WO 03/ 029885 PCT/ US02/ 27165 NON- I NVERTI NG TRANSFLECTI VE ASSEMBLY FOR

DI SPLAY PANELS Field of the Invention The present invention relates to a
mul ti | ayewoaptoeesas devi ce which includes a transflective ragaesobbyss| n

anot her aspect, the invention relates to a nethod of making the 5 sane.
Background of the Invention The physi cal downsizing of m croprocessor based
t echnol ogi es has | ed NQN-PHERIING T'%’é‘ﬁ%#&“‘é%ﬁﬁﬁ?@ §Y RRRESPLAYcr et ari es,

wi rel ess phones and pagers. Al of thesBANEkPces, and al so ot her devices
such as cl ocks, watches, cal cul at g8d ofth€Invektime t he common need 10 for a

| ow power consunption data display screen to extend the useful working tine

bet ween battery ri@pPHESEhEEUIonrelpis togultilgxsrgptical devicecrishmclidesd d Cr yst al

Di splay  ( LGRhnsflezti®d 4s68mblp @ aasthbMRpadt, SR iddention rebttlo SNIHEE of mbiGkStean be
cl assified based upon the source of illum nation. Reflective displays are

i |1 uni nat ed BPCanbi ent 1ight that enters the display fromthe front. In

applications where the intensity of anmbient light is insufficient 15 for
vi ewi ng, suppl enmental |ighting, MMt assenbly, is used to
illuninate the dingphf¥cal mizﬁig%@hﬁ&aﬁarsce@gq% BARY &chYGiea A eShdHIBR L0 use
anbi ent |ight when avail able and backlighting only when necessary. This

dual funct i difrsonalicemputens; Rosked seFretarigsswirdess phones anipagers Alhef thessidgriessi on,
"transfl ectiyg" | Gl i j Ld.u t exanpl e
of the use oyt alsp et BYicls RIoHES Apckl LRK hlcbiort iy BTSRRI RS

i |1ustrdfte oieea vapnyes corsumptiindataclispiy (sereprstosatendthamsdfial) wdrkifg tdeei ce wit h

E-mode transyg.ssi a ' ' ' [ .backl i ght.
It will be undeer%g1 1(:% (%%%Lpﬁg%? érﬁ%éérée{'b\éﬁée& gha\%rg\i) gﬁeigognﬁﬁ%ﬁoﬁggﬁf’%@ ;?/D 6%Zayand ot her
rmggfs of _ ope(ﬁfﬁ)@pfteailsm; Itheaﬁsdpmlaiysfpz! suylsdefv!iras. hﬁ)s_r canrbc elastsiﬂeid@hsteggxporathe |

conpl nhation Q ckl L.ght .anplent | 1L.gnt.. e | nvent. | scusse
roroi n-can paue8 efRGlE AN ATRLERE e ling i MMER LB s GhBS pe

oper ati on. TdigldyGm thedfont-i Igapgatiohs awhere teSiniensitywd embznt lightiisdnsaffictdnal ( LC)
cell 5 a ol.arizer 54 anal yzer 56 a backlight. 58 The arrows
ce 518"t P pRviEr Septous el g 5D 28 ved N BupRBl 1o Siide Bt b
pol ari zat i ondisplayl. iSphie eldoéni¢ Gispliiyariae bees desidned tole afbizht 1pATRRILIVhilably I OWS
espacti vel e e BRI Bharie G d suegets) SR PR FPMSRE pl ane
of the LC cledds t&the dodigration, "gardfiéctive’. 51, 53 general Iy includes transparent

el ectrodes. Light fromthe . ) )
A liquid crystal display (LCD) illustrates another example of the use of polarized

20 light. Figures 1A and 1B schematically illustrate one example of a simple TN (twisted
nematic) LCD device with E-mode transmission and normally white (NW) operation using
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

25 these display types and modes of operation.

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 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

30 light, respectively entering and exiting the LC cell 52. Additionally, the plane of the LC
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
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backlight 58 is linearly polarized by the polarizer 54. In the enbodi nent
illustrated in -1 WO 03/029885 PCT/ US02/27165 Figure IA in the absence of
an el ectrwo poewssi al applied across the LC cell, the dir ecrarso227165
substantially lies in the plane of the display twisting uniformy through
90 along its depth. The polarized light is transmtted through the LC cell
52 where thqu%aﬂé #Al Bahd flenck LA et PoringSl alﬁghe%oacro‘éé b Lm%u dhd §ieder Of the
liquid crystals |nd| cat ed b){ the arrows 51, ht can then be
transnitted SEhstantighy Hesdn thed W@ft@élspmﬁﬂﬁwwféﬂﬁbf@?ﬂgh ° glang it appl | ed
at electrod n

setting up g% gll g?;te rﬁ?lgl\e%h Hﬁgﬂémh'?iﬁflﬁm{dﬁ}g%%pméL&%eﬁﬁgtalhge}%éﬁegﬁlah%ere the LC
mat eri al hadgdeallpostates hedWi ‘eith:therdlrcctmfsf@tlmw,ryﬁdmndlmted:bmhe soiyss At i al |y
aligns sin the foetlE Sk erd ! |eI provi ded sufficient
pot ent i aI i sﬁapp h&%‘ %{%&%egls tt'f?nsnllh 'Iimélgh hﬁ anay ggdl rector at the center
of the cell is orAnssidotit mmnpekudnbuhmmedale\leh&odbbemﬁslmfwn)pfmmmhtespl ay in this

iy augh e FBOTRERIER BEIF 6F e ARCHFGE e Hritiond el O suf TAE b *

enbodi ment  whereitht LatRaleriah his agw’sﬁvé.ﬂielebﬂﬁe aﬁhkc&fb@y,&ﬁe Piedctor lsﬁb%fahﬁ)d’llyfailgﬁsh e

Cnchanged 1 redetsin iifectts G bnep o tdraen SRt asyals e darmbsn)e 1ence,

the |i gt e>61§ctr6@s1 Tee Hitectd?lat th® Zenité o he cEll RIdSIBAtEd fpdnaicaMBd thdgla b yzer
56, because th ght exitipng fLhe LC cell has the wronﬂ pol ari zation. One
met hod of dbtdi Hi“h'@‘ this gasgy, The Unearly polprized sk sniening the gelhis ne lanepiiowtad

el ectric potiRidhiipdhe DO° Rahitdddbl tanSthis@OR thrdudR (MYl dhfGEep n e dnfbRdinleitli d crystal s
between the two illustrated confi guratl ons. In addjtion, it wll be

recogni zed tiHugirated inFigrredd, theplne BEPTlasization efyhe Hoarized light peit exitsiligeedlol or
filters. 20 SB/ Hés‘?%la{eﬁ by TaH@w B & InéRingertr& Gs @HQhM%ﬁEntétﬁm"a(agshg‘ﬁQfgﬁ Bg ggt ed

using absorbing sheet “polarizers because these polarizers have

extinctPon @rrom YitHenge thpfighhexitingthe ke gell pbisaet trapsiniited thrpugh th e,
results in s [ [ aIIy emts
unpol ari zed I| %%tﬁéhéthpéﬁn&%gé Eg&g}]?%g po agpglg{?%glﬁﬁlgma gtgr(gg{:l by the
pol ari zer. Aé)taemnm gy ﬁ@dq ipeludesiohlygoplyingsniticient aelestricpotantialito PargjaltyeorienC) , a
reflective I .5

backl i ght 53% %éé’?"?ef ﬁé 1‘?'9“1 CESB}SS’E%SE%W I“ts‘lt?a efbn ﬁ%drg‘%’t“ﬁ (}]hagdgglr?\%l\ialﬁt ed
pol ari zat i onmllia)ckectognmd:thattaheloloaeikdan@hform}’dhby,rfelfdxempledlsuigwgm fiteam. be

bor 1 o0 of 1 he. ApIouTE U moffeet St me et oo el Be bR FEH Ton 30
General |y, tpofariaem bedause thesenpbiaﬂzersrlealvagaﬁi dxﬁncﬂlohlbﬁﬁgi'ft havihg the uassaed! vy,
articles

(

polarization. This, however, results in substantial loss of light because the backlight
generally emits unpolarized light. Light of the unwanted polarization is absorbed by the
polarizer. As an alternative configuration (illustrated in Figure 1C), a reflective polarizer

25 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
of the reflected light can be reused.

Summary of the Invention
30 Generally, the present invention relates to a transflective assembly, articles

containing transflective assemblies, and methods of using and making the same.
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containing transflective assenblies, and nethods of using and naking the
sane. -2 WD 03/029885 PCT/ US02/ 27165 One enbodi nent is an assenbly that

i ncl udes woOfo3wzasss ef | ecti ve pol arizer substantially refl eeCirngot2ght havi ng
a first polarization state and substantially transmtting |ight having a
second pol ari zation state, a polarization rotating |ayer positioned to

receive |ight pasRicifbolitieftidbn hRembly iiat intREdQChLMEnRal&pdiZBEr and a second
reflective polarizer 5 positioned to receive |ight passing through the

: ! ( . t n.
pol ari zat i or*uPHtHk|hErfleatinglight hwingadiss polarigrtion slfeviad piisaptialyiragumydingnt i al | y
reflecting |figohavitgd 6o golirizslionQlad, b pabiARS iodltEie BPREKpositiohQtg ReckiE
pol ari zation Totati nggllgﬁer and substantially transm'tting [ight having a
fourth pol alighs pasping thseughdhe fist reflessive polarizae aprb secpndaeflentive pelenideng | ayer is

e d . . ' . v _
The. aseambl y SuRAg Y Socchd Ve phsrle3flobh B pdiieaRor AL BlybE Ble kB0 50 01
| ayer, or boefectiveipolarizee pbistantiadly reftectimglaphl havingrg thind pélamzatipn $tata badkackl! i ght
t Anot j i y i.ncl. .a fi
P ecti ve. pifouef B8 BHaERon s HEHF bnc BB RNy I RERMRES i d bt

pol ari zat i onpaddreratEonastade. SOEnally, ittel polarizatmn sotatirg laygr isl pogikibneday teaegjvaliglecond

pol ari zati on_st at depol ari zi ng .l ayer..positioned to.receive |light 15
passing thr o‘ﬁﬁg?x"%ﬁdﬁ%’ t?? ?eggndrrgﬁ?cég Qs Blléﬂr%iafsglrnl,b&%g aﬁ%%ﬁ’@? ial}%‘? ﬂﬂ%}%er
conver tliong gpqhaized, @ demlarizingdayee ot béth.giihe dssintblyacandetusabiaBanjubibawithat i on
state, and %Sﬁcg?‘nd {?ef | ective polarizer positioned to receive |ight

passi ng t hr ofgH" heys Ebol arizing layer, the second reflective polarizer
sEbst aﬂt i ﬁl | é r e}‘Am_ﬁte@r agbcltdhgmt ngt'hB@g@eniHﬁj t_hdtl ilnmdea@ifiza&émaﬁfet;?_laeiﬁaa%

t hrough the pol ar1 zing. |l ayer and substanti a transmt{in I ght
having a fou?’g ﬂ"wﬁ&r%ﬂfétﬁgaéﬁfs‘%aatn&a PPEAZANYH ,S%ter?gga@@mnﬁeaﬁmm& ude a
pol ari zat i onlight Rdvarg d\@cr@)Rlarizatva st&s & BéolariemB 1:3LSbsitidadd e @ecBive HEMON bi Ng
pol ari zer. The .assenbly can be used in conjunction with a backl i ght

syst em!Yet RistRsBroughisdirhesfiective nolagizerythg denalanizingdeyier erawerting ¢ gertign of y st al
cel I that i sinciggftiibaunt8dn 3RBbgRNA1PBRALhIoA siRE4AL € using pol arized light; a
| i ght source; and one of the 25 previous|y described assenblies disposed
bet ween t he 4 segenddeliqctivg polarizespasiiipnedsiorecsiyy lightgassingghrougtvihe depolasisingher
embodi ment gy HRLdG Rhediob aramﬁzepalbgﬁ&ml reffa€rirlg 1gé*ﬂf hdvingdi thiggt ed at a
first refl ec¥| ve polarizer. The first .ref?lectl ve pol ari Zer substantially
refl ecting |nodgizaticnstaigbagk tirpyghtthexdspalerizing layer asd substantiadlydrabsmittingilight y

transmypt i nopl,jnghte BRI ALHEERD DRBNAT), AR abRALE Lt ik} iLdi@fit having
a first pol ari ant i on sl% at ezgtlls r ot at@% %’secongl glecfaﬁe@tulﬁsg-gglgpgdﬂgger
rotating layer. The assembly can also include an absorbing polarizer. The assembly can

Q

be used in conjunction with a backlight system.
Yet another embodiment is a display that includes a liquid crystal cell that is
configured and arranged to operate using polarized light; a light source; and one of the
25 previously described assemblies disposed between the liquid crystal display cell and the
light source.
Another embodiment is a method of polarizing light. The light is directed at a first
reflective polarizer. The first reflective polarizer substantially reflecting light having a
first polarization state and substantially transmitting light having a second polarization
30 state. The light having a first polarization state is rotated. A second reflective polarizer
receives the light that is rotated. The light reflected by the second reflective polarizer is

rotated and provided to the first reflective polarizer.

