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,, POLARI ZI NG MATERI ALS Field of the Invention The present invention

general |y weoloats385 t 0 opti cal devices using reflective polPeriuse¥ig1588nd, nore
particularly, to optical devices using diffusely reflecting polarizing
materials. 10 Background of the Invention Reflecting polarizers generally
l.ncl ude materials which transmt |ight of a first polarizati M and whi ch

reflect light of a second di fferent poI arization. Reflecti wﬂwumwmm
i ncl ude, by way of exa | e and o, ffusely

pol ari zers, multilayer ﬂ%‘t’ P@IE&S &é‘f’g& g‘ G esteric retlomctive
pol ari zers. Exanpl es of di f 89 5 polarizing materials

i ncl Mdes those disclosed U S. Patent Nos. 5 783,120 and 5, 825,543 and in
PCT Patent Application Publi catHigld ofighe Invgntégny 32203) WD 97/ 32224, WO

07132025, VD SHAZE S LARAR Bl WO T AIRE ind BA-ARTL SIS aLL of

whi ch are inc by re eren ayer

refl ecti vend)olose particudarlyy to optisat deviees using dijﬁ’&elyﬁaﬂanng palariZing38aerfalsl) t he
contents of which are incorporated herein by reference. 20 Exanpl es of
chol esteric reflective polarizers are described in EP 606 940 and U. S

Patemg No. 5,325,218, the coBagkiréusd ofddk lnwhtighi ch are incorporat ed herein
by reference. Sunmary of the Invention The, lpresent i nventign provi des
optical devi ce%eﬂfsﬁlwaaéwrésﬂer@lymw mmasrials whichyragsmiblghy of 3 fiksh)

reflecti ngop@lagb #&f whicH ﬂ%ﬂéb?ﬁglﬁ@99&%&‘%&&@?&%%0@@&1@&%&&% ovi ded.
The di splay apparatus includes a |ight nodulating | ayer havi first

surface almlllde by sty of exAmple mémomfdnml@nm diffugely reflecting @olariegss, Weat i ng

| ayer. { avi t and
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modul st | ngolhmmgmaténalmcludng tlhcsmdlsclesedllls&dﬁamﬂt Nos. 15¢%88126 anchészfowmgl e | i ght

odul at i ngh1GY EreArateiopPugi e WORGhanky ol A sabrsies) ,

reflecti nwmg’wazzzsewcdgﬁmeohnbavwmnm thelboRiend of @N&f wiideh drbe | | ght
nmodul ating | ayer for receivi ng the redi rected || ght and transmtting a

conponent ingerppragedhersin ycretsrenes. ginamples oRgultilayerreflectvg palarizersiagtdeseiigd d t he
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reflecting a component he redirected |i havi ng a second pol ari zation
di f f20r ent Exm@estdf@htﬁleqtgtc rpﬂﬂcmq podarizens are descri ed in EP 606 940 and U.S. Patent

No. 5,325,218, the contents of both of which are incorporated herein by reference.

Summary of the Invention
The present invention provides optical devices using reflecting polarizers, such as

25 diffusely reflecting polarizers. In one embodiment, a display apparatus is provided. The
display apparatus includes a light modulating layer having first surface and a light cavity for
providing light to the light modulating layer. A light guide is disposed to receive light from
the light cavity and output light at a low angle relative to the first surface of the light
modulating layer. A turning lens is disposed to receive the low angle light output from the

30 light guide and redirect light towards the light modulating layer. The display apparatus
further includes a diffusely reflecting polarizer disposed between the turning lens and the
light modulating layer for receiving the redirected light and transmitting a component of the

redirected light having a first polarization toward the light modulating layer and diffusely
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A lighting system according to an enbodi ment, includes a Iight source for
providing |ight and a reflector which |ncludes a diffusel flectln

pol ari zes QYQSPMWS cl oser 5 to the |ight source and a sp N ector
attached to the diffusely reflecting polarizes and di sposed further from
the light source. In use, a conponent of the light having a first

pol ari zat 'rgmec;lﬁg e &t%@%ebxd.;e%d ﬂgﬁtfhh'ﬁﬁé ¥ sdcBhd ﬁ@&ﬂza@ommemzﬁa%)

specul arly reflected by the specular reflector, and specularly

retransm tthefirst polasizgtion he diffusely reflecting pol arizes to provide
specul arly reflgeg f I first

di stribution. q%‘?g%%),& 3%%{3%%%&8}]0?'&?(&8&?1 lhﬁa&ésqrhéﬂaﬁ\ég}s}gg&second

di ff er ent providing light anha reflectorf Whisteinyludes fal difSitselgl rdﬂ;ctidgqaothnfzén@bgedrcmkérect i ng

ol arize i th reach t he ecul ar, ref| ect ro e dif el
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adapted to provi to a’light nodulating |ayer. The apparatus further
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Li ght cavity .ha ecqnd, pol.ari zation. .The 1] aV| pically
reflects im%%fe#h%%lygﬁff cte l‘éhtq‘a}"f’%]Fltsecai“??‘ﬁfélg‘l’tif’“r qrgg tbgﬁ'ﬁ%e pol ari zes,
wWith a firdgdriiRigheehOdifetRn apn may 3t usia as fhfrd) @mbiehtdREt \dmfeftuweyulw lects the.
light wwth a second degree of depol arization greater than the first degree
of depol arTFﬂQthdd‘ﬂhtth the et nelaripation maybe uprd ap task lightivgofonexample on. Due to the
depohari zation, f i ght 25 of
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refl et vesfiel light esivedFoniths BEIR ChBE Hdvxﬁ@e&@eﬂh phlasAati 6o nn@nigmaaav-wﬂ whi ch
provides a desired gain distribution, WO 00/ 65385 PCT/ US99/ 17155 A

di spl ay appeipdly teflects poidarsdighty eénﬂ&‘ﬂld#@ﬁ?ly reflagted bethe golarizes.owithea e nent f or
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diffusely reflecting polarizer for transmission therethrough.

In another embodiment, a display apparatus is provided which includes a light cavity
for providing light and a diffusely reflecting polarizer disposed to receive the light. The
diffusely reflecting polarizer diffusely reflects light of a second polarization toward the light
30 cavity and transmits light of a first polarization. The diffusely reflective polarizer has a

selected dispersed phase concentration which provides a desired gain distribution.



exanple, be a diff'usely reflecting polarizer. The above summary of the

I nvention is not intended to describe each illustrated enbodi nent or every
i npl ement attY@9#0/65385t he present invention. The figures and RGREUSEEAHPY ed 10
description which follow nore particularly exenplify these enbodi nents.
Brief Description of the Drawi ngs The invention nmay be nore conpletely
understood in %H‘iﬁlgﬁ{pﬁﬁt‘aﬂﬁ iRlandthe embélﬁx\éﬁtnﬂclq@ésaa'énﬁgnﬂ%ﬁ. ehi¥ot On of

vari ous enbodi ment's the invention in connection wth the acconpanying

dr awi ngs, praviding ight anda Fcprgmtmglf;t\hanlcmaé'litﬁrahwgsedmnék%wpwagyldelDﬁqbbay appar at us
i.n accordance. w n t vent.i Ilustrat es an
exenpl ary d‘i“%sbve éfmg% aj?‘ g?c §§t %qﬁpnté‘%%mrgcfﬂ fer 1an &{l an%QSO{lgeg HOIa ZSH? 'ent of the

I nvent i on; refiécting poldrizet Bnlsptséd abesuauhe emeﬁmd aemexﬂtMpk}&wbmahag gbluﬁzern
accordance with yet anqt fgfeg odi ]{yggf the invention; ure 2

i 11 usPr at eSheAqnisdst pplRAGRS orgxgmple; fygtherinclyde ong ghmgre fing y fot her

enbodi ment a13fe infdfor bBIGGth @mseﬁﬂ xeﬂlécﬁng:ﬁomhﬂey Si'ﬂeat"&ﬂ’e‘étlﬁ%:p(ﬂmhﬁf YorPr 0 ecti on
di splay systemin accordance wth an” enbodi ment of e invention; 25 Figure
3B i | | ust rexempleche acdiiuslyaefecinsmpalarizeon di spl ay system in accordance with
anot her enbodi npl ary
projection di sgil‘?1 géb%ss%@%aw@ﬁlo&gg%@éqyj lﬁthﬁczgérq(;{’ Hgg;ﬁsﬁ?%g mg}rﬁéﬁf t he

I nvent i on; entioginvest @Bveﬂylnmalbmamtetmnauf thexEresehtanvyention: rHheifigpteapndthe detailédn
accordance, Wt h an tLon WD 00/ 65385

PCT/ dggg/ 19epenptipg BPE 'P?fﬁgf‘glg{ﬁg@b’ %{ﬁmgifgﬁ%s%\?'? B 8Yi spl ay systemin

accordance with yet anot her enbodi nent of the invention;

Brief Description of the Drawings

The invention may be more completely understood in consideration of the following
detailed description of various embodiments of the invention in connection with the
accompanying drawings, in which:

15 Figure 1A illustrates an exemplary display apparatus in accordance with an
embodiment of the invention;

Figure 1B illustrates an exemplary display apparatus in accordance with another
embodiment of the invention;

Figure 1C illustrates an exemplary display apparatus in accordance with yet another

20 embodiment of the invention;

Figure 2 illustrates an exemplary display apparatus in accordance with another
embodiment of the invention;

Figure 3A illustrates an exemplary projection display system in accordance with an
embodiment of the invention;

25 Figure 3B illustrates an exemplary projection display system in accordance with
another embodiment of the invention;

Figure 3C illustrates an exemplary projection display system in accordance with
another embodiment of the invention;

Figure 3D illustrates an exemplary microdisplay system in accordance with another

30 embodiment of the invention,;



Figure 3F illustrates an exenplary mcrodi splay systemin accordance with

yet anot herygghadisrent of the invention; 5 Figure 3Gill ugé.f{ggggﬁggp
exenplary m crodi splay systemin accordance with still another enbodi nent

of the invention; Figures 4A-4B illustrates an exenplary transflective

di spl ay apparatus in accordance with an enbodi nent of the invention; Figure
5A il ustr at es Tagute 3Billwgtratepanregernplay muerndispayadystem in aczetdargehvdthgieng fil ter;
10 Figure ' 1 ' y having a contrast enhancing filter in
accor danced?'\/%ﬂehérgt?l&dqerﬁ%‘gaf%%mvag#ﬂt he invention; Figure SCis a graph
illustrating r &igire SRillostragdstan egsanplay anidrodigildyapstah i dcodrdbe vathyer ast

enhanci ng di gpl ays;,. Fi gu SD is a graph illustrating contrast ratio as a
function ofot °ﬁ?“¥qwm@gﬂfﬁéﬁve‘f’§nenhanci ng displays; Figure SE is a graph

i 'l ussrating arnmhesGaRBiriasin &BAHIAGAELELHIS FheRin iQbrdafddwigsdinenhanci ng
di splays; Figure 6 illustrates an exenplary display apparatus in accordance

with an erdsotienemiodiment plthe pyertionon; 20 Figure 7A illustrates an exenplary
LLghting SYS! e Pigile3OCRB HRYF ey n%t?erﬁﬂa@%f?gl'emtd}sgf;ay %@g@#ﬁgg&e&o@%ﬁ gure

7B illustrates anh exenplary reflecting naterial ting
syst em of Witlhyur @nbodiment ofgboindentio wi t h an enbodi nent of the invention;

Fi 8A 8D i Id. . ' |.abel ' di.ff |
9L, 08 0, SRR S YR B P4 Y o

reflecting 25 arizers 1n ac Wi

and Hogure 9 i |Higisé SBillastrass adispinglhaviyg gl caplast\enbynping &ltersin actopdaticy wiethhce Wit h
still another ,enbodi rpant. of .the invention. Wile the invention is anenable
to various®™ tment QT AREINYEROn | t er nati ve forms, specifics thereof have been

shown by way Oching@S@lsQ griphtiltratimdeRtve bHaAn¥dslal a ARCAGSSHtNPRA cftrastn det ai | .
It should be understood, however, that the intention is not tolimt the
i nvent i on enbancing disalays; cul ar enbodi ments described On the contrary, the

intention i's tQ;gey8 isH gragh illustrating contrast ratio as a function of tint for contrast
15 enhancing displays;
Figure 5E is a graph illustrating another contrast characteristic graph for contrast
enhancing displays;
Figure 6 illustrates an exemplary display apparatus in accordance with an
embodiment of the invention,;
20 Figure 7A illustrates an exemplary lighting system in accordance with an
embodiment of the invention,
Figure 7B illustrates an exemplary reflecting material for use in the lighting system
of Figure 7A in accordance with an embodiment of the invention;
Figure 8A-8D illustrate exemplary security labels using diffusely reflecting
25 polarizers in accordance with embodiments of the invention; and
Figure 9 illustrates an exemplary display apparatus in accordance with still another
embodiment of the invention.
While the invention is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be described
30 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 cover all



W O 001 65385 PCT/ US99/ 17155 nodi fications, equivalents, and alternatives
falling within the spirit and scope of the invention as defined by the
appended cWQio8s38Det ai | ed Description 5 The present inve®Craigsyyissel i eved
to be applicable to a nunber of different optical devices using reflecting
pol ari zers. Aspects of the invention are particular suited to the use of

di ffusely_rafd ecti pal ari zers, i . . ent. invent| [ S not so
limi ted, é“r?%ﬁﬁ%‘r"é‘%i Fﬁggﬁ'ﬂéﬁ’z‘%5’?‘?’%%2%‘?8@%?’%%%*ﬁ*e"‘f‘ﬁ‘%lxsecr%‘it e’ " be gai ned
t hr ough aindestionss defined by theappendedptigimspr ovi ded bel ow. 10 Diffusely
reflecting polarizers (DRPs) typically specularly transmt a conponent of
incident light of a first polarization and diffusely reflect a conponent of

the light having a second pol ar ipz@iile@ Desckifioner & specul ar and diffuse are
relative ternms_which can vary depending on the context of the application.

