01 APR'2006 WD 03/029885 PCT/ US02/ 27165 NON- | NVERTI NG TRANSFLIECT‘TrAPXEZ[ﬂ
ASSEMBLY FOR DI SPLAY PANELS Field of the Invention The present Uj Bbon
rel ates tows ggAabgdsayer optical device which includes a traasiusestiige
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been designed to u F@H?‘”‘I‘ﬁ”dﬂ? '8??"2‘{75%4? %‘Fte&'ﬁ'af: E?Sclﬁﬁ 'ﬁ’é‘a%lﬁl y
when necessaryersoﬁhl cbmjmwlrs pouket secrtafiés, virelesihones aadqiagemmmfalsasedewdee,ads to
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schemat ij0al | yfdrh e\ powéreomsutnptismdatd Gisplay stréen P éenti¥hd &6fifl wWeking @Bt | C) LCD
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backl i ght . |t b&ieen hateryfeplacemgpty of basteryi oharees: afhs caminonildqy)d Gryst Risplay oD t ypes

and ot her WD(L@ af oﬁaeﬁsa& hsotﬂe d@aam ku@%eﬁb&ptemcimcwmew%@nﬁo lthght or
a conbi nation of ‘a I ght and anbi ent Iight. The inventions discussed

herei n can beSquUER®f FI}unapmoneBeﬂ@ﬂzsdrﬁwwérﬁiﬂwpwdtbype@walhhgh’r&fésnterﬁ the
operation. g o4 d (LO
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and backhghtmg only when necessary. This dual function of reflection and transmission

leads to the designation, "transflective”.
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 thene.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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30 light, respectively entering and exiting the LC cell 52. Additionally,
the plane of the LC cell 52 containing arrows 51, 53 generall §1iAfRIZ0fes

transpare gdes. Light fromthe backlight 58 is |inggglusepehedi zed
by the porgvr()ﬁgﬁ)?a‘@ In the enmbodinent illustrated in -1 83/ 029885 01 APR
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transmtted through t he anal%ﬁéw% because the light exiting the LC cell

has the wronghfpyeRifie 8¢ reghire ppssien Shrougthe apalyzsr. Antjmyl edifeat | ncl udes

only applyi ngngstfatddGh ?i'gturceif?(iﬁé' ﬁl&eﬂﬂb@ﬂﬁ%bnbpthgiﬂah%dl IhPAd ie&ts IR
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I n addition, 512t(deSA$'¥8Fedthé/ WO ig werhanged f@ﬂt’éﬁ @iginadpriendationfdesienatad by by, for
exanpl s usi %Jﬁpmrnédckttﬁé fight2Qitir} %fﬂeqil el 52%?%%&&&&1@&&&%11%& yzer 56

are constructed usi'ng absorbrng sh pol ari zers because these arlzers
have good ext3oabedavse the light ghiting the Leccellthas mnwamgawlar}zelmlemm@ho dthi s,

however, res Lﬂtf‘ta%m'n tALt cmdﬁé (Qﬁ)i mh%%ﬂﬁﬂpxﬁ%?eld&iﬂc %%ﬁngq& rhgl orient
generally emts un olalzed e unwan polarrzation is
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Figure 1 O, gunefLectiypaRol aniaeh &30k Aredaliil 1850 bibpaRghar i zer 54
an e bac re ctTve po ar
20 Typically, the polarizer 54 and analyzer 56 are constructed using absorbing sheet
polarizers because these polarizers have good extinction of light having the unwanted
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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reflects light with the unwanted pol ari zati on back towards the backlight.
The reflected 1light can be recycled using a reflector 62 behﬁ PR'?

backl i ght Wwh&kRssuUbstantial portion of the reflected |i gp@wg Bfesr eused
Summary of the Invention 30 Generally, the present invention relates to a
transflective assenbly, articles containing transflective assenblies, and

nmet hods of using d Ki.n he sane,, -2 WO 03/ 029885 01 APR .2006
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pol ari zation staje.and substantially transmtiing .light having a second
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reflecting | Ixgh&cﬁbewaﬂzeas&ﬂatahﬁlalg%ﬁécﬁz?}igm Ravih@h fhird3folarizhthinQut bdck e
polarization rotating layer and Substantially transmitting |ight having a
fourth pol arthough the polazizationcpsatingayerynd substapfially trapsmifting light having@ fougther i s
positioned t s ' : I . : 3 Y haki zer.
The assenbl yo%(gﬁ.&g?(\s(rgsét%gﬁﬁn él Qg}fﬁ t%%ogﬁﬁ%ntr%ng%ﬁggﬁ%g@?&ogﬁggprg?eg\%l%mng

| ayer, or botreflecTértbyatbe satbidreBeativb polaszed. The assembly carni also inglude an abserbingi ght
system ,Anot her, Qa ] 0 Lyith i ngl. dir

o1 ect e porre s BT Rl 360, S SERRYY T b LS i rBcn ke

pol ari zat i on lxcklight syse¢tnsubstantially transmtting |ight having a second

pol ari zation state depol ari zi.ng l.ayer sition to.receive light 15
Pl ot b ough- t Handtier € 8odieRif fholtRt ey biat PR fided St R pdir o,
converti ng a mmmgnyeﬂecﬁrrgq@\emvliﬂg fivst poliri2atioh o hrgabaintany afr;smuh@n |
state, an a secon re ecrive., polaril zer slttiqQned tqQ.regelve |1 t passi ng
Chrough e A FERE F50n BRASIZRar N 8 g 20ns BYer POStoT 49 sy Heht

subst antjsal | )éparsﬂflé 2edugh the firgibNdeave pdarezet, fﬂierdirtl)lﬁﬂiiﬁg lagédoAveripad ForiaCdf

t hrough t he depgl ar | Z|_nghlayer and ?u,bstantia 3/ transmtting |light 20
havi ng a f our PRideRSlight iatoan ofthagonplpolarzation siats, 9nd ( ne assenbl y can i ncl ude a

