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gener awioyoi68388t es t o optical devices using reflective pB USUISS and, nore
particularly, to optical devices using diffusely reflecting polarizing
materials. 10 Background of the Invention Reflecting polarizers generally

I ncl ude materials which transmt |light of a first polarization and which
reflect |ight of a second, different polarization. Reflecting polarizers

i nclude, by way of exanple and not of limtation, diffusely reflecting
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chol esteric reflective polarizers are described in EP 606 940 and U. S
Patent No. 5,325,218, the contents-of both of which are incorporated

1§erei n by reference. SUWa}fkgouha%f'tﬁ'é’ﬂWténQi%nThe present invention

rovi des optical devices ecting polarizers, such as 25 diffusely
ref | ect i ng ReAk@ingpolasizers gerenallysntiods meterialsavhichs raagmiblightrodadisti s provi ded.
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output fromth

B s i s D 4
oaut it PR Theanpiebn RBRRfer Kot Pl o7 B2 ORISR W Ty o

7?322&@ ewd $HI29t i Wwh1/30230, B eoritértsbf slbbBwhizhtaron toward t he

conpo
li ght r;‘ﬁrrg)tdgu ating layer and diffusely 1 WD 00/ 65385

incorporated herein by reference. Examples of multilayer reflective polarizers are described
in U.S. Patent No. 5,882,774, the contents of which are incorporated herein by reference.

20 Examples of cholesteric reflective polarizers are described 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 fight 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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havi ng a second pol ari zation different than the first polarization.

li ghti WP W68B%m according to an embodi nent, includes a PFYPELItTe for
providing light and a reflector which includes a diffusely reflecting

pol ari zer disposed closer 5 to the light source and a specul ar refl ector

attached to the diffus flect]. ol ari zer and di spo further from
Che"| FelfEtisuFRBPORST a8 e BaERTb IR R e eoP Al bR girent

pol ar nsmtted by the diffusely reflecting polari zer

specu lge?éﬂspébe# cE’g‘d by the specular reflector, and specularly

retransm t telghtingaygtient, Aecatding te ah ymbodineat, nn@]uqlmlaarghzarurtafor provi de
specul arly reflected |ight of the first, oI arization having a fiyrst
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ref | egfy gssehlfmﬁerff?cyrhrtﬁe ﬁgﬁ%ﬁ%@ T B¢, Iabiémmeﬂléfft%wgm hﬁﬁxﬁ%hﬁm first

distriblbtion. The diffused Iight may be used as general anbient |ight while
t he speltifatidnyis tmesrhaetddy the diffusdy rﬁﬂeetuﬂg pslariper] spenulaniy mﬂeﬂa@ bptheused as

task |ight f I 15 A dj ' i th
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10 ght sedad ebaiboient lofyRe hgmdurﬁmzislagdaboxcca\d&ﬁ“etemfpmmmmdmusag a conponent

of the light provided by the light cavity having a first polarization for
vi ewi mjlemd byithe d@lsylyrfeﬂms mn@naerc(@nﬁ@némachlog e spheular rghgctord é@i ved from

the | d t t t |
or 1 cpends Etisl MGl P20l BRARs BRoRhioPindlp JRFru R BIRL pol ari per
Wi th Fictdtutibn, THE'dePusRH li lgﬁmhﬁsé ﬁihfd' rgenJAaﬁarae.leatrngmvhﬂe fﬁe%ﬁé‘du‘l’arfyef lects
the light wth a second degree of depol arization greater than the first

degr eeeflekteddight afnhedirs@olampommaglbelwsghas wfk llgh;mm fosexandglpol ari zati on. Due
to t he depal ari zatlon | east, a portion of the, di ffu lﬁ%“ reflected fight
i%

Bs of the # a:papm@atlp&ﬁcqrewmw&hwm#@w@ﬁpc t hout

pol ar | sm ssi on
t her e#’ﬁ?ﬁougqgi#’n ano% ?gh %%géﬁeyd {oeyoglﬁltgp; §/Rg% rg‘ﬁﬁlgia:ﬁé %{ ovi ded whi ch
i ncl ud®e appdrayb furckeriihgluddsardiffusely iflegrirg mlarizendisposed Berwednythe dightect i ng

pol ari zer di Si)qysed to receive the light. The diffusely reflect.i ngy
pol ar masulagng fayseasd therlight cavity; for tragsmisting.a eﬁwpa'aﬂnapf ti'sﬂssbwrpmﬂaﬁl t he

l'i ght 3 f I ffusely
refle q{é@éiﬂt'ér}?‘?g‘ 5 %ﬁ}}? Eb loflz tfgg{}éﬁ%gwﬁ Hdsé]ﬂe?% ngé%}'ﬂ&%l o'ﬁ whi ch
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typically reflects incident light, e.g., light diffusely reflected by the polarizer, with a first

degree of depolarization. The polarizer diffusely reflects the light with a second degree of
depolarization greater than the first degree of depolarization to provide light of the first
depolarization. Due to the depolarization, at least a portion of the diffusely reflected light