As us®d her ei nThepretent iavenjion isheligved take appligable g paymberef differepsontigall i ght
transmtt AW 1 L.atken: i wedD The
erm di f 1 Codpsay ferBHRR Bl ARELALE AR el Spdid SlicanBlE el L
consi der alof diffdselyf nafl¢cting pddyrizeesy Whileghaprpsest inventinmis nof sd hmitddasn on, specul arly

transmtted |i.ght .refer to.light deviated.fromits incident,path by
2bout 8 daBmEade ol ParichS adhies 8¢ i e Er if b ainte bR TR E SR BT (o 1 gne
devi at ed leyaniideprovideddglones or nore froma reflection angle equal to an
incident angle _of the light. . 20 ny of the exapples jllustrate display
appatht us or oP e‘%betﬂieﬁtgﬂg p&@???\%@%&ﬁ‘* ?PGH'E”WWF""%&P’BB@F“W fght

gui des angicpfent lighhéf 2MW dolafigatiohRRd HIBKISE1Y fefléth a SOMP&RYb1 the Kight Hakk Derein to
refer to a source of light, such as a light bulb. The terms optical cavity
and | i ght sewpd polasigation. pEheterans spepuiar entbeifiessiorgrelaiyesterms whigleeanvano a cavity

and | Py ' . oo
Fol | ot ng Ueqink bA e copidftk i plcatof "Xs bR htdh, BeCudly BRECB BT oy
medi um  amenevally refers molight spRmittat withoudsubbtastial dedation fromsits ifdidmt path.A

illusfrat di spl arat.us usin i ffus eflecti ol ari zer
a'cco?%i ngﬁ‘ﬁ?%ﬂgégﬁﬁgm%ﬁé ﬁg#ﬁgneé%yﬁ%‘?ﬁ??f’%\%ﬁeétﬁé ﬁ’ﬁbﬁ?’gf‘{}%b 00 includes a
l'i ght ”Ddldimi‘sioﬁ.gB? yay efiexhigleand natofGimitaiet, speamarlytrandfitfed lightmayirefeng | i ght
to the light modul af)ng,.system 130 and illum nating the, di slol ay appar at us
100. I'n tR? Yk dppzipciEer its inqident; gt byagovtorineeees piglessy whils diffuss yirellecisdos

first pol fghafdy rdfdPro Iahf devidted bl ADSR B R BleesSoRRIrE Abf alfefectiBn kg iquamdul at i ng
| ayer 107, "a sécond transparenf substrate 108, and a second polarizer 109.
WD 001 65388 inoiden3sge ofthedighthe exanpl e di spl ay apparatus 100 nay, for

exanphe, be a Liqui |, i Vi | Qul | i ght
nodulating | ayi(\a'lragifllbet.h g%a?@fe s|1')]o ?@.L g%?lg)&%)nlagg tobgﬁlgg{)ﬂ#lgdeg{%ﬁ&%%hc pol ari zer
whi ch t r aishade fightisgintesplight goides andfbr fight aavitiaa! Thetermdightizoorch svill besed of an
undesired,pol ari zation. The,poptical cavjty 120 typically includes a |Iight
Source. 13 R0 sr g Acowhs SRR s Pas SRk e PR R e Tafhe. sour ce
111. The Ich@fytwil Beises interbhahg Bl hefel toQ¥RMR! staviBPwhich prdQres kidhflNSuchQur ce,
such as a cqld cathode fluorescent tube, or T. The liszﬂ'ht gui de 102 may,
for exanplcavityeayriaelide one ar mprg.of e fellawipg elements: adightrsowice. s fight gide or

POl Yt YRRk haGHk edfulblY M oncld: Htre SIS o} Ofinise rdiAbAE! | Y Wedge shaped,
as shown in Figure I'A but other shapes rnay be used. 10 In operati on,

| i ght from | i gRigureduyillestrates aidispldy apparatus, using aidiffusely séfigctiig polarizerct or | 12,

into |ight i.de . a L aht. i |4 gaht gui de 102
ot nge- uAgrati b embineic e Benpi b ALBual RO I P

angl e, andnciuRtiigiteindsde ahdirdptigalicedityclo0 dst payviding hght itgrihe light madafakiggt i on
(TIR). In order_to extract light fromlight quide 102, small surface

i rregul ar iSY§t§e 13} and Jluminating the gisplay apppsatus, HLP- g’éﬂl‘ pheat. & lfﬁﬁ o surface
114) 345 t Gnddblafitg §EemI0TheRled st Rlidtzed 10564 HR! traRbdr&ft shitifrated 08 HENOMENON
called frustrated total internal reflection (FTIR). Since guide 102 is

t ypi cal | y lightimedulating/layesilA7, 4 seepnd teaaspacsnt substratsy 08, and dipgpnd polarizerl Bar r ow
range of directions. As a result, light (e.g., rays 151 and 153) | eaving
guide 102 tends to leave at relatively low angles a relative to the surface
118 of the light nodul ating | ayer 107.5 The angle a is typically |ess than
20 degrees in many




20 applications and) in one enbodinent, ranges from 10 to 20 degrees. To

redirect t i toward the |ight nodul ating | ayer 107, g |l ens
Wit i rcgsphfhed

103 nmay be to fold the optical path of i 11 um nath such as
rays 151 and 153, thereby directing light fromthe optical cavity 120 to
the light nodul ating |ayer 107. The exanple turning |ens 103 includes a
st ruct ur edTleLexhmple displagappacatusg 00 Imay,otbt exaalplecbya quidl@@stalnitsply ZBCDRI at i vel y

pl anar surface 103b o e o0 QSI The str ured urfa e.103a may,
P or oxanpeving i e b prarans b ToTn i it DA HERE thio:

exanpl e, bafddrhidhQingied l%h{ &»Sdegxebdapomnm@hlaﬁa\a&umu@mtdfah LydesiRamal to the
l'ight nodul ating |ayer surface 118 as shown. The optical cavity 120 may

further i melagertion. T&¢ PrttcalnavipO20dymgrly Bngluder adigbhsoures Iddande lightBeideo ref | ect
| i ghts escagh pg {zcre g@&ﬁg mgﬁe%%htbs%ﬁ}%e'lﬁ‘f Orl%ul' qjupc%ll‘i"ﬁ]rf'agefo%xehﬁ?est 30 some

of it"wll "even e or nore ref |ons e 102

t hr ough slblehamenrhght.sourcejisﬁcfhxsercoldO'Athpﬁg/ﬂuqnpspcmmi:lej qu(Eiiﬂ' i Tbe hgie@udg for
exanpl e, vi/lg e_range (P Y\O / nt% g‘ PC;I'/ | 17155 directions of
vi ewabi | it B\ay’ PEBREY a?)eprg? letof & TEptharent plastic matss Sl""é ¥ 151 and 153 may,

Wi th some pbiygisthymtiacSfate (PRMA). | ngﬁt@diel 102 45 tapwauy ackyedhypetiaby showhange of
directions, Optiaqnal diffuser ga al so, in sone cases) inprove the
appear anc &igyre bt gtherishapss may ﬁé?e ways, such as providing a nore uniform

appegg ance to ﬂié&é'rﬁ%n]{ t from KRR s6XROPI is dirSddawitR PRRA Pbfrenebt? 1fidir t her
includes a diffusely reflecti n% pol ari zer (DRPj di sposed bet ween t he

turning | déns hglugualndoz hiost; rgystof gl iraxeling ghrpughdsht guider K12 impisge ypasg t he
di t f | ht
redirec egl dgl @ity ‘31&8?{%@ %%lleg'tgr ﬁ?rﬁ@gﬁﬁgﬁpﬁnﬁ%dux{wfe {heéﬂaif rs%tgg,o g

having a fiIrst po ariza war d atrng layer 7 and
di f f usel y refietted by totg) imternalinpieetort (TAR). tIn@rdee th extattdight frghﬂ:glhtamdegoa second

polarlzatlo di fferent than first. pol ari atlon 10 rd.th i ght

gui de 1025 F]h “5%?8 e Ireaula tf?ﬁﬂffocﬁawrcg &Fs 190 e'f‘%orEﬁr %gg/a Jn t ur ni ng

| ens1403 apdustiatd mroflthavmtehﬂlﬁeﬂMbm@. feh@ndnenl cilled ﬁhktmted:mfmo nents (as
Fi.gure | A .. Ate na i vel er 110b may

h the | ef DRP |
Zt ? \Qﬂhgg uéga efF Q%EBR) tS4ce §Hide A 18@@&4‘30@9 a(ﬂ&éYﬁmiahtcﬁanpﬁﬁtw ht side
of Fi gureduemogh.maq{ah%w&m%@amﬂbﬁs £ L8R, A e Fg'tlags i1 dmevsHe attached to

a diffuser 4 (as shown in the left portion of ure 1B) or ‘a DRP | ayer
110d may lievmggadhéelz teodstoddave un'datmglyl lowanglex3r mln!wdtdﬂlasvefacbéy&aof the4 (as

Sooor 10 ek bR i 197 o Sl ¢ s DrigellE oS Ml R e BIEYE, it fach ng i ¢

to azeli fflagﬂrcaﬁ&néana\m@hdnﬁ:odmmehtufamgatftmtmw J0adegrep)| ani zer 105 (as shown
on the left side of Fi

; DRP | a 110f 0 at hed t
turning |ens 18 ’%ﬂﬂ'&"‘ttg r?’ﬂfof“fa{fg@f’ 1’&‘64"“\‘1!%?‘%“‘1’% lpﬂaattﬁﬂq‘gjfrtsg@%uggyf 0 ao
pol ari zer bégﬁ,v{&a tSfoRV¥Re bfk.cranﬁm mgmmlﬁatﬁlg &k, sﬁblg&erﬁys]-lS(l:)and YO fierd
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, for exanple, eattagﬁedtothe
bot t om si diseesing ipkt framythe optisal gexity F@Py le}l;t (nedlgatmgéayar B8 akhiezsamples) |
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DRP R&iyer relstivelyepihnamsurface 103b on the opposite side. The structured surface 103a may, for
example, include multiple prisms. The turning lens 103 may, for example, bend the low
angle rays to a direction substantially normal to the light modulating layer surface 118 as
shown. The optical cavity 120 may further include a reflector 101 disposed adjacent to
surface 116 to reflect light escaping from surface 116 back into guide 102, where at least
30 some of it will eventually, after one or more reflections, leave guide 102 through surface

114. A diffuser 104 may, optionally, be included to, for example, widen the range of



enbodi nents without a diffuser, the surface roughness of the DRP | ayer may
be controlled to provide surface diffusion. Alternatively, a DRP may be
adj ust ed t ¥ p¥ESIBEe bul k di ffusi on by adjusting the degr eRCIEWSBBHHEU| ar
transm ssion of the transmtted polarization state versus diffusion
transm ssion of the transmtted polarization state. 30 The diffusely

refl ecting o&Rysl y be
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includes a relatively arequant t having .the fjrst

pol arPzation. Pe exmpigd Qawearﬁ%ef.léo g‘f“hF“Q%‘Edeéf* diffygely reflegting poISFizsT| zat i on
to I'ight qbrPygisp&e@bdwea BE t&ﬁfa%Rﬂs [GaYanB&he Ii gﬂmQ&unmg%ﬁpmmpy
applications. "I'n operation, | ayer transmts |ight of a

desi red flrpmwrmdharqdzremecbhgham tefinfrhitting] g/comfon@u:péth# regirected h@t adesv,

undos o0 38 lkon Wil AGRBLAEAG b WA PERESHES ol ! v
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[ epo ar. i i,on optical cavity . Re-reflecte ig 0 e
fi rst1 ﬁ‘g]lt‘\g é%h‘?l%ntly transmts through the DRP | ayer 11Ca-f and

re-ref I ect ed | i18 Bhe éthbodineent QUIRITIaPsH 1304 & Aisheyed berwdid fubimd l)énsf Bilaggt ed and
partially depolarized to continue the recycling process. a result, nore

of the |i gHiussy Hfuwishous peipgattachesio %%F%‘EPTETS?‘§ shewn Prz@alqs‘ys'@w di spl ay
appar at us gfil 1A$|§1?€h %v@lg af]?ereaglﬂ‘ ﬂ@b% faﬂs‘chka Q*g:] 1£ﬂni1£t€&tt8%rm%%? | ayer

110a-f over a va t 15 op i cal pat ends to even out
vari at i onsl03r(as shownion tteiright side afiFiguwerbA). riBQﬂwcmbOCiImeMGDRIglIayerlllwmm nat or s.

Wil ecthis | ar.| ef | arsp ovi di ng
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i ght caviih thSdisphsy a?:ﬁirat%b' ¢dm byatachingit &Pk bigaber qozvlvwchsg mmfnl #taétel Yo

depol ari zes |ight at Incident angles containi 23 relatively large amunts of
non- depol 2 polaseren 105Kes shpwrron He ! apfFigure 6Cy o DRP layes 130fimaydieon of a DRP

t | h d
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nor ma ane cont al i ng h and nor nmal axis.
VWher e t he HiSf(aashownin the dglsisidedf Flgumtiﬂ)uwetehbe diffusend 04 sromitétd; thedRR he

i h b d f . | e,
Tt ho. DRERTRE P B P e W B Ok BEE W e G ol 1 e

extract i onopdolagikdt 105).t ypi cally at 0. In sone enbodi nents, non-polarizing
conponents may be included within the 30 orjented filmto, ag
di f f usi on. For FBB?B?F{WE" in; the abowe embadiments, thy ‘lrﬁéiﬁe‘b‘@aycl?fee{'{“ﬁ&%%p t ed

bef ong st riges hic&gomﬁ%n@dlﬁwmh&ioﬁm hebr &@miple ' WhentzBRP Qyersis dididfih cant

bi refringence 8 65385 PCT/ US99/ 17155 during stretching at

condi t i onsemhedimentswithout axiffeser, the sprice rpyghnps S@Eth@ﬁ) Yo ey béGﬁ@iS&‘F@l ons

i ncl ude ac a PMVA host.
Fgure. 2 1 PPioeithcs SR, Afkthdvan @ BRRAE b RRSALRRRARe bkl " G ot e
gai n di st rdiffusionchy.adjlisingahedegiee otﬂquohlaxytraqsqnaslan u&heﬁﬁhsnnwddtmbm:zmdﬁRP | ayer

220 and a lLight cay 230 whi ch, strated enbodi ment, utilizes a
li ght sour%gi?s'%“sgwé’sé FréH“B?ﬂoBPf%éraPS“‘HF%B‘ﬂﬁrézaﬂ?'? f#&e 1ight rays 231,

i nci dent upon tihe difikely @ﬂ@dtxngﬁelanﬂ'ehﬂ10ﬂ‘ﬁ@lh%hu@DW@UMmaﬁﬁhvfam@émwl ncl udes
a light nodul ating | ayer 210 which) in the exanple enbodi nent, includes a

liquid cryReoptimizs &rllglmeﬂmwoé@enmméwnfM%'F%lwﬁ‘ﬂ@rlgoza&ecaﬁamzle The
DRP | ayer 220 transmts |ight 221 having pol arization P 1, thereby
separating it 10 fromlight 223) which is dff'usely reflected back to
cavity 230. Light 221(P1) is incident #@pon first polarizer 212 of |ight
nmodul ating | ayer 210) which has its transm ssion axis oriented parallel to
the transm ssion axis of D1P |ayer 220, so as to transmt |ight 225(P1')
havi ng pol arization P1' into liquid crystal |ayer 214. Pol arization P1'
typically differs frompolarization P1 in that it is usually nore purely
linearly polarized, by virtue of having 15 passed through pol ari zer 212,
which is typically an absorbing dichroic polarizer capable of producing
hi gh | evels of linear polarization. In the exanple enbodi ment, the liquid
crystal Iayer 214 |s nade up of an array of electronlcally addressable