_pol ari zati on  feRbiH deNetiveplhrizer Posifohed MXedeiveaiphepasing HrdupHenddtpalRaanY! N9
-pol ari zer. The assenbly can be used in conjunction wWth a baclgl I ght " system
layer, the second reflective polarizer substantially reflecting light having a third
polarization state back through the depolarizing layer and substantially transmitting light
20 having a fourth polarization state. Optionally, the assembly can include a polarization
rotating layer. The assembly can also include an absorbing polarizer. The assembly can
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.
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Yet anot her enbodinent is a display that includes a liquid crystal cell that
Is configured and arranged to operate using polarized light; an ARRN2006
source; a the 25 previously described assenblies @igaRsssHbet ween
the i qui S\Q/g?{;g)tzgz{ssdi splay cell and the |[|ight source. Another enbodinent is
a nethod of polarizing light. The light is directed at a first reflective
pol arizer. The firgt reflective | ari zer sybst.anti.ally .reflecting |ight
having a first polEepOunsigypasy af e Riesnlimeatonds Mo iplerded sRAeseRbergh i gne .
having a secodistlésed ambadinestror 80er$ irfiplementhtonl of Getpréwent iAgentiod.i The figpdsand zat i on ™
state is rotated. A second reflective polarjzer receives the light that is
rotated. The 1f gepiledsdescriphiar wiiehdollovsmersparticularly cxymplify fless srobadimients. ; o ot ed
and provided to the first reflective polarizer. -3 0 1 APR 2006 WD 03/ 029885
PCT/ US02/ 27165 The above su Q . prese i nvention i s not intended
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nore particularly, exerr&lafjfy t hese enpodi nE(g{.s. Brh@f .Description of the
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i nvention in connection wth "the acconpanying draw ngs, in which: Figure 1A
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potential has bee_ﬁq%lgpl i e%l a}crogltslé?eﬁ? LIC g:al | of tEQ LCIIZ%WFthIJre 1I lqC):ai S a
schemat i18 perpotential hae begncapphiéd acrese therldC ealiod theke(l; of an LCD, Figure 2 is a
schematic cross-s i onal: V] A i YN flecti i
assenbly accordi ngﬁéu(ggtlﬁés %/%@é\érrl’?{'co%%ﬁ‘ﬁ%% 3 sseggnsdgeﬁﬁebrr?g |e3*§frca(')'sl‘\@s’ect i onal
view of a second diigoelR iemdcherhatic crdss-stetmnalfviescof ong eabodiniehtofacmasfiictiee t 0 t he
I nventi on; Fia%ur ]4 I S ‘ﬁ scr{@en%tigg_i cross-sectional viewof a third

enbodi ment  of PEMYY AXSFIEP; % Pl y according to the invention; Figure 5
Is a schematic cr &guredddd stheratid ceoes@éctivnil vitw bf 2seberdl eibotinidnt 6f a

transti getl ve, ARG YssBit) aiatding fo the Gviabioa ' O

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



20 Figure 6 is a schematic cross-sectional view of a fifth enbodi nent of a
transfl ective assenbly according to the invention; Figure 7 is (p aPh@Rtic
cross- secty@ndloaddssw of a sixth enbodinent of a transflectpegyaesendgl v
according to the invention; Figure 8 is a schematic perspective view of one
enbodi nent of an LCD, accor di ng 25 to the invention; and Fi gure 9is a
schemati c per sp ect ew of an t her odi.nment . .of ord| n
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the draw ngs and will be 30 described in detail. It should be understood,
however, that the intention is not tolimt the invention to the particul ar
enbodi ments descri bed. On the cont rBet y_l_]edmschntimtion is to -4 WO 031029885
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rotator, a delglol arizing layer, or both. The pol ari zation rotator can be,

for exanpl e ﬂbGIBd?WSZ@rWP%P%%er@&‘P? oRa PP'PT‘?H‘g hghtguides 1@ne ambodingat of j zi ng
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i nvol ves linear reflecting polarizer wi th parallel polarization axes,
10 bet wd@n whbetwednswhieleisdasated a pelagization rotatar, péﬁmlwmgalaxremlbam zing |l ayer, or
bot h. The transfl | fled " S6 g% ﬁgeous
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for exanple, ljngnu"tlac%nr‘g%tfg&rh fhb gare%bﬁ:%%eg ? T e%}g%]e m%6§ P%%nt No h§ S%HHA @y er
optical filmTs oIar I'zers. |Iayer
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, with the present invention exhibit relatively low absorption of incident light, as welil as

high reflectivity for off-axis as well as normal light rays. These properties generally hold
whether the films are used for reflection or absorption of polarized light. The unique
properties and advantages of the multi-layer optical film provides an opportunity to design

20 highly efficient transflective displays. Transflective displays are described, for example,
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



high reflectivity for off-axis as well as normal |ight rays. if 6
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mul ti-layer optical filmprovides an opportunity to design 20 highly
efficient transflective displays. Tr ansf I ect I ve di splays are described, for

exanple, in United States Patent 71, . Fi ) mati c
cross- sect i orPRIANZRRRY rgRtog AN @rﬂfﬁﬂfi% %Sgl’hgﬂpggpﬁ?fé Obégg I}ff"t“’e
accordi ng t o goli@izenM0a/PartRiulariiethe t\a@péla@&w H4Qe aiFfesiPpAarifion yadscal |y

