Systems, Ottawa, Ontario, Canada). Fach sample was

illuminated with polarized, collimated 633 nm light of known ellipticity (0.0° - i.e. linearly
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Exanple 6 Exanple 6 illustrates one nmethod of making a pol arization rotator
filmwith only a single alignnment |ayer. A 30 percent by weight solution
of | i qui dworog®2aB1 nonomers i n net hyl et hyl ketone 20 ( MEK) paagispr/aqnas ed. The
liquid crystal nmononer m xture conprised LC 242 and LC 756 (BASF AG
Ludwi gshafen, Germany), and Irgacure 369 (C ba Specialty Chem cals, Basel,
Switzerland)..in the rati.o.96.4/0.1/3 5, respectivel by.weight. The
sol ution B\ﬁéﬂze@) FP%F%B“%}}?% Pﬁlerﬁﬂéons%ﬁ]il%g‘)lﬁ%ﬁg@ﬂ }pg?.ﬁqu %lil@’scbtg\?@@ in the
MEK.  Usi ngrimuidal 6fiemhits dfalop@in@iariolelipRe b @hteaslitted Woreldefiathea ky St 2l
m xture was__25 coated onto the polyester substrate described in Exanple 1
The G aRu225pektp-patrespeatiysly- 0. 66; i.e. the angular velocity of the
Gavure roll was a factor of 0.66 tines the line speed. The line speed was
4.57 meters per mnute. The coating was dried at 80C and subsequently cured
using a 600 watt ultraviolet |anp (Exalés7-Busion W Systens, (Gaithersburg,

Maryl and) run at 100% power in an inert atnosphere. 30 The optical rotation

of the LCP coabX#EPiiaé avdr neted sprignes wi Example 6ysiithrthe sxdeptiomthal yzer

(1 NSt r UMBiRE 13458 RS mi Qb bAare wKER! fe 1i | 'l um nat ed

with polarized, col Irr%lma ed 633 nmolt?%ﬁg%ggﬁg%gﬁ%%ﬁg}%%ﬁtﬁ%. 0-i.e.

| i near | y summ@izsdbeBw027731 PCT/ US02/ 26234 pol ari zed) and azi nut hal

OI'I ent at H F#.éfg#hen r\! ! Lneo Tha ollinticitwv anrl a;Em:']al
Ar i

ori ent atfi on eFpol ¢ RAVHRE | | bFELIIPTIGEY I°gHt ¢ rAABAUTEAD wer b
determned to be 25.2|a : spectively. 5 Exanp A nples 7-9
wer e made_in_accordance Qﬁ?ﬁﬁ&%(ﬁe 6, wth the exceph%pﬁ)ﬁt hejratio
of the nicrogravure whéel to the |ink speedswpas alflered. gy esults|are

sunmmar i Zed—bel-ow— EXANL E GRAVURE ELIIPTICITY [] AZI MITHAL  SPEED RATI O

ROTATIOY [] 7 & 18.2 84.60 B31.33 2p.2 82283 9 2(7.0 89.82%]0 10 The
present [IMVeNti@n should ot é')e consjdet cdgi(i)uitcd to—the 8{3?+ et-af

exanpl eg _descri bed aboye, but” rather| shoul e under st ood Ycover [
aspects of the invention as

10 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, aé well
as numerous structures to which the present invention may be applicable will be readily

apparent to those of skill in the art to which the present invention is directed upon review

15 of the instant specification.
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fairly set out in the attached clains. Various nodifications, equivalent
processes, as well as nunerous structures to which the present invention
may be appbiosabi7er wi || be readily apparent to those of skCrlusomabe art to
whi ch the present invention is directed upon review 15 of the instant
specification. -37 WD 03/027731 PCT/ US02/26234 WHAT IS CLAIMED IS: 1. A

nmet hod of making an article, conprising: formng a first alignnment |ayer on
a surfacﬁlﬂﬁééﬁgﬁLéiﬁﬂﬂhé_elenent 5 disposing a liquid crystal materia
on the first alignment |ayer; and formng an aligned liquid crystal |ayer