. e -




20 material of each pixel in either an optically inactive state (e. g ,

vol t age- on ks to say, when the electric field is apgl

optically %(H.b\;%eugtate (e.g., voltage-off, or, when no el ec(&q%@l el
applied). As used herein, the termoptically active neans that the
orientation of the plane of polarization of polarized |ight passing through
t he opt i catithyitteodepolerizatibeandathe diffuselit reflesting ﬁdﬂm:&emﬂaef difiisely ireflects 18

by the. pi TR AGeRReeR o A SR dnt | eme g e T he

di recti on light qmeasematpbmﬁmﬁm il that &lﬂﬁ'ﬁﬂdcteﬁdlghﬂ ifdltides a velatleBargeied by

whet her each pi is jn an opt active or optjcall |nac |ve state.
By appr opriP#ts ?ﬁ‘éb‘ph"yi“ﬂéh%f‘tti’&&@z“lt@“1 RO Sxpepls) thﬁf%?’é’l%fhg ?qw d
crystal —anbakzdtion mxghvam%&snmmmﬂmﬁnw BVBPbEmbRBS ALY 4 %@l‘dﬁﬁ&sby di spl ay
210. V\hlleaquwd stal display with a liquid crystal | ayer is

i |1 ust r at dejoparstion; the BYRP; layer i Earfdtansraity light Qfédiem&dl‘ﬁiﬂ pojapieatiopfand] spI ays nay

benefit b I
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where a portion.gf it is re-reflect kto r 2 whi ch
agal n ¢ AR g g sFroBhhteng euT iR b e s in P Sobiamion al | y

refl egts tbge pliNEivily LD, (RS- fefl€dted 1tghembe/ﬁxaqsmd}aaﬁ& dubfqhdntly Kambadidson  Of

di splay 5 210. This_process, called | | recycli q?wlcontl nues until all of

|i ght 231 through tbﬁ@#"ﬂ%hk%ftae@jrwﬂw 159Wr‘h32%°“ Rizptiands difuselon P1, or
Lost to absREdel thf'part'idll?laE cna%ﬁx@!oldagmnﬁsheh% mt%),sm sb.OASh B3l inkRObE Y
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cavity ill

opti cal caay/‘ﬂ{ '{c?&nﬁ kﬁtﬁé&% g\k/)\éu)tl erggdr%eﬂlﬁp%?&gehpness hereby
redut$ ng @pmagpathsaﬂnismq»evenmut VidniatidoiRih illampimatich@hicingbnietigles ocavint y may furt her

be optim e Iight. For exanple, the DRP |ayer 220 may, for
exanpl e, i’ﬁ‘g‘@%@ﬁl[ %’al? depol arize diffusely reflected light to facilitate

l'i ght recycl i nWhile this embotigleht werks aamhﬂmyn@enlvaﬂﬁeﬂmk providaigiliade
characteristics. Alternatively, the ang%ar depol ari zati on characteristics
t

of the tw%m?@nthslmwsés %q;tso pited. 1Qrher. maee depplatizingeflegiors pathi f i cant |l y
15 depol aroba&xscawagm,a,aﬁe st 3With%?%tﬁéut%@tmaﬁhﬂly%pélﬁllﬂé BRb Yaybr@! fif amount s
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| aye20 220 aildition, incoshes embpdiments) thpangulds depolatization eharggéristicseafehredPRE andef ers t o

the ratio : r.3Q. ance of
the di splzlal tcm rﬁ#rgte%%r}‘wr%b%&tﬂp c\%gjﬁl@é@] g‘%?gﬁ'a'a%"g#w B {nlklig%ﬁcan be
provi ded hyﬂesfcontaﬁ&ngedamplydargs ehawts ofgobddepalaizedlight fointhe DRPtahé vide sper sed
phase relative to the concentration of the continuous phase. By way of
exanpl e, "A&teasing the concentration of di sperse phase relative to the

concentration Phe diffiionufa DRIV &pically RuchHighér inthié plasedontaltingdRe erssss Jai n
relative to the off axis gain. Conversely, decreasing the concentration of

i spit s WAL aPER 9 cxRarss 1 SHFUHE caRtHoE die Ssish ar oD abmsse will
typi cal I'y vAGed e gifiisibd s dedire@¥d SbsEiitk 'ihe%ﬁtrﬁ&’iloﬁ‘?: é??ttﬂe %)%Fa paﬁ s gain. For

exanple, wmth a filmproviding an on-axis gain degree

(rel ati ve shawldheroptimjzed &ir mseowith the R \For nmrm!m ifithe DRB lmrsaped se45ﬁhtzhs e
concentra centration, the films
on-axi s gtgk@rﬂmﬁlgﬂ?ngag?:ég) %ma'lfﬁlglfﬁg%}a&t t?'b' g’gl%%g' gggr ee gain may
decrease to 1. Ih&omEDeqnbasdimags mnn—pdenzin’gscomﬁxdngms mayibﬂhdiludhdtvhmmthé he
concgntrati. onﬁio ﬁf gﬂhase qan be sel eg e 0 Th b e bel ow

i 11 uf r ar Q960 W%a‘é‘éﬁ"ﬁ §o%1 kPrexsmple Ahe precyster LTE; e?‘& ) of DRPs
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10 wo 00/65385 Dispersed Phase O f=axis 'ConcentrationOn-axis GainGain
-60 “451.371.07401. 361. 27301. 351. 47 Table 1 PCT/ US99/ 17155 The sel ected

gai n di st rVYBIPHES can be provided to inprove the vi enabi BGHPSEY ¥ 5spl ay 210
by controlling the light distribution seen by viewers such as 201 and 202,
as typified by rays 211 and 213. A useful paranmeter for describing

l-um nancedain‘gtsfrb&%%Qﬂdnﬂ:tnbﬁﬁeb&%k hemahtitheDBPEEfmples®f suifabe angl e at whi ch
the |lum nance is half the maxi num1um nance (which is assuned to be on-axis

in this ceemepositions inglade aopdipndstyrensacpilic copplyraerapcsospheses inmPhAd0s o
bri ght t t |
right porti 03§ géreggglspggggigﬁlr X FPjsmﬂlswag $ PR®a né#@mﬂ’%a éfécF at norrma

viewi ng 10 an esents a ray eranati ng e sane
poi nt on tisibiticrg elHeavamyge Hlis;tl:iy apparatus 2DQ mclrdesceDRP la:yayzm]aild)ahglhten angle A

called the half_ hei ght angle u e breadth of the |ight

i st 3 but Feo 2o vl ot Pufedman e igb et bodhrekder ( of o
given | evess ibfprbwfbﬂﬂlhls@lﬁghi fagm:rl@yﬁxdzahpon mmnagaazéodirsé displagt es the |ight
avail abl e for view ng npre evenl Zmat hereby | oweri.ng.the nmaxi nrum 15

| uni nanc e PPRAFAtES2OP0 inclpdescadight madulating dayer 2 0avyhicly inthg @mBlg 1 epresent ed

by ray 21&nbéd?méht0thélme@x 1%t €HystaPlaep 208 dipRUPBEtIENTWS pilaigert 8NOMdOT angl es,
this may be a desirable situation. In situations wherein a single viewer is

vi ewi ng_ t RS dThedPRY laser 220 isesnamitsilighti 321 havingpolanirgtiensP 1, isnebysseparatingitay  be
desi { bl eﬁgﬂvﬁ\éﬂiﬁ %ﬁmﬁfkﬁ&@)@elﬁ)leflre&ga’%cﬂQO Qa\(ﬁjt? 236 f,ghtb%ilglgl ?ﬁn& I'l]& di Spl ay

for at vie ncrease 1n concent ration
reduces ang:heﬁr&po%nzexmaaealﬁygmarodolmmgjaydnélﬁilvs}ﬂuhlliamtts mmsmissxlonghs avai |l abl e

f i ewl d b ' |
whi 16 ¢ 1 ARG} o HhsSmrior oys chig® B8 22bo Bt g ARy ner
concentr aha\ﬁﬂg piflarizieond? 13 RS BQIPEFSA layer b BY Bola#2Ridn/PAr BEaly differs FOmebY

evening out the distribution of ght avail abl e for view ng the display. A
#

DRP | ayer Pplatizatign B1 ithatiitig P%Haﬂaglapw Ryredy inetly pl#izedPYYEtUSR PR ur ed by
sel egd i ng Zs§ecft!ﬂﬁ'o uf ahhze?zfaomt.;@fnw@%n%smﬁg gbrbR peffzaRassletd

cont | nuou phase provide a desifed gain distribution. This selection may
t ake i nt o produciophighleyelsoflinearagolappation. a

In the example embodiment, the liquid crystal layer 214 is made up of an array of
electronically addressable liquid crystal pixel elements which are individually addressed by
the application of electric fields through an array of electrodes to align the liquid crystal

20 material of each pixel in either an optically inactive state (e.g., voltage-on, that is to say,
when the electric field is applied) or in an optically active state (e.g., voltage-off, or, when
no electric field is applied). As used herein, the term optically active means that the
orientation of the plane of polarization of polarized light passing through the optically
active material is altered. The second polarizer 216 functions as an analyzer to either

25 transmit or block light transmitted by the pixels making up liquid crystal layer 214,
depending upon the direction of polarization of the transmitted light, as determined by
whether each pixel is in an optically active or optically inactive state. By appropriately
applying voltage to individual pixels in the liquid crystal array in an imagewise manner, a
viewable image is formed by display 210. While a liquid crystal display with a liquid crystal

30 layer is illustrated, the invention is not so limited. Other types of displays may benefit be
employing selected gain distribution.



conpat abili zer phase. It will be appreciated that the ability to design the
| i ght dist Px)(pdt%k p 11 WO 00/ 65385 PCT/ US99/ 17155 in th'P%'rﬁﬁ\ﬁwiﬁs
desirable feature for display designers, since it enables emto produce
di splays for a variety of different viewi ng applications nerely by
selecting different DRP nmaterials, based upon the concentration of disperse
phase present DﬂPllwem(ﬁBﬂbrc\Ekgurlight?,vﬁliialtibmsf kgmideaysal di;pbyrﬁl(hlu}y proj ection

di splay s emln enbodi went..of th nvention. The
exenpl ar y¥ W%&’ P rﬁﬂéM"g% %avqéggl? |'3rlela °m°" °f|"1 '} [f’rﬁeﬁ cﬁ'vb Oto

i I'lum nat Qovaarﬂ @fRIPan,ter 220 IWM&anB%nanshht pbr€iosi Hahﬂgtpdl‘qylzatiﬁilgﬁ dngi ng
reflected by a q | Zi Rear[ebeam splitter 303, thrqugh proj ec} on |l ens 305,
ont o scr edppsteptiallyreflegtsithereppingg RORPR; afFWdr*wg|ta81§glhammt@np ke 301,
optical enghOopms Ero@@s@’caﬁmlglﬁﬁr%%cﬁﬁ’é@bﬁtlnﬂ&ednnﬁﬂ?efl@ﬁ@iﬁ‘lqpaﬁﬂe@ irit3flted02 MY
conprise | enses or other beam sha mg onent's, optical filters to
renove i nbyBR¥daysr 220, prithrolsrigationd\ ef wgﬂmgbsgrfptlpm ghight ramlmgehals besnj ve

pol ari zin u

conprise g%d@trtl(ﬁé S%P?g@g'l%\/\% ’%RREJJZ?‘ use %tSé %t n&m& &iﬁvﬁpe%ﬁ cont ai ns
pol ari zat ulwbrrghmmsiaﬁghqm‘dn@stalmsplagsfoba goven iemjeﬁbpticammy 111®pinamxm_L oencl osure

308 is not limted to r tan e).b any suitable
shape.  andFRGFHE O IgB RIS PR EniN thrdvatian i Sig?t e i ch 15
gi veiot ggggmme rthei?flfy&@ddcih@ eh&kﬁéd]@l\r?]ftmnl qat Dwrflms 2zd°mdarght2dau@yl nla@am
sputter t cal l.y conprises a_reflective polarizing materia i's
desired t fufth eb&‘a tigyizedito éercy%?)@? eF?ré'éﬁmPlﬁfdb%DggweB@Q 3y, fpr &yl %mt | ally
specul ar IRRNAfaIFAe artze dRRSEE FefiBetéd oht TPESItRIeAGHCREY clig Wil Bght 304.
Therefore, it is advantageous that the di sperse phase o% any mul ti phase
reflecti ngamtl@wnales&d;edanz@tl@re@tmaffpmttcsethm@wsb/ the angwarfdgpalarization

uni formy ticl aIIy
infinite, Riréﬁ%g%f&%rt\kygtcgﬁlgmégq% %egétggc utgéqﬁ?i@%ﬁtg gigﬁlggﬂr?r% nent of the
ref | &£t ed depadrizes light statdidenpangtes coreainiog tdlaively trgedenduhtlof son-gépatacikat s, or
ot her part.icl e havi ng sugg‘}%ntl ally flat) orientable surfaces. In use,

i |l um nat thﬂ VicE YEIR AR 19Yer 304 through pol ari zi ng beam splitter

303. 25 It is whe @@mglasmeldyetrlza(o inclu@éta s3febred pAIMdistribution) ab4M gehddllpe
prepol ari zed to, for exa pol arjzation P 1 by beam cond| tioner 302

acting i n“‘cfﬁféEféﬁhﬁf‘}"er?f\'lﬁet"i’f“’éf‘ﬂ?fz8§ﬁf’@y b s Ry 'éﬁ"}?é‘l’ thejlymipance pf e desi r ed
pol ari zat idaplay RRRG: BRUBRfayet0 T hé WeldchrgaRUiituEiSR carl wym\;m Ny provi des
pol arized I ¥'It 351 to the reflecting 1mager 304, which nay for exanpl e,
i ncl e aﬁxmnlwelwns thggpepentration of t*@ldénermd@hﬁ@gpbe\mp |thrgcq9¢gaé‘atsmxﬁf a
digital i g t he
pol ari zat %%8@8%%% %99/?? é&afn ;\é&%& I X Qh‘?&s&éé l%téér%te ? E)blmél eft
unr ot at ed relative to the Icem‘bmchtlbaokcmumud phazerppicplly in¢reaseSha onBeiagispl i tt er 303

relative to the off-axis gain. Conversely, decreasing the concentration of disperse phase
relative to the concentration of continuous phase will typically decreases the on-axis gain

25 relative to the off-axis gain. For example, with a film providing an on-axis gain of 1.35 and
a 40 degree (relative to normal) gain of 1.29, by increasing its disperse phase concentration
and decreasing its continuous phase concentration, the film's on-axis gain may increase to
1.44 and its off-axis 40 degree gain may decrease to 1.18. Depending on the desired gain
distribution, the concentration of the dispersed phase can be selected.

30 The table below illustrates on-axis gain and off-axis gain (-60 degrees to normal) of

DRPs with different dispersed phase concentrations.
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12 WO 00/ 65385 PCTNS99/ 17155 reflects |ight 353) which has been rotated
in polarization frompolarization P1 to polarization P2, through g)roj ection
| ens 305, WOPPUHER to screen 320, onto which the inage crEAUSAIYSS
reflective imager 304 is projected. Beamsplitter 303 transmts |ight 352
havi ng unal tered pol ari zation P1 back to illum nator 310, so that the

pi xel s representing this polarization appear dark on screen 320. A portion
of the light transmtted back to i|llumnator 310 may be reflected,

repol ari zed, and redycDesperséhPlals¢ erjnati ve ermbgdi @ffatisof| t he above systemis
shown in Figure 3B, |whelGéidenttidtién| i ghOnrasfs|Gairt ¢G4y (6enp splitter 303,
rather than the light transgsitted by beas7splitteroB03,]is used as
illumnation for ingger 3040 The i nLager1_3@4 reflecps |ijght 301 of

pol ari zation P1 or 30 P2 dependi ng [on i1 85pi x¢l s{apes.| The beamsplitter
303 then transmts PZ polrarized Iight 353(PZ2) and reiftects Pl polarized

i ght back toward the illumnnator 310. In this case, beam sputter 303 may
be a diffusely reflecting polarizer)Tablgilch transmts substantially

specul arly. Opi4 cal | avouts. for ] IO i splays. of. thi.s type.can be
made nore conp }(1: se{eﬁtg(?\%%'g rc%%m(l:) g{r'ﬁl'g{rzllg ibg§}§1Vldécrl gcj’ 'é’gptr ?%ﬁh%‘ﬁﬁ‘ﬁ?rj’é\lﬁﬂg?{&%yﬂ'ce it is
a fedt ur e200 by doatrollihg thedieht distfidution seeg bp oleavetszudhops 251 amd 202, ad Gpifiedby osed i n

t he references, i ncorpqr at her ei nabove, _t hat they can he made quite
i nsensi ti (&S ?f)l ﬁﬁgzﬁé gf“sf’tﬁg?aﬂ%:ﬂfh% Cr bl'{@ﬁ%m'é‘i’ eé‘ﬁF@’“f‘B‘_‘ 156“_ ze strongly
di ver gi NghQphtGRAY O % MRe MPRME whith tAMhink e iN1REdhd AhximGin!hfiRidBGwRBH | CS.