I ncl udes an absorbing_ polarizer 102, a ref]ective polarizer 104, a
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cross- s}e(gt i ot refiecve pplagres ﬁ@rpagﬁggﬁli" r‘fe‘ﬁ? “Wfpoa\amfpa"ﬁﬁ 8gfrﬁfef‘(/'~§’lao{¥§té%l y
according togakbe invention. The transflective assenbly 100 5 i ncludes an
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be COUD' ed t Qrafsfld2AGkaAssRBIY B&o?diﬁé t%m:elﬂaOerWoﬁ hThégdnstigdtive aéseinbly 106
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particul ar appilndesen absosring pplarizer, PéféI%F%pa lasizero 0, a depolarigipg layeml 12ya 4

pol ari zpg i on pofii2htRin b@afdr 266, RhOY s&BHd l%ﬂwﬁ@e,orahgeﬂbﬁom e&sasut@e a&Ehpiy02 02 and

10 the reflective polarizer 104, particularlfy 1f th pol ari zers
di f f erent polmay besgorplad toaﬁkmkllghhgglﬁ)@twllé)\alﬂsb#?bchwrcﬁ'b%WMmsnal VI ew

of anot her %@1 t he

i nventi on. T%agﬂrnan flpée?%(%elaavgt]g@%?%]%% | ncp%glggrga Bfl glgg Bfﬁg pol ari zer  “u¥%

102, a refl edtansflecpué sss¢maldly 1Q®40ptg)ndlép<alpalanzatwg rbtatoe parmiezproadﬁﬁaepmdearthcz ation
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20 have different polarization axes.

In some 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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may be coupled to a backlighting system 110 with back refl ector. ZQ\?R 2006
backlighting systemmay include any |ight source suitable for tQ}
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dispersant. The coating can be performed in one or more coating steps. The

photoa]ignment 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

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.



depol ari zing layer 112, and a second reflective polarizer 108. One nethod of
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of a liquid crystlladdiiommaisubsteie filmesughiagn FA filmpgrather gpticabSim.isbesidel ow.

Al ternatives formthe
alignnent |a e?ar?%gféﬁgl,éﬂ%rh vgkggﬁ%epgr%ﬁg&%iﬁgﬂg{%ﬂ%ﬁ%%ﬁh rIzlagl zation

al tering el enmvtound ahd gmaligningntdayes isrformed, Ondbraﬂ“lmg\ﬂlesvnhmamﬁxeThldlcspbrsl ng an

21 gt | 2 e AER S, S0P el IOR ke B PLREF I ARERRIRN 551 Y 30

orienti nnen erin
obl i que angl diduid f:xystm miéterdal @h itlgrpmmizmg@ypolanzaﬁomﬂt&ﬂig&%&ﬂﬁ B bné\BIRRr24iive
PCT/ US02/ 27165 .Th en co ted with the.liquid crystal
material, typf "&%qu iglﬁq“ gc@%‘iﬁ\}‘éﬁﬁ “ai}s °s°[9§tF nio thegy St@ffa@lf‘wa'geﬁ'ﬁmﬂ er
performed in mmoﬁolreyem&iﬂwaglt@ﬂms embbdimeht, Hipid cB4MBmaterialad &datedlori S

optionally dried to at |east t| al Ly (preferabl Y, substantl ally or fully)
remove the sottemisesispased pa Imalignmept aysr ganstpefionand nptpo'the | gnnent

layer ang 5 Ipmﬁﬁng:@p%taﬁ&amtaﬂéﬁ@ elGRShRBRRRO Ry éRdnsthidtidd, aneousl y, for

exanpl e, by coextrusion, on _the polarizing or polarization alterin

el enent . I n addi t i Bi¢ coated pplarizing er polarizpt ‘Iﬁ"&%elam‘f'}i(ﬁlmlapﬁ'ﬂt?rsubﬁﬂl‘?@rﬂ@pt i cal
film such asarethea%afghztsgetﬁ&(ag ; lafhira®dd) @&{hhme n&klaegﬁﬁr m%na%%aeaﬁhe

pol ari zer) or conpensation fil I's unwound nment |ayer 1s
formed on t hitvofilms The llmedgrémtel metamal is cured @lrtga:howectwate thermal, or e-beam

curing to form the polarization rotator. Any photoactivated or e-beam curing is typically
20 done through the substrate film. The final combination is then wound onto a roll.
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.



10 done simultaneously, prior to, or subsequent to the formation of
alignnent layer and liquid crystal material on the polarizing &l APR 2006

pol ari zat ivwwe iBlobsdgt Ng el enent. I n one alternative enbodi mepdyygolhysi d
crystal material is also coated onto the substrate filnfalignnment |ayer

construction. In yet another alternative enbodi ment, |i qui d crystal mat eri al
Is coated or otherwise disposed o u atefl Iayer
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alterlng el enent f|| and the substrate film are t ought toget her
(i "Pam ndrathens pairal i ervoral ity af S pREENY HrelrrebpeRberiatng 1 wo
films. The | Ifﬁlmy)cilexﬁcs%&neadolmt & digplrsini. muﬂiteuﬁtmcgprabm QRcCdtignmbidayet ey mal

or e-beam curing to formthe poI arjzation rotatqr. Any photoactjvated or

e- beam curi ndlqr"é* oyl materigl oan bg drrosited myltaneonslys §t&ml@ byyj Qogxtrupien, 41 nal

-conbi nati on 'tﬁeﬁ&'ﬁﬁndﬁ%ﬁ@laﬂ?&tﬁnﬂlt&m lelemeRt. ef er abl y, the curing of the liquid
crystal material couples the two Igm constructions get her. I n anot her

exanple, a film oppéiOlp?HVeﬁeEPWgal’«SPmﬁ'éllﬁ’FIIE&Pi‘tﬁfhowtbQ!WlSﬂ isppssdep thesuch as  a
reflective pqié,grdg@,%@ ,ﬂa&nuﬂ\:@waﬁy bARMBIvER ok dishisdal.! AUEERAA abi et ofer O M

on the film exa coati ng a photoal I gnnent onto the
film typi calprsferablymay nothe/magded uﬁthecipspémmmnglemeetcxdamomnbapmbeleqbbyf or med