-3



receives the light that is rotated. The light reflected by the second
reflective polarizer is rotated and provided to the first reflective

pol ari zerw0-03/02488903/ 029885 PCT/ US02/ 27165 The above sumicCy/ush/ehies pr esent
invention is not intended to describe each disclosed enbodi nent or every

i npl ementation of the present invention. The figures and the detailed
description whi chht gbdveWuiRhg, dTMel présehtahvekti®hds At ihfeXdeiie dQcArRagh ment s.
Brief Description of the Drawings 5 The invention may be nore conpletely
under st ood i HstaspderaRadimens Ar eyent IHwlentestationphiibe praseal inkqntige sThq figuresand f
various enbogi §8Aed deleriptih J{lﬁlﬁl‘?fb‘llb@%dré‘p&@&ﬂ‘ﬁﬁléx&ﬂggg%ﬁbse LhGodRRGTPaNYI Ng

drawi ngs, in which: Figure Is a schematic “pers tive view of one

enbodi ment of a TN LCD;, Figure IBis a schematic perspective view of the
LCD of Figure A in which a BgePDésCRplisH oftBEDRAGReAPP! i ed across the LC
cell of the LCD, Figure 1Cis a schematic perspective view of a second
enbodi neént of an T@Eﬂven?qndmyé’eznqrg C%{n%létﬁ]éfr‘l‘&@‘ifﬁf’?,drlﬂ§§n%‘@6ﬁ°6ﬁﬁ‘lheyi ew of one
embodi nent  of1éwihf; adtaliddeiebdripBon SSREGRY embREERAE I theivehtih ih RYGRE G Wi gur e
3 is a schematic cross-sectional view of a second enbodi nent of a 15
transf | ecti e aeempwlyynesEaipes igvhiehit he invention; Figure 4 is a schematic
cross-sectional igw oA i gcﬂérﬁgic%@#ag&w@mwfafo& enftlodfitht &G TV gcpssendl y
according to the invention; Figure 5 is a schematic cross-sectional view of
a fourth enbodi ndigureiB i a schapalit peispdctive vew eftbe {.CRof diighirg bA inowhiblea

i nvent i,gn; L i i 5 tional viewof a fifth
enbodi rlngant ﬁ%t%h&ﬁai%%ﬁaéglﬁd\%gggi@éeL |°§ﬁ g@%ggzﬁhg to the invention; Figure
7 is a schemati c FiguosC secchamptic peispastivg view of x sdeomhdndahidimpmt oftzn 1CD;

transfl ecti ve asse . ac i, t in ion: .Fi.gur i S chemati c
orenbet v vi ot YR SrcsOecklifhal PNET bbb Polh dafufhchte

i nventi on; aassenfBlyaccerdégits the isehtiorgt | ¢ per specti ve vi ew of anot her

enbodi nrent of an, LCD,..accprding to the invention. ile.the invention is
amenabl e to vari f‘ﬂ%ur%%fiafsicge altl8g¥sos%iﬁeag%r}a¥‘élﬁ‘ﬁ§ ?\S/eéo?%\hmo?hm 8}calfi cs t her eof
have baén sheansfldoyiverssyenitily eccardidgao ithe ihveatiel; awi ngs and wi | | be

Figure 4 is a schematic cross-sectional view of a third embodiment of a

transflective assembly according to the invention;
Figure 5 is a schematic cross-sectional view of a fourth embodiment of a
transflective assembly according to the invention;
20 Figure 6 is a schematic cross-sectional view of a fifth embodiment of a
transflective assembly according to the invention;
Figure 7 is a schematic cross-sectional view of a sixth embodiment of a
transflective assembly according to the invention;
Figure 8 is a schematic perspective view of one embodiment of an LCD, according
25 to the invention; and
Figure 9 is a schematic perspective view of another 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
30 described in detail. It should be understood, however, that the intention is not to limit the

invention to the particular embodiments described. On the contrary, the intention is to
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30 described in detail. It should be understood, however, that the
intention is not tolimt the invention to the particul ar enbodi nents
descri bedwo@a/ordses contrary, the intention is to -4 W 03,P07988%527165
PCT/ US02/ 27165 cover all nodifications, equivalents, and alternatives
falling within the spirit and scope of the invention as defined by the

appended cl alo¥gr alllRS didaBBnsDEValeRlsl 81 altBfiatifes ?a@lmg WilieiE sHfe z\nﬁ sgboﬂ'e%‘f‘t ed to

a method of embodying a non-inverting 5 transflector in a rol

| ani nat i on phowersionas defined by the appradedt daimat i nvention general I y include
reflective polarizers between which is |ocated a polarization rotator, a
depol arizing |ayer, or both. Thelf)ol_ari zation rotator can be, for exanple,
a polarizer, a conpensation fil L8 ype pol ari zi ng device, or a

pol ari zi ng I ght %bg?eselft)ilﬁreﬁfgﬂqgﬂlpeéféﬁ t@i mefhh@of MY LR nbﬁlmlsr\ﬁ‘ﬁ% l'i near
reflecting polarizer films with parallel polarization axes et ween

whi ch i 8 I ocansiecter i wllitosell laminagompropess. aAa@}yé pithe presqpt inygution gereralt h. The
transflecti vlﬁclqaesrreh@exl%e gawekshﬁﬂve%ﬁ%@hmo% aragmlfoﬁgﬁg;b%g%fmﬁ ties

of multilayer optical I ms as reflective polarizers nt ages,
char act er i stlpyss, aifpdth. rFhe pélamzation wgat@rfcas be Horfexpmple zarpolagiger: a cérapensdtion

examl e 10 SRRt &ky 08 Iar B8R b Al IRl OFEn Bk bhiBY "

optical filmis eful, ~ exa rro pol ari zers
Mul tilayer dpe mentlofnilmweabnqaefelﬂe@tng\pelauzeréiﬂmwbh pgalbbb@lammamsam, used in

ot eient el v sPIEREDk pdE G At PhcBbbifif B Bl oul O 30207 PO

normal |ight raydheaeglectpedpplays daescrghedeamdli;wusbdieddvamednsrprdpbﬂleﬁ bf 6 are

oy oper 11 es. AR beRE BERCHR ARyl e I inidle, ot es an

opportunity mamucﬂaemrg. oﬂﬁhch ifitrhd are désktilbadefor exahgpies il ©.St Patent Wos. (3,882 5774 and

Transflectlv described,. fo ample, in United States Patent
e 156 ovaolsl HHE s i Sl e b S SRS s A Rt e s

enbodl mnt of a tMﬂﬁﬁpérQ@tmaWﬁlmmsawaﬁ% R aBRhdEblirzetsAe uidd\ i ednj@idtion Ne
transflective. a senb 100 ty%gal l%/tlflalg’(il udes an bSOI’bI ng‘ pol ari zer 102,

a reflective ‘Hbi g presgtt inygnfionexbipit 15l %‘ﬁa‘i’SBfPé’PBP ipgjgent light- 25 welkasng 25

reflective pabefeng@ivit} @t of TR dshNSk heigdal Nght e@wmée)@ré&yﬂéage&% RiRM to a
backlighting system 110 with back reflector. 'In sone i ments, the

transm ssi onvhethes thrfilip are usadfar tsflergiop of ahsprptien afpplarized lightt Theamisiear i zer

104, and seqRpftricfah@5dvaNiGedd OF Beinfiffi-1a}BSpREA ﬁhﬁt;s%mglaﬁ Shdovumaf 8lab&kn |
however, thi's i s not necessary to the'invention. The transmssion axis is

the axi28 t hahigheetiicient wansllestivg dismlavsr Aranpflestyedisnays @welesqrxym forpgamplei ned
herein, in United States Patent No. 6,124,971,

Figure 2 is a schematic cross-sectional view of one embodiment of a transflective
assembly according to the invention. The transflective assembly 100 typically includes an
absorbing polarizer 102, a reflective polarizer 104, a polarization rotator 106, and a second

25 reflective polarizer 108. The transflective assembly may be coupled to a backlighting
system 110 with back reflector. In some embodimeats, the transmission axes of the
absorbing polarizer 102, reflective polarizer 104, and second reflective polarizer 108 are
substantially parallel; however, this is not necessary to the invention. The transmission
axis is the axis that permits the maximum transmission of the light. As defined herein,

30 substantially parallel transmission axes are within 5° of each other. Optionally, a



30 substantially parallel transm ssion axes are within 5 of each other.
Optionally, a -5 WD 03/029885 PCT/ US02/ 27165 pol ari zation rotator can be
provi ded Wetos®z9383 he absorbi ng pol ari zer 102 and the refl @ctivse22e6s ari zer
104, particularly if the two polarizers have different polarization axes.
Figure 3 is a schematic cross-sectional view of another enbodi nent of a
transflecti vlﬁ)lﬁ&aﬁdmbma@mecbr&gdéd%emn uie\asmﬂbl@% oldilRr 10283 fheaehdiSe
assenbly 100 i ncl udes .an absorbi ng pol ari zer % a reflective polarizer
104, a depol%lqrgphﬁ)4+ paftiqularly f the fypipolarizers bave differerigolarigatiolesss zer 108. The
transflective asggghl yidB¥ndhatic eHRY- ﬁi‘én&ﬁlﬁewl&@%@tﬂeg%b%?ﬁé%?gm 110 wi th
back reflector. The backlighting system may include any I ght source

sui tabl e f ortransiectue assenhlnpccarsing te zheiiprenaen. t Fhe trnsflestivesssembly W9sembl y 100.
Opti onakly, | r bi ng
ool ar | gar 105 B850 GEEH AR RLE! R0, FRRRR QUi T, ATEMR AR IR RE P o
pol ari zers Hendea segonfl egflgptivepolaziz¢rA48. Ehﬁtrmﬁ@tﬂfﬂsgmléy thay be goupleddoat i c
Cross-secti r an | ecti.ve assenbly
accordi ng tg&‘?ﬁe&l&]ﬁ%’y@%{ [ oﬂ% E‘ba ]?geglgt cprihle%(:kgght}é V%Erﬁgﬁyll}cnuc dfes an
absor bi ng pdight sauere siiiiddle far ﬁlefphmculawpmmm oftbe tradr3flectize d@mblanbo;l ng | ayer
112, a 15 po rlztion ator. 106 efletl r ze 108.
The transfi eégl?tmn %8887 r’rBfatnon rOtatorbcah b%ﬂr(ﬂwzdaé E%Wgenbt %?JTSP I’ﬁl 10
Wit h bdok r ethé edlective pmazdraOklpaghnlaﬂglftwwbepMaﬂmfs have |diffbeerﬁﬁ<)1aﬂ12laghﬁ sour ce
suitable for the particular application of the transflective assenbly 100.
Optional ly, axe Pol ari zation rotator can be provided between the absorbing
pol ari zer 102 and?lgdae4 isef schegitativ erop@beationabried @ anoftik tmbodimendtyyfaf the two

pol ari zers ave different dﬁml ari zatiqn sone e od| ments, in

reflective n'ff’d‘é L B I C BEA S R Y eﬁ‘@P%ﬂ‘;Ftk‘?taF% Foht%8perties to
pass t hr oughinélagesahaBdokifopdiaizar 10264 reliBetiveipblariztr $64, B@éﬁolirﬂﬁr%q%r ihea

refl ect ive polarizes 104, The polarization rotator 106 changes the overal I

di rectildn ofp%waﬁlqnzrataroaﬁ%ﬁndeFﬁsoqdrraﬂ%w plarizer Y% s tepsflectivegssembbn o

the light whhyRecdupkd M&dmmnﬁg;}ls@mm%maaf feﬁecrto@&hé%m@&ﬁlger ably, t he
pol ari zati on rotator 106 rotates the polarization of nor e.
Li ght that iSystemmaydn¢ledeasy hakqswré%%qablﬁlfftrﬂafd@ralcwhmmgatwﬁ éw] 110, from
Whi ch it MBYirank@dcieehss@isly PYEGptRhAIK, b Bol8Mafibn fobfort A58 fofid ly
100. Light re%‘nl ecct ed stron%, refl Ig%t | %\Slg Bo aral zrclar orc Eo Ed%%ﬁﬁyb

pol ari zat i orebserbmgelaniges 102 fnd thesedestive pplen'@r |1%pa1@nulan*md‘ ittfei terd palagzarond
tinme, ds through reflective polarizer 104 and 30
retur n%'?o tﬂ{emspfe?f\fééppﬁﬁl%ﬂz%oxpﬁght is reflected fromreflective polarizer
104, the process Imsérhe embodiments, in reflective mode, light having the appropriate polarization

properties to pass through the absorbing polarizer 102 will also pass through the reflective
polarizer 104. The polarization rotator 106 changes the overall direction of polarization of
the transmitted light so that a portion of the light will be reflected by reflecting polarizer
25 108. Preferably, the polarization rotator 106 rotates the polarization of light by 45° or
more. Light that is not reflected will enter the backlighting system 110, from which it may
reflect and eventually re-enter the transflecting assembly 100. Light reflected from
reflecting polarizer 108 back towards the polarization rotator 106 will have its polarization
modified a second time, and some portion will pass through reflective polarizer 104 and
30 return to the viewer. If the light is reflected from reflective polarizer 104, the process will
continue. In other embodiments, light passing through the depolarizing layer 112 has its

polarization reduced and a portion of the light will be reflected by reflecting polarizer 108.
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continue. In other enbodi nents, |ight passing through the depol ari zing

| ayer 112 has its polarization reduced and a portion of the light will be
refl ect eawbysfedsBect i ng pol ari zer 108. -6 WD 03/ 029885 PCPCUSGRZ/271665
Light that is not reflected will enter the backlighting system 110, from
which it may reflect and eventually re-enter the transflecting assenbly

100. Light rIﬁElthHdt @hok fePIatte@WilPshtdr B baPtgBingZSEterh(8 0 DRk whiRWaI RS, fefiget
depol ari zing layer 106 will_ have_its polarization reduced a second tine,

and some poratfgkenfially reyeter the,ranstiesting pysesebly | €0. pIe‘Blé\trfF&“éF“'df{?Hl wHeFH 8t urn to

the 5 Vi ewerpoldrized 108 batiBlvards te/EpStertAtE 1hyeP M4 ®fl RGE tYFolRPhAsd £Qlced @4, the
process will continue. Figure 51s a schematic cross-sectional view of yet

anot her enbd@fgAdimeg andssome Pariion Walk pasy Ehrepgh efisctivepodasizen 194 andretia t9 hgent i on
wher ei nsan aRsadbifbe et ?srrlaﬁ&lfed% feﬁectﬂ@i)olgﬁﬂ\“léus the pT&%sstv(IlﬁQﬁltjirﬁxgt Ive

assenbl y 100 includes a reflective polarizer pol ari zation rotator
106, and a secondigusf b iscatschematio crpps- %@ho@bﬁewpﬁ}'ﬁagﬁh@ e@bp@lmntsﬁhenatl c

Cr 05s- sect I Gpalatli (¥ smblPhooBRMNG ot ésx{ﬂgﬂérel%n bsof il 1045, assendly

according to the Inventio in an a sor bi ng *po
provi ded. Thwt progidsd.| Elast traneflegtivecaskanybly 08 lnﬂgdlqadeeﬂeatlveaioumen M4, pol ari zer

104, a deﬁg‘lﬁﬁdgﬁ&%&w(?%%‘?“&{;% c%gg aﬁz%” tive polarizer 108. One

nmet hod of cturing e the rans ctlve assenbly 100 is
15 thrdQgh a r oI IFiguge 6 Glal SChﬂmntlesmss Shtorpl veesf ya anothe embedintemt afmeate a
reflective zer/a o ar.i ze i.nati,on W|th pass
axes. The prtg @§ 1R btb accor ?Fﬁaedmifg{?{’gw 6?lf1 Ly Sbslpfhnfgpt a]t?ééss As an
exanpl e, a frok mo@fdedi ﬂaﬂtmnsﬂacnga asemtlp | @rindladds @nefidctiar pohgized WAENt , such as

areflective ar.i z r absor bi n ol ari zer. or. _both, 1is unwound from a
roll. An al |‘Hﬁ %‘ng% “138??‘?88‘9 °¢tE PPRRFZRTR0S. for exanpl e, coating 20

or otherwi se di S[D)Iﬁinli’eghoﬂ ommhﬁa&mmr@modmwdmie tRRéMRcliveaasidnibli 100ypi cal |y
with a oIvet or (illpt%ct ant he coating ca rmed in one or nore

rf
coat i nd st epfarougiygro PFeSHh tpr?f‘ﬁfsé’f“? ¢ uge t%ﬁ?ﬁ%%ﬂ%??“’drl ed to at |east

partially (pokfrRemdbsorbing pbatizs tombihition withfpataily) pabLaRey, ETHePRoce ey ElbeOr
di spersant. The phot oal i ?nment material is cured using wultraviolet |ight

pol ari zed aIRS’ﬁf@mE‘?ﬁ’é‘sH’ég?l -togrol] e pigRGs AdiaR E¥AmRK afidmef 689}6@21{‘81@ al i gnnent 25

| ayer. The %a&%&@nemg a&ﬁén@rsﬁafiasrarrbﬁhrcn&eopmmép&%s%ﬂg S18ideP6r both,
crystal material on the ali nrren? | ayer,

di sposition of a Iiqui

descri bed bdp wowit}@mmoﬂlvé\sl alignraeid {ayergs ﬁmed e thg rﬁﬂrn @y,afom@mbst m}nne nt
nat er i to r re18X

ol ar i 2Png”or S SES AR TR on klon LA Grto W AR wHEL Mhcrfor
coating or cf(l*pérsmts@he coatipg sinrhg parfoqugmmmmm(mg/@an@gmemhéhe st ret chi ng,

rubbing, or ﬁ%&?xﬁéﬂ:ﬁeﬁt HiE{éHﬁ'}é &ﬁﬂolﬁﬁly dried to at least partially (preferably, substantially or

fully) remove the solvent or dispersant. The photoalignment material is cured using
ultraviolet light polarized along the desired alignment direction to produce the alignment

25 layer. The curing can be performed prior to or subsequent to the disposition of a liquid
crystal material on the alignment layer, as described below. Alternatives to coating and
aligning a photoalignment material 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

30 orienting the alignment layer; or sputtering material on the film at an oblique angle to form

the alignment layer.