Referring to Figure 3C, .an alternative projection systemis portrayed which
uses tr anisrassuied ¢o barenyeds iBlgs casek Hb forteample.tray 2 representsehé hrag@ncq;#:ed in the

previ ous il : L .and,

optional | %m%‘ﬁ)s"gé'ﬁﬁéth%g‘f‘%@%‘r@%@ﬁ&‘%ﬂg&zﬁgg‘mﬁ’gﬁgﬁ‘%‘gﬁﬁ‘ﬂﬁ’?"%ﬁ‘% havi ng
pol ard zat augte, Rid rap2i T teprdséntsn ragteansndting frem tBOSamel poing on tiz(magehavimgdalfi | ncl ude
an array of liquid cryst | enents r S ing. pixels of a digital inage,
Shi on o ¢ Rkhe iRt o2ian P11, ot peate B ELER etk Rralyisa Sesiathdle 1o for m
the i magepyhith Brihs liRAsbuabe fr b didphiediager oj ection | ens 305, onto screen
320. The illum nator 310 may 25 further include a reflector for redirecting

and randoni zi nly will ihappresiatedshas dortngivendevskefumipatitintfraomeys JWR2 increasingiB t he beam
o o 0, ek O B LB R SR K,

one enbodi en eam condi ti o one

depolsar i z kenifdnee, dihich tygridally oelitsat hehal viglwing anglé, as rdphesented byeay at 1.nnya

depol ari ze. light, sp that., |ight not . transmtted through the P can be
o T Sisple Wik R 16 B immed i B vidfaeR T N BRCTa § drieHR s 9D, an
optical | aﬁ@hﬁati&ﬁsrﬂrﬂe?dinignﬂbaﬁew&h@\ﬂawin@ the sl 28 AibRARIANY ndinal adifiesD01 65385
PCTNS99/ 17155 used, wth the exception that rather than projecting a real

i mage ont boweveg itamay beesigablaite cengenye erengyl by radusing X sojasteybiighteyghe displeen by
viewer 1 i Nif Vi I * o D sphays ich.op e i hi s manner
w11 her of A PR Toblen f Rt b AP RN RS Rl 3,
optizl | ehereby naidﬁr']ihgtheﬂisthrtbhﬁcbn siflighnaviaitable mmi?vﬁgammobﬁingaeﬂghw th the
exception that_rather an ojecting a real i e onto a screen, a
magn 11 oddOPRY 5 Peveagd, bF iR, B tras oG e U HORY ABever 1 usi ng a
magni fyi ”@ohﬁ?g’“‘ely?ﬁéﬁcing-ﬁhé Sorlcantfiibn Bf the dfdper s fhaseR 149 eH 2B8ndrlidds 6,

thereby evening out the distribution of light available for viewing the display.

A DRP layer having a particular gain distribution may be manufactured by selecting
25 the relative concentrations of the dispersed phase and continuous phase to provide a
desired gain distribution. This selection may take into account a concentration of a

compatabilizer phase. It will be appreciated that the ability to design the light distribution
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t he beam splltter 303 may be a DRP, as the beamsplitter 303 does not need
to be spec reflective, but onI y specularly transm SP% +
alternative er‘r{)o&l ment simlar to Figure 3E, polarizing beam Spli %ter 303
is 10 lami nated or otherw se attached to transparent cube 306 to forma
nore conpact |ayout, as shown in Figure 3F. In yet another enbodi nent,
portrayed in thissvayls & d&fBable fegture 85 Oisplayodasighérsirsinaatt @nabBk @heemtogprsddee ght  gui de

bl ho  rof 1epingt S BT FERTEY Miyismepiee St Bt & °

typi cal |y ngpélsibased upth the donventrtior Sfuisieréé plib@presntiBayeb22EPr esent i ng
pixels in a digital_ image, reflects 15 pqlarized |ight 351 with either

unal tered pol aFiges 3 afesgp CXSHPATE BrojsHof display ystepin acgerdgaseayith ned by t he
vol t ages Rt vi ng

pol arlgzat ?‘gﬁh%%bpgm{en%fgg%@ f%ﬁb‘gmﬁl%em?]alhm tﬁom%g]a}'f”%ggmn I rragltlall%@304

whi ch has anlilliminater3il9 40 illominatearefidcti ve lmaeert394 rwith the rdsvigngohage beies 303, so

that it pa hr ou oarlz 0 an_opti.onal |l ari zes
Pol ari zes St%ﬁéggﬂalggﬂ"?gg!’ tl%er%8 ntkrél’Bglb?r eﬁ'!élo 8rfsa3%$’z%f§° %evégﬁh filters
out any | mhmnhmm;;ymcﬂnanncmes olighPdourdel 301 odpyicsllepslesntd 308, wadteginy pol ari zed
light from rgachl?&lﬁemr é Vi g&g 1 then views a rrg)%ni fied virtual inage
created byoRreqnse AmeEgRGtionss 304 Pa P ATSY Yy PR ErFam SBPINSE| qur es 4A- 4B
i 11 uggrat @oRpbreARRSoptRMAIR tb rittive mwda;mmﬁvmewhaaengmafﬁgmsanuSI ng a DRP
| ayer. In general, a transflective di s!p/)a ay typically includes a |ight

y

modul at i ngeflestjverpolasizing ssteniglsgriches aPRRjaver Qntlgﬁten%quw%omaymomnge each of
whi ch repry qﬂﬂ.ﬁ:‘ S can
operate i nﬁzflﬁltg %ﬁ&% lggtﬁl‘u%ebd#gbéetmh dr ccoxt%ﬁgﬁéi‘l spnggglf)egl?‘grarl y relies
on anbi entsudhi ayfhirefeingent lamgsfemnat mloeureapfhg nef litaiteddo a|r¢dtmgh1|aasﬁapn; butor in a
transm ssive,or .backl i e rimril reIL S on
| i ght enaﬁ%atvlbe Of?"lyomrlﬁt%’ne sopqder% ma(‘,yavrt ] cgr% '855‘?%"”%8’9\}? ‘é‘{kf’r?& °a"é“ or
il unknat |gWéxt)Exaih‘a4mcﬁxfemtémﬁlsfph&mshapes i ght 30 nodul ating di spl ays
i ncl ude those ig@l ch g or. s ertwi sted nematl c, liquid, ﬁrlgstal
layers. Liquid* EAYER& eams‘g%t 3 HP‘CP comppisssadefiegtiyepolarizing matetiab 1y ¢ ¢ her
rotating @4 desiesMhil ®edt splittdyB3 Ak gt rall blﬁﬁﬁ/alsmuw@%anﬁ%am sol ane of
pol ari zation of a beamof linearly polarized |light. The exanple
t r ansf | ec®f taprpsepeitheipaes erofvrgd &y msasﬁoép Jaergfone itipadvapiagenye thattheabsor bi ng
pol ari zes

d‘kg+rse phabd &k {B’aﬁiﬂhe&% &ﬂctrn% @sedg\'b%98§gﬂlteggg§2%f£(if?e dﬂspose d on

absor bi ng pol ari zes 40 a di use ct1ng pol
a si & of of h!eform’gmemmra@eﬂgvmg Iazk@rPrﬂfs\@bbppwntldlytm%mabsdmboﬁg poI ari zes

401, a i a n di ff se

reflecti n%nltﬁ'otﬁ"éer |E)(;z)%a‘°'snt gﬁ%ﬁxg{he ;&@ % %"%%R?n?%ﬁ&w "%5 ﬁe&aif %h SP'&@’? PapF and an
opti cal cawldmelﬁ%ﬂd«es,nﬂmﬂetsGumo&xespai&clesfhatqhgsdbsghﬁallylﬂatpphékgaﬂléayer 405
opposite t%dl ffusely reflecting polarizes 404. The exanple display

appar at us ®$urther includes an optional polarization preserving diffuser

| ayer 403. 10 fAg@e a.nurﬂﬁat@:fsmhmmqmsm}ns%aIzsmmgﬂ(aglamhé béHYpRRerd3ICr | bed.
Wth reference to Figure 4A, a pixel 2a of i ght nobdul atiing di splay 400

is pettrayleis oftan desise @P‘t‘tﬁ@bﬁﬂ‘ﬂ'o@t"&ﬂ@m%ﬁﬂ%he preprlerized 1o forrexample,pi xel when
i I'l'um nat gglgﬁé’atl yl Mbeahd %RBIBIOACP 3pPhin frﬁéo% eré’ﬁb&ﬂ%@{% gll!]l%%* gnt 1ight

enters th thr oug sorbing pol ari passes t hat
portion oiecwiehght ghendesined pglapizitiani Bedm sphitter 303 furtier eslenmsttiglltI)BSﬁmyd 451. Ray
451 then 1 - LIt ight soodul.atin [ reits
pol ari zat ng r\]rpcf § Scﬁ%fzgil ‘E‘%\?g gb% tﬁg re[ﬂﬁcétmg imager 9043 w)fuckl may,y{%r example mcEx

an array of liquid crystal elements representing pixels of a digital image. Depending upon

30 the voltage applied to each pixel, the polarization of light 351 striking the pixel is either
rotated or left unrotated, and reflected back toward beam splitter 303. Beam splitter 303
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di splay being in the voltage-ofl'state. This produces |ight 4S3, which has
pol ari zation P2. Light 453 may then passes through polarization preserving
di ffuser 4WP00AIBEN nmintains the polarization P2, and pRIESYH1S DRP

| ayer 404, where it is diffused backwards, as ray 455, since DRP |ayer 404
has been aligned at an orientation which di~usely reflects |ight 20 having
pol ari zat t. i 5§ ay 455 is

Fypi cal |y e gt 235t i bbatofiled b Bolhialp ik bl dEh 3 .0V ooy S
agai n pas peiarizaion Bgthwupl pogctichOidnsdod, addehﬁntthmmgiﬂ20; glid wlmiuhamagg pi xel

|.ayer 402a redts pol tion is aln [ 0. e allowng
't pasgfeeﬁ“?’ﬁﬁ citfeamiah a0 E P rebs D ol 20f fatshus o gag e 1

viewer 1. ygditefed polaeizdtion!P1 baclde iMimifritens1®, Mhat&h@plxab reﬁ%&hﬂﬂﬁ t}ﬁ:he i ght

nmodul atlng | ayer 402 is portrayed in the voltage-on state, which produces a

dar k i xePolRfgation RPRSAT drsk eRsHEIENARDi Aortiangithe llght trypitted Bagk tounpol ari zed
anbi ent | t v @Qﬁrpg bi ng pol ari zes 401, which
passes thgﬂh%rgﬁ}ﬁgg%o?l%B&!efl?%ﬁ%[poﬁl%\fﬁgmpo | ar |dzat| on P1, shown as 451. Ray
451 then pass eéntahcrougrh embehmentwd theabovegysemad shbwymFlgm)z 3Byivbereinithes

pol ari zat I h e i.n t .

vol t age- olrl1lghrl egfé d bﬁerg%yflﬁ Pj&ﬁtgﬁheg%‘gnkhﬁé%h%v%m'%%%gtb ?Ffmﬂ glgf)ro attzation P
1. Ray 46356&]&1)1ﬂhxhﬁrrhtlpmﬁsélﬁagehB@Ugfherimh@rBaatdﬂeﬂs lighe 3T of podarikhtion PA®r00/ 65385
PCT/ US99/ Jff user. 403 an sses P | ayer_ 40 eit is
ranki vt B4 Sosrading gt 48 e Sfaitho THRBAMLpURertS] BRadraRtis A Reghadd BHA o

orient at | B53(PQ) @ reffectsFaolbrized lighhback a3 4rg tHRGll@hihaat 310N 1iPthls caEaMeaAﬁS t hen
enters |ight tr&%l ntl | ayer 405, which traps the light 465 to show a dark
fybea

pi xel to ®p#tey? elyfeﬂﬁm'ﬂ&%ﬂﬂzﬁ@ whzfyé&an&tw sHespantiatyispeadarlyi ght

absor bi ng gﬁﬁg | n many
cases) sone Ilgl toujl&ggf‘@ﬁ{eéuoggﬁslp g? i gﬂ(;:t'!" é?ﬁ&%g? F}lgﬁjgt?égﬂ%e% r %?ﬁig%gomé

towar d t heomRAtidnal mrojedtins apSuatys, |smg¢nt ISrmfyatalIeaSﬂpe(b@SﬂMdbgm&m%eg Iayer
405, IP er efa} s%%ﬁlgge.dcﬁ?m %ferdéﬁ rpo%te%%sef%éaﬁox%%gﬁ %r]?cgﬁ bg ﬁnflleai 405

toward er case ypically
quite s mahdsexd;uﬂe toangld dﬂllﬁid%n@a&ﬁﬂhcrbﬂ’arahghotphhnké amaglygwem ord05. Wth

ei t her conponent of 10 | i er 404 and underlying trapping

| ayer 405 SORY§EINgARepps, mgmﬁ’a‘beﬁ"éggﬁt@ﬁi"}agég PRfi%Sot ate the pol arization of the
light to P2 soRkfedingité Fightel3€5 b$ alRirdativé frofddiion Sy i¢ptrhgdhaichiian transmts
t her et hr ough. Referrln to Fi g}ﬁ@e 4B, a pixel 402a 1 n the voltage-on state

(1 eft si dépnsmigsisiedmegsr 306, rather fhonithg qeﬂ?ﬁﬁu@maigsr ysed inrthgRrgViopsIworRIStIae k| i t
nmodegg t he kit %ﬂﬁn‘oﬂeéﬂ @Jnﬂntn%é?@ﬁf?ﬁd %p%da@;ﬂtabsﬁbxﬁﬁ ﬁﬂﬁéﬂzeWdeEed light is

produced by optical cavity 406 asses, wth sone possible
attenuat i qml,anzddrhsh'gﬁol hagh% Pphaquloné‘ll‘alydr 1llumB|ate§ onaRRFS06a Jeges 626 MBRP | ayer

di ff f | back
404, 9 1T U3l RAL ol SRR Pl M AR 21, 2 Dok
be refl ectwhith enham@&dmtsrbrpmbwnghmsooﬁ an iugewe ymahed tdfdel thedmagewhibler try at

SRR T T R o

25 further include a reflector for redirecting and randomizing light reflected by the beam

conditioner 302 toward the beam conditioner 302 for transmission therethrough, thereby
recycling light. In one embodiment, the beam conditioner 302 is a DRP. In one case, the
DRP depolarizes the diffusely reflected light and/or the reflector may depolarize light so
that light not transmitted through the DRP can be recycled and later transmitted

30 therethrough.