fromthe liquid crystal material to produce a polarization rotator
elenment. 2. The ﬂemhﬁdhodoﬁmahmghnawh$s&bmmﬁdngjng a first alignnent |ayer

conprises 10 formn i rst i gnnent | ayer om ortion of the

pol ari zi ng el &rEHRg 2 r“?% ﬁﬁ@QB?aéWg p@k@@ gﬁ&ﬁﬁ? Ming a first

ali gnment | aygfs Gé?ﬁg’ﬁ hg acry%,EJI%angﬁdi‘gn%e ﬁ@@aﬁfgnﬁeﬁ@fa&é@ﬂn@f the polarizing
el enent to for an al i surface. 15 4. The net hod claim1l1, wherein

formng a fi | r $ornphg gmi@mﬁd ligyidrer gsbatpayes éom 11h© &lquldg:rﬁstéllm@@ﬂ%llw Qmﬁiﬁm alayer

on the poI n 5. The method of claim1, further conprising
di sposi n§° E%ﬂ8m§1n§ﬁﬁ?ﬁ |l ayer on the liquid crystal material. 20 6.

The nmethod of claim5, wherein disposing a second alignnent |ayer
conprises formng a second alignnment |ayer on the Iiquid crystal mat eri al .

7. The net hod2of cllh¢ methodyretaainn, aihersis forging sWEhbHéEMang YEheOHIFEs 25

conpri se ggggp ate and dlsp05|ng
tthsecoﬁékﬁégbﬁguap %@%g% éﬁ% S % h @ﬂeﬂfqu|%Ecrystal mat eri a
8. The net hod of claim?7, further conpr|5|ng di sposi ng I|qU|d crystal

material on the second ali nment y nd. con actlng th uid, crystal
material on tHe segg‘ﬁalegﬁ’ % FV%F &)fwftgrﬁ qﬁbaignéﬂﬁ“&?aé’ SRat eri al

on the f| &ét{;hlﬁ%]hﬂ@mmﬁgohﬁhﬁ% the oi%qét{ﬁ%e Brdathd %érFFSEr él%?féa/s&ﬁ%’e“ 9. The

met hod o rein ng second al 1 gnnent |ayer on a

substrate conprises form ng the second alignnent |ayer on a substrate
coqgrising a ,

The method of claim 1, wherein forming a first alignment layer comprises

forming a first alignment layer on the polarizing element.

5. The method of claim 1, further comprising disposing a second alignment
layer on the liquid crystal material.
20
6. The method of claim 5, wherein disposing a second alignment layer

comprises forming a second alignment layer on the liquid crystal material.

7. The method of claim 5, wherein disposing a second alignment layer
25 comprises forming the second alignment layer on a substrate and disposing the second

alignment layer and substrate on the liquid crystal material.
8. The method of claim 7, further comprising disposing liquid crystal material

on the second alignment layer and contacting the liquid crystal material on the second

30 alignment layer with the liquid crystal material on the first alignment layer.
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second pol arizing elenent. 5 10. The nethod of claim9, wherein formng an
aligned liquid crystal layer conprises formng an aligned liquid crystal

| ayer frowotoh®2178gui d crystal material, wherein the ali gmea/usozed2es cryst al
| ayer is configured and arranged to rotate a polarization of |ight

normal Iy incident on the aligned liquid crystal layer froma polarization
axis of the polarizing elenent to the pqlarizati orz)algéﬁs of the second

pol ari zi ng el @ment THATEIIQH 9lfciaim 7, Fhepn prming,ae see iguuent{4yer $38 et hod
of claim (e ' i gf; k AN I {sine@NpPri ses