.0, 0 8 B SRR 0 O SRS RORRk TR el ORI |
sol vent or di lape rss:qznbnall'y’kiaecptum lnattlpgnnﬁyl (prefatablyi aibstast:adluroedxlbr$ remgpve the
L o et L RO BRSSO TR ST L, Phosees
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RO i R bbbt g b o5
-~Yac a4 seegxhhple \dispobihgh pBlafaing bMolarization dlRfinSelembif wﬁﬂ:@n&ﬂ@r\@d"{@fa eI
the liquid crystal material; coating or otherwise disposing a second alignment layer on the
liquid crystal material and then stretching, rubbing, or otherwise mechanically orienting
the second alignment layer; or sputtering material on the liquid crystal material at an
oblique angle to form the second alignment layer.
20 The liquid crystal material is cured using photoactivated, thermal, or e-beam
curing. Any photoactivated or e-beam curing is typically done through the second
- alignment layer to form the polarization rotator. This curing can occur simultaneohsly
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 polanizer 102 has a transmission axis not

parallel with that of reflective polarizer 104. In some embodiments, absorbing polarizer
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molecules with their long axes aligned approximately parallel to one another. At any point

10 in the medium one can define a vector to represent the preferred orientation in the
immediate neighborhood of the point. This vector is commonly called the director.
Suitable liquid crystal (LC) materials include, for example, lyotropic, nematic, and
cholesteric liquid crystal materials. Examples include E7, BL036, SCB, and RM257 from
Merck; C6M, 76, 296, 495, and 716, from Koninklijke Philips Electronics N.V.

15 = (Amsterdam, the Netherlands); Paliocolor LC242 and Paliocolor CM649 from BASF AG
(Ludwigshafen, Germany); and LCP-CB483 from Vantico AG (Luxembourg). Additional
examples of suitable materials include those described in U.S. Patents Nos. 5,793,455,
5,978,055, and 5,206,752. The LC materials can be polymeric or monomeric materials.
Suitable monomeric materials also include those materials that can be reacted to form

20 polymeric liquid crystal materials.

For some embodiments, a twisted nematic LC structure is preferred. In these
embodiments, the director exhibits a uniform helical twist about the normal to the surface
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, o.. 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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LPGT/ 11502/ 27165 At | east sone |iquid AYSPdPomaterials, such as chiral
nematic (e.g.pol4ri¥ed At Sidideht orl 4 BitfEngehdmédmm will pﬁp@e@aﬁwﬁdry gQponent

which results in the formation of a structure
component and an extraordinary ray component. The phase velocity of each component

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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by 24). For exanple, a_ 45 qpo,arlzatlon rotator has an_ optical axis that is
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light, the po&!oﬂgihgr%liif?ﬂht Sgﬁaﬂﬁnew p(ﬁgr%h ﬂﬁht%ﬁf & &Qic flekd Vec\%@pg%lgl%g 885
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 —l—gsin2 X]
2 X

24X tan X

2 l"z 2 2
¢ ——4—,tan X-X

tan2y/=(

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

20 a nematic, twisted nematic, or chiral nematic phase) and then crosslinked or otherwise
vitrified to retain the alignment. Such crosslinking can be performed by a 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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the polari zapggnaﬁd)mmeqefere‘ﬁb@ d,tba]meﬂmgrystal mat erial can be aligned as
desired (for exanpl e, 20 .a nenati c, sted nematic, or chiral nematic

phase) and then cibes Iaii‘HR%‘H inluds; fog F’Gﬁ“!ﬂée °U§’tﬂlqsf'?‘€fds’ @pfioxidagtspantiogonantsgnrent .

Such crossl i nky b@bifigdts, Reri Jéeﬁfs"ﬂ?ﬂ cméslﬂlkﬁ%rag@ﬁty Thkse d&ﬂﬁﬁé‘s’sc%ﬁ%e'ré?z%&éd' ng, for
exanpl e, by phot oi nitiate el ectron-beam or thermal curing. Qh

material s canvitethe lgvigemstal material opnensieastivei on rotator or the corrp05| tion
used tg formthey I | r
scatterl ng materia Q%eg%]ﬂl%ﬁﬁgéﬁ? ar?gfa%%ﬁ(fntrglg{?a se th%faﬁ?%ulfssl ﬁ“g?stégcatterl ng
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absor bi ng nmat | S | o
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f I d di ch d
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pol ari zax i On)petp&ndlisﬂﬁi to klie ljgaid dredtd] afaterial Bitahsmitted. dids embodiment of a

polarization rotator also acts as a polarizer. This particular 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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wavel ength. In sqQne enbodi nts, particul ar] di spl ay applications,
g on the pltcﬁ thickness of the polarization rotator to determine the a?lgnmgnt aP tﬂe

20 opposing surface.

Alignment layers can be separately formed layers or can be part of one or more of
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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20 Another class of photoalignment materials, which are typically polymers, can be

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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20 The optical 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 shape of the particles can also have an effect on the scattering of light. The
depolarizing factors of the particles for the electric field can reduce or enhance the amount
of scattering in a given direction. The effect can either add or detract from the amount of
scattering from the index mismatch.
15 The shape of the particles can also influence the degree of diffusion of light
scattered from the particles. This sHape effect is generally small but increases as the aspect
ratio of the geometrical cross-section of the particle in the plane perpendicular to the
direction of incidence of the light increases and as the particles get relatively larger.
One method of forming the depolarizing layer is as a film by dispersing fine
20 particles in a resin. The fine particles composed of polymer beads, etc. are fixed in the
resin (for example, a polymer matrix), of which the refractive 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 fwo 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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reached whenlntesference &iltess Myay Afilhdns. ;419181% Diffyige refleetivg @elarigers nglude thie
depol ari zi ngcénﬁmsus;kﬁsﬂe?se OARS réileBiVeSol2Ers dekhibalin®y SRR NG 24, 8 15 supesst i es

are conprom sed. The sha e of the particles can al so have an effect on the
scattering otelliaghe. dlff\rﬁeyr@l%@bn&mp ilaygr palerizsrsglegaribedhin (8 Patent s f or t he
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gl regf:{ : gon ! eh%69$?6 r BEHFRNLLY Eg@ﬁﬁﬁgs ﬁrgﬁ ABedth u.8 Pa&%ﬁtﬁcﬁrs ‘?91 38% a9l ven

ect can eit etract fromthe andunt
scattering fboO02hb i ndex mi smatch. 15 The shape of the particl es can al so

i nfluence the degree, of exgméfe%?' ‘r’éhef?ﬁE et};u Hoer i8S FhbE LG {l{??e%hp?gl{l)ar&%i B