Referring to Figure 3D, an optical layout similar to that shown in Figure 3A can be
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e~ciency of the display system The portion of ray 471 which has
polarization Pl is transmtted by DRP | ayer 404 and passes on through
optional diWPA¥es83403 to |ight nodul ating pixel |ayer 402BCT/BFNA&ISHI xel
402a is in the voltage-on state, it passes ray 473 without altering its

pol ari zation, to absorbent polarizer 401. Since absorbent polarizer 401 25
transm t s,del Glith hl@ék&ﬂti&?dhﬁrrht%_@itthﬂﬂpr?_)%ctirfgaayreé}TI?taée%VﬁsdﬂéeﬁPi AYgdfd and is
seen by viewer 1 as a brlgh_t pixel .  To the right side of Figure 4B, a pixel
402b in t viguglamagaydipager 394is seen dp dieare Husing mpgnifisiag kens B0SyoBisplayswhiel t r ayed.
In the ba 1L, = . S i xela. e |ight
pr oduced géﬂr%t%{ﬁgﬁnaggvﬁﬁghﬁgga@gggEaglga &c}?éﬁ&lﬁ%%bR?fﬁQ@ggo g’éérr'ge 3%1%—&& as in
t he 30 vobpticgHaynut sitnilaretp tliat shown ib RigereCdsaan bs usmlewith éhepixxepltiod @idbratler i n t he
vol tgge-of f state, the polarization of ray 473 is rotated.to polarjzation
P2, ot er taR Pioeefive § BALB8ES Bk 8y ook, S e it g 55 s ambidr 55, 17155
pol ar i zesjs4ekh byShewie lusihf) 8 maaiBingiléhs BD5'S TR S&yoRsalsodRN iR Rd Panthze thabi Xel . 1 n
this manner, a transflective display is provided in which the state, e.g.
bri ght or thekeam snlittenI03gpaypes DRI, as figrhgern spitend®hdass aptneed tfe and anbi ent
made for i1 Nkt @96t SivAineul &l Mg off. In addition, the diffusely
reflecti nglegl% erCt%tals ’Qf Dﬁgggcgln gg_ragged_li n transflective displays to

provi de a | i ghirezh sigtmativesembiodisnentiindar té Bigutei 3Fn polaszing beagrsplifter@RYtsound when
the gisplay.is i i i ght i ovidin [ cling
whortt o, il BHeBtsclrBiEE S oot i cubl e Bl bl ol Iy ERI | 101
| n anot heshosmtinHigner3F, Iayeandtharsmbedimamc porgrayed it BiguresiG)dight Is6fftoact i ve

pol ari zes,, such a dif.fysel flect.ive pol ari , Js provided. Such a
cont r ast @HW&W&?I’%SO ?’?tfrfll¥h%§5ﬂ¥3§‘gr"”hfff' 5%89&57‘%?,% bﬁéﬁﬁﬁsﬂér?{gﬁtﬂ’@rmg‘i"éﬂl ay
bri ght nessoanwvhile tefid adfletred tovasd refib@ing GhdgeAs G mg&qnw,e.am&m@gﬁ&wt rast
enhancing filters. Contrast enhanci nrg filters are often used on_em ssive

i nf or mat | BAJENIHf2agEay ailigyid srystah plemenis eprssenting pixelain 3 digita image, rsflecty gani ¢

li ghts emi L41h0dq ﬂ%‘t@rﬂ%th‘é{?ﬁ&hnilére@?&%ia}i?ﬂioh@l%Prcﬁgtga ga&%hsn \5i x to form
an image. The Ii1ght emtting material, e.g., phosphor, and backi ng

t ypi cal | ydétermined b thervoltages epplied fo the pixpl| elementsof images30ds Lightd83ilhayingii t hout a
i ast : . _ P . e tori al
con ausePUHBARNTSS i hé Rérlioh Btnd o Reebih ifmiedel o4 blgh pifIhd || 0O TRt 1 @

i | I um nat palarizattorctoansigissible by tefl@ifive pblagzer $03)\wn that it lpasies through polerizr 80Nt | S
illustrated in.Figure.SA T onv ional .CE filter 500 .typically includes
a trans pa}°ear‘|‘t°pﬁﬁ'fagf’?lﬁ?z,er 9%?0?1’??{1%@8 °5'b€ea qF SELRlS, “ai"{‘?i“%gﬂm{ ately high
absq@opt i vivhigh filkérs Bitanplight hingil poldrizatidn Pl tHetebyl pfeveting Weomdly pofarized ve el enent
512 passes through the tinted absorber 510 once, whereas anbient |ight nust

pass t hr olight fipm reaghing vieggr hayiewer bihspisews & magpified vinyal imags srestadPy50% of

visibl e |l abkiv¥ih &j@q%g%}m ldn®8d9 by 50% and anbi ent diffuse and
non-di ffuse glvareaéby 75% Tn pérnggiglgce, t he reducti on i s sonewhat higher

since the eff diguressdA-4BIilsirate p trpnsfiective dgltmicsivlatieg displayedppatatys using asual | y

| ess t han m(e I hifting).

| mthe apBis 1t ifhene £ rhBAPARE BARLPEERNRSHANG KUE oRltngd T [ 00 o
filt2sr S5O0Madeeup dfan ahisyr ofilightl vatves anrpixelss eachiofigrhish représemts a pikél ofiatdigital Wi t hout a
tint. The, pringiple of operation is.very sigilar tq the. sjnpl i nted
situati onﬁ%?f‘@gﬁﬂﬁ‘gw&gﬁg@‘ﬁﬁaﬁﬁ%m&@ "f'?%ﬁ %rreg]e‘iﬁ'é’F H’g?g%tb'éﬁ'lh’ﬁ}'ﬁg’ "gﬁ?’aﬁri zers

i Mprove Cprithdribielieston@inbithlipht slteringFdntdhk Yiewap iR oY illehihiistSor iklae reduction
in brightness can si %uf cantlﬁ degrade 30 the appearance of the display.

Ther ef or elfansmisgiggior tacklis ode, dmwhigh theisplay primarily relighen light emanating from
an optical cavity opposite the viewing side for illumination. Examples of transflective light
30 modulating displays include those which use twisted or supertwisted nematic liquid crystal

layers. Liquid crystal displays of these types typically operate by either rotating or leaving
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enhancing | ayer that has a relatively high brightness. 17 WO 001 65385
PCTNS99/ 17155 Figure SB illustrates an exenplary display which includes a
contrast ewenoesiasg (CE) filter having a reflecting pol ariporausesiasscor dance
wi th an enbodi nent of the invention. The reflecting polarizes may, for
exanple, be a diffusely reflecting polarizes. The exanpl e di splay 550

I ncl udes an em ssiye el enent .56 such_.as phosphor .. for exanple, and a CE

filter 57"@{“%?&)% P_xﬁ“’? ﬁl-e)‘g‘f"lzﬁtﬁ%{‘l &taibﬁ?@(?fﬁ%f?‘glf pég'f‘.ef”fﬂg‘ exanpl e CE filter 570

i ncludes an ah$@eRiniille PasRcti¢EIfzhdmddanthgalispRly lapFdritig4qu0haides @ 576

typically aligned for highest transm ssion. The absorbing polarizes S74 and
a

refl ect i rigsqsbingpelpazer 46k akight madulsting Jayerdf 03 sdisposedAnfatide of?qabwr'@sz&rrm e.

Typi cal | . lnang | SAdeRt f : TSI : nt with
(e rof | ol 40TL By Sndcfihd foreh s hsgrhedpl S OBt ROLBRAKRUBLAITY. 10
em s$i ve lajeed@oppo6i@ the alisprbingalolayizéy 40l 2 lipht trepping layer 403, ldespossfilopet i ve

I [ .576., Thi b | i.shed i t di I b i tabl
Fogass: ngids the ey Pehee g ToroR 408 SpReR e BRUBb e e IR, AR ) o
One or nMypHcdRavVit9Adk dispre® on b sid€bthe Bl tiapyinRyd 48P 0ppsiite tHeliffuselpove or

bel ow the reflective polarizes 576, or both. Pr&vi din E‘? tint edtvjpayer 572
above t hdeflestingpalarizer Hif dite gxampledispizy aparatu 4 "We‘l:'f‘g 8 appplgnah ca| | y

I ncr eases, sl r&eRine st idyar ke M ni mum ef fect on brightness. A tinted
| ayer 573’0%%“sposécri bel gw tﬁe r)g{l ective polarizes 576 will also typically

i ncl@ase cont iQpsrationof the sxamipigrdisplayra98 oxill aow be feshritieds SVithmigergnse ther  posi ti on
has t he . i ' nd DRP 576.
Figure S éﬁgﬁgﬂf&%& I4Pgﬁﬁrl gts"’?‘ﬁlléeyrngtgtg Pﬁg“g\n&%ﬁgﬁﬁgt{c@ %sht%g%% anced

di spl ay. s€ate whithrpayducss abright giyel evhies tlloohiraieglby ambigntdighRalp this ftatest i nt er act s

with the reflective. palarizes 576, splitti he ray i transmtted ray d
and ' ef | AOPRA L IBieRCIEt erters iz ey Srnien D bigs gk AT T el 572

and is tr@ﬂ%ﬁhbﬁ%@tl{éﬂighﬂﬁvﬁ?%@lﬁhﬁaﬂ@n PO, répreseated by fay 43¢f RagusHtheay a is
scattered by the em ssive elenent 560, producing.a reflected ray f. Ray f

t heASf ol |Rgsses threuebdisks modylasng pixel laysy 402, where itg pelarizajion jsirgtatededue tpdhe hen' Ray
d plus r : )| d bSTi Ik vl : absor bi ng
pol ari zegdsg;ax,bgfigg]vﬁ];ﬁgc’]gdggBtﬁ‘@%{)ﬁ%}?@#g@mgﬂ{gr%ﬁ?ﬁi ttegl%pgﬂg%égél?iﬁzé further

at t enuat ddghsy53 mey thenpestesthrouglbpolarbation praservingadiffnder @3 whichtmpintaing | ecti ve

pol ari zeg, 5 . } SSi . t em ssive
Cl ement  ShpPolikid P, 3R it Bn5b BRP Thyer . oI 1 B EhEBERIR HF  ° 22
refl ecti rmgs5psicaDRIelaydr 464 has besrpaligadd at ap odertationevhichl diffieselytreflectsdightr ssi ve

S74. T 0 t he i mage by

gl R TRUTTINTR (PR Mt ML N TN Y N
el enent . ghifeditd hcRaiedhe Mot 8NFMrizdGidn P21 &Ray 455 again passes through

diffuser 403 and then through light modulating pixel layer 402a, where its polarization is

again rotated to P1, thereby allowing it to pass through absorbing polarizer and be seen as

a bright pixel by viewer 1.

25 On the right side of Figure 4A, a pixel 402b of the light modulating layer 402 is
portrayed in the voltage-on state, which produces a dark pixel when illuminated by ambient
light. In this state, unpolarized ambient light enters the display through absorbing polarizer
401, which passes that portion of the light having polarization P1, shown as 451. Ray 451
then passes through light modulating pixel layer 402, where its polarization remains

30 unchanged, due to pixel 402b being in the voltage-on state, thereby producing ray 463,

which still has polarization P1. Ray 463 may then passes through polarization preserving
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WO 001 65385 PCTNS99/ 17155 typically emt |ight over a wide range of angles,
the image coul d appear diffused if the distance between the reflective

pol ari zes 58 09/653% gnificantly larger than the lateral di RERUPBALSDF t he
em ssive el enent 560. In one enbodi ment, the distance between the
reflecting polarizes 576 and the em ssive elenent is 3 tinmes the |ateral

di stance gffukdta0% aipasses V8 teDRIFBVer 404, LB it it FardRRtdacss rayves] siHBsDRP t he

di stance between the reflecting polarizes 576 and the em ssive elenment is 2
times thelayer49idips breg phigned agm qrigatation soqisye transaydight kaving pelarization 15 yr t her
enbodi ment t hi g, et S ifPla 4DS SehidnhAps tHSighide8"a snddh st ance of
the em ssive e %}drr%nttmfl' (taérC(l) OIH‘Q&CB‘] @ﬁ%’rti nt zlibs?)a?f)er, g%’f any, and the

absor bi ng dpdlpiwel wabs viewert Ii. rikhedightaeappivg layer 4)5trayi coangrise light ahiserbingydyest hat
produce colored light. .I1f. for.exanmple  a.display produc een.light, the
tint will °f BEEFRS “ggelénﬁmp'éfog tlmgecf’ &Bﬂ?ea i & rsn%'?yp‘f |eosnS°|mneL{lgﬁPe4 r e‘i‘:’l‘ﬂgﬁd bl ue,
and a rel aéfiewted by theligithmpping lager 408 toward tredBRP layér 404 C Some fightimy abe used in

full color displays by provjdi trix of the color of the tinted sheet
o mat o o By rappine R 4 O et SR APodPe RS 1 KPBE s o v

el ement Mgyer 408koWarda DRFlaydp @048 RitkElatt@cask, HeRRIoURY of BbRTBHbicNY ftiReeMm ts a
particular "color. The CE filter using a reflective polarizes and an

absor bi ng swell dueite awltiplapapses thseughithe tappingtiaver 415. JWith eitheneomposert®f havi ng

em sgi ve : t ' | uor escent

il u§n(15 nat ggﬁ é@gm@épgﬁ%‘?r@ﬁwﬁg@gﬁ? ?rsd;??@g?a@ggﬁngy g%\d I norgani c

| i ght em bopiimigediioadatecths pdlarizstion/efabeilight R sstbarit refledtpdfhisthe DRR leyet emi ssi ve
20 di spl ay, FED),, and pl as di spl ays. Additionally, while diffusely
reflecti néa‘bgflﬂ!ffb‘f@%é"s\%ﬁs%‘eg%?rf)f’% ilarly well, the invention is not so
limted. O herRéfgpmp toFigiel4Bea pixeleiopoinaht difage-vhstate (RRQide} @pbratedat | y .
pol ari zed |ight may be used. g{}?‘sg her rg'fgl eﬁtive ?ol ari,zers include, for
exanpl e, thedapklit N°%%19%F°W’@Ffie G Backl mpdey the voltagerqnstate plioduses p beght of | ecti ve
pol af§ zes pilels VtpsRAzeANgHEs produdddivh) @picalEavity k& aft¥ Whicifit pAkesehith Sando0l ari zes

(e.g., a )} a higher display brightness can be achieved for a given
contrast Phusiblegtiernagion eraugiolight trapping layepfQS, e PRBUayer 434. L2RP lgerfdtar i zer s.

Figures S ' var ; 4 St %5@ t havi ng a
reflecti vgmﬁo l)yrehg%%{h?hgl;“\eé?%g ? ZZPE@@W ?‘tearn)%ob?g]ﬁog%g‘ e i r% e{ he
convent i 0485 ardiEhénicé toeoptiodl chvity A0S, BHere Fingy be reBected, chargediphpoldrizatgmy at i ng t he

relative brjght s,of anmbient diffuse a spe a lare . vs. emtted
bri ght nes §"‘£%°%fmﬁts?ﬁgiﬁfof)?ﬁ“rggtferPr?'ﬁfgaﬂﬁtgreogglgggga{ﬁ%r g@% ‘é’ﬁ%‘ﬁﬁ{ ngcf?g ative

]?r: 056 nes sucbssRIly iet:ganb/ d&mdﬁm@/ 'mtri/bbt'eg tHe, impeaneai bﬁmb]ﬁghtuﬁiﬁiﬁﬁh he EP CE
ilter. 19_ . WO Q0/ 65385 PCT/ US99/ 17155, Curves 584 and 588 ow t he

rel ative BEclpRRELS dplaysrtend %fémﬂli‘ﬂnfhh%eiﬁwwﬁigﬁ, using the
convent i o@@hsnfitked ty! QY layeh%08 @Rt BBseS 88 rrbikih dplofdrdiffuldrabs Ry Mgvces hi gher
brightness at all’tint Yevel s. Figure SDi1s graph illustrating the contrast
ratio (i.awodulating pixel layer4024li Sipgepjxeh#G2gHs indhesvoltage-on state, it passes ray 473

without altering its polarization, to absorbent polarizer 401. Since absorbent polarizer 401