For m ng (He e B e o Y e AT

subst ant isedong polmaing eldragnta phase retardati on of the aligned liquid crystal
| ayer. 15 12. The nethod of claim 1, wherein formng an aligned |iquid
crystal layer conprises formng an aligned liquid crystal layer fromthe
liqui d crystahomat gk alethddh @i 9, WRreid Foa@eh A Albndd GiiRitaaystdlaer | s
configured and arranged to rotate a polarization of light normally,

i nci dent comprises fetiming ed aligrpdi luuéd grystal layeayiom B luuid erystel malgagl whereipo 13,
The met hod, of i my12 rein ferm | i gne Lguid . t gl.. | ayer
compr; sedt Gt R IR BeElstob bR S e A ERuib OBl UL
i S subst apimalyliycid&itehlthé hlaghed lighRisystatiared Zohonpabritdinalkispfeet | i qui d
crystal layer. 25 14. The nethod of .clajm 12, wherein form ng, an_ aligned
liquid cP9rizingelepent to-happlagiesiangrds ofghasecand peladzing glsment pch diffgrgy er
usig onhy .A1.5diRQc8RLT gnment layer. 15. A nethod of nmaking an article,
conpri si ng: ]forn‘i ngra first alignnment |layer on a surface of a polarizing
el enent; 30 disposing a liquid crystal material on the first alignnent

| ayer; di sposjng | east .addi tional .layer on the .li.quid st al
mmrerial . andll39 B OSAEHATS BT egRR EYBE i Aighes KT [HFough t he
at | east coRprigddrhlifgHe JIBUE 1i§8d LhBtal ja§tH Witk b ¥wisthndIBHRE IsAlibdttniallye the
liquid crystal materral and forman aligned Iiquid crystal |ayer to produce
a pol ar s2all fhen apbesg wrarddtiommdthe gigned liquié cristabdayent cl ai m 15, wherein

di sgosing at |east one additional layer conprises disposing a second
ali'gnment | ayer on the liquid crystal material. 17. The nethod of claim 16,
wher ei n di spos$t.ng @hsardivd dlclgnme Rhetedy@iming an aligned liquid crystal layer

comprises forming an aligned liquid crystal layer from the liquid crystal material, wherein
the aligned liquid crystal layer is configured and arranged to rotate a polarization of light
normally incident on the aligned liquid crystal layer by at least 5 degrees.
20
13.  The method of claim 12, Whérein forming an aligned liquid crystal layer
comprises forming the aligned liquid crystal layer with a twist angle that is substantially

small than a phase retardation of the aligned liquid crystal layer.

25 14, The method of claim 12, wherein forming an aligned liquid crystal layer

comprises forming an aligned liquid crystal layer using only a single alignment layer.

15. A method of making an article, comprising:
forming a first alignment layer on a surface of a polarizing element;
30 disposing a liquid crystal material on the first alignment layer;

disposing at least one additional layer on the liquid crystal material; and
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conprises formng the second alignnent |ayer on a substrate and di sposi ng
the second 10 alignnent |ayer and substrate on the liquid crystal

mat er i al .w083/0T11e1 net hod of claim 16, wherei n di sposi ng aPpsgasoziz&bi gnnent
| ayer and directing |light conprise disposing a photo-orientable materi al

on the liquid crystal material; and 15 directing polarized |light at an

orientation dirtect.ion ou h hot o- oy.l.ent abl e teri,al to,.the ljquid
crystal mater| ec%l_Bg Elﬁilg{hé?%%ﬁ? %rjl?as i ﬁb&oﬁggﬁ?’gﬁ?g@? ]gqlﬁgfré( Fﬁa&na&na{ he
orientat i rrutd thetiquiderlQall @A AINAd $QEPRHaINcd MBI crlayahyaisihlogusdy e t he
liquid crystal material and forman aligned liquid crystal layer to

produce aPPeizetion etReK clestt-or el ement. 20 19. The nethod of ciaim 16,
wherein formng a first alignment |ayer, disposing a second alignnent

| ayer, and directing light conprise disposing a first photo-orientable

mat eSi al on t h.sur Themetiodtdfelapnll &) whdreig didpesiatar least hig@ddifignd Iseeond
photo-orientable material on_the liquid crystal materjial; and directing
pol ar i zed®qURRJIFES dSPosng R sesand eligmnet et ppthed il gpstabpatsdglond phot o 25
orientable material to the liquid crystal material and the first
photo-orientable material to a) cure and orient the first photo-orientable
mat eri al at th¥/.or i Em eethod oficlagg fl b,omhdreinfdisposinge se¢andstligamenriagart | ayer,