30 orienting the alignnment |ayer; or sputtering material on the filmat an
oblique angle to form the alignnent |ayer. -7 WD 03/029885 PCT/ US02/ 27165
The al i gnwens/obesger is then coated with the |iquid crystalparatsezaks

typically with a solvent or dispersant. The coating can be perfornmed in one
or nore coating steps. The liquid crystal material is optionally dried to

at | east partial Ithe GRERhE RPérYs thenBsatanitAhd thﬁ’([ crybthl thtdriaf, 8RRy W 2501 vent
or dispersant. In an alternative process, the alignnent Iayer and 5 1liquid

crystal mat eopgnt & SisppEarte Persionting cap b p%rémew aie Of BETecoRAie sEeps.hihe
coextrusi on, i e Al { H&it@%&

addition, a gglbs%r%ate fil mS%gﬁ(glﬁﬁ%g a %ert Qﬂalgj%gﬁéém%g%ﬁ@ﬁq (%m such
as a pol arifly) remoyy the gplyent prehwv@ltpbl waltzemtlmpra@ssaﬂmmgmp@n yeraed) or
conpensgtio this
filmi ngt henlécglli(i %tﬂﬁréart %g dg&q xg{lh& folr?’ya%r{) 5 % QJX%%%;& Mt o, or
subsequent ttbepﬁenmngmla@mtwhahwrald@mbnt Iayer and I|qU| d crystal
material on the g 7 r Qne
alternative enbgg%%‘%{ﬁﬁ’ggqufrﬁgﬁﬁ(?%ﬁs kfél(rial&la Her%p H}m coated onto the
substrat e fipolriki Qg:grmmeﬂdcagﬂamlarizmtabaodimg)pnladznr)y)ecormmsalmen filhtier nati ve

enbodi nent, | | UI (o VA eri.a ot herw se ed on the
substrate fi'ty &jarhd’n%naﬁl a;/rgiray%rol?ls(i ractt onsefgn ﬁhc?tsaIBﬁ"iaWéerlgﬁlBg‘f ™4 zi ng or
pol ari A&t i ondoab sﬂmltmysoestlye,munt Voadmsglm‘qmnt toaheeformaivatof mciligatmentTiyer ambt ed

pol ari zi ng | ari.zati o terin filmand the substrate film
are then brgi E‘f W%@lé?aﬁwpfrét ﬁpOIaﬁl%?ﬁ ?{é’tongﬁ(ﬁ‘)za e sloment.; g ongaltsroative
material is Mmt Tahﬁ[uldtdmtai nhteHal iJ fiso édafeulodto&h@/ﬁxb&katdrﬁlheﬂigainehtsay‘eur ed
usi ng phot oact i vat.ed,

e-beam_. curi to formthe pol arization
rotator. Any’ ﬁﬁB{CB%tﬁ“\YﬁE aé‘ﬂn%&altﬁnﬁg‘éctﬁr@l?fil’?@t’ |1‘§'9‘9§Bi5[9§1n?§‘7“§05 358 o hr ough
t he substr at@hdrivisdispbred bh thalsulssaate ifilialali@findn® lay 12BN A6t ¢h the! | -
Preferably, the curi ngl?of the liquid crystal material couples the two film

const r det i orkolarizgiger pelarizatign aliesing glemg ent Jayes ORStBICtiN. nol ar i zi ng or

pol ari zation alt efhkReated 1 Ring &H&Qﬂﬁﬁon Aeriak Er%ﬁl%htvmm%ha{e'séﬁg’tmte'fﬁmunmund
froma roll. An alignnment |ayer formed on'th by, for exanple,

coating a prise BEn PrHeRiiesehst €rg d‘!m’éi?f?@ sp fiat ﬂielllﬁwdtcy}ﬁtabmaleyaw beiweengh¢ vent
or di spersangy fRS $RAiJuitterfl nR% Pl LREFRN Ogr ﬁhoil{l@m%'ied”@éﬁnaﬁ‘ et 'b@zgnSt eps.

The photoal i gnment mat erial 1s optionally east partrally
(preferably, cugaggx@rmmelnoipnmtlonfrmuoy)Ammwama@dsme«beam cwringds typisalant . The

phot oabj,gnre }nc'ﬁﬁ{zgn't  subSrafe 1] 143168 coltbln @ }ﬁé#%gcpamegk&f.' zed al ong

t he desweda rection to pro cet
Preferably, the curing of the liquid crystal material couples the two film constructions

together.
In another example, a film of a polarizing or polarization altering element, such as
a reflective polarizer, is unwound from a roll. An alignment layer is formed on the film
25 by, for example, coating a photoalignment material onto the film, typically with a solvent
or dispersant. The coating can be performed in one or more coating steps. The
photoalignment material is optionally dried to at least partially (preferably, substantially or
fully) remove the solvent or dispersant. The photoalignment material is cured using
ultraviolet light polarized along the desired alignment direction to produce the alignment
30 layer. Alternatively, any of the other methods described in the previous example can be

used.



30 layer. Alternatively, any of the other nmethods described in the previous
exanpl e can be wused. -8 WD 03/029885 PCT/ US02/27165 The alignnent | ayer

i s coatedweiosl2dske |iquid crystal material, typically w t®cansobyans or

di spersant. The coating can be perfornmed in one or nore coating steps. The
liquid crystal material is optionally dried to at | east partially

(preferably, Squth@Qﬁé‘rﬁﬂeanla%r is édd{eh)wlthrtfenimﬁ?dé l%Qaltéfﬁp(tt]yp@d; allfwRGr sant. In

an alternative process, the”alignment and 5 |'i qul’ ystal material
can be deposviverf oz disnersanh eﬂmoytmgf p be R%\'éﬁllﬂed inppe eomererogatingrstepenlhe he

pol ari 2i N9 QlquRAlAidl 2Akdrls b Hally Gricd 6 BFRBkst %a%qugf@ké éyr,gub%gaﬁ{%{r}gyt&' ' gpment

| ayer is coat & erw se di sposed onto

typi cal | y wifuly)aemorebesolvent ofi dispersaninin anmltsme@mredessg mmﬁgmhcmyhyer and
preferably . i.f i e rdation can
be pr ov?ded W%‘Jﬁﬁg“ﬁ%ﬁgﬁﬁg o8 dyﬁ i ddsgﬁ'%%??oél% W ﬁ%% ’%h lesle) S%eé‘?ruial gn¥r'rent

| ayer is usetlie;pqlar'ezirm@ntariadtioglahemgeldnmytar is optionally dried to at |east

partially (prefer subst ant.i al | nt or
di spersant. In or@goﬁ%lg wen ahlgﬁmel%l Srnl % té@orrré‘r?fwﬁs%é/‘é?osf ?ﬂ“ﬁ@‘gs a
phot oal i gnrrelnmldniywlmaltertah@tpmaﬁy with @doluait ngdls;ieirsraﬁwmokeebnd dlighinep®dyer i zed
al ong the ‘desi all dj.rection. I.n ot e, .second
ali gnment | & £ '?aé’r edf gﬁj figsired Lis$ aé'g ‘%g&t‘r?a cap ‘%%I?f&Y‘F ANy or
pol ari 2@t i ortheliquid tnygalehz&éfﬁﬂlt If\thet Socomid algringsmeysrus fl@d&h@@coﬁ(hﬂhglm&ml d
crystal rial; coa her wi s i sposi ng. a segond i gnnment | ayer
on the 1i qﬁ?’ﬂ“ 5rphipna t“yﬁgf"gp agiea%{ﬁaﬂ?ﬁ%& %sfgrﬁélﬁ'cﬁgfpﬁ@ma %B‘bﬁ“ﬁ rg‘B?V fierwi se
mechani cal | ysoReht@ dispétsant. "B oz 6@BeHiAbhtOReERdbnd aﬂﬁgﬁihent(lziyeﬁﬁddﬁxﬁ&rd ng materi al
on the liquid crystal mater.i al atvgué‘nobll gue angle to formthe second

t

al i gnment | Ahetoaliggnephmateniy) hay i g Hitfexiofes Jight polarized plongithgesired

phot oact i Vata@@nm&xﬁ%[r@@ion Qfotﬁerl%ﬁl%mlm{éh'ﬂé'tHQsec&Wah@ﬂﬂErQ%HM%rﬁfédB? f8r beam
curing is typically done through the second al i gnnent "l ayer to ‘orm t he

pol ar i 2at i orfXpeplg Gerosinpp poletizingier RosaTizefion Mtena AleRenh wdh 9hgnml sfacpen second
al i gnment | a}efiqi@Ery@IGRatidi boh i erfh%;w@é dl%é‘iﬁEB séc@x&ghg%emsﬂr &h ignnent

| ayers) or subsequent to the curing of second i gnment | dyer. The
final conbi riuidsystad matesial ﬁ@ﬁhwaﬁ@h@atr@@pg, of ¢therWusgmeeha7nany an@mlng mat i c

Cross-secti Ocﬂ.?%] ectil M eawe{]%; ﬁ@%orgﬁ%al oh ¢ hqh{dacm fehxledﬁse”b' y

according to e 1 nvention nment o e trans ective assenbly
100, the fi r®ﬂlque@fnlgbdofqrmtb®$eaondz@gnmmlmd second reflective polarizer 108

have Bn- par al | eTlhe rllql?iﬁ %Wséﬂn&“ i i guredpu%{ pﬁgtloz?‘crtlletea fthetn%gl T e-gr LZers are

not of “rdenti cal
curing. Any photoactivated or e-beam curing is typically done through the second

alignment layer to form the polarization rotator. This curing can occur simultaneoﬁsly

with the second alignment layer (or even with the first alignment layer or both alignment

layers) or subsequent to the curing of the second alignment layer. The final combination
25 is then wound onto a roll.

Figure 7 is a schematic cross-sectional view of another embodiment of a
transflective assembly according to the invention. In an embodiment of the transflective
assembly 100, the first reflective polarizer 104 and second reflective polarizer 108 have
non-parallel transmission axes, particularly if the polarizers are not of identical

30 construction. A polarization rotator 200 is sandwiched between absorbing polarizer 102
and reflective polarizer 104 if the absorbing polarizer 102 has a transmission axis not

parallel with that of reflective polarizer 104. In some embodiments, absorbing polarizer

-9.



30 construction. A polarization rotator 200 is sandw ched between absor bi ng
polarizer 102 and reflective polarizer 104 if the absorbing polarizer 102
has a trawemB®sisesn axi s not parallel with that of refl ectcraSppbass zer

104. In sonme enbodi ments, absorbing polarizer -9 WD 03/029885

PCT/ US02/ 27165 102 and pol arization rotator 200 are constructed as a
single fil m@ndnd goThRatiEAlrdif0rt208 aredofdtuditd aamn@@ firh @&d 1aﬁaina¥ea€o the

transfiective assenbly 100 is assenbl ed separately. di scussed above, in
ot her enbodidpysandiheissionfitherigpnpflactiys aseambln0G is asﬁemble% gaparatelyie Afol ari zati on

rotator is typh&eh hovtQh SRR maagnatsbgnrasédrblﬂgﬁm RO i Rbruspd EXAMD €5 of
sui tabl e birefringent materials I nclude orie dnpo ymner f , | am nated
structures of ori ent edbppdlgriratior fofaas is tipidallydormedrugimg ia birafriohgent oratgaial. c

mul til ayer j id

cryst al *mat Aol oP e SR8 hRSE malehilF o HHELRL AR el i St 0

l i quid crystsaictuss gémm&ddlmlymnﬁmwddfothwdam«md inopatumelilaget h their | ong

[ . i h
e 2 9 AR B bR Rl 0,805 AR ) BN 0", L

IQ

1’on in
the inmedi aha cmebcgd:dnaolh@odk nn‘matlhéqtpdmysml i§ Igeneralb'ccbmposeﬂ oﬁmﬂhlnznl y call ed

the director, uid ¢ St ter| s_incl.ude, for anpl e,
lyotropic, AENER 'Ileé WIH“ pir ioﬁ 68 L@G Hré’ﬂméteé'r%?s ugﬂ 0 0Bt anoher Lt a%’(BWﬂf(

i ncl udeoE?, 1Bt1ﬁ:36eduﬁﬁ?ﬁne @mdleﬁ%vkcifor mrre;Mésreni«he fﬁféfdrrea 6ne1ﬁa&ﬁm i, and 716
from Koni nkI i Phi L i ps. El oni. c N V. 15 e Net herl ands);
Pal i ocol or E‘%‘K’? iafe ng1g5RpEhGC ‘g %f’ 1? YT Kgﬁl %ngﬁéﬁ Ten,

Ger many) ; arﬂimhﬁl?h@ﬂéaaajsfar Qo) Mﬁt&iamndl\@e(ﬂoﬂmm@w r;g)roplé;dﬂmhu@ aad exanpl es

of suitable eri.a ncI de those descrjbed in Pat ent s. Nos.
o 765 ann. © holssarolgid GGty Erm R B GO SCoh AGEMBST FREY | ¢ or

nmononeri c W&‘M&*’ck&i‘@M 7632196 a@d enmmommnmhﬁélpﬁh@s Eies@ommk vde those
materials that can be reacted f.orm 20 pol yneric @%94 crysta

materi afs. Homskadam, é‘%?d&‘ﬁh%ﬁ‘i% Pajjoqolgr (242 prshialipeolen ey BésnFsAG

preferred. lmuahg %fene@%nﬁﬁﬂﬁcﬁc}i bgagh ﬁ@lﬁmﬁuwnslzmyénﬁm&@) f Ridmidial i cal
tw st about the nor mal e surface pol arization rotator. The

twist angl e epaplenpfsuiipblompierielainclide @Qﬁp Qfécr&’éﬂ &Y 8dPasenty Nes. 51834%%, one or
more opti ong oAl snmarstzok ?“fhe EOmbfn 0 Oh R p m@'omahomé&%&é&m about

whi ch the | oéal”’ |rector 0 C structure tW|s S orf rotates 1s not nornal
to the surf dpatable mmemsmmatpmlealmoduﬁmtm mdterialsChatmarebd hctéddo fetimsposed. | n

this e od| ctor lies out of the plane of the
gLl Wmﬁ NGulGIRL gaﬁ@hﬁlﬁ

pol ari zer or rr'zation- ering element. Wth respect to t he surface of
the substrate, t Fer somgd embofliments, a twisted nematic LC structure is preferred. In these

embodiments, the director exhibits a uniform helical twist about the normal to the surface
of the polarization rotator. The twist angle and initial orientation can be selected by the
use of one or more optional alignment layers.