25 transmits light having polarization P1, ray 473 leaves display 400 and is seen by viewer 1 as
a bright pixel.
To the right side of Figure 4B, a pixel 402b in the voltage-off state, operated in the
backlit mode, is portrayed. In the backlit mode, a voltage-off state produces a dark pixel.
The light produced by optical cavity 406 reaches pixel 402b in the same manner as in the
30 voltage-on state, but in this case, since the pixel 402b is in the voltage-off state, the

polarization of ray 473 is rotated to polarization P2, after which it is absorbed by absorbent
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to anbient brightness) as a function of tint for the RP CE filter (curve
590) and the conventional filter (curve 592). To generate the graph,

anbi ent | i glotoomsassdi spl ay |ight were each arbitrarily setpdrusbowitssh t he
contrast ratio changing with changes in the anbient light. As can be seen
fromthe gr aph, the hi ghest contrast wll be achi eved at the highest |evel
of tint. add EVe s 590 and 59 aII overl ap, thus
showi ng tpr? IJOE?qubatf 7?"é°r lnptr VG ST gh arl fg@ ﬁ’?ﬁ’e“"ss for the

same conttfaasflectiad digplayfs gumeecSE wlﬁchahgrtap,ha g.| bright 618daﬂt’lgatanﬁtahﬁiel contrast
char act erl stic, anbieng . bri g ‘E“H'?S | ess m ssion i ght ness, as function

of si ngl ehpngesbetppgn Yacklisanpd ient "PH% Y REVCR VP 4813@%&9 e:gpioa of Bfft 1 ast

rati o mayy REdiHGE thel BMRER Yot brofeis 3 DRP @f bl h&d'u?@hxﬂﬂédt%’dx@ﬁayg the
speed and strain involvéd in reading infornation) of di spl ay. Curve 594

i |1 uSt r attegravides: lighted menttgseréice svhich funstionstre amt@ckgrwndmlandwcdm 1596
111 ust rath %ﬁa gialflga?tq%ilte whﬁé nﬁtll ﬁt rgcng ;@Qﬁdx%{y 1S hmctlomnASincan be

seen, the provi he convemti onal CE
filter atthaﬂ:dcklitewmiesvntmbfvfammhtyhghef | ecting polarizers of the present

i nvention can als be s(g to al ? a}pd d n’g{ove. t he @? earance an

viewabi | ity of &9 Wﬁ TER 3 ONTAY FRNATENE B SR A GF zth YPays, such
as backl ids atdiﬂﬁﬁélseekﬂaamtpbﬁnwds BroRRled V\B%choﬂ@mkmlﬁnﬂh§ﬁlt@)é&1 fdri gure 6
illustrates a backlit di s play apparatus 600 which includes a |ight

moddfP at i rigsamelg.girovideshisher |SE}F|¥b eps,Wigh eAulsroniash WheR eRINFSHE f or
L lum natc'on\sena&gl tdrigrake émfi.ghgmtae CaMedst Qﬂ@ncn@}ﬂteﬁ AR dnaNed o 03 di sposed

on a view ng si t nmodul ating layer 606. The display apparatus
600 may, ehmswexémagon bn@plws, m@p ofiwthichard haged eh avipergatic o1 qraniglighti| at i ng

of o di ot HlBe Bl bRt spallel B 1RLR w BrRRdnget BETE 0 @ i gne
S(ﬁur_cleI arethittingl alateyialae ki, glﬁspl@mdﬂba&l&rﬂg @plaa_myhea gtdct}hﬂectc&)ﬁfvﬁﬁ[b lighd 653 fro][n
br oBb1 ar e ieBt, “Retacopn ppstne RS ERnshraving Bl elihy <Bion GHERRl h 30~
absor bi NGapedué the QisplaP 05" vad3Rl o 4nddricemtitidtie @Phigh kmBiehtal@hinfA. t hen ei t her
transmts or blocks ray 651 in an imgew.se manner, dependi ng on whet her

vol tage i s apptfasyensions| GE fitsr shoyn with Bemisiveckmengoillustiated in EigurestA -t o
i ndi vi dua’rheoéom‘énn‘ahzﬂ'@i@m&r sédgﬁea{ymew %@&tmdtg%nagre%o%?& di ffuse' y

reflecting polarizer |ayer ween dlspl 620 ewer 1 alters the
ap pear an cpalaofzer(ﬁlg,p\lwelya G2derataly highabsoptisity ferkdsible light pbight emittediommheconpar i son

her di.s i S aI SI b or at Suita amount of
ur 300 TG i Bon 412 pssB AuBPBR plef ab@rta 336 PRfaMferBus il S0 et The
gngl ﬁs atmuﬁgashhmhéghdt tiﬁmteaxBywy dﬁexampaao/adbﬁemﬁfdm&rbﬁgsommm lipght
ri ght ness of, the di a an. unaccept.abl e, | ev This ¢
acconpl i éﬁgﬁedﬁﬁe e‘\“HF‘?ESJ‘éﬁ% o apd,prpbigntd fh’de prifknogy lfﬂf&%l Boer sed

phase, agrétas€ ke 18ALCRBR K ombii aigRs sice nRRITLétvY rafecﬁm%ﬂﬁtehﬁaawél splays is
not limted to electronic displays. In a broader sense, printed matter and

gr aphi cal51561et"|°@y%ﬂ~‘%la$u'€ﬁ thap 1§P‘{fﬂ{§ sade B phosrhereseenss andiwavsleagthi nf or mat i on
di spkays .ghffeh HOhEateE Bkalple) cort stﬁ?ﬂ\é‘ﬂaéeh% 28, Thgmng&&%%almtﬁbl ects,

especial l'y ose requiring détai Vi ew n can be al use of
pol ar i zed0D ngfyrther inclade argtmorpmgaplanm 5il41wuther pitbmt adint. |Ticapjmupb off |ight

striking the.object e -ppl.ari.z dJlght is likely to have a | ower
ref | ect i \PPFHO ’ﬁde‘P{éW?f@’L‘”ﬁ%g{E fg“@fﬁgéﬁa} °Fo produce glare, than the
s-pol ari zed ||Vﬂhlb,thd/%n0é11txbﬁal CBdilteisQising BBdodtiing Bstar Rerfs IRPrAVE tdnddast} they he pl ane

of incidence relativ
also substantially reduce brightness. The reduction in brightness can significantly degrade

-r\

30 the appearance of the display. Therefore, a need in the display industry is a contrast
enhancing layer that has a relatively high brightness.
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15 to the surface of the object being viewed. However, because of the

| osses of light inherent in producing polarized light, it _is sonetinmes
difficult tYWWeS¥dce polarized Iight in an econonical ly fRINBVEY ¥ anner in
the quantities needed for view ng | arge displays such as signs and

bill boards, or for general roomlighting. It has been found) however, that
di ffusely ref |Fi‘%£ré BB ilfuetrates ancdxemplary display sethtifclydesl bertrabt ciidncin@i(CB) r et ai ns
many of the 20 benefits of polarized light while still utilizin

subst ant i Blter pavinga rsfleqting pelanizsy HiAccordaiss Mithap gmbodimegof tlwilwn@ow?\ﬂs
"'ustratép@cah% DhHAPnARRE Shhidle] B ARHRE ame%tmgwar%eﬁtﬁﬁrex pdi ment. The
exenplary l'1g ng apparatus 700 may, for exanple, be an overhead |ighting
syst em usdisplay$58 inchups arsemubsivgslementodli sweh agplosphosnfot examplghendeCRppar at us
700 i.ncl udes lj aht . f t The Light source
707 Pypi ciif?§%pﬁi8\q}¥§}'é‘§%ﬁﬁ§%f %’?Fi@iﬂ?f’%h?h{%al“ﬁ% Gl 370 Mgt AT, i ght
sour ce 70absorbing ipoiatizetd 674 anded feBexting polbduek 5 Titypicsllymatignddeforchiglesiged t o di rect

lighting substantially oply in.directions toward.the reflector,h 708. The
1 Tust r at Stspisnon g absosaing palatizer s 74 endrplectiva,polirisht > Ameyche BOYidedgs
pol ari zat i Aminafdlfor Eﬁhnﬂil@\fl"}%ﬁ:am tHel 19hihateAst iftirmatély b&iched Githé Buisdi@n and

diffusely reflects light 706 of a second, different 30 polarization (P2) to
provi de Peemengwith ghetrpflestivepalarigernnsthe pigetovardsdhe sraipsiverelemeat Thee fir st

di st;R' but L an: i J A ks | b | i O12S e used in
i £ 13y ent Sfiive Ebedh J60%t SREARUM ARl SIS IRICN At faiakt £10° TRtk
PCT/ US99/ bermtemmlishedhim evaaatesd displays byl suitebly degessitgthe réflettivetpolatiest film Fi gure 7B,

the refl e‘gze%?%rgs%?rg%i%{%cthg%géaﬁodi ffusely reflecting polarizes 701 di sposed

closer to sourc 7 and a specul ar reflector 702 di sposed
further from tOwe drinwiné optivualciated Dayer(HT2 ey be dispased Bitler ot br belOR tlef t he

reflector 708 may, . for. ex e, be. fixedly attgched (e.qg,,.by |am nation).
The i f £ ebeve Birizet 76, OEisT Prodinaa isingt ST ot e adlebyenair R Py

|'i ghs 7065s7Ngk showek i Fgury 5B) @pisdllytindreales! disphaly céfbast With the Sinitnif dffe&titn sour ce
707 illum nates the D1ZP refl ector 708 wth |ight incident ray 7S0.

ht, e.g., .
A conponehiightngss. dytintetlayer g dispasedibelew thereflectivg wwgtﬁq’énvqbzlsv typicallhs i t t ed
10 by 't Neindudsl bttt hih b !:H;lgngﬁ’é?Bﬁ%réﬁﬁeszo’%he)foﬁﬂé?gaght d daslifef | €cted by the

specul ar reflector 702, and specul ar retransmtt rough the diffusely
refl ecti ragivtigerof redyciithe distapecobatelesnsirment 60lapd DRA Y6t ed P 1 |ight 705. A

conponent 704 .of | i . ] nt, pol ar. zat i P2 is
di ffusely ref I%f%%ﬁf)}y“gﬁ&emﬂg% i (L}ge"ﬁf/a%gr%{l’g&tﬁ%égng% é.ernlh gné’g(?‘}'ﬁa}% 0(9'%r ovi de
di f 20sel yray Bfdisplay elitied ¢jphit rB06 Rayd fiugt intesaeesovith tHe edflective ppblarizedisfé,er ent t han
the first gi.stri bution. 15 The r fldec or ., 708 rgl% he di sggﬁ;gd to curve about
t he |i ghtSPLing ths raxyntodiaopmittad fay dand Iefleated ray ¢, Rayd iy atfeppatedbythghy 705 has a

subst ant i gptibival Hie 1hyeF 578 lafd isitlahdnifel Bndle BsbitilpRlotarizf978C Reflectl rhy @it has a
scattered distribution, The refl ector 708 may di sposed around the |ight

source 7CPpatissedbythe emissivecalemest $0, aroduinga reflgtted ran £t BaySf themfollows theed ar ea.
b2 B b Y, TSR SR R LSBT Bl o1 20
25 ray a is first absorbed by the absorbing polarizer 574, leaving about 50% of ray a
transmitted. The ray is further attenuated by the tinted absorber 572, and transmitted by
the reflective polarizer 576 to the emissive element 560. Once reflected from the emissive
element 560, the attenuated ray b follows the same process as ray d.
The reflecting polarizer 576 is typically positioned closer to the emissive element
30 than the absorbing polarizer 574. This can improve the image by reducing the distance

between the reflecting polarizer and the emissive element. Since the emissive element will
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20 diffusely reflected P2 Iight 706 can be used to provide general room

| i ghti ng havi ng_an orthogonal polarization. In this manner, both

pol ari zat i b”r%°°gf3sfi ght from source 707 are utilized, whi IBEWHEHaSfits of
pol ari zation for lighting for a particular task requiring higher |ight
intensity in a smaller area are retained. In one particul ar enbodi nent) the
di ffusel {ygigdiy emitSight dveha witle ridge of hdghds, 1RO Inige 28014 @pheasdifiseR iftA¢ ar i zed | i ght
(vertically-polarized light) and the specularly reflected light of the
second, dlisténse betwegiothe Fefleetiviepalarizer ST is|signifisanily|largerithqnibe lasesalt al | y- pol ari zed
1ght) . GGHICH: @S eflishfd iR 5661 Thont BRI SR HOinRA WRYeRE! T anged to
direct the s-polarize I ght towar the oor. Lt this manner, the

s- pol ar i zeflectingypdlarizier £76 andnler énfissive elementgh Atimes thedaterelcdisiahce of thel ocat i on

which mninzed glare. On the, other hand) t -polarized light is

scat Der ePBBREGIeMERT desSolnBpust st ettt FEHH | T ght i ng
appar at uspolditiger 976 ah@ theiehissivel elemerit i €L timysht Rtkrdllditah@Oofhé anggee t o 22 WO
001 65385 PCTNS99/ 17155 specular]y reflect P 1 light and diffusely reflect
P2 | i ght .clameahorless) &rt fuptber esmhpdimentidisdisrance isiegepd to effessibanghe Btsral” si des, a
DRP | ayerq;@4ic-2BeGe elnflsidd fitHsk! v reflect Pl light and specular transmt P2
and a specul ar reflector disposed behind the DRP | ayer and arranged to
specul ar |y r efTlhecelopof the tinttabsosbar; if any, angl theshsedingrpoianger, ifivatedotandes 709

typigal Iy \[& e Y . ly+ gt | p to all ow

t he lgi rec?p?:m g?ﬁtirh éﬁ’ g&% %ﬁ%ﬁ%g ?méﬁgthpﬁ' 6gr ie?:‘@ﬁ‘%{?p“[ﬁ{é’?%g’Z%{“F%ﬁy

r ef | ect edgréendight, tHeainbwiltidexrlly bhveadelatiVelyr gl dbsodpoorvimrtbe ré@and blnel anéhl ect or 708

as noted oV are configured to ecularly reflect. s-polarized |ight and

1 fusel ySRRYSLIOR scsoiomif Biedreng s corspi BikAs e B R oL BB ca”co ¢ ha

t he s- pol RovidifRga matiXtof tNUoTd? of BHé SiRfed Ghedt B mitsh tleR6MK af thy indRiduacted in a 10

direction which mnimzes glare, e.g., toward the floor. The p-polarized

li ght, whnissiveslementByutes |ittle to glare, is advantageously diffusely

traggm tted tQu R f | ghitd .09 are

t'ypﬁgal ly positi g‘r}\%&g fe)oe n{?g%g?yﬁgﬁ:g?gﬁéle’fbrggﬂ’{dh%% éiugﬂ%(el-sg%ﬁ‘f }é%g{?é’\l}%a

r ef | ect ora ped@ular poloh eThexCirfilkes using o thifleetive polarizer [apdyén atiserbingpolavizet maya a

reflector,7Q8,. | . L& r I .ng. i ght

o g p oSl s bl ol o)y halil il et BbPGMteB et

refl ecti rty vitly dfiexdnipld, @uorescest-ilhohinated displdys gdddciroluimineatenedisgliys, aglniadi nents) a

reflector 708 which sinply .specularly reflects nmay be with the | ouvers

700 T unctPOMAREEIBT R BT JlF ARTiek Yok FRGErT SRS IEAAING ¢ of | cori ng

el epgnt . d(%igygaq;@m{d%ﬁuldﬁblaysef | ector |ouvers 709 and reflectors 708 are
e

i I'lustrat and ] i i
Additionally, while diffusely reflecting polarizers work particularly well, the

invention is not so limited. Other types of reflective polarizers which provide linearly
polarized light may be used. These other reflective polarizers include, for example, the
multilayer reflective polarizer and the cholesteric reflective polarizer discussed above.

25 Using a CE filter with a reflecting polarizer (e.g., a DRP), a higher display
brightness can be achieved for a given contrast than with conventional CE filters without
reflecting polarizers. Figures 5C-5E illustrate various characteristics of the CE filter having
a reflective polarizer (hereinafier RP CE filter) of Figure 5B and the conventional CE filter
of Figure 5A. Figure 5C is a graph illustrating the relative brightness of ambient diffuse and

30 specular glare vs. emitted brightness as a function of tint. Curves 582 and 586 show the

relative brightness of emitted and ambient light, respectively, using the RP CE filter.
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20 di scussed above, the invention is not so limted. Oher conbinations of

specul ar a gi/dstadsel y reflecting material may be used fog £d ector
708 and/orr‘?%u(/ers 709 and are intended to fall within theci@%ggﬁo% t he

invention. In one alternate enbodi nent, either or both of the conponents
(i.e., the reflector 708 and/or |ouvers 709) includes a multilayer
refl ecti nGurved ¥84cind 583 shwethe sdative brighteess ofpmitt@icand embisat light] respelitivélpsel y

reflecting.surface, .di furt fro Loght _source. In use, the
et oy afbidhd SFendph AR fiter HE b A RBTE AP brobiiifing! 1 US> LNE
| i ght) anktightressaviall sintfévelsi ght (e. g., p-polarized light). The diffusely

reflecting surface diffusely reflects P2 light, which s retrapnsmtted by
the multil ayerg'%f Pﬁdﬁrﬁbh 41%{51‘%*"{'%&5(;‘6’9{36‘6%‘?%1&[1%r?“? %#cflggqy@@ggtgeqsi ght. The
di ff gsel Vo aaibkeREhriidhehesd) bl ARMCHTYOL thofor EFIPLE fitdiqcdrve 890)uh&thenet al surf ace.
30 In anot her enbodi nent, either or both of the conponents includes a

nul ti | ayesonvertiopal fijtercynve f92)h Ivigsecraip thegraphygmbient light and display fight averes or

di f f usel i ' - - / . 17155

o pol ar | S60af pffaly e, &7 Whibhe obficafle i PhangHl AR ofadEn e dmdfAPhet 0>

| i ght souAsean teaeendjnme the graphgathe bighéshepnirag will bhachi{ezedyat theshigimisalevet ofl | i ght ) .