b) cure and oriept the,secon hot o- ori ent abl e terial at the orjentation
0 r oot orCVBTIET TP GRS Al PO er ) 8 SuoSF € Fonraneie e
crysbval ﬁ@hﬁfehﬁﬂay&%dfsﬁbma@@o@ihb%gﬁi@c_lrr%ﬁé:l'rﬁat&'iéﬁta' | ayer to produce a

pol ari zation rotator elenent. 30 20. e nethod of claim15, wherein

directing light conprises directing ultraviolet light through the at |east

one additional d ay t LQul r.yst.al.. mat.eri al t - 40 03/ 027731
PCT/ US02/ 2623418|'cu?1;het‘ﬁ8 |88uiE H‘i‘:??f&%%“ﬁ&%%??%ﬁ aﬁﬁ%?“ﬁcﬁh%ﬂl\{gﬂeﬁﬁ]é i quid
crystal |diseeting hglgroothipe®ea pol ari zation rotator elenent. 21. A nethod of
maki ng an artigle,. conprising: 5 unw ndi nﬁ;@a, first filmconprising a

pol ari zi ng el éﬁ%ﬂ%l;ngfad? forgrientalle matesip] opnthediduidgastalonatgrialypidace of t he

pol @i zi ng el eRBfing pALIARSIY afar! JlMUIBOHY RSSh! i jjL st

al i gnment | ayer; uiljgn%m ndi ng ggl gl(aaaé]odn Hﬁaﬁf)ﬁ]d}/r?%t?dnnl ng gﬁéec%h%go é’lqigngt%br%%nt | ayer
on a sur frageriafio tiedigied orysital inkterialltd coentndatriengthe phofol sridntadicn stedaing tifd | s
so that tor}leelli!a{igllil Idg*ec(:%{o%stg %cl)rm”&;[eesreclo%ld aligmglenstquse?gnd to cure the liquid crystal

material and form an aligned liquid crystal layer to produce a polarization rotator element.

20 19. The method of claim 16, wherein forming a first alignment layer, disposing

a second alignment layer, and directing light comprise
disposing a first photo-orientable material on the surface of the polarizing element;
disposing a second photo-orientable material on the liquid crystal material; and
directing polarized light at an orientation direction through the second photo-

25 orientable material to the liquid crystal material and the first photo-orientable material to
a) cure and orient the first photo-orientable material at the orientation direction to form the
first alignment layer, b) cure and orient the second photo-orientable material at the
orientation direction to form the second alignment layer, and c) cure the liquid crystal
material and form an aligned liquid crystal layer to produce a polarization rotator element.

30

20.  The method of claim 15, wherein directing light comprises directing

ultraviolet light through the at least one additional layer to the liquid crystal material to

- 40 -



between the first and second alignnent |ayers; and form ng an aligned
liquid crystal layer fromthe liquid crystal material to produce a

pol ari zatworesfpopt7at or el enment. 15 22. The method of clai m 2PCT/Usar/2d284
conprising formng a liquid crystal material on the second alignment |ayer
prior to contacting the first and second filnms. 23. The method of claim

i gt ¢ npwaghe Kahed Sbemh e e e sl R EiE) PR Rl POl 67 20

crystal ?@&ﬁg#ﬁ,,ﬁgﬁ&uﬂgn&ﬁe liquid crystal material and forman aligned

liquid crystal Tayer to produce a polarization rotator elenent. -41
21. A method of making an article, comprising:
5 unwinding a first film comprising a polarizing element;

forming a first alignment layer on a surface of the polarizing element;
disposing a liquid crystal material on the first alignment layer;
unwinding a second film;
forming a second alignment layer on a surface of the second film;
10 contacting the first and second films so that the liquid crystal material is disposed
between the first and second alignment layers; and
forming an aligned liquid crystal layer from the liquid crystal material to produce a

polarization rotator element.

15 22. The method of claim 21, further comprising forming a liquid crystal

material on the second alignment layer prior to contacting the first and second films.

23. The method of claim 21, wherein forming an aligned liquid crystal layer
comprises directing light through the second film and second alignment layer to the liquid
20 crystal material to cure the liquid crystal material and form an aligned liquid crystal layer

to produce a polarization rotator element.
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