Thi s shape effect’is gener HCT eas6s as
t he geonetri ealteral. dﬁ&&elektemhq:ﬁd ¢rbmalgmlahrza1 tmnsm:tiﬂt@t—piréﬂbhq:ﬂe@amﬂaﬂyl ar to

the directio I.nci dence I ght 1ncreases,an t he particles get
ol at i vely | BPgared RS dtaalingh CeRing R Seanen e and mifaBRIne' 0 5 PF m
byI di spESb Si gghélea@c laﬂxd:t?ydtalcfmehghwﬁt Isadt Ransthiteedfis RAeqed dridds ﬁ&uaa@xgrposed_ o;
pol ymer beads, . etc | xe t resin (fo a mer matrix
of which t hep?'éf'?"élc‘f‘ é’pP?ﬁi@% 1 tydEf‘f’@Ft&Wf G‘l‘ig%ﬁ‘?’fthéf’%we P‘ﬂ@%ﬂ%é particles.
; The refracti vescriBstin, fonexdntjste, ¥.8. Parht NS, 793086 A25! Pdidife Nod5,806,704, U%3.1 ange
Patent No. 5,691,789, and European Patent Application Publication No. EP 940 705. As

the LCD requires the input of linearly polarized light, cholesteric reflective polarizers are
20 typically provided with a quarter wave retarder to convert the transmitted circularly
polarized light into linearly polarized light. Suitable cholesteric reflective polarizers 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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of from1.0 to 1.9 and from!| to 10M respectively. For exanple, the resin
may be a photosensitive acrylic resin having a refractive indexgqfpapR.2806 The

material QPpIspeRsPY 25 dispersing the fine particles in thscp)i@f,ﬂf_ﬁggsltlve
resin is applie to the first substrate and then subjected to ultraviolet

radi ati on while being pressed. The optical scattering |layer which has a

pl anar surface I s ther f or me he_ absor bj n pol arizer, 102, reflective
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Goscri bed | nPoMAREkeRo abR I Pt s ol over 1 et bR Se ee IBL° 51
Ed.. Macni || @Rarfple) UStht@lt% 609&8’@) ThelorfentedilEMinyRdcohgl) absortig i cal
Interfe ence Fjlters

wWHill, | Dff fl
pol ari z&} s i melagiaer %ma%‘e{aﬁﬁs ﬁ%fbﬂ%%b‘élg%Z°rp¥f‘é’§aé"zf“é¥qsr§@¥qer ecgl"é'f‘g zers

descri bed InHduﬁcr?mm&eﬂxpdls&s&?&tiéabsoaﬁngmﬂbﬂxzeas the di ffusel y reflecting
mul tilayer polarizers described in U S Patent . 10 5,867,316, Ot her

reflective pol ari Asindigated ahexs in place qfﬁhqpoézm%(e&megt 3@ ilpsirated HPGEwR
5,940, 211. An QtJﬂG{hemﬁorpglteﬁné glehfefif dat Be H@darShél’?ﬁolbr?zafl&g Qﬁ‘éiilnﬂ%leﬂﬂnts

cholesteric Iiquid crystal material. The cholesteric l'iquid crystal
pol ari zer tr drelwde; forexample, compensationfilmse These fidms alter jhe polarizationef lighght at a

vavel engd h C%&ﬁ& dé)&‘i‘flfe&gt {lﬁpt‘cﬁﬁotgﬁhﬂ&aﬂ lelrﬁﬂt%xh 'ﬁlfls éaﬂir&ﬁ&e%@gr ﬁd?ﬁoxit?l

cholesteric I'iqurd crysta 'S not transmtted is reflected
and i s circulvaawipg apgké, aeitigalyidwing mlfoppb@hlftuafﬂe&ﬁm ty. Cholesteric liquid

oL oLt RS R SaEf S kBt o,
Eur opean Pat ot exymgl¢, agblatizatienivbtatoatantre dikposdﬂFbeM@n W poldszers Morediery equi r es
the input of J i Rt YindSdethbdd Ghn'ond Botarisaion ERMiSE ' 15 2GS Slrey SpiR3] 271 2ers are
20 components can be included in the film, including, for example, microstructured prism
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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20 typically provided wth a quarter wave retarder to convert tbu? 2
transmtted circularly polarized light into linearly polarized”l iA(;Ht.UB
Sui t abl e ahelgpiseesc refl ective polarizers are marketed ungefusheridgsadenane
TRANSMAXT" ' by Merck and Conpany, Incorporated and N POCS Tmby Nitto
Denko Corporation. Another type of polarizer is an absorbing polarizer.

These pol ari zers are typicall 25 e .of material that.is oriented and
. absorbs | i gh?w oFr ’é?"f?eﬂf?/l%c‘ii‘f’%‘?"}gﬁﬁ'lga? %ﬁ“’cﬁ?o‘?"'@%ﬁ’rﬂﬂj@? POANZANRRTOBKIT A i zer s
include ori edegslarihg/1aRdr) ¢adibe coexiiddd di'cén B¢ dmiRshevhstycoatediontd M optiothy1e
material, such as_jodine or metal chel ates. Exanples of such consbructions
include a stFBOhEFupwRIf ispothen cxample) an elgmant (g the polanzationretalpn) fA1 odi ne.