The P 1 ljight is.then retr m the nultilayer film vi de
specul arly™r lq?dégxtogdtﬂg,iurwsg‘%@ .a"#%sfugéa'gﬂﬁ%ﬁ'eﬂf’?’Jg%rsg?‘gm%@&ﬁ‘??{ﬁo | abel s

usi NQ onefilesk provides higher ldRyRY brightnescivo tidanmecontdakt rhtiv.t her enbodi nents of the
invention. Referri gﬁ I security | abel 890 conprises

.how tao Figure 8A, exanpl
| abel porti on TagHe 3 aaniyily gB‘?ﬁ"t‘\oH‘ﬁ' ngfgﬁé?t"ﬁﬂ?ﬁwnéwhgﬁfﬁpri ses

i nformat i & dafisioh BRIRAAY, a0kt AH & MingRSass it trBNATIRIOR forth@ BRECE Hlteds] | M
substrate which carries grl nted, graphic, or other information. Information

| ayer 804 Thigygonfeastratio g1ap 8y used torprgvide gn indigption of éhe lggikilityde 8., thegpeadot ecti ve
| ayer 806, ?&ﬂ%ﬂr'e : - Pr i 8 ntly attached
to inforrrawsll{di%f)rﬁlﬁ ayer&g‘d%i,Qj “?‘gf"?'ﬁ%’éf %#ﬁﬁﬂagdﬁ(gg?%ggﬁqug%{%ggﬁi S a pernmanent
adhdsi ve. chataceeristiztforthe RP Chilfiltes andocures/ 396 iBGBatenithe isharacterisds sfthe- sensi ti ve
adhesive, and | a 06 can be a r adhesive. liner whi.ch protects
| ayer 805°°3H?"|“P"¥ﬁ:§(ﬁt§[1e‘ﬁs @é‘g’ M g}g%a%g%eé pécfvt’é'féﬁ'@hertcgngasbgléﬂé‘%e or ot her
subst r at egonéntivhet CEVReE attalladvelsr ot ecti ve | ayer 806 is a pernanent protective
| ayer, additiop adhesi ve | ayer 15 807 can be provided to enabl e the | abel
to be att achede@sqlwﬁsmgPP'a_%@fﬁ QfStb%er%fs@rwﬂogeMsot_ ulse#rtpia@fr ¥4o of
l'abel  890infaie theSHpediarich ﬁlﬁivimibhgfsmisﬁﬁg bRRAtI13R RRleRr hpldigtidgayer 801 a,

an

aligned ina first direction, " a second difrusely reflecting polarizing
| aye® g8014isplays.i syeteas baeklinpvigted nesepsis and spedwisted nematis displayy Figuie6a pair of
crossed di : i i : Vi ive | ayer 803
can be p%‘%ﬁ%ﬁkxi%&{ %&?Jé}ea,Y’s?rE@L g{jﬂ ﬁgiglt?}nglhﬁ?aag%hf fggyat@ggéygg%d%g det er m ned
by vi ew nlight eryity aHfor prowiding lightr fot illpmiatingthe light wiodulhting leytn 686 and hazy vi ew of

the infor Lon rried,on i nformaji l.ayer nd en,vi,ew ng t he
| hel "ar R a3 i3 sniea SR au it e e B Choditing B G e WS, Lh° e
t he i nf or ipphiatus 6DEmay|Esr exmhple, Beaa LCDAWIthE liuiid aiybtallightyiodulatingdyee ai ded by

incorporatipng into information | ayer 804 sone small_or .intricate printing
or dPher WHroghRiof an amaygiiliged Grystplel¢mentsarrreienting rixels ofe digitabimageethenced when

Vi ewi ng afphasiiEBid fay, fi2ekadiflQ MARRR g odree and usually a light guide, for
example,
Light rays 651 and 653 from the illuminator 610 are typically unpolarized, but may
have some degree of prepolarization, and display apparatus 600 is typically provided with
30 absorbing polarizers 605 and 604. Light modulating layer 606 then either transmits or

blocks ray 651 in an imagewise manner, depending on whether voltage is applied or not
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Referring to Figure 8B, an alternative enbodi nent results frominserting

cl ear spacer |ayer 809 between information |ayer 804 and first diffusely
reflecti ngWN0%FI8%er | ayer 80la. Preferably, |ayer 809 i SPGH/YSIHITIBY her
fluid material which can be excluded from 30 between polarizing |layer 801 a
and information | ayer 804 by the application of pressure to protective

| ayer 803y, fld BindiAPRKLI GRINeAS BhaPbRR B tha irf okdgehon | ayer
804 24 3?5%6?6%385 PP SBIPRS | Bihabeen Tl uha p%%g?}%ml’sggrépos'?%o i on

bl ocked Ipolasizenlayer 90113batwcanﬂl®m 620\md:ﬁewendla!tdsshezﬁp@aarancapédwﬂwzo W t h
pressure a I|e 09 | elim Situati depi cted
in Fi gure gﬁl}é‘gkvﬁgépée?rn |qr%l1eo"rcn% Bsnonlt%f/’&r gii aygf ?ta’ﬁalgﬁf’?%ﬁﬁtg | abel is
hazy, thqu@iﬁpotmlatshmbld‘zrnmmp@m:’ettmmny vafyivik tedrmrshyn u‘mslht)anﬁ‘onmamnsl tion 3.

Swtable pressu n be 5 applied by a tr ar ent ate, or by a suitable
ri ng>or Joiadivstihe ameles atwhish e e 9P R catherigyres: v g Fpr%ﬂngﬁhqmmnﬁﬁt. on | ayer

804 can beyiivd SR td'4h L cdgidlABRYE | £l ba‘ﬂ%e%co%pﬁ@t?e‘dﬁﬁ foﬁes&ahﬁsm e fluid
materials for l'ayer 809 include air or other gases as well as clear

liquids. donyrelting heamavn oftTe disperaed mhesdhed deserphad ebaMeen pr essure i s not
lied b
"Pro thest | aumpiayediiefBaty be Bitea®h i PR BYBus Blal™Y "O%7 |

whi ch cama H!readur eense priated matter and gtapblealzpppragds suchais sigest ang tbd}boddmgea sui tabl e

t f ded 09. | s |
SecuPity TaebEion Apltyspdived o el fkae it fecinog sk sBietite vi evi ng
devi ce, vapedhny thowéRGuirihg Betiled vieaf, cdybetaltRd B LSOST palatiB&Ilight dinké1g i t .

Referring . to Figure 8C, view ng |ayer 802 can be any gcileOf pal ari zi ng
| ayer, suighteelarzed iyl plaasaf inrideasq %félghtosf"kw the ﬁ@ﬁctp@ﬂl p-Prlafzeddight i al . The

di stance 'gg*? Mﬁ@e zY ioWe RffledtR¥E and Réncd B tbviir ‘?én%EﬁcW@ p}oﬂﬂé‘er gl 9 3ndrStnd 01

critical can any conveni ent di stance l ows” viewer 1 to read

i nformati bpplmuy@hsl&onhlclsis thedight palirized Pmﬁlcebth tbe pleups@tbmoedenm relaive) ot
bj ct t t d with
the Pabel B FrfiB feHect QAR FAUAX 3ol UARRTIYHelond el HAAFT ™

pol ar i zesinlpeodecingdlarized lightpit Bcsbmvmésa}ylﬁculﬂﬁ?prodwcepdanzbd\hghm ai20 i nformati on
| ayer 804 thraugh . vi.ewi ng | ayer 8 t vie .ormation |ayer 804
0y or  cSEmeA 5psEiE e B ShRTGR roed 8 vrumS TS e AR D ket vt e ng

| ayer 80Zsigns afid BilUAAII2dr fbOgdnbBAl flobMNTpRiineS 1ORasdEérSfolhd, |h6\¥f@6eraﬂék Viewed in
this manner, information | ayer 804 of an authentic | abel &ears hazy.

Vi ewi ng | Giffieselygeflecting nqlﬁéﬁerlsseraheéaewlaﬁdqsp fighttvehishggtajng mapy erthe ¢ <
trangm s 1 il o5 f 4801,
Mer&gupo?\geg%ht?ﬁ%r*n%%%@ug&e? gl(t)lziﬂﬁ% &g%&g{ﬂ ignﬁhé@?h%ezﬁ a g%g{res cl ear.
In yet anlighher enbodi nent, portrayed in Figure 8D, securlty port| on 840

conprises cle r i ayer 801,
and protecti v?ﬁqu g@g@%ﬁ@%al&g{?ﬂ%ﬁp&%@ﬂ %Eﬁéﬁ%%cﬁﬁlwa%f)@ a er EE?!M t hr ough
vi ewi ng | TheexeBphry lvghtm@apparaﬂrsﬂenhﬁgl, foif ©@famplepigdnagveitieadlighting hysans m ssi on

axis orthogonal to t etra |ona|s af 30..this case the
e of - HPORAOPE: P ptan G, | be SRR REDE BRSO et  HEn be ng

ner sy h%u;ceqenﬂdd/memssmﬁ&mgm kalr&s 709Q Uiﬁi? fmgﬁnpomlz hthe case in
the previous exan;) WO 001 65385 PCT/US99/ 17155 portrayed in Figure
8C. Vi ewi therafisgren %oihpbshtﬁ@rfw WianstingledeayeBective bagking and mayb¢ ch its
transm ss Y 801,

wher eupor Hhgabth Bt iBRRlaRlenk i h HRERELSLAN Ak idhofbr b/ e ' C

previ ous iuswatet eeflettor V@8 dpewrbvppﬂeetsmghte'wStoﬂiaﬂirqbpdarwnmwé’ll)aglpAmVEeS is

P vent: o1l iR 8B e B Atk Gt A b Eo O RERRE BB R t houe .
addi3zpi onapolfizaicnqP2)ab prévidedr2 ugafwmsamsmomthbaxoabm@exﬁmadhmat s will be

readi ly apparent to those of ordinary skill in the ar
Y ti)igt!%butlon The élff‘erent polarizations andy distributions may be used }n different manners
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El ectrol um nescent panels are a convenient and efficient source of |ight
for many a sOns, due to their conpactness and Ilght ny such
applicati O%Mr)de;%% re, in 10 addition, that the light paneT pro%-@g;va

pol ari zed light. One exanple of this requirenent is the liquid crystal
display. There is therefore a need to efficiently produce polarized ray

usi ng sucHepsoding esthewpplisatian. addi ng excessi ve wei ght or size to the system

Referring to re 9. .an,el.ectrolum.pescent pane di ffusely
refl ecting pol B‘%F%Fﬁ?@‘ple e;’}‘é’?"‘ﬁ’ﬁ&‘ ?Sobrestpl Efgﬁ'bpﬁ%rfzzpr g‘&&&fwg’ﬁ?&f S provided.
:n gpe\rlﬁt inemiesaal diffigeely reffucting ;mj]ari&gr 1oa3des|po§b63|o(se tgthepigmlssmbﬁtre 7gamra em é S

t t t 902 904
by “means. TGHAGRUSEAT02 dRPPE Birhgcters Sregiehl oRlEs dp GBS ‘B CHPOIGRY i n al |
direationge) sr@z betfhla eetletbr BREmAYBIor laeanapxw od ﬁké?llﬂlt(a@l?eﬁ (L> E9BY 1dniinatibs). gener al
direction o %Qer 901. It wl reci ated that el ectrode 904 coul d

be a net allh¢ @fflﬂ%ﬂ}‘l 8 CF‘U&P‘@%’&G!‘PGG@‘ECEI FRai’ lygpllacaP? h@‘tﬂﬁ@amdc'-ﬂ%’ry separat e
reflector, ?&ﬁntﬂi'%ﬂ{ mtted by em ssive 20 layer 903 is transmtted

t hrough transpare ct rode 902 to diffusely reflecting polarizing | ayer
901, which tr alngme,ithe lighg$our@(67 illuminatey tixoPRP reflecton708Pvith lighnck.gahi ch

di ffusely.r ect ht 907 i lari.zatLon P2. Li 07 I urther
i 11 usec GereaR B0t etompepdnt Ak EHe el s bl eoldzpterii s Fapsied |

eventoual | yy thedifselgrefieqing paMezer 9083 sp&ulatlg Féfle&edby thw/epe@hlaﬁ}eﬂect&amzpol ar ity
refl ected ack into | ayer 903, where

.P tl zé\ 23254?0%53& aéza"g%%hnﬁgéwsﬁ Méﬁf%ﬁ esting Rﬂ?é‘szo /0ditp PERVIdSN,

reflecti ]9 ec.ﬂlmy x@ﬂ&gédquigg{ 7osa§A &ﬂnﬁ)ln%rfe r78m Gfmlb a5 rﬁﬁﬂg%a se2bhd, dlf?eréﬁyle ?t u ?I Iy
ener ges romi ayer 1S ransm ed as g a resu (0}

this gr ecymlﬂﬁ?gﬂgﬁ P2 isd@iffusely refecierbhirthe éﬁuﬁﬂlwﬂwnyg p@lpraaer 7@hta nrgwde enitted by
el ectrolu t e cases,
o T noor paafeRfiERtct | 208 ddyhg  LRCHERSAfuidhaiiiihe Biin WA qpdifhply

mat e¥Si al ) mat eThea'bﬂectan 789 manbe disposed tlo@umfabmnthedtghesquncﬂoarsud\ahatohe- altering

ffects of The Di.tP.| 901 .and enj s.si
Coyer) o PR S PR B oL R b B Rda S B8 cass
PCTNSQ9/ 1refledied P Dfight hdsar scetteretindi@ribuitio. DFRE réfRyer 76 hay@idposédiroendan®| e,

substanti gl ly depgolarize, diffusely reflected light to faC|I|tate Ilght
recycl i ngl?%tf?}“' 170 o i i °‘1“§“3?é’|’dﬁea‘\9ﬁ gt 1"é%§°ﬂ’e°ﬁb‘1faé?‘1 984-j fgrfhis case, P

char act er jigh '70§can'%|etu§‘€drt§tpl‘d('ﬁie360n5eh@at@d\ﬁ&ﬁri’z'éd femnk ar biAidiR Rt hafd eri stics
of the two conponents nmay be set such that the em ssive |ayer significantly
depdQar i ze@meiygnﬂecsad RZH@KH’@ﬁtcamh@mseé tepavide aensepl raomulighting havingrage anount s of
non- depol ed above,

t he preseﬁrﬁﬁoﬁﬁgaéh?%t@gdlg‘fhﬁ ca‘ﬁ ?%%“o‘?"za’% H%ﬂ? tg'gﬁlfsg%cﬁt%gg\?l ces using
di f fusel yut:leéd edileﬂ'@bpnrlﬁ&srquellaszatnénﬁmhghtnglfm)a pdmculnrmkmd:quumgmmn shoul d
not be co% er gﬁ( tioa%ti cul ar exanpl es descri bed above, but
rat her shoft gy 'BaﬁWﬂl §'E688rc? t'8"Gver all aspects of the invention as

fairly set OUtIﬂdhetpbﬂlcﬂhﬁmﬁheﬁi aterﬁiﬂ’usM@rrtﬂwt%d ngdloftlﬁ&irstcmﬁnzammsval ent
S nunerous structures to ich the resent i nvention

%304325qum%é*zb&a(wm%weamd}}%%ﬁ% ﬁﬁpcha&lmﬁecte# hailk pfthe seconthe art
upon revi gifereht ﬁonﬁzaroﬁmolﬁﬁe&h%« m;ﬁz@fnan I arizbPligh®). AWken ibERNALD tO cover

such nodi f| cations and devices /653
eiling light, the reflector 708 may be arranged to d:rect the s-polanzed light toward the

floor. In this manner, the s-polarized light which contributes to glare is directed to a
location which minimized glare. On the other hand, the p-polarized light is scattered to
30 provide general ambient light for the room.