25 In another embodiment, the axis about which the local director of a LC structure
twists or rotates is not normal to the surface of the substrate upon which the LC material is
disposed. In this embodiment, the nematic director lies out of the plane of the polarizer or
polarization-altering element. With respect to the surface of the substrate, the angle of the
axis, at which the local director lies or about which the local director twists, is defined as

30 the pretilt angle, a.. The pitch can be constant or can vary (e.g., increase or decrease)
along the axis. The twist angle and orientation can be selected by the use of one or more

optional alignment layers.
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axis, at which the local director lies or about which the |ocal director
twsts, is defined as 30 the pretilt angle, a. The pitch can be constant or
can vary We.og/i9s8ficr ease or decrease) along the axis. Thecmwisst2asgyl e and
orientation can be selected by the use of one or nore optional alignnent

| ayers. -10 WO 03/029885 PCT/US02/27165 At |east sone liquid crystal

materials, such ag 16 ok 1GEIAR sl mBtefals, sedHs@ikAmbmdtid e QY lcﬂolgs&éfﬁs al s,
i ncl ude a Chl ral conmponent which results in the formation of a structure

where the dillid @ystals, indhde aichingl gomponepiayhighyesplis an the fermation of arssueiiees about
an axis perpgidine le@crtorto‘? tHellRufd crrﬁ?atl ﬂlratenllhﬁnﬂlfngtaﬁg aﬁdﬁ??ﬂ:mlsr al nematic

liquid crystal corresponds to hi ckness of naterial needed to achieve
a 360 rot at i RsFPepficelpro derdireetor. . letpltpléafsthe ehirgbnengtinliguid cn@t@h@qr@qunqsuiOd

cr ystal ? th f}hQ ﬁlgéﬁ%@ o{‘;ﬁh{eﬂ%l ngé(deg t@(fac%%%); '3@(?" r(?tatlc?}l rcﬁrec@? nRPl zpsg omeThe

pitch o e materr al anlng eratio o Irtal to
achiral compbindmbtmaticAiquid aystas cani beefade nlymmby tha héditied ofasahﬁ’al Cﬂﬁlpaulﬂbn’&ti c
liquid crystgl, .i a riz n rac lve i ndi ces,
no-and ne. 1ot i e (e DRRLR <4 Bf potfiedly (WReRE HEF ek BRSNS rponent —of
l'i ght whose ®@hpohéntsc field polarization vector is perpendicular to the

opti cal sym"retry axi.s %ﬁ?ﬁ %le bltre r.i n ﬂt medi um lpe extr.aqrdi nar%/ i ndex,
nei influences thAHaXg bygkEgem B’I’aelnfl o Bematic digpidicpystal. s ghargiedrsd, at i on
vect or 10s paiyawogkinéipalréfeactipd indiats, nSand W (Thy ofliay refradtive ildek,&f lihM@gaeds medi um
(for exanple parallel ect n the case 15 of a nematic LC

th
material witthetS ?P?‘?e%"fﬁi%m ‘@ﬁ‘fs?ie CtEﬁ%EIthPBB%UODTFFéOIBF PEpsdicyeptodhe An,  of

the medi um (‘@)lﬁc&l%ylﬂﬂif:!rf'@ﬂs bfthé BikdEngRht AN ITRESxtrad¥ATAR indé, nePfahaéﬂcé@d
light incident on a birefringent nediumw || propagate as_an or di nary ray

conponent artfatsAmagRentRfilighixhepe elgptrie Sﬁlﬂ@ﬁbﬁ%atlowect%ae@a% fogbe¢ eBticak each
conponent Whery adlis OF B blt@ﬁmgéi@ Ee@ﬁﬁﬂ??dr%%@;ﬁe zi>a1qlkf,lft§ fie erlreét&qﬁ )fhecbfase

refraction. The total change in phase, or retardation, of the
depend§5uporpftaﬁ7§mbilqle¢maF@éh\Yéhmlvﬁld@lqcmC@nﬁ@%@%f the medi um 01e

enbodi ment of 3. s hARgdL 3 6L ARGALEL (¥ adALd GRRNLTnl fgdl VST having

t he thi ckness of fave Tetarder cal axis is set off
fromthe plane of 25 poI arl zation of Ann@nedamt I inearly polari zed l'i ght by
an azi nut hal olarizatipn rotator is in

ngle,. ~. ti.cal. axis
a pl ane par alfq?aé-?ze&gllt fg1acg r{)"alﬂf %?'J“edr“ﬁ’ilwﬂﬂwo 9838 AUPEIREI™Y o t he
“ordi nary" reynpordh® aktPdnl exw@ot@inktraf dhaipohéit.Athe phist SelBityddtied dofifpofdnt t he

20 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. _

One embodiment of a suitable polarization rotator corresponds to a layer having
the thickness of a half wave retarder and an optical axis that is set off from the plane of

25 polarization of incident linearly polarized light by an azimuthal angle, ¢. The optical axis
of the polarization rotator is in a plane parallel to the "extraordinary" ray and
perpendicular to the "ordinary" ray. The half wave retarder rotates the polarization of the
incident linearly polarized light by 2¢. For example, a 45° polarization rotator has an
optical axis that is set off from the polarization direction of incident linearly polarized

30 light by 22.5°. The term "half wave retarder” signifies that the polarization rotator has a
thickness, d, with And=(2m+1)A/2, where A is the wavelength of light, and m is an integer,

0, 1, 2, .... For other wavelengths of light, the polarization rotator may provide different
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incident linearly polarized |ight by 24. For exanple, a 45 polarization
rotator has an optical axis that is set off fromthe polarization

di rect i onwofosjopasBsient |inearly polarized 30 |ight by 22. 5PCTh&sor/erins " hal f
wave retarder” signifies that the polarization rotator has a thickness, d,
with And=(2m+l)x,/2, where X is the wavel ength of light, and mis an

i nteger, 0 rofatioal values. Th@ enfolligdent@M&lonS e d\serfeét rbta@Pbnly FdiSvaOkmRgthszat i on
rot at or tgr ovide different -11 WO 03/029885 PCT/ U802727165 rotational
val ues. Th| hplidy thegtorsmosntionssisqusmsntoer fect rotator only for wavel engt hs
that satisfy the af\QfsweRt b&'?rﬁﬂb E%HIHhiaﬁHEfUtator%nK@S el Bghe SHARP! € @

pol ari zation rotator can be a forned using a |iquid crysta% nmat er i aI whose
di rect or rot@y®a matesishwhess dirpeteneaates alang e grickngss axisiofi e palerigation seteeor 5 by
a tw st sangl r

t he pol ar| zalfyl ot?%t a}(‘%lé le Mﬁ%%ﬁg@ﬂreg{hgé %E‘%sgﬁe@gﬁgp’\}z ?Elg%kggmfﬁ
When 1"1[ 7 frotatax. ﬂ?hfrpha@mtemdam:ml&wgtbh or wavel ength range of li ght,
linearly polarized |ight incident akoﬁ%@ ib”de of the polarization rotator
will energe rotated by the same 10 a S"the twi st angle, ¢, for that

wavel engt h oWnhbh @RET o gartRlifa #hveledthl wa e nedngodTeihi h@eaﬂ? balhtiZeat i on

And/ k.

rotator includes |i UI d crystal material havi ng@sﬁtw sted nenatic
structure. Aighfjng ecof Shernplarigationdetatopwilbemares totptaddiyiibe samer al nemati ¢
l'iquid lgryStﬁﬁounf@ttﬁé f\@it afigle UB) DOMART OBt ¢ 1 BP BRL éf&y%%eQF}u%Bos' ng
sides of the polarization rotator (as 111 ustrated, or exanple, 1n Figure

3) where thewhdni t@p@mzamm indtusles lgnid aymlsnal@adihdvmwastwwedmadem red
t t | { at
wi st angl e, n% : ﬁﬂ?ht?@ég‘?@o?%u thﬁg §§1 %%EQQ&L% usP g %Hl g%lét% é]{l% Hsp S can

al so be desi gn st angle o alter
t he pol ari zamaterial andsieg d>ptpnalcahg1yn@rt layers Dniepnosﬂng gnldes of Alse m:ﬂnrmximmbmor

consi der an | e | i.near.] ed.| ectrlc field
vect or par al(: ﬁﬂfmt%e(fﬁ]r eéampl%tl%ﬁlgxﬁ‘eggw il?e a(ﬁlg]i‘g?fﬁt V\%veglf {]’ﬁi‘?ﬂﬂ ™ Accor di ng
t o t he 13onesdifferds by therdesifeddsis( aggte, o2cdntbinatismopthese mefpids.cs of Li quid Cryst al
D splays”, by Po Yeh and C air Joh d Sons t he

out put |ight has (Hébal"izf)tloi“cff’tf"ﬁ?rsa‘ﬁﬂ a@% %T@ﬁsl%nﬁ‘ﬁoé‘r\{?ﬁléfi ‘%/%a'@ﬁ\‘}’éﬁnﬁ&? ange = tang 2
sin-' CX si Nretird4didn toailtePhié poladiition &1l eNipticitef in¢iddn@ Nght XAs%n exdmple,

consider an input beam of linearly polarized light with its electric field vector parallel to

the director of a twisted nematic structure. According to the Jones matrix methods (see,
20 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:

e = tan lsin’l [I‘l;sin2 X
2 X
2¢X tan X

tan2y = T
(¢2 —TJtaan—Xz

where is the angle of the major axis of the polarization ellipse measured from the local
director axis at the exit plane. Here, ¢ is the twist angle of the TN structure, I is the phase

25 retardation as defined above, and:
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where y/ is the angle of the major axis of the polarization ellipse
nmeasured fromthe |ocal director axis at the exit plane. Here, 0 is the
tw st angwe oef248B® TN structure, F is the phase 25 retaraatriusnz/zaé6zefi ned
above, and: O+( 7+~~\z X -12 WD 03/029885 PCT/ US02/ 27165 For exanple, for
550 mm light, a polarization rotator having a birefringence of 0.12, a

t hi ckness OfFol efunplR, f 530 @1 Y%hﬁta pRREkAIoR rotflr Kedhgdl iR ridgBiReROD quglazat i on of
linearly pol arlzed Ilght to ht with elli t|C|ty of -1. The poI ari zation

rotator can thiskness Mw@d@ﬁwsmngmfé%w ridhq pdlarizetion qfdingarly 5
coat i ngs) O,P"'T%g‘“‘ ttolFé?x'iw?tﬁ@ {18 Jrujtiple layers of material can be

deposited on a particu sub rate or polarizer with optional solvent
removal steps andhepplaiizatiah kotatorxan be &irmedusirigdrie oc moredjfferentiesers (deposi ti on

of the kayer T e L Gul . L. rti.cul ar substrate
or pol a$| ZEI’C%I S ggeifslﬁ%%z ]f‘éc%%% %%grrg{lwg,%%l‘r#ﬁ%tf ?%IQ%} b«%ge[p hs.lgklfﬁﬁ? i ple
applicati onspaaiculaasmsmae oqmlar'rzeduiﬂeomioealtselewnttms ahd, wptioaBgledrtiab dri ve

away the 10 &t g'\ur}} %%t\h%%% 863)0519 onmatttﬁ rfa%crsé n’ﬁﬁs cafn t %grélc%ﬁr"i‘)g‘?ﬁegié }tj t e%l ers of

material for®t epo ariza Plot at ¢
subst r at es qfartppolaasutseats Oﬂﬂﬂhﬁzbﬂﬂ sdriitivé Memmtﬁnﬁe Ihmeidig) or bctth)gmmhrpﬂe Thi s

provides a met or e.q. am nat in I.ndj vi dual rrponen S
into a singl aé"’ﬁ?%? A ma%&a} 19‘1"\%6 thgﬁé%%lgﬁ f’ﬁt@m‘g%eéﬂecg'io dé'l"%%‘ﬁ?yet

t enper apur e ddRnie cpethearnarethlt As bdthdr ieizﬂﬁ;ﬁe (Ihyfefs%hﬁfériaﬂﬁﬂt}hb polgrizagibn

al i gnnment between two.or nore | ayers of pol ari n rofato terial.