‘A di scussi on yekositl brafthetwise BRAYsEA Bido B Bedidugi) rf&nféarl‘aféfe(efg@,%%ldrﬁer).f or exanpl e,
U S. Patent Nos. 4,166,871, 4,133,775, 30 4,591,512, and 6, 096, 375. Anot her

type of SBbsoriemstively.he individunkelerprats can be formad sepapsisly sndklaminater ¢ogethey Amde

‘Wi t hout addi tg : ' 3 | Stalags I or
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t hat sel ect i \pelayizertzod r ipolatiggtion ratater cap dapdextrudeds b sefleptivegporsizerrdap be contate

wi t hout st ai 0 | . &'l (£ hGhat . (vinyl

al cohol ) and 0pg)l ayé?l%izﬁé%del%mﬁ?’oégl?s, V\,ﬁgef }goq%ﬁ)gyﬁlbf\ﬁ}ﬁl&?%ﬁg %&gﬁ@ﬁ%&r/e f or med

by nol ecul ar rotetoy tiy fatrn the aticlpol y(vi nyl  al cohol ). A di scussion of polarizers
Pat ent No.

made without dyes.or stains.can be found.in, for 5 ex e, U

3014, 010 and 5. a8 sBEEERr B RuRR suf b icemnacBieypr B BFR R AR L P | beo

ablsor bi ng polvatiéty ©Ff methads \ghismwﬂbttypiaslly depera dng’(ﬁjaantsud}msefor éxhlmplldjgme types ( I
pol ari zation rotator, | sired. In on irent,. an, .oriente o] Vi ny
al cohol ) abs®f &yﬁﬁ to by g}qg&age,d tf’%ﬁﬂﬁf’é{;‘? lag'goggfggmgnggﬁlgcgwi%e gients: ’ﬂ‘@ﬁL%’see,
for exanpl e mdibrials dtahedlémdnts. 16wIRR, uhdEstood hat RVéraTdiffekeMGhoiNGda ¥hn Bd wielol )
absorbing 10 pol arize ptionally acts_as an ali

{ [ gnnent | ayer for a
pol ari zat i on TP SR i ket PPIG BPIAGZET Ry the Bolarzation fFotatas way bY C%Fg'ﬂ{ﬁééﬂd on the

absor bi g poliRdy a6ther pilarizelamifaRd dRRVE Method aqﬂe%ratiﬁg@erﬁa{@hmea férel ement
202 as illustrated in Figure 3), another polarization-altering element can

be used. SucléxpBPlardopxirision. epting pehysive lamiration, heatlamination, diffusionrspplevated
commeneat! o bl S i I 015
wi der hor i zortaesklinking. When an adhesive is used, the adhesive is preferably optically transparent
over the wavelength range of interest, unless the adhesive is also used as an optical layer
20 within the film.

The transflective assembly 100 can be used in a variety of applications including
an LCD and other electronic displays, including cell phohe 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. Figuré 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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vi ewi ng angle, vertical view ng angle, or both for a display. Tng gan
have nore than one pol arizer or other polarization-altering ele hél

exanpl e, Jdegation rotator can be di sposed between two .
Nbreover,awpﬁg%?%ﬁ€1can i nclude nore than one pol arization F@?é@@?iﬁfi

addi tion, other optical 20 conponents can be included in the film

i ncluding, for exanple, mcrostructured prismfilns (such as described in,
for exanpl e, MSﬁPHaEﬂBCWossseﬁb%m@mxdamh hsorbingli@idrizer H02f & weflectivel ayer s,
scattering | d V% bsorhi n nd tra

| ayers. O hera"’\ér‘laﬁ%‘?arr@Ei (ﬁ%ﬁﬁh n"crc()’Fa \{\%rlak5 %Pgépo %Z{"ﬁéayfe ?lfmﬁd%ﬁ Emﬁgfcnvg
substantiallpohh&eﬂOBhe optical properties of the article including, for
exanpl e, adhesive | ayers and substrates. 25 A variety of different articles
can be constructed. These articles can be constructed in a nunber of

di fferens ways. | Thagbsért@ivehtibnisheulanbitedonsiased lirel oakepariculedt@kirhsioa
exanpl es of nethods of making the artlcles and net hods of nmakjng

pol ari zati on dessribed, pbove it ratlies shauldbegindgrsiogd focoverll gspect of the '&?’%‘“’&Bé&r i bed
in the copengying skl out inihé Sbiched¥ink C ThhiGH3 n%ﬁ&hor’ﬂoeqlﬂméni pRResséEhdwelp of
Maki ng 30 Polarization Rotators and Articles Containing the Polarization

Rot at or s", Dd&Rumerqys stnsresiowbich the preseat igventiop manibe applicable 9ol be regdily
particular S¥licHi B i RERer at ed
separately, %%Jg'&tt{’ QF’ s V. sl .Q?&?réuﬁrﬁgneoustﬁ;_ﬁ%gﬁ ﬂgi'gi?% lghI&C%QBQEAPR 2006 WD
03/ 029885 PCPIUBqa¢sertispecificationr Theglaimsiare ingnddddoreeves syah, rgodlﬁ@npm‘ dndct i ve

pol ari zer an%eygg;polarlzatlon rotator or depolarizing |ayer) can be
coextruded or can be sinultaneously coated onto an optionally renovable
substrate. As another exanple, an elenent (e.g., the polarization rotator)
can be coated or otherw se disposed onto a previously forned | ayer (e.g., a
polarizer). 5 Alternatively, the individual elenents can be forned
separately and |lam nated together. A filmcan be formed using any