The lighting apparatus may further include reflective louvers 709 arranged to
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Claims Wat is claimed is: A display apparatus, conprising: a light

nmodul ating | ayer having a first surface; a light cavity for providing |ight
to the |1igMOAM6ERIF ati ng | ayer; PCT/US99/ 17155 a |ight guild$¥Fd%ed to
receive the light fromthe light cavity and output the light at a | ow angle
relative to the first surface of the |light nodulating layer; a turning |ens

di sposed 4 iaﬁ?‘%%ﬁé%tt ﬁ%h dgemhm%kgréﬂe@hﬁz pﬁschfraﬂya&muv rgpuse i de 10 and

redirect 0 ht nodulating | ayer;

reflecti ngclqubl an preey botheyiiss.edDRE fayercanrangesl tpdrffulsﬂgrdﬂeﬁg’ldlgﬁt aride || ght
modul atin 0 e|V|n ire dtr nsmttlnga
corrponents%?)“fu%ﬁrgnw{c’i# Nt A éﬁ‘%ﬁeﬁtg\?/glﬁ%osg& ??‘%ﬂsﬁi ttﬁ] B%Bg?‘?yf aﬁra{\%%r d the
l'i ght noadulspéculagly reflgerP2diptit, dnﬁlﬁmeéﬂecroeflbsacrhmgu\&rmmpmeumy anf the

redirected i ht havi n econd rlzatlon i fferent _t 5 the first
pol aPi zatRiHH? 2“°“?F‘FQ t?i?”:‘,’g‘lg V‘%{BB*H amg fo alloxy t ﬂ‘re"\%'éf’%reﬂec[t by angle is

| eSSt harndth SHPGERA She spBcufhrly FRCE BBha% RRBAFGES Of claim 1, wherein the
turning lens includes a rel atively planar surface faci ng the diffusely

reflecting polV¥hare the lewyers 708 {and ceflepion 78 asiated abevd) ate conBdgurediiet gui de. 4.

The di Splsgéc{ugaglgn ftf’e%éés?%cfﬁnz%ﬁ% }??nh’d£eiﬂ%ﬁec'tpg;'otéﬂkef&q %{}er&-so&)t ol ayer 25

di sposed use ecti’n rvzes t nodul ati ng
| ayer f ormay' B’ pingitenicsol thay e s-palarzad hgm,dwlbw ¢ah5£s glafd, ﬁmbgularbﬁréhcted rga

2oL 30!~ e RS O BT 2 b B RRSpl, F50T 1 o
di sposed dohtibefes liftle td\late] §AlvannUEdiLlyaifthsely SramaiitaltopediC £, getiesddosed
further from¢the |ight source; 28
room lighting,
The louvers 709 are typically positioned to receive light from the light source 707
via reflector 708. In the example embodiment, the light is received via a reflector 708
15 having a DRP layer for diffusely reflecting P2 light (e.g., p-polarized light) and a specular
reflector for specularly reflecting P1 light (e.g., s-polarized light). In alternate
embodiments, a reflector 708 which simply specularly reflects may be used with the louvers
709 functioning as the only diffusely reflecting and specularly reflecting element.
While a DRP/specular reflector louvers 709 and reflectors 708 are illustrated and
20 discussed above, the invention is not so limited. Other combinations of specular and
diffusely reflecting material may be used for the reflector 708 and/or louvers 709 and are
intended to fall within the scope of the invention.
In one alterate embodiment, either or both of the components (i.e., the reflector
708 and/or louvers 709) includes a multilayer reflecting film disposed closer to the light
25 source and a diffusely reflecting surface, disposed further from the light source. In use, the
multilayer reflecting film specularly reflects P1 light (e.g., s-polarized light) and transmits
P2 light (e.g., p-polarized light). The diffusely reflecting surface diffusely reflects P2 light,
which is retransmitted by the multilayer reflecting film to provide diffusely reflected P2
light. The diffusely reflecting surface may, for example, be a textured metal surface.

30 In another embodiment, either or both of the components includes a multilayer

reflective film, having one or two structured surfaces for diffusely reflecting P2 light (e.g.,
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WO 00/ 6538S PCT/ US99/ 17155 wherein a conponent of the light having a first
pol ari zat i | ansmtted by the diffusely reflecting |
W%Wﬁé%{s ppéﬁﬁgﬁ/géss{ hr ough

specul arly ed by the specular reflector, and retrans

the diffusely reflecting polarizer to provide specularly reflected |Iight of
the first polarization having a first distribution; 5 wherein a conponent
of the |i plpblafizedilight),cand @acpevdlar ctiflédtern; dispospd Rmherziadm die light sdufckufoel y refl ect ed

by the diffusely_ reflectin ol ari zer ..t.o. provide.diffusely reflected |ight
avi g o SEEOALHetEs FLU G o P FERIERN AT AT b e areeTiies Pon: 6. The
l'i ghting fm¥stultiayef file 1dipidvide W[@]ymeﬂeb@dmmgmgtor curves about the light 10 .
source such that the specularly reflected I1ght of the first polarization

has a subst antHiguresBARDribstratgisequritydehelsorsing pne gr@oreiRRR faygds By st em of cl ai m
5, further. | L. I i i SP : ' d reflect the
conpanent eogRtdk it cABAHEn BHAE neion R R dol 86 Elalfe 800 L ons. 5.
The | i ght exagpke\sstusity lobel P& camprisesiateet portior 8&hanldoecusity paraérugids Labeli f f usel y

flecti | ari di to dif | flect . the |ljght having th
Cecond poperhon &id Gttty HRRRHIPL Prgiot bk S ER R, G Pomale A RRE [ or ot
pol ar i zat filgsuB§iFtewhipie eatiérpringfl] gaphix, opbthacihfoemation2 Onfolneatich fayersoly

reflecting polarizer and di sed to receive and specularly reflect the
| i ght haviAYbs siteched, byt meags affdglase‘redwef POrh dPrPRofSHvegYer ARO tor F?ﬂi‘é"z‘?'y reflecting

pol afgi Zer profectivdByer 8Ok Be SermhfnilPittched Bistbrovdieh Riy& sohce. €| fvhets elley
reflected |ight of the second polarization is p-polarized T'ight and the
specul ar | §dhesya laver 805 isjagrimapentiadbesive, Aterpativsly) dhesive Ipvern 803 canisdl ar i zed
[ gnt: angefur SAERaRXE A 10 3 B o bR BN e M B a1
refl ect slapoi8as umddchedabel BYhis readyitochefattachet! yo a pidkegst orptlpo kbsiratedIn thght . 29
event that protective layer 806 is a permanent protective layer, additional adhesive layer
15 807 can be provided to enable the label to be attached to the substrate to be labeled.
Security portion 810 of label 890 comprises a first diffusely reflecting polarizing
layer 8013, aligned in a first direction, and a second diffusely reflecting polarizing layer
801b, aligned in an orthogonal direction, so as to form a pair of crossed diffusely reflective
polarizers. In addition, protective layer 803 can be provided.
20 In use, the authenticity of label 890 can be determined by viewing the label from a
first position 1, which produces a hazy view of the information carried on information layer
804, and then viewing the label at a grazing angle, as indicated by second position 3, in
which case the information becomes more clear. Authentication may further be aided by
incorporating into information layer 804 some small or intricate printing or other graphics
25 which would be sensitive to the haze experienced when viewing an authentic label from
position 1.
Referring to Figure 8B, an alternative embodiment results from inserting clear
spacer layer 809 between information layer 804 and first diffusely reflecting polarizer layer
801a. Preferably, layer 809 is air or other fluid material which can be excluded from
30 between polarizing layer 801a and information layer 804 by the application of pressure to

protective layer 803. Prior to application of pressure, viewing of information layer 804
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WO 00/ 65385 PCT/ US99/ 17155 11. The lighting systemof claim 10, wherein
each |l ouver includes a diffusely reflecting polarizer disposed closer to
the |ight wood$psisely reflect the p-polarized |ight and rFasay/emssy
transmt the s-polarized Iight and a specul ar refl ector disposed further
fromthe light to the specularly reflect the s-polarized light transmtted
t hrough the diffusely.reflecti] r . .e] . |

reflected %tr}ff d ROZS&P )e{tlrog éﬁﬁn[éelﬁ bﬁ%if%duﬂaﬁsg{wgy%@tébe 9% F@E’%gu@te ?J\:’/lé%pol arizer
to provi teyesyosc uWithipyessieé hmdied do shap blyerr§02 édeliniigindd, thkAituatioa depigled inng syst em
of claim_l0 erein the. l.ouvers are pjvatally mounted to frame. 10 13. A
di spl ay n&fﬁ%ﬁ%ﬂ%ﬁ“‘% 3’&?‘5531“5‘1‘#&5‘.‘3"8“ ?ﬁyarh@“rf’gaﬁ P%{ﬁ?%‘@ &Iqb&k)éP?ZYat%P%jht cavity
adapt ed Ry &6inGRsitio N} and@leaevikible FomMEiioaB] BgitdbdyRessuleltan bé ght cavity
reflecting incident light with a first degree of depolarization of the

i nci Yent appligd by asmgnasparsnpplaties gr by a|syitabls ngcar iofgr peyicerqoraminginaperslel bet ween
the figh [ 4 r i | LEtdNng a
componentr pEth A i 1af3h S0k (U veyiloa SRha oo anneqdch B0 pilsdre 19,

pol ar i zatSupabld fiuid miatevials fordaydr 80K ifichedsl ajr aretlice gises)gs well englemdinvidof t he |i ght,

received.fro e lJ.ght cavity aying a second pol.arization, the polarizer
G 11 usel PR POLEe o b Kelrat S BB o B Bt médtE B onc
degree qudxﬁi_ﬂszafcb?@fdﬁiﬂgl ?gﬁgtxaw?éshm thee li)ie\f;\?]br %Qﬂtdegfele@rd)iflsj&pm ari zat :c on
to provide |ight the first polarization; erein at least, a portion o

t heli ff@Q%FSJ“?rdéP?é@P'éd"']' heste bBP'"_efSHEZ"l%i ﬂgw“‘&6|aam_%f€3 gitt pevidisgiaect ed by the
I ght cayjitableVeh G 4bseFlRRIbAMIF Blch@Bd Fomadydr $dvas disd hyeag! v reflecting

pol ari zer for transmission therethrough. 25 14. A di splay apparatus,

conpri si ng: aSequghtlabelsusing DRHs can also b mede wiyeh emplea sepaiater\ieyeng ref | ecti ng
pol ari zery g | ' Ot fuseal .k ' pol ari zer
havi ng adégﬁezgﬁfb ?gstl?sg%(wgﬁ %fw%e‘sgglrh égg%%"a%ugﬂgg%é g'dﬁte%éné) é\b??u}%esi red
gai n di stviewting layen 3023antis anyltype df podriringdmpea sedhues an hbsoktentpdatizeswrer ei n t he

di d .ph .30 WD, 00) 65385 P 09/1715 trati i 30%
by PE! & b o BIEaE Al o g he iRToe A e R sieRk ey SO ARt WP o oo

phase como® itnodtsitizal, isd cahYe ahy doRvEniday did@h@Which allows viewer 1 to read

information layer 804. Since viewing layer 802 is reusable, it is not subject to the same
cost constraints as a disposable layer provided with the label would be. Security layer 830
comprises diffusely reflecting polarizer layer 801 and protective layer 803. Viewer 1 views

20 information layer 804 through viewing layer 802 and first views information layer 804 in,
for example, an orientation in which the transmission axis of viewing layer 802 is
orthogonal to the transmission axis of layer 801. Viewed in this manner, information layer
804 of an authentic label appears hazy. Viewing layer 802 is then rotated to an orientation
in which its transmission axis is parallel to the transmission axis of layer 801, whereupon

25 information layer 804 of an authentic label appears clear. .

In yet another embodiment, portrayed in Figure 8D, security portion 840 comprises

clear spacer layer 809, diffusely reflecting polarizer layer 801, and protective layer 803.
Viewer 1 then views information layer 804 through viewing layer 802, which is oriented,
for example, with its transmission axis orthogonal to the transmission axis of layer 801. In

30 this case the view of information layer 804 is completely blocked, rather than being merely

hazy, as it was when spacer layer 809 was absent, as was the case in the previous example,
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5 17. The display apparatus of claim 14, wherein the dispersed phase
concentration is..40% or nore by weight. 18. A display app S ncl udi ng:
10 an em ss&)@b/gﬁs%sment for providing light; and a contras?cﬁhﬁ%?ﬂdsﬁg filter
di sposed on a viewing side of the elenent, the filter including an
absorbing polarizes and a reflecting polarlzes di sposed cl oser to the

el enent t afirayétinFiues 8C. ngnem{gaayezesznsllﬁnwtateiil&earquatawn appietaitsals of claim
18) wherein the, ref] eCta{é% ]}arl zes i s dfl ffugel y . refl ecthl ng pol ari zes.

20. The dit@pimissiongsisispaalichp thy rangpisgon RALPIARYET B WOPEHRA has & | at or al

di mensi on inpifRfafieh R éﬁsmdp;téa&%y at Rlaldan teNBeUskimts 1S spaced fromthe -
el ement by no nore 20 than 3 tinmes the lateral dinension. 31 .Al.A AY. AyL. A
y. Al % A3. Al 9 AB will baaprgecimtedzhatnyetegtive keer §03ris aptionaldn thejappye. Al . Al % An&. Al . Al
Oy. A% AH }

fF"~yt ni C] @E’)néggrca me phc tz:og 821 (e:évgxg on, ycr]801 may be sufficiently

U] c™a] ca] dafablajic bgd used Mhma]addutlbj]atpmtﬂcﬁa].c@l]heavdd]m&m]ona}hﬂaba]rca] calU ca " k

e AR AR b bR o 1o
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present invention may be applicable will be readily apparent to those of skill in the art upon

review of the present specification. The claims are intended to cover such modifications

and devices,
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t guide disposed to receive the light from the light cavity and output the light
at a low angle relative to the first surface of the light modulating layer;
a turning lens disposed to receive the low angle light output from the light guide
10 and redirect the light toward the light modulating layer;

a diffusely reflecting polarizer disposed between the turning lens and the light
modulating layer for receiving the redirected light and transmitting a component of the
redirected light having a first polarization toward the light modulating layer and diffusely
reflecting a component of the redirected light having a second polarization different than

15 the first polarization.

2. The display apparatus of claim 1, wherein the low angle is less than 20
degrees.
20 3. The display apparatus of claim 1, wherein the turning lens includes a

relatively planar surface facing the diffusely reflecting polarizer and a structured surface

facing the light guide.

4, The display apparatus of claim 1, further including a diffusion layer
25 disposed between the diffusely reflecting polarizer and the light modulating layer for
diffusing light transmitted by the diffusely reflecting polarizer.

5. A lighting system, comprising:
a light source for generating light; and
30 a reflector including a diffusely reflecting polarizer disposed closer to the light

source and a specular reflector disposed further from the light source;
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20. The display apparatus of claim 18, wherein the element has a lateral

dimension, wherein the diffusely reflecting polarizer is spaced from the element by no more

20 than 3 times the lateral dimension.
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