25 of the first polarization is reflected by the light cavity without polarization toward the
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 fight. 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 2

selected dispersed phase concentration which provides a desired gain distribution.
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enbodi nent ﬁé'é’ﬁgl udes a em ssive elenent for providing I{,gpli_,s?aﬂq]%
cont ras?ﬁ)ﬂg ancing filter disposed on the viewi ng side 0 e eni ssi ve
el ement. The contrast enhancing filter includes an absorbing polarizer and
a reflecting polarizer disposed closer to the em ssive elenent than the

bsor bi | ‘ i AR le,
aosor o nd PR l?ggg:ﬁéeupgatﬂjﬁl S dr 3Ato oM Ghélgtieh eh:;;s.v@%ymefnpforexarm e

r nore tint layers above and/or below the diffusely
r ef.| ecirbvidingQight aidd b codthasting hiemtingdilpodaposeed on tleeyviewing sidexofit@ e, be a
diffusely reflecting polarizer. The_ _abqve summary of the invention is not
i nt encemisse element. bEheccgatrast|enhancing fiter inshsies aRabsorting polanzer apd enent at i on

f th t i tion., Jhe fi I : CLj pti
R B R R T o S L
Descr i Qitabe éxﬁﬁnc%%ﬁité}%aﬂ IRSr xanmpA, iiathemcILdE oHDbEMGRAMMLAyRty under st ood
I n consideration of the foll'ow ng detailed description of various

enbodi aberé sndibr bélewi the diffuisely reflectog pelatizasn The réflecting palanzenpapyiong dr awi ngs,
in which: 15 Figure 1A [llustrates an exenplary display apparatus in
acCorﬁﬁﬁ@lﬁﬁﬁd&ﬁ‘se@rﬁhﬁﬁtmrﬂ&we%he invention; Figure 1B illustrates an
exenpl ary ciPhieARRHT U HelinRGABR A Sylidell 1 ABRLHES eackTRREEAN OF the

i nvention; Figure I'C strates an exenplary display apparatus in

accor dghtsodiméritioreverydimpleientatidn of nloptiesann inveditionh & hefigaresiaad theFdegailed 2
illustrates an exenplary display apparatus in accordance with another
rbodi deseniptisn whish ifellaanmormpartipyan wexsmplify theserembodimgitexenpl ary proj ecti on
di splay systemin accordance with an enbodi nent of the invention; 25

Figure 3B illustrates an exenplary projection display systemin accordance
with another enbodi ment Bfief Bescriptiomtafdhe DFayimge 3C il | ustrates an

of the- | veF Brena RS Bors (U PO e e rion R el ay oy st om i n
accor GARGR 1 WebdiftidAldFShriot et EATS BF tHelindeifor #\¢BRAdcHBA 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 iflustrates 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;



WO 00/ 65385 13' OCT 200 PCT/U599117155 Figure 3E illustrates an exenplga‘m[y] 2003
m cr odiveplogysisystem i n accordance with yet another enbopCTA&ISPY/Df15% he

i nvention; Figure 3F illustrates an exenplary mcrodi splay systemin
accordance with yet another enbodi nent of the invention; 5 Figure 3G

Il lustrates an exenplary mcrodi splay systemin accordance with still

anot her entifigunesiR illostratésean exerplaiyomicrddisplayesystém-in Bcedrdanderwite yetan exenpl ary
transfi eﬁ'}ei ve di,BPI a%/ %Eﬁ'@r atus in accordance wth an enbodi ment of the

i nventanether pmbodigeghof the JWEMMANes 4 di spl ay having a conventional contrast
enhanci ng fy- I | ' | ' ont r ast
enhanci ng fl%.lH"gr:;Fi lﬁgggé%g %@Emﬂ.ﬁ%&@ﬁépg%gg?@ﬁ% @ég:]; a?ﬁdgq?irt]lsgﬁt i on; Figure
5C i s anotheapiboditnieat 6fthe ingeditinat i ve brightness as a function of tint for
contrast enhancing displays; Figure 5D is a graph illustrating contrast
ratio as a Rlaﬁ@t%ﬂluéﬁratssfmexmplaaomcr@sb%plaY183mﬁwaraéF¢rgamesmtay L Figure 5E

Is agraph illustrati anot her contrast characteristic graph for contrast
enhangi“ﬂé""aﬂf3 ?‘i\'ﬂemE &{]tgﬁf'gelg'anlustrat es an exenpl ary di splay apparatus in

accor dance FVh-]Er!és AR.-41 MRRGLERLH ex@inplabeirhiivieftiveqfisplaCappadti €in/dochbidaliéd 1 at es

an exenplary lighting systemin accordance with an “enbodi nent of the

i nventwidnan embodimedBofi the invemtmwhps an exenpl ary reflecting material for use

in the lighting system of Fi gu e.7A in accorgdance with an ggtt@)o_di ment of

the invent i%ﬁ‘:’mlfﬁ%llllué“ﬁﬂ? pispIfy pavinga eonesuigsRbsptesteihapgng HeTs usi ng
\ffusely r | | ' Mak ' phadiaentey of the