conbi nati on of these methods. For exanple, a reflective polarizer and a

pol ari zation rotator can be coextruded; a reflective polarizer can be coated
onto a polarization rotator; or a reflective polarizer can be lamnated to a
pol arization rotator to formthe article. 10 The elenents of the article
can be integrated together to formthe article by a variety of nethods
which will typically depend on factors such as, for exanple, the types of

| ayers to be integrated together, the nmethod of form ng the individual

el ements, and the
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materials of the elenents. It will be understood that several different

nmet hods can be used for a single film(e.g., one polarizer and %Eﬁ PR 2006

pol ari zation rotator may be coextruded and 15 then another pol ari P

| am nat ed thereon). Methods of integrating elenents include, for exanple,
coextrusion, coating, adhesive lamnation, heat |am nation, diffusion at

el evated tenperatures, reactive cod%LAHﬁSbetmeen reactive groups on the two
| ayers, and crosslinking. Wien an adhesive is used, the adhesive is
preferably optically transparent over the wavel ength range of interest,

unl ess t hke adhAsiassembdy, abmprisingd as an optical layer 20 within the film

The transfiectiye assenbly 100 can b sed in a.variet applications

ol uding an 3 B Eire Byapiaases Sfputatiar st iyeicht bertiadb GBRrzBRthe. and
PDA ( per sqalandls@istaatiallpe i saliRtz WghBRAlinEREdcORS poleRLatidngie;r ed application
is a W (white non-inverting) transfiector. Figure 8 illustrates one
enmbodi ment of apolpdm@tionirotating layer pastivged weigceihalighipastingthrough thofitst gur at i ons
are known_and. the transflective assenbly 100 can be used in those

di spl ay crgﬁfgb\;ﬁt@gﬁrgﬁg.&qﬁe configuration of Figure 8 is provided as an
exanpl e to ilaswbhdidlettig: pugiRt pbigodedas sdckie lighEpassing ¢lfoliyh 0. An LCD
400 includes an LC cell 402, an optional polarizer 410, an absorbing

pol ar i zer polerizatign rdptinglay<reths seeandzeflectiye polarizes snbstantipdly seflechpadisht 106 or a

depol ari zj 9%§r . Of: , 9&@ j i 30 108, an
anal yzer fﬁ%}gné a gc‘%ﬁ%&%{loﬁggé b&ﬁa&g e]g Pée %lgﬁgﬁfﬁ?o@?gkg%ﬁdl | ustrates
anot her eams@diiathrtansinitting Light hallig d folxtd @olatipatiomdese.an LC cel | 402, an
optional polarizer 410, a single filmtransflective assenbly 100, an

anal yzer 406, a backlight 408, and a reflector -21 01 APR 2006 WO 03! 1129885
PCT/ US02/ 27165142 rflgl?%ﬂ:faﬁﬂsif Licleife fé%ﬁ?%tyrloga%{% ek dRRiRdReRS O bi ng

pol ari zer 102, are tive poblarizer a polariZation ‘rotator 106 or
depol ar i ziotege lighteefldcid byathd second ceftedtivepoleszarve pol ari zer 108. 5 The
present invention should not be considered limted to the particul ar
exanpl es described above, but rather should be understood to cover all

aspect's of,  NeThawaahbigdrahim'12hirlikr 8thoRie 4 Bogdiiald Rebiegybal ms. Var i ous

nodi fi cations, equival ént processes, as we as nunerous structures to
whi ch t hebgiweenethe firsiveds¢cond meflective pglptizers thedopolarizing lagadphyertizgpar ent to
those of ski.ll jn the art.to which th resent jnvention.is directed upon
v ew 10gtiop ALMEiERLRM el af PreEckanahp Rttt st SRt e drined "t o cover
such nodi fefleaivePdtarBRelis positioned to receive light passing through the polarization rotating

layer and the depolarizing layer.

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.

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.

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
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devices. 01 APR 2006 CLAIM5S 1. An assenbly, conprising: a first reflective
pol ari zer substantially reflecting |ight having a first polarizatVdAPRIBlE: e
and substantially transmitting |ight having a second pol arization state; a
pol ari zation rotating |ayer positioned to receive |light passing through the
first reflective polarizer; and a second reflective polarizer positioned to
recei ve |PYMiZ%hassing through the polarization rotating |ayer, the second
reflective polarizer substantially reflecting light having a third

pol ari zati on state back through the polarization rotating | ayer and

subst anti al | y Theassemblyiofiglaim@hwhhmin thg transnoigsivm axis lofi thezdsorbmgsiodarizer 2. The

assenbly of claim.,1, . wherei,n the pol.arizatjon rotating |ayer is positioned
Co ot at & RyfaLpli R g e Su B HEE pL AR SitrElechSe PSR °5" The
assenbly of claim1, further conprising a depolarizing |ayer disposed
between the first and second refl ective polarizers, the depol arizing |ayer
convertin® a Pexassenblyfoficlagndewhereirgthe trapsmaissian axis 96 gherfist ngBeciviezat i on
state, wherei seco reflecti arizer i ositioned.to receive

" aht | pacS Btk b SRR it b e GnBREh ARG of Pt B0 epol ar 1 21 ng
| ayer. 4.pdlaezeassenbly of claim 1, further conprising a backlight system
positioned to receive light fromthe second reflective polarizer, the

backl i ght system conprising a reflector. 5. The assenbly of claim1,
further cgnpri-si ' j OS] ' light from
an extern%l IiEﬁ?gggﬁngﬁgkﬁg%ggggkgﬁﬁé%%%}g§#§%$g§%Bgﬁgﬁﬁfgﬁk§ﬁgbsorbing

| i ght havpdslariger is fdt Bulppdnsially aligred veitled fadrdssierbadiaof thalabsorbihg pshirizéd ng | i ght
having a sixth olarization state. 6. The assenbly. of claim1, wherein the
transni ssthg ﬁsssmb;fy frthergomprising ¢ gcpd pelodzatignrefatos disppsedighseathe frsty

aligned w t 1 SSi ' second reflective -23 01 APR 2006
pol ari ze\r,\f.ehg(?tﬁ"? é)ﬁg%g}e tggéﬁg%?ggh\°@§%erei n the transm ssion axis of the
absor bi ng pol ari zer

10.  The assembly of claim 1, wherein the first reflective polarizer is coupled to the

polarization rotating layer.