A | Pqui d or yeREr SHupePiad TN SURER e RRHPEHS FHCPERIOS v liver proun
functional gbgdfRs. Thibpfovidesa hRthdd &t chbMbMRIS L] RinitafiBe) TRdi®lA components
Alternatively, a.crosslinking or vitrifying agent @can be included with the

liquid crystigio asinels article; Qptionally, appnenlingsten s elavates tePSFRIeSanbe ar i zat i on

rotator. Th epekfoﬁhwo G A8 BifBbR dodling 6t alEniAdnt gae«@emodﬁ flokidydrd OF
exanpl e, 20 a nematic, tw sted nematic, or chiral nematic phase) and

then cr éssl i polesigation relefosmatesial. vitrified to retain the alignment. Such
crosslinking can g, 19@&?&51%&@( céh Bé%él'e@c@&’wﬂlfch uﬁfuﬁ@sex%&%%e IdEGSH %gupsf or

exanpl e, by photoiniti l'ectron-beam or thernmal curing.
mat eri al s céathatisen bﬁ@ﬂedumoﬁshnk the material: iAdtgtriabyely. gtcznselinking Otrhérlﬁ/lmp@smt i on

gig?t e£ ?ﬂ;o%gpté)?lﬁlg can t%a{eé@{hdr %fsﬁa?jg{ te%‘xé%é%ﬁéﬁ#s@ﬂo&x%& SI on OI’ scat teri ng
of light,.i fpodtfmhmcertptatw Theeliquad qystazlamaltemial ¢amtba1abgned apdesaed(fbrexamplanipl e, an
absor biZBg mie;[ Eernlla%c tmslgedt%l%mla i loy 811%1 ItIC(I)II Qasg and # hegl c?c;ssli%kgf (r>rto|t1g1:el14v|v1éslcra
vitrified to retain the alignment. Such crosslinking can be performed by a variety of
processes including, for example, by photoinitiated, electron-beam, or thermal curing.
Other materials can be included in the polarization rotator or the composition used
to form the polarization rotator. For example, a diffusing or scattering material can be
25 included to cause the diffusion or scattering of light, if desired, by the polarization rotator.
As another example, an absorbing material can be included to absorb light of a particular
wavelength if, for example, a colored appearance or the removal of a colored appearance
is desired. Examples of suitable absorbing materials include, for example, dyes and
pigments. In some embodiments, a dichroic dye material (e.g., a material that
30 preferentially absorbs light of one polarization) is used. In particular, a dichroic dye

material can be desirable if the dichroic dye material is capable of being aligned within the

polarization rotator. Suitable dichroic dye materials include, for example, iodine, as well
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wavel ength if, for exanple, a col ored appearance or the renoval of a

col ored appearance is desired. Exanples of suitable absorbing materials

i ncl ude, Wworo3pxmspl e, dyes and pignents. In sonme enbodi meatrajsoa2dieEhr oi ¢
dye material (e.g., a material that 30 preferentially absorbs Iight of one
polarization) is used. In particular, a dichroic dye material can be

desirabl e if,stai@hrddlufrBhhso, dS0, rmézsrtb@a{azé PetaR g niicPRidedyad, CORgArRY thin
the polarization rotator. Suitable dichroic dye materials include, for

exanpl e, i odiserium diphapsil{bis-a-naphiiplaysnomifgene)pagthylontles sblbenealye (Color

ant hraqui no = Bz Z0y,_ Lisgyani ne
dyes, Congonlaed?&?)sog% phl%ﬁhﬂ?& &gt{"gea%gop deﬁéﬁ%ﬂrz] tag g‘%}foogt e?gl net hyl ene
bl ue, stil be(lbhle))ykp(ldﬁglamthlamidé)ph(:@la)zobetﬁm&)zole,yl Attbas[argtabgbhtﬂﬁcnzé cyani ne

chloride (C 374 2- a i azol e,
2- pheny?azobpee SVARNN:V4 f’un Qﬁﬁlhﬁgo qim%?sﬂpﬁéﬂﬁg “E)tg%p%ﬂ" Zl conpounds,
4- 8- di hydr oxmethéxyphenyl mbst&f;emqomsmmmy-l;Mﬁabhtaathfeﬁyﬂye@;anapomét@yyqohenyI

substituents ¥ e dye ol ter dyes such

as Pal ani | | M} E%P%(% aﬂlﬂ é@(ﬁ%@’l&%% m"&%#éﬁéefﬁ“ r&%gg y ® The

Er oger tCIO :als _quopdgzae;fwﬁdyearag% ﬁﬁﬂlgdﬂffln&fluﬂgﬁkdnggre}]d%@ﬂbegﬁﬂi Hes&fgl @Gllﬂoﬁii 3 E. ]Ij
and, oi e y t ot i.C 0|c: and net hods o

maki ng t hem neég‘ié Qél}f’tfl?e‘)%cbt"i’f&dms’ra}? @Wfo %‘E‘é‘d‘?ra i§5Fusesdahi cal

Technoliggy, MeKirk®thiRé En@foloredih of €hémicsl TecHRRb3y, V@ngi pble2bes 1 (phegences

cited therei n Q her additives include, for exanple, oils, plasticizers,
ant i oxi dant sl993hendpdhestesencesgited thsisin. | zers, curing agents, and

crosslinking agenbifier :AMA5& iRkdehet fo¥ @ﬁmﬁ)‘?en ofhe pra%%fsvamowdms LRGoZohdd, d

crystal material or non-reactive. 15 I'n oné enbodi ment, a polarization
r ot at or / pol a¥Vstabilizersfyringagentsi and crosslipkingagents, Shese additivesgen bateactive a | i qui d

crystal mat e&ftl?{hetlgglﬁa@sﬁpmh@ﬁil%gﬁ AhSREbing nol ecules that are oriented

with the liquid mat er 1 al n one exanpl e, the absorbing nol ecul es
align Wpth the dilnent ¢rniwduﬂerlt,h@01am|m0d r@atys’pddmmaltsé@rmﬂ usihg gtwlsth@w ng a

pol ari zati O}@F?xéiﬁ%tlnﬁ:lture 5Fa ﬁ(ﬂl?d ‘ﬂ'g ?Jnap&it(?tl]s% nlléll%é% gbs%{b‘(x?‘g rﬁj)leci } I al is

absor bed an avl ng rlza 1 0N pendi cu qui d
crystal nuat eare atientesl Wlﬂa!hs hqmd edstarl'matsnadmhnnhle nmnﬂnpl@fthwabsqrbihg momuko n rotator

al so acts asapo Iar ti.on r tat r ca e for
exanpie, "a imaidfe &5ron el Rhid ot auhlh Aupt Bevtes e oloniilTse, U
enhance t he to@hid difector of thefiquid giyttaloﬁatérmlsuthstadd fightdavingh pelarigtiah e. The
opti caI propert| ncl udi ng in refractl f .an terial used
in the2025 pQﬂr%f’Pﬁ’f'élf‘ t8ﬁher%&“§£ S“’g ?615‘89'\7&/5 e‘“‘ﬂg’ﬁﬂ‘gﬁ% r}ﬁ’or exanpl e, a

t hi ckness cogdlfzpaditkotatr also acts as a polarizer. This partlcular polarization rotator can be, for

example, a "clean-up" polarizer positioned after a reflective polarizer to enhance the
extinction of light of the unwanted polarization state.
The optical properties, including indices of refraction, of any material used in the
25 polarization rotator can be wavelength dependent. For example, a thickness corresponding
to a half wave retarder for one wavelength may generate less than a half wave retardation
for a second wavelength. In at least some embodiments, particularly display applications,
it is desirable to reduce or minimize variation over a wavelength range, for example, over
the visible spectrum of light (e.g., wavelengths from about 380 to about 800 nm). One
30 method of reducing the wavelength dependence (i.e., decreasing the chromaticity) of the
polarization rotator includes the formation of two or more separate layers using different

materials and aligning the two layers so that the optical axes of the layers are crossed at a
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to a half wave retarder for one wavel ength may generate | ess than a half
wave retardation for a second wavelength. In at |east sone enbodi nents,
parti cul awby3deesps ay applications, it is desirable to reaazaser2mmphi m ze
vari ation over a wavel ength range, for exanple, over the visible spectrum
of light (e.g., wavel engths from about 380 to about 800 nm. One 30 nethod
of reducing vel.engt h dependence . (].e ecreasjing th gomaticity)
of the pol aél z"é‘r"’ffié?ﬁleron‘% At )(()armﬂl?eﬁc U gl%alg%ees o]f gllﬁ(rﬂgﬂstfﬁnh? 8{)%8(?%&6 Or‘?déepar ate
| ayer s usi nopothtirf The @BferialfRiegElbatBtodbeind politizibn BRtdr Wowhidly BAEA &0 t hat the
optical axes of the layers are crossed at a -14 WD 03/029885
PCT/ US02/ 27 15Bstariglly souistant (e gn gpraing by no g thpm 10% pesghior & desitgd wavedsnethhe
layers can Bgngel %?@Qn@ie,@%y&&f%@%mpﬁ%ﬁﬁ? bd & BdsRikedlsr AALRr 8€1 €cted to
iC nd/ ,

obtain a polarization rotator in wh is substantiall'y constant
(e.qg., VaryiRoychipopaie (a5 Vise versn ta obiaia an slementayithesubanitislbyjunifopaloptied h  r ange.
For exanpl e, rerdafeEveP theRALN¥RIBPY! GiBBIeGRR: Whvelefibifls. O ySth ge | ayer of
5 pol ycar bonrgtrea(or ‘(?i cg verse{% to obteallgﬁt. an?ga%drqrsentra\?mﬁ‘tﬁk’ssﬁg}sf%eﬁt?al |y
uni f or m opt i tetween the veavglength depspdance pictheenticaldistange threpfghheslpysr or|thetimo

wavel engt hs. [ dence
o the. opt: ceah Sp Aty bl ovihe e Rion B Dty ERAI i RRE
subst ant i al | of eaghi dfdherfilow ean beadjusted ¢4 modjfythe anymengfth deperelerstof thehe rel ati ve
t hi cknegs of eac t films can be adjusted to nodify the wavel ength
dependgﬁce ocfomtpﬁselpeloghéeot{r]r%%‘si te of the filnms. Alignnent |ayers can
optionally be usedigninkht ldyees qeobptianzally beoused oith therpolatizaiohirstetot foalefingthe cal

axis at surfaces of the.pol ari zati.on. rotator...Thi.s optical axis can be at
an angl e paiPOFTaRs AbsuERees of fnp RRlariaiop FRIslar Thin qpiical AR &41 04 4120, g | on. in
at | east sonmrdlleboadlcsfacesoftthe dlignaag laeaiaydditiai)id A ¢eastisbind éitades] D6l

alignnent | ayer can_.be defiped the alignnment |ayers. 15 Alignnent |ayers
e parti culdEles SR £0m htrres ot ieBmBut ST e Pl Yy AcmlemmEn s

al : gnmapt  of Alighenedi Iﬁﬁ&ﬁ%&pﬁ&icﬁlh@ dllsieﬂwiudh ﬁquﬁ&gﬁyktaﬁxhatbﬂéﬁ% pukfisgeds of the

pol ari zation rotator. Alignnent |ayers can be_ provided at opposing
surfaces of "thﬁ%‘nflft(?ﬁfbﬁ dHF‘i}grjt"gEheHﬁlPég‘irﬁlml (‘E?‘@?“,rfacﬁ Oﬁ&eé%ola?éi‘tloﬁﬁmﬁfﬁf-at or).
One al ter natAN%rﬂeﬂﬁl'aM@éanlb‘élpﬁg'i@dit @bﬁng’?‘éﬂrﬂ%ﬁ'ihe'lgﬂﬁrcrﬁquin{a%l‘iyll (g, on the
pitch and thickness of the (g)ol arization rotator to determ ne the alignment
at the 20 oppRdITHgtia\eRigk Onqaltgratistingludes pungasingle alismentlewar pnd tshyingd
llayers or cag hepikdland HickABS oPthe FBlafizdtion rdthtsr BUBRImiAPIHe GRENEAPRQRENt S Of
the film For exanple, the polarizer can also act as an alignnent |ayer.
Opt i ondP1y, appesing syfaee-crystal material can be crosslinked after alignment

to maintain the qﬁlﬂgﬂﬂlgﬁrﬁyersqgﬂ bg%hlla%ly ﬁﬂﬁeﬁﬁye@&%aﬁ){)e f)J}Pot%lnE gRERLr layers

can be

the other optical components of the film. For example, the polarizer can also act as an
alignment layer. Optionally, the liquid crystal material can be crosslinked after alignment
to maintain the alignment. Optionally, one or more of the alignment layers can be

25 removed from the device after crosslinking or vitrifying the LC material.

A variety of methods are known for the preparation of alignment layers because
alignment layers have been used in other components including in LC cells. Generally,
one group of known techniques for making alignment layers involves mechanical or
physical alignment, and a second group involves chemical and photoalignment techniques.

30 One commonly used mechanical method of making an alignment layer includes
rubbing a polymer layer (e.g., poly(vinyl alcohol) or polyimide) in the desired alignment

direction. Another physical method includes stretching or otherwise orienting a polymer
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25 renmoved fromthe device after crosslinking or vitrifying the LC
material. A variety of nmethods are known for the preparation of alignnent

| ayers bewauwsm29sas i gnnent | ayers have been used in other eomamzRtIss
including in LC cells. Generally, one group of known techni ques for mnaking
al i gnment | ayers invol ves nechani cal or physical alignnment, and a second

Techani cal rarhad ar <o g Bt HinRTR b RERAGHER. Al abBEertd o yirer
L?)r/g:: t I( g.ng. ,orisoled polymyt filaiscuhibit )lhgmilepmlytanﬁeasks (i;cn LCrveatekials, rci)wdaig;: gnnent
orienting . a%é??{o;l;e r?{élﬁ Pgﬂx}iés%p@}' ggg%’é)g wﬁ%%? %ﬁglg 5 52&}%%?{} %Tn? :i%e pthgl g@# a?alg a

pol y(vi nyl glotysthylene haphthalate), and @olybtygness(michas atectic,dsotacery omsyndietactaf

oriented pol fi exhi bit alignnment, characteristicg for LC matefials,
R L G e T A
pol yet hyl enawbet ekt folymadre Frecolymek Yitnh hyting aeamalighiment 18ee pan iasladddose st yr enes
(such as atactic-, isptactics, or syndiotactic.5 polystyrene). The pol yner
can be a horfB?fBI(f%?'ﬁ@r %(5’?10 tﬂX’o‘B%?Wé Pg eﬁgﬁ" peing aﬁ?‘l(%ﬁlﬁ"é‘e‘étf aQefW or nore
pol yners. Thgclp®d ydontindoul phas€indrgdigersadpliaké. OYTRAbthérayedicat aidthod Glcudes one or

nore | ayers. tionally, the oriented. polymer filmacting as an alignnment
| ayer can i‘}?%\if'd%s%‘“&%‘fﬁq HeHA Sﬂlr‘}h%sgglﬁhﬁ%z’ MefpedmQatpbRAL AL o2 anot her

physi cab metdugcd i @lelbtigtmer® BirédioR! YA S iRERaRZaPmEMSEinléiles thaieB oS Si OX,
Ti 02, MyF2, Zn®2, Au, and A, onto a 10 surface in_the alignnment direction.