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

second reflective polarizer.

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.

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
polarizer, the depolarizing layer converting a portion of incident light into an orthogonal

polarization state; and
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is substantially aligned with a transm ssion axis of the first reflective
pol ari zer. 8. The assenbly of claim7, wherein the transm ssion @4iPRA0st he
first reflective polarizer is substantially aligned with a transm ssion
axis of the second reflective polarizer. 9. The assenbly of claim§5,
wherein the transm ssion axis of the first reflective polarizer is not
subst anti al | y asacorbeefigrtive pelarizenpedidenied io repiye dight passiag dyepgthepol ari zer,

n _ gl . N . . q
betweon t REOHr Pk 8feryRE R0 RePuRFEA b Shtilntahy ACEAFABIIELBRR T, 1
assenbl y tirdpbhriaation stiite backnthtdughfthe ddpotagizingdayer ang shtastantielly transbaittipiged t o

the polarizati.on rotati Jayer. 11. The assenbly of claim9, wherein the
pol ari zaﬁr‘%'ﬁ AYng aiforyt %élgr z3ugn s@ifnl ed to the second reflective polarizer.
12. The assenbly of claim1l, wherein the polarization rotating |layer is a

liquid crystal polyner polarization rotator. 13. The assenbly of claim1,

wher ei n the pollkerassemblyof chimtl#nfprthelyemprising dizdcklight\sgstempl ppsidionddito An

mbl y, Jsing: a first reflectjve palari tanti all flecti
T ont navierg e e et st it e Bolafcel e et A FOPRINL A ting |

| i ght haviefigetgr. Second pol ari zation state; a depolarizing |ayer positioned to
receive |light passing through the first reflective polarizer, the
depol ari zi ng |l ayer converting a portion of incident |light into an orthogonal

pol ari zat jon at e: d +24.0 2006 a.second reflective pol.arizer

poSi t i one!]bqt os'h«%ec"ltasls%atr’11 ioéﬁé"ﬁéégf“ﬁ&elicr?%ﬁﬁlgtaﬁlea%s%%% Pé’#?%eﬁg"ﬁ‘fi‘g}bef‘?"t he
second r efeb€i¢é lipie fh af exteabi@ftsaick,ahé Xbsoffih@pblafigerlabeitbing aighiBavang t hi rd
pol ari zati on state back through the depol ari zi ng | ayer and substantially

transmi t t# fifh pplagjrtionzpiate gnditransmitting fighbhaving 3 gxthapodarization statthe assenbl y of
claim 14, further conprising a backlight system positioned to receive |ight
fromthe second reflective polarizer, the backlight systemconprising a

reflector17.16. THh@s@abI§Be kil 4chvBiminlthe trhisiibeon £ASBF (heifitg raflectivs Or bi ng
pol ari zer positioned to ) ) o ) )
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

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.

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.

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

depolarizing layer.
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receive light froman external |ight source, the absorbing polarizer
absorbing light having a fifth polarization state and transmtting |ight
having a sixth polarization state. 17. The assenbly of clai m 14, 0ihA&RRIBh t he
transm ssion axis of the first reflective polarizes is substantially
aligned with a transm ssion axis of the second reflective_ polarizer, 18.
The assendd-y ofhecasssmbly®f clafra2di whemia the depoldrizingolayenis soupled tedhaspsendi ng

pol ari zer_| jally aligned with a transm ssion axis of the first
reflectiﬁgh%%ﬁ§3§%§§££19. The assenbly of claim 18, wherein the transm ssion
axis of the first reflective polarizer is substantially aligned with a
transm ssjon axis of the second reflective ‘polarjzer. %O. The assenbl y of

cl ai m 15, 23sher Breasperably of glapn d4; whersig; the depolgrizing layer i adiffiuse jaghestisol ar i zer

i s not su@§&antially aligned with a transm ssion axis of the absorbing
pol ari zer,” the assenbly further conprising a polarization rotator disposed
between the first reflective polarizer and the absorbing polarizer. 21. The
assenbl y claiml14, wherein the first reflective polarizer is coupled to
Phe ot | T Asseiony S SRRl Shereimomsui, St Srpflonare Ve i o1 bher ol &
the depol gibgdned. | ayer is coupled to the second reflective polarizer. 23.
The assenbly of claim 14, wherein the depolarizing |layer is a diffuse
adhesive |layer. 24. The assenbly of claim 14, wherein a surface of the

depol ari zing layer is . raughened, 25.. The assenbly. .of claiml. wherein the
pol ar i zat +on r REPSBOY ) ST d BbEhr BB atRg Mvel s coBfigyed and
pol ari zat ool td rotid pdliriZatioh v€ AgRiG Lfixedlanglthe assembly of claim 25,
wherein the polarization rotating |ayer conprises a |liquid crystal polyner

material crosslinked to retain alignment of the liquid crystal polyner
material .,27. Jhe assenbly of .¢clajm2 erein the.polarization rotating
"aver contt sebras SRRy iafy 25 Phefeihe PAREAR 1 BGRE PR ERerd B ai n

al i gnment Ji@fid ERStal péliiner madesitPdroRBh NSO retdBt SighAlent of the liquid crystal

polymer material.
27.  The assembly of claim 25, wherein the polarization rotating layer comprises a

liquid crystal polymer material vitrified to retain alignment of the liquid crystal polymer

material.
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