Anot her  mec HBISFAgEROVERLTuRaers; Yol psthat deseaiberdsia U PatantNoy A2 1-080. 8 946864s, such
as that deschjjlgadsipm U S. Patent Nos. 4,521,080, 5,946,064, and 6,153, 272.
An alignnent |ayer can al so be fornmed photochem cally. Photo-orientable

pol ymers can be fAdraligampnidayenganglsabp formsd phajoghgmicallyy diheta-erientgble

ani sotropic i I .SDQS: j . 5% g
substrate wthdﬁ%?gﬁd? tJ(eefé.;}gq.ef1 %ﬁ??@éﬁé %)H lg%rﬁy;l%égﬁda(?aﬁlg I n%g%" %”po g:ri zed
i n theldesi rroeleculdsgiinpesed 1mjd medivingn of @ sulistiats wath lightde-gn ukrgviotet hgpithatib ar t o

the desi . o ) i . . { ent
Nog. 4. 074, QTE By fGE bl oy RRmERSRELRG o hRimPRRRRCE porbdhabdupy ot o <
pol yner s i ndhedesirp alignnrentidisectidmyyas descabeyl, éorgrdmypleriidUsS. Latamts Nos. AP 7498t i t ut ed
1,4-b | &/ e f. | i gneent Jq.al whi ch
L, & Den e 530853058908\l 155 e AL B REOTR e TBRAELEL s W

pol ynmer s selexatmplegblyimidecdonipnisinf substiteedrigiebentenegiammes.zed ul travi ol et |i ght

I di t directi f .t lectric field f
Thor9 b, PoL e SUlRE Ao P AR VEsEb 8B i b Bhen SR ¢

align LC used to form alignment layers. These polymers selectively react in the presence of

polarized ultraviolet light along or perpendicular to the direction of the electric field vector
of the polarized ultraviolet light, which once reacted, have been shown to align LC
materials. Examples of these materials are described in U.S. Patents Nos. 5,389,698,

25 5,602,661, and 5,838,407. Suitable photopolymerizable materials include polyvinyl
cinnamate and other polymers such as those disclosed in U.S. Patents Nos. 5,389,698,
5,602,661, and 5,838,407. Photoisomerizable compounds, such as azobenzene derivatives
are also suitable for photoalignment, as described in U.S. Patent Nos. 6,001,277 and
6,061,113.

30 Additionally, some lyotropic liquid crystal materials can also be used as alignment

layers. Such materials, when shear-coated onto a substrate, strongly align thermotropic LC
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materials. Exanples of these materials are described in U S. Patents Nos.

5, 389, 698, 25 5,602,661, and 5, 838,407. Suitable photopol yneri zabl e

mat er i al sworosloesses pol yvi nyl ci nnamat e and ot her pol yner s peaalsoas7ichose
disclosed in U S. Patents Nos. 5,389,698, 5,602,661, and 5, 838, 407.

Phot oi soneri zabl e conpounds, such as azobenzene derivatives are al so

sui tabl e for, at O‘quhlg ths’ultﬁﬁe HEeRal Q%QCéchéélﬁ ﬁ'{ﬂ e, ﬁchPatgmtooj- 277 and
6, 061, 113. 30 It |on sonme lyotropic | |qU| crys mat eri al s can

al so be usedﬂ@hmmanmwéﬁ@N0$éﬁbrs Such materials, when shear-coated onto a
substrate, strongl . L [ 27165
mat erials. Exanp e)sén 0 érgigllv%' gb{l%&m Easf @e }ilﬁ&lﬁ(ﬁ@gg Eﬁ%@ﬁﬁ?ﬁﬁe? g%%?%ﬁp | e,

U.S. Patent rotApptindmtalignedSsingah elo&iti7 08nFGRtic figldaenpthienmaethadoftabigaing g n rre nt

ol gnods usi it S EsraabnsT il st} BPufRROR el soR, subEhh F ool 0 g
5 the liqui d>r eitylS10&|prd’CE§semha|llqulﬂ ctybtalragthria e thenrbe etosslphied anvttrified aw fi el ds,

such as in a coati |on rocess t al te ial may
t hen be cr oé’%ﬁ‘?‘ﬂ‘ﬂé‘&?%ﬁ t‘P’% > GORTm the ﬂq‘i“%‘]%‘%%%ﬂ“’g?{ﬁiﬂ? an aligned

Al t er nat i velsybstaRpduchgs Mnmdau;;quedm likspayettiyidne téreghtiatatasr palyeglmede
substrate, such as oriented esters l'i ke polyethylene terephthalate or
pol yet hyl ené‘aplﬁﬁagﬁf’ AP A5@ PO brovide alignment. 10 The pol ari zati on

rotatonol06 or dqn@baanz'ahaﬂrdtaamros bl &poRfiziag ldyer M2 dan/bé fogmedsingmmyeri al  or
construction, preferably suitable b- based grocesm n t hat i s capable

of affecti HRAtEIREOLANSIFICHaR.Prrfera '%%ﬁlgtagﬁ to elhrbased procersingy thatisqapaPle of er 112
can be a di faffi@&ﬁlgltﬁé’ﬁdlanzaﬁ(’y{f;ﬁaté’-ﬁf l?hﬂ"flfel&ﬁ‘olﬁ‘iﬂh%slhy& 11 2¥ 8 be al difise IGREWhat

scranbl es the polarization, epol ari zing layer 112 may be an

el liptical dogbisardiffuse adhgsiyg I%YP’eﬂtaF sroenewmﬁgwew&d themlaéltm@@t dhed, or
prismatic sy a&%z‘ingiﬁge qllfﬁlapge %aﬁpﬁ’c& &eﬁaslaﬁfe?%ﬂg bréltfid ﬂoﬁgﬁeﬁleéﬂ The

depol ari zi ng T ayer i hclude a polyner matrix contaihing particles
t hat défl ectstru¢tmgﬂ¢orpnbmatu:@pdms Fani algy beageskas thexdepelatizinglaysr 1ddeEhaot absorb

Si gni 1 cant “SRORIARRIE 12 AEPRCRL A BLRR MRS GRARRRATIE b T
10%. 20 Th dlghptﬂmalepqiarmmlay@é 1 preferndlytidneshatrabsoirn heht aytbm thd desared
?ﬁf:lelrj(rjr: zgd ¢ Riép(glalilzla 1ig %% ée%nth rgrﬁﬁqugﬂrypslf%}%eéggp %e%ltee Xeaé aﬁ)légrbg ﬁsr%trggr t he
particles, tthea abohwwe, 51% ,acl0%n of the particles, and t he t hi ckness of the
depol aEb Zi ng lay The %g'tlzdal properties of the depolarizing layer 112 are determined by the selection
or manipulation of various parameters, including the optical indices of particles, the size
and shape of the particles, the volume fraction of the particles, and the thickness of the
depolarizing layer 112.
The magnitude of the index match or mismatch along a particular axis between the
25 material (e.g., particles and polymer matrix) of the depolarizing layer will directly affect
the degree of scattering of light polarized along that axis. In general, scattering power
varies as the square of the index mismatch. Thus, the larger the index mismatch along a
- particular axis, the stronger the scattering of light polarized along that axis. Conversely,
when the mismatch along a particular axis is small, light polarized along that axis is
30 scattered to a lesser extent and is thereby transmitted specularly through the volume of the
body.
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The magni tude of the index match or m smatch along a particular axis
between the 25 material (e.g., particles and polynmer matrix) of the

depol ari zwog3lo2oses wi Il directly affect the degree of scactrarsomgries |i ght
pol ari zed along that axis. In general, scattering power varies as the
square of the index m smatch. Thus, the larger the index m smatch al ong a

particul ar axi s, i 8, SRl RERLL B el o UarRAT REfhralaNy That

axis. Conversely, e msnatc ng a particu axis I's sna
| i ght pol ar argdo sthah(.g.Hess thariabouit $/38 theswavelength df light in the sdinmeofimteresthnd i s

t hereby transm d e . I 0 . - WO

03/ 020885 PEH lﬁ%‘i Cabia b?rhél&ée? 8‘%359%{?%%5% {h? %@?ﬂg@%%waegg&évessiaééi fi cant

ef fect on saaidivar with an effectineinpaxr dfirefrastiorasometvbat tetvedeh teendjces of eswo han about

1/ 30 the wavel ength of Light.in the nmedi um I nt erest 1 f..there are

many patticlP %seb%fm%ﬁgi g&""@é&& Igﬁ'éctq‘rﬁ cafﬁ‘né’erﬁélg%el lﬁ?‘%lfis?\azteﬁ)egygfﬁg%%%néc\}eessar%s a

medi um wi t h telarkf the lightds speeldaclyatfleceifat the parsiclrswiat, widt weehttlehe i ndi ces
n_suc little |ight

of the two 5, phases al ong _any given axis. | a .case er

"5 Seatt or edifponine oy frepi” iR Eepsticlgsgu o8 fofh i ghast SR hontral T
reflected fraeidons undésirhislb idestehc@@efectivbdn nlsoaicyur] Pradtical limits haysdlsarbei nt o ot her
directions. When the particles are top large in | east .two. orthogonal

di rections, r%ﬂ‘fh‘é%‘i"]i‘eé‘tﬂagl‘”elsigﬁ‘é’ﬂ? ?fg%“@'g?télaﬁtg‘c@&ﬁs gflttg%geé’e fFne B¢t i cal
limtsjeay %Mn&%reai&@ﬂd\%ﬂir&dl@rﬂedh@ﬁi&é]@)k@‘éﬂi@@@l@l&&nb@ﬁ%d.i n that the

t hi ckness of the depol arizing . layer 10 becones greater and gesir bl e

mechani cal pr operhe shapapithe pifisleihas alfo havgensHsgion dhe scofteripg Pt ightethcan al so

have an ef f eebo19yitd'Bctofdk iR pafRled for theMctric HEd cal@BRlcab indiie fiRGhugt of the
particles for the electric field can reduce or enhance the anount of

scattering iof septtgiingsin agivea dirpsign. Theelfrt @areitheraddor derpct digm e ameunt g€t from

t he anount %Eattefiﬁ%%ﬁnﬁ@ﬁdé}(tﬁfﬁnﬁt@ﬁ i ndex m smatch. 15 The shape of the
particles can also influence the degree of diffusion of light scattered

fromth® particl 8be shint of thiparticles qagalso influgrasdhedegiee ofdiffusipn of lightr eases as
th t ' | i - ' : kel.ed.p th
€ aspec séﬁ{elﬁ% i?Jm {hgﬁﬁrgl@fgg%{s' sﬁ?ﬂe e‘f’f@:§§|§ %elegxgg*] §Hal ut:uﬂgeaFei%él'% 'tt}féiagpe'cp e

pl ane perpendicular to direction o ce o Creases
and as t he patid ofthegeogetricaldressiseation of the gaticle @nthe pandhpapeardiciar tiithey t he

N T T
(for exanple, a Eeyasiodrofiforming, thedepalatizihg tafper is &f  Glat byvdispersitgyfines di f f er ent
Fine pat i ciRagilfedn oo dbe HREETOSI PRBHEd oPYn o oI IeE  §e10 pm
respectivel Vesifr@or @smpll £polihier mfak)NofMeiche eefractive index is different from that
' of the fine particles. The refractive index and the size of the fine particles are in the range
of from 1.0 to 1.9 and from 1 to 10 pm, respectively. For example, the resin may be a
photosensitive acrylic resin having a refractive index of 1.5. The material obtained by
25 dispersing the fine particles in the photosensitive resin is applied to the first substrate and
then subjected to ultraviolet radiation while being pressed. The optical scattering layer
which has a planar surface is thereby formed.
The absorbing polarizer 102, reflective polarizer 104, or second reflecting polarizer
108 may have a variety of constructions. Reflective polarizers can take a variety of forms.
30 Suitable reflective polarizers include those which have t§vo 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.
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phot osensitive acrylic resin having a refractive index of 1.5. The materi al
obt ai ned by 25 dispersing the fine particles in the photosensitive resinis
appl i ed twotdsm29s8s st substrate and then subjected to ultrariwogt7ieRdi ati on
whi | e being pressed. The optical scattering |ayer which has a planar
surface is thereby formed. The absorbing polarizer 102, reflective

pol ari zer 1%ten%(1 fgﬁ;@ﬂ%zf ﬂdl%'ﬁgalﬂpﬂ’@f p {catlojn%osn%daﬂygg?,a vari ety of
constructions PTective pol&rTzers can take a variety of "10rms.

Suitable r efW@@ﬁle@lpW%Sr'lz’/é%s WORY/ Lit$89: WO96/ | M3 7¢c imd i D89/8626200OngDr e

glsf ;e(rj?gtpegtglgﬁl{eﬁcm avalzﬁ) ffgrl 0 r{ia’lftlig rreHecHl nd argg?lﬁa tlfeée% H{'lgll | ayers or

an oh TRy ayer
reflective mrl@mezsdhﬂnaﬂxreé FilmgDBEb bl 3M, Stf Berul ean@sloa Illubrﬁimc mﬁlﬁlaw::) 03/ 029885
PCT/ USO 12716 Pat ent Nos 4 and .5,,965 Ilcatl on
Moo, VoSS 1 Festive g ARk by for sSBIPI g0y Mool Mk i)

W99/ 36262. f(m@s 266 BAE Macailllay Pablzhinglloe(1086)rméA. Thénat, Diebigy 6f Optehl ecti ve

TR NL CE S0 G Dl R AN T

in, for ex araahﬁmohb/dleperwmqmecf% ;fwdﬁzbﬂmé:aahb&ﬁhu §|Hateﬁmo 5524, 5E31,.as

I\/acm | I an Publ i shi n(g 86) an(il ‘{h el an, 4 of Optica

| nt er f er enceVeth asths f“?@i‘}’@eg%upﬁ multilgygppolgrggrsgipscrippd in 1L 8. Ragenf EIE'H ve

pol ari 3grs igxd7isde. DaRr r&l@atdegsu@ﬂﬁdrﬁaréa@d’cﬁ&dnh@ﬁsa Phehis 8ok VB 1P8Rakd zer s
described in U S Patent No 825,543, as well as the dlffusel

reflecting mM02layer polarizers described in U S. Patent No. 10 5, 867, 316.

Qher reflective QEhRf baghk @ra@efséeé&erﬂobﬁfieﬂlpfdfin&u i GRleSteMORquiPerysdy 388
and 5,940, 211. Another exanple of a reflective polarizer is ?orrred usi ng

chol est eri ¢ matepial dThe ghelegteric hauidenystal polmigerdrapsraits right-oor lafighandedegirgylagly
| ari t i ht at
polari zer transild ﬁ%lg h%ave%ﬁtlg%é%%s Caﬁ‘.?%dm‘%ﬁef cﬁ)'ti(t);?ﬁéx%th orf%egpi:lfc% ?fjtthh' ght at a

wavel engt h corresponding to engt e pit e 15
chol estléri c dhplgstenc bqupderastal. Thelight@mtismatraﬂsmimdtis teflentesimint issdrcinbrly ef | ect ed

and is circ ﬁ}rizgd 1np(8% (gflpogiﬁ:qleilﬂ I&g%?@}?@ Hesd aﬁétéﬁleﬁéétlve ?41‘&%1%%}' ¢ liquid

crystal refl I've Izers a escri °S. Pat ent
No. 5,793, 45cﬁscribedsln Rateganhipléyd].S Pat@OING.(547931456.U. SFM@MNoN)SO@O@QUI S789, and

Eur opean Pat.gnt pl i on .Public

Coaorras § cafkns SRR e Butopr b O AbBcafion PiblefRam R SBA70% 8P, e

pol ari zers aheL@D rémesﬂllelmpupﬁﬁinbd@obmmm Hglﬂ,wablbﬁénmﬂ&twepaaﬁlms dr®
convert thetra mtt@%mrcularl rized |i into |ne rly polarized

li ght . 2&ui t a%fl"é H’d?‘@ Wifla QUErFreta e ’éar Hitareer "':Haésm‘rt?ﬁ yunder t he
tradenanme THRAMBYEKIMt Rito IWRdaels p@lﬂﬁ&e@@@@l@rSkiltaﬂléléliMd@@hai'&ﬂctW%%olanzers are

marketed under the tradename TRANSMAX™ by Merck and Company, Incorporated and
NIPOCS™ by Nitto Denko Corporation.

Another type of polarizer is an absorbing polarizer. These polarizers are typically
25 made of a material that is oriented and absorbs light of a particular polarization. Examples
of such polarizers 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 with iodine. A discussion of suitable
absorbing polarizers can be found in, for example, U.S. Patent Nos. 4,166,871, 4,133,775,
30 4,591,512, and 6,096,375.
Another type of absorbing polarizer includes an oriented polymer, optionally made

without additional dyes or stains, which includes segments, blocks, or grafts of polymeric
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NI POCSTM by Nitto Denko Corporation. Another type of polarizer is an
absorbi ng pol arizer. These polarizers are typically 25 made of a materi al
that i s owoastesssand absorbs |ight of a particul ar pol ari zatvuse2/2Bxanpl es
of such polarizers include oriented polymer |layers that are stained with a
dichroic dye material, such as iodine or netal chel ates. Exanples of such
const ruct i onga g kg @y NGl Rk Laphdhy be add

stained with ?olgpﬁ E’é‘e Y@%E‘%&&o%ﬂt swga %/ a%L% gh%lﬁg&%o ar?gféordé can be
f ound i n, fmtalmmtsels anpr®ntedapprlymeyshat intludeGpd vinyUalaadal) focspoly‘a@ylene
4,591, 512, es an
oriented poI y?rc\%(r§ ‘969& Eolyﬁﬂﬂ%&ﬁﬁo&é’&ﬁ%sﬁﬁgﬂ li)écgﬁé e%g%g&ﬁéfﬂo whi ch
i ncl udes seglehdy, Abhswstsmn aﬁpolgma:’rmsadﬁwqjmhgdyes orcstainsk@n WOFDBd 012&885

PCT/ USO2/ 27165 | sorb light. One exanple of
absor bi %g poﬁ 3??% %em ?18?‘?6 g?éﬁlgxg??dyes I's an oriented copol yner
t hat i ncl udes poI()i(emeﬂpblyaiecﬁlmloftl&radioqmedeymbmgt hlmoﬂ)mgqiomk&s cMs;cmcthse

ol yvi nyl ene bl.ocks C ration Vi n

D canol At LGS St BB PARAASPE e deRy o oy oamefmt eriel
ST, b ot b o s
an al i gnment®*PEy r{}%o? t?rﬁgqopgﬁgé %St %OIPCBECQP&P'P y? (ﬂéal)raé’& 8 one

embodi ment , pVlarizéd GtioR4lly 208 Iayéﬂ/auyineal wyehﬁir)a palafigitioh AgatPofoRhddafingl S

provi ded over a reflective polar e, for exanple, U S. Patent No.
6, 096, 375). WW‘?‘@W’&H‘%G‘F@%%‘PNS %11758 Mt PPlagigor bi ng 10 pol ari zer
optional ly acts af iaficaéd 4HVE Mt plhcdYePkhe Jfé[anéerRQEﬁéﬁtQ@i hOMuétRtatiRFighRy med
using liquid crystal materi al di sposed on the absorbing polarizer.

i ndi cat ed abﬁv@othehpwra?@eowlwméelﬁ@ﬁ%trcmb? used| Sypbpolapggtionlipning elementsed i n
Figure ’ 1?1@1?&41% eR&}h@é | R érBEhd%' ﬁlﬁ%' @ﬁbs@i’ﬁﬁ?dl'&r @@Bol@&zaﬂéﬁgfhgﬁ%h

pol ari zat | on-altérin enen | ncl ude, exanpl e, conpensation fil ns.
These flPl s rabYide a di repbtrlhptlczlearucuwlaijOIangmont %msampmwddewadedhm@n‘@ht

el l'iptical 8 vide a w der horizontal

vi ewi ng angl ée&hg%ﬁlggfm%lg{ﬁ‘ﬁ@ %’%31 ,gyﬂ?foﬁ hB]’ta r a display. The filmcan
have nore than oﬁléle;ftbrhaan baye mopre theamene mbthacmozathbmvlaiza@n'raitgrieg eament. For
exanple, a lar] be wee arjzers.
Mor eover, Plﬁoé%ﬁrﬁ C}%lan%rfb%g&at%?@an%t%ﬁﬁais %ﬁégtwe ari 2: Falng?\rs r@?’ Lo In
addi ti on ot the filny pdni mdhdezaoxedmpmnemlmzaam Mmrnd:d add@idn) athdrloptidal | m

i ncl udi,pg, for exa m cr.ostr red rls fil s h as described in,
for aallS) o enaieag e MebleT by B, 56 : Gl gy oo RRed 175
films (such as described in, for example, U S Patent Nos 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.

25 A variety of different articles can be constructed. These articles can be constructed
in a number of different ways. In addition to the methods described herein, additional
examples of methods of making the articles and methods of making polarization rotators
and examples of polarization rotators are described in the copending U.S. Patent

Application Serial No. , entitled "Methods of Making

30 Polarization Rotators and Articles Containing the Polarization Rotators", Docket No.
56233US002, filed on September 27, 2001. In particular, any of the individual elements

of the article can be generated separately, sequentially, or simultaneously. For example,
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diffusion | ayers, scattering layers, and sel ective wavel ength absorbi ng and
transmtting l|ayers. O her layers can be incorporated into the film which
do not suwetoanedssi |y alter the optical properties of thePamrtiset/z7165

i ncludi ng, for exanple, adhesive |ayers and substrates. 25 A variety of
different articles can be constructed. These articles can be constructed

in a nunber tel n ed herein,
addi ti onal t‘ge‘}gz<'§1){rjrpF)itec§J ém%l& sE ?mkﬁ%g’glahgﬂgpﬁhcl ggﬂﬁgg?%%thf s of

maki ng pol ardepelerizing layerhtanbs coextrdded i l@ssuoﬁltapmlulylcpabd oo poopticwaldy ar e

Vet hods. of WRRTRG SErealr et apershleal, o ShBlenf @l P Pl Rloniaon Bl | e

Pol ari zati o rbe lodted olrcsﬂe,rw@e) dispxtsed\Mto a peR®BiISOHRed faybrdd.gon pSepzeehber 27,

2001. Ip parg,icul.ar ual rticle Acan be
gener at 8a” seblsritiary, Bhaia o o B ome SRERGD Y epiefobifu” 750 Vo
03/ 029885 PGiImdshBé ﬂ)?ﬂa%usmgmmy(abmhmatmnoif tltebi&m%@dﬁem‘bﬁe)(amp@ areﬁlecte)bl ective
pol ari zer and.the zat.ion rotat or pol ari zi n l.ayer), can

Coext r uded AP A = Pt aR EutiSi§h B st Srelie PP AY For st abi o
substrate. %toamﬁm&r%nmaimreor aaefleetienfiMdrizéecag be ldntigatqib arpoladizdtion r ot at or)
can be coated or di sposed onto a previously fornmed | ayer (e.g.,
a pol ari zer)mta?r}ﬂé‘)’ %Wi‘? t he individual elenents can be formed

separ atel y and | gt sRinefits bﬂ@@hﬁﬂl@]’ecaﬂ)e fhtegmeq%geb@r foqbiethe UfticRbyNY
conbi nati on of these methods. For, exanp a reflective polarizer and a

pol ari zat i orYafgl &f Bethedswijgh &’Hbti(t’lﬁﬂb’éj&pe“él andpqters pychas,fon expmpley the Hikepe

coated ont QrdayRRlt6bé FdetA bRk, e methoPof BinkifE the ViRl RAlaREILREts, GAN HRe
laminated to a polarization rotator to formthe article. 10 The el enents

of the arti chaeradsofithe slements dt will hegygderptaed thet seyarahdiffRseny methofecagpeysed;ar j et y
of methods Vi‘Bf é?é]n%‘l'b ilm E&Q'&x@bbﬁn&?ﬁﬁ@ﬂe E&aﬁﬁ%&f&at&ﬂﬁd{}r RoedtRille XA €, the
types of layers 1o be Integrated toget he net ho ?ormngt he

i ndi vi dbial dhemasather polarizex laminated therdoa). sMethocisr@nm@at@mebmems inglude, foe

under st ood t e i DO, nﬂgl gfitm
(e.g., one p%%??t%’?*@dsgq %ofaﬁ}é)% ?(Ea}}egqg%tl on tl(r(;I(q)l'?1 g?g?%%jo él?%gg;(?ﬂr and 15
t hen anot herte:ppdramez,ereactlmquahmbetm:le@m)we g’x'mplsodﬁlectvvo ilaybsgandtl ng el enents
i ncl ude, for Qvn&Oo8XL u5|on ti i on, heat

| am nati on, caosf%%(um n aefnaéllagf\;/eas V& usf(g?rr%eardg a‘?eéssprefeéa\ag’? alp% Bfrl’aﬁed’tbet ween
reactive gr mypstheJWav&mgtthgea;fattemst,anﬂhss the adiekive ksl ahyg. useW}fsranaptuauhgm ve IS
used, %Fe adh Siye ds preferably optically transparent over the wavel ength
range |ntv¥: { ﬁ‘ﬂl ess the adhesive is also used as an optical |ayer 20

Wi thin the fil m The transflective assembly 100 can be used in a variety of applications including

an LCD and other electronic displays, including cell phone and PDA (personal digital
assistants) applications. One preferred application is a WNI (white non-inverting)
transflector. Figure 8 illustrates one embodiment of an LCD. It will be recognized that
25 other LCD configurations are known and that the transflective assembly 100 can be used
in those display configurations. The configuration of Figure 8 is provided as an example
to illustrate the use of the transflective assembly 100. An LCD 400 includes an LC cell
402, an optional polarizer 410, an absorbing polarizer 102, a reflective polarizer 104, a
polarization rotator 106 or a depolarizing layer 112 or both, a second reflective polarizer
30 108, an analyzer 406, a backlight 408, and a reflector 412. Figure 9 illustrates another
embodiment of an LCD. The LCD 400 includes an LC cell 402, an optional polarizer 410,
a single film transflective assembly 100, an analyzer 406, a backlight 408, and a reflector
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The transflective assenbly 100 can be used in a variety of applications
including an LCD and other electronic displays, including cell phone and
PDA (per swoab/oghisgi t al assistants) applications. One prefecrasoappbs cati on
is aW (white non-inverting) transflector. Figure 8 illustrates one
enbodi nent of an LCD. It will be recognized that 25 other LCD

configurati : t 19 can be
Gsed “in thoos arEuiRAEERRehiNg 10 RELbERSh Rhy aRRP R L ot ™3 1
provi ded as pelterissralff] apolarizafidnl raitor 40eondepolaizingipyedr i ¢2,tand a sécond teflegtivassenbl y
100. An LCD %g9h5q$§udes an LC cell 402, an optional polarizer 410, an
absor bi ng p51ar|zer 102, a reflective polarizer 104, a polarization
rotator 106 or a depolarizing layer 112 or both, a second reflective

pol ari zer 30 108,.an_analyzer 406..a_ backlight 408 d a.reflectar 412.

B gare 8 i 1 ust r AP areRfintéton ShiaforBRFStsida ivds PR S e Udes an
LC cel | 402,desdiibedpabovatut prtHeastonkrbedib@erstoa toicongdr @ll hspetts bf the Rivetivhniay e
assenbly 100,. an ana#%éer a.re

40§, . a backlight 408, and flector - WO
03/ 0298b5 PEHFRSEIIE L e clps Y Pogiiesinat souSHET proFueT At Tillies an
absor bi ng pads anigz@nT SRR turdd t6 Ierhicn el pt@ent@mlgﬁﬁdrﬂﬁiy He((:jhﬂaplic?lblé@l'iﬂbb zaailf n
rotator 106 or depol ari zj . er 112, and a second ref|ectjve ol ari zer
108. 5 The (FPBYEM™ loj ol in Gt st MrisomaraBraS PR AAPoR oG
particybar eadpr&®nt sPeidakibe dTRRMIAs ard iiteridad frdoveraet dlodisicdtidaesdt ood t o
cover all aspects of the invention as fairly set out in the attached

clai ns. Vari®%¥¥®hodi fications, equival ent processes, as well as nunerous
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

di rected upon review 10 of the present specification. The clains are

i ntended to cover such nodifications and devices. WO 03/029885

PCT/ US02/ 27165 WE CLAIM 1. An assenbly, conprising: a first reflective
pol ari zer substantially reflecting Iight having a first polarization state
and substantially transmtting |ight having a second pol ari zation state; 5
a polarization rotating |ayer positioned to receive |ight passing through
the first reflective polarizer; and a second reflective polarizer
positioned to receive |light passing through the polarization rotating

| ayer, the second reflective polarizer substantially reflecting |ight



having a third polarization state back through the pol arization rotating

| ayer and 10 substantially transmtting |light having a fourth polarization
state. 2.wOhgoassenbly of claiml, wherein the polarizati @eTrusvariiey | ayer
is positioned to rotate light reflected by the second reflective

pol ari zer. 15 3. The assenbly of claim11, further conprising a depolarizing
| ayer di sposgf clogivjeen the first and second reflective polarizers, the
depol ari zi ng-tayer converting a portion of incident light into an

ort hogonal pol arilzat i &nassembly, compeisi@gn t he second reflective polarizer is
positioned to recei [Wols\s SS ne:pahar I i ng
| ayer and the dego %’g‘r??dze fl:%gi qoagl(%%sn%b&%lwﬁgectgggg%lh)g/{; 1{5% Q?ksgp%g%aﬁ%rt her
conpri si ng atatraarkl|siggtentigystramsm ity lighbheyihg at second pelavieationgtate; f r om t he second
reflective pol ari zer .. ckl.igh m comphi sing.a .reflector. 25 5.
The assinbly of paHratoR bR borletr s TR R M fynisBia, b

posi ti oned treflacdespolaizer;gid from an external |ight source, the absorbing
pol ari zer substanti all bsorbi.ng li.ght .having a.fifth polarization state
Pnd substant i ai | PRhEieRRE R R anpiiteg bk pochBe BB R0 ot ate: 30
6. The asserpblayizatfonabtaiipg 1dyerhesceond refletive polarivessubstantially seflettiightight i r st
reflective polarizer, is substantially aligned with a f.ransm ssion axis of

t he second E‘F‘Fé@i‘l W?%P%S%&bﬁf%oﬁt%%r%@éwﬂﬁlﬁ 7. The
assenbliy of sgbstdntialy travfamithgdlighd Bavingod ouils poloxization &atef t he absor bi ng

pol ari zer is substantially aligned with a transm ssion axis of the first
reflective polarizer. 5 8. The assenbly of claim7, wherein the

transm ssion axi 9 of fheaskdnitty of difnl 16 Gherém tROpAHZARIn lotatigpR§Eant i al |y
aligned with a transm ssion axis of the second reflective polarizer. 9.
The assenbl ypositioraddp matae light aeficrtsd by thespeond mflestivepolasizd. of the first 10
reflective polarizer is not substantially aligned with a transm ssion axis
of the absorbing polarizer, the assenbly further conprising a second

pol ari 2ation rotdtor dhegseeelly peclaimeln furthhecomprising p depadarizingdaysotligpdse@r  and
the absor bi ng {'xﬁ{e' fr§t’and ;é?:o?cg%ﬂe 0. éﬁ(ggtti%rs?{he%laﬁdlmzﬁgl ‘?E&lvgrtitngg first

reflective polarizer I's coup t e polarization rotating |ayer.
portion of incident light into an orthogonal polarization state, wherein the second

reflective polarizer is positioned to receive light passing through the polarization rotating
layer and the depolarizing layer.
20
4. The assembly of claim 1, further comprising a backlight system positioned
to receive light from the second reflective polarizer, the backlight system comprising a

reflector.

25 5. The assembly of claim 1, further comprising an absorbing polarizer
positioned to receive light from an external light source, the absorbing polarizer
substantially absorbing light having a fifth polarization state and substantially transmitting

light having a sixth polarization state.
30 6. The assembly of claim 1, wherein the transmission axis of the first
reflective polarizer is substantially aligned with a transmission axis of the second

reflective polarizer.
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11. The assenbly of claim9, wherein the polarization rotating layer is
coupled to the second reflective polarizer. 20 12. The assenbly of claim
1, whereiwotibm29ses ari zation rotating layer is a liquid crgiEo/pakyner
pol ari zation rotator. 13. The assenbly of claim 1, wherein the polarization
rotating layer is a half- wave plate. 25 14. An assenbly, conprising: a
first reflective polarizer substantially reflecting light having a first
pol ari zation state and substantially transmtting |ight having a second
pol ari zati on stafle; aThkegssdnzhly of dlgjm| Sayberejndhé transmession axis efthe wlesotbiinght
passing t hr Qe LNEolhilanl SHERS Witk ot B RLGE e AREAERL BOLANT. | aver
converting portion of 1ncident lIight Tnto an orthogonal  poflarizdtion
state; and -24 WO 03/029885 PCT/ US02/ 27165 a second reflective pol ari zer

positioped to regeiveight .nassin hr ough, t he depol ar.i zj | ayer, the
second '?ef | ecti vg' pol arg %@?mﬂg%%sﬁl%{%’t%’ 5"?1 rﬁg':hé‘? TETRG" fl’fl&ﬂttrﬁgg{/s?ng a third
pol ari zat i onefdcaivepdiadder isButataghialtyhabigokelpaitiad iransimissioayes ofthel seeotobst anti al |y
transnittinq | i.ght having a fourth polarization state. 5 15. The assenbly
of claim 14, CHEHVRRNTSEyr i sing a backlight system positioned to receive
light fromthe second reflective polarizer, the backlight system conprising

a reflector. 10 _16. e assenbly .of_ claim 14, further coppri.sing an
absor bi ng pol ari Zer S %B}Qf%imrse(‘?’ f"\%‘tﬁ‘? W“?*‘Gﬁ?’&ﬁog@f’gfsﬁal | i ght

sour cejot he raihefivdpdlgriAnlsdbi stbstartiaBPAlRkine@with b @Bhsnile¥onngisadf tiefabfbrbing
pol ari zation state and transmtting. light having a sixth polarjzation
state. 15 1Polarier theassambly fagtheg romprsing 2 sgerpd @planizaiion rotapedisnossdhetusens of

the first rgd hiReleh¥YQive pbiafite 8id ths atibibhigdldriddd ¥ aligned with a
transm ssion axis of the second reflective polarizer. 18. The assenbly of

claim 16, wherein the transm ssion axis of the absorbing 20 polarizer is

substantial 'y al ijgnedrid {ferbly bEARA 1S VnoRinAld ArsPlefibdife bbadter [ebhfiEd love
pol ari zer. 19. The assensbl y %f clai m 18, ' \A/Eerresf{? tﬁeﬁranserrnisss#l@n é)xi s of
the fil8t  the polarization rotating layer.

11.  The assembly of claim 9, wherein the polarization rotating layer is coupled

to the second reflective polarizer.

20 12.  The assembly of claim 1, wherein the polarization rotating layer is a liquid

crystal polymer polarization rotator.

13.  The assembly of claim 1, wherein the polarization rotating layer is a half-
wave plate.
25
14.  An assembly, comprising:
a first reflective polarizer substantially reflecting light having a first polarization
state and substantially transmitting light having a second polarization state;
a depolarizing layer positioned to receive light passing through the first reflective
30 polarizer, the depolarizing layer converting a portion of incident light into an orthogonal

polarization state; and
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reflective polarizer is substantially aligned with a transm ssion axis of
the second reflective polarizer. 25 20. The assenbly of claim 15, wherein
t he transwogsiooossaxi s of the first reflective polarizer PETEN2/27165
substantially aligned with a transm ssion axis of the absorbing polarizer,
the assenbly further conprising a polarization rotator disposed between the

first reflectiv . | Dok AL LASH The
assenbl y of cIalﬁf&%h&ﬁ%egéfgﬁgﬂégg?gﬁéggg*%g%gﬁ&éﬁg%% |zeﬁ£%s coupled to
t he depol ar idepelariding/layer, the secnd @B¢@2@ﬁ®&immﬁiﬂ12?dt&5tmgzght Havinges senbl y
of claim 21, r

reflective 6%}%&{1%&2@&&?%%8&% tﬁ"roﬁ %%%p%ﬁggmg ?aggr alillﬁ z??bds V%lgal éfrf?anfrﬁﬁt?ng

depol ari zi ndightlysingiasfoartiopdldrization mkhem ve layer. 24. The assenbly of claim
14, wherein a surface of the depolarizing |ayer is roughened. 10 25. A

di splay; conprising: a liquid crystal cell that is configured and arranged
t o operate usingilpol aﬂhi&ﬁbxﬁblﬂbﬂ[dlalmaMf fulrtﬁér cromfphaﬁgavz&:kngitaysltemposmoned
substantially reflecti first tizatjon state and

subot ant | al 19 rpih GRR e Ge FRgeed e an Bonfiet o reBishE e somibriiie. 15 a
pol ari zat i onefl@@tcat i ng | ayer positioned to receive |light passing through the
first reflective polarizer; and a second reflective polarizer positioned
to receive light passing through the polarization rotating |ayer, the

secondjgefl ecti veepol @hé Aesmisiy bEdaAM! 14afurer BfpaSihg MalsbBliHg poladvérng a third
pol ari zation state back through the polarization rotating l'ayer and 20

subst ant i al |g9$1flp%ﬁ4§ﬂfq0t=%§ght|f@m anyexternsg light sejiee, the38soabing Belamyst ghsambing  26. A

di splay, conphisivitga Mt ;soquﬂzsln&lrs)aséaaid thafichitting %hﬂﬁxvﬁn@@fslx%'ﬁcﬁzg‘lzﬁﬁ'&h ar r anged
to operate using polarized light; a first reflective polarizer

subst anti al Is{ate-ef | ecting |i ght haV|ng a first polarization 25 state and
substantially transmtting |light having a second polarization state;

15 17. The assembly of claim 14, wherein the transmission axis of the first
reflective polarizer is substantially aligned with a transmission axis of the second

reflective polarizer.

18. The assembly of claim 16, wherein the transmission axis of the absorbing
20 polarizer is substantially aligned with a transmission axis of the first reflective polarizer.
19.  The assembly of claim 18, wherein the transmission axis of the first

reflective polarizer is substantially aligned with a transmission axis of the second

reflective polarizer.

25
20.  The assembly of claim 15, wherein the transmission axis of the first
reflective polarizer is not substantially aligned with a transmission axis of the absorbing
polarizer, the assembly further comprising a polarization rotator disposed between the first
reflective polarizer and the absorbing polarizer.
30

21.  The assembly of claim 14, wherein the first reflective polarizer is coupled

to the depolarizing layer.
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a depol arizing layer positioned to receive |ight passing through the first
reflective polarizer, the depolarizing |ayer converting a portion of
i nci dent woglt2¢sss o0 an orthogonal pol arization state; andca/sezonds
reflective polarizer positioned to receive |light passing through the 30
pol ari zation rotating |ayer, the second reflective polarizer substantially
reflecting light having a third polarization state back through the
pol ari zation rotating |ayer and substantially transmtting |ight having a
fourth pol arizati2dn silhe essemblpofgriod}1o2beeB tRGEPLIBIZNRAYETSs catpled Ao thet hod of
pol ari zing || , conprising: directing light at a first
reflective p%%?i%%%ﬁw{ﬁﬁ%%st reflective polarizer substantially
reflecting light having a first polarization state and substantially
transm tting 5 Il,,ght J rizat] .state; .rotating, to a
first r %t at ed polzg’ri za ?%gﬁé}g?lg? éﬁgﬁ?ﬂ% P’?%rﬁltn tﬁeaé/e ﬁfén%lﬁ%fa?' % d%%?%ri zation
state that iaslh¢edwrdsyertted by the first reflective polarizer; receiving in a
second reflective polarizer the light having the first rotated
pol ari zation state, the second reflective polarizer substantially
reflecting |ight 2daavi Mhe assenilfly bhélaith Pioaéreihatsuffiicesif HelepslatiAngisyearnd i al | 'y
transmtti ng I ih ht. having a fourth polarization state; rotating, to a
second rot at'8tf gﬁ?dari zation state, the light having the third polarization
state tibat is reflected by the second reflective polarizer; and receiving
inthe first reflective_polarizer the light having the second rotated 15
pol ari zation st atle; tﬁéjlgﬂ?arys?‘mt‘%ﬂngbti ve pol arizer substantially reflecting
l'i ght having the afligufiterysR® Ll th#idd éonfighed bRl ARdgUb Shftk ughg ?ol&ﬂiz%ﬂﬁ@htﬁt' ng
| i ght having the seconcrﬂy )ol ari zati on state. 2% A nmet hod of pal arrzing
light, the method fEddpfiectyeRplarzer ybstaniallytflpstipgdightthaying p fisgt pplarizasien ve
pol arizer, tqge hidSbstithiiPeidshRuRPligh hakle a SEORI Mz dnbAE! | ecting |1 ght
having a first polarization state and substantially transmtting |ight
havi ngla second paokerizationiresptinglayes positinned fotreeedvedigbbpassingithofugh the firstght
transmtted r@ﬁe&ib@p&ﬁr’iz’%}- ahgfl ective polarizer to an orthogonal
pol ari zation state; 25 receiving in a second reflective polarizer the |ight
havi ng t he ort hogoswind reflsttivei pplarizerpositioned to teheivekight pabsing threwghithe pol ari zer
substanti al | : ' ' ' . 1 hi L ar i [ te and
subst ant 1 al 18 rEAEEblR e he AR nBt phfeep Qb LR

having a third polarization state back through the polarization rotating layer and

20 substantially transmitting light having a fourth polarization state.

26. A display, comprising:

a liquid crystal cell that is configured and arranged to operate using polarized light;

a first reflective polarizer substantially reflecting light having a first polarization

25 state and substantially transmitting light having a second polarization state;

a depolarizing layer positioned to receive light passing through the first reflective
polarizer, the depolarizing layer converting a portion of incident light into an orthogonal
polarization state; and

a second reflective polarizer positioned to receive light passing through the

30 polarization rotating layer, the second reflective polarizer substantially reflecting light
having a third polarization state back through the polarization rotating layer and
substantially transmitting light having a fourth polarization state.
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state; converting a portion of the light that is reflected by the second
reflective polarizer 30 to an orthogonal polarization state; and receiving
in the fiwetonedsBecti ve pol arizer the |ight having the orPodgmsnat7ies

pol ari zation state, the first reflective polarizer substantially reflecting
light having the first polarization state and substantially transmtting

| i ght having the second pol arization state. -27

27. A method of polarizing light, the method comprising:
directing light at a first reflective polarizer, the first reflective polarizer
substantially reflecting light having a first polarization state and substantially transmitting
5 light having a second polarization state;
rotating, to a first rotated polarization state, the light having the first polarization
state that is transmitted by the first reflective polarizer;
receiving in a second reflective polarizer the light having the first rotated
polarization state, the second reflective polarizer substantially reflecting light having a
10 third polarization state and substantially transmitting light having a fourth polarization
state;
rotating, to a second rotated polarization state, the light having the third
polarization state that is reflected by the second reflective polarizer; and
receiving in the first reflective polarizer the light having the second rotated
15 polarization state, the first reflective polarizer substantially reflecting light having the first

polarization state and substantially transmitting light having the second polarization state.

28. A method of polarizing light, the method comprising:

20 directing light at a first reflective polarizer, the first reflective polarizer
substantially reflecting light having a first polarization state and substantially transmitting
light having a second polarization state;

converting a portion of the light transmitted by the first reflective polarizer to an
orthogonal polarization state;

25 receiving in a second reflective polarizer the light having the orthogonal
polarization state, the second reflective polarizer substantially reflecting light having a
third polarization state and substantially transmitting light having a fourth polarization
state;

converting a portion of the light that is reflected by the second reflective polarizer
30 to an orthogonal polarization state; and
receiving in the first reflective polarizer the light having the orthogonal
polarization state, the first reflective polarizer substantially reflecting light having the first

polarization state and substantially transmitting light having the second polarization state.
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