ﬁ]vention; @%'g‘% I%ﬂ@gtré?sl f@%@ﬁ%ﬁ‘e@ da{]bngg%cr%ﬂary df‘l%%’l’ig? appgr atus in

accor Garsbotichént dfithd ineétiblier enbodi nent of the invention. Wile the

i nvention is amenable to various nodifications and alternative fornmns,

speci fics tFigwisotC ispgraphillusteatipgreldive haighigessasafpnaionof tint far s0RtFss and

will be descri.beld 30 in detail. It should be understood, however, that the

i nt entq"Bﬁ"cf'%gﬂBQ %¥% Iinit the invention to the parti cul ar enbodi nments

descri bed. FguleSD BaNgragh Hustiafing cOMPMRE f200 as 2 fafctA\eTitinglfbr contrast
15 enhancing displays; '

Figure SE 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 fighting 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 fhereof 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
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“alter | izsagkal ling within the spirit and scope of thep?rﬂ' ¥4 1138 aig 0cT" 3
Ubﬂy -%8% he p

defi ne e appended cl ainms. Detail ed Description 5 resent
invention is believed to be applicable to a nunber of different optical
devices using reflecting polarizers. Aspects of the invention are

parti ﬁ}wdﬁfcaﬁbﬂst &ﬂﬂ&a@en&é?ﬁndJ§1€em£ifve§fam‘n'gaﬁkmn Erﬁfs!p%tdda%cagé afineers. Wile the
n 0 t so |

prese I'nventT 'S no Imted, &n appreciation of various aspects of
t he i hwentidroas dafihdd tethg appended tlsiosgh a di scussion of the exanples provided
bel ow. 10 Diffusely reflecting polarizers (DRPs) typically specularly
transmt a conponent of incident light of a first polarization and

diffusely reflect a conponent‘)e%lehrﬁesl i,igmmhavi ng a second pol arization.

The terns specular and diffu terns which can vary depending

gn the contmpy ?)r&fmttiﬁk%nﬁms bekdve® fo bdapplizalsle be & @iumbes pLdififepdnt ypticainsm t t ed
l'ight generally refers to light transmtted w thout substantial deviation

f r om dewcésnsingeeflecting holadZrsThAspeets of ghe invensiop are pagisulag suitedto theyss al | vy
refers to light reflected w considerable. diffusiqn.. way of exanple
ind nof st et Raegse Wl e prestiurmvepiam is ppeiyabels” To 1t gnt

devi a . ' 4 NCI 3 iGN Ml la & : ' di ffusely
refl e%ﬁ%&g Eﬁéﬂgﬁﬁﬁgggé%%% of@E:ﬂ'}vg ttI dev]i:%etsged byﬁg%o%lta%ﬁ%%alro *eMeyghg nor e

from aximplescprovided belgve equal to an incident angle of the Iight. 20 Many

of the exanples illustrate display apparatus aor other optical devices which
ioncl ude i @M@ﬂ@égngpplgﬂ%ergfpﬁé@ fma?'layrSPFFlz;lﬁft‘Y tragsmi g@@ﬁgeﬁté‘fm | i ght

source Wi ll,. sed ein to.r . olhi: h.as a |ight
pul b, oeent gt of§ B oAk Or e 4B Sy rpndte 13UhpEnHe dr'ifigh 146Re &

| nt er ghayRARRiYathAY eTHe téréhsispécilartafd diffidY afeyrelaive Perpisovhidiesar vaght . Such a
cavity may include one or nore of the following elenents: a |light source, a

| i ght dgpérdiingom the contiwrof thecapppeationt Asesediherern spestilariyrtransmitteddight ar or
O 1SS SRRtk kb S Sohl B TR T2,
A o o e A P N S A
and i |diffisioratBynway bfexdinplelaag nappiimsitaion] g@cularly tiansmisted dightrmay refehe | i ght
B B S SRS b P eSSy B
transpagemby PLSH iightdevditd R iBodt SESHBEL RSHeifdth akBflection angle equal to

an incident angle of the light.
20 Many of the examples illustrate display apparatus or other optical devices which

include light sources, light guides and/or light cavities. The term light source will be used

herein to refer to a source of ight, such as a light bulb. The terms optical cavity and light

cavity will be used interchangeably herein to refer to a cavity which provides light. Sucha

cavity may include one or more of the following elements: a fight source, a light guide or
25 other transparent medium, and one or more specular or diffuse reflectors.

Figure 1A illustrates a display apparatus using a diffusely reflecting polarizer

according to one embodiment. The exemplary display apparatus 100 includes a light

modulating system 130 and an optical cavity 120 for providing light to the light modulating

system 130 and illuminating the display apparatus 100. In this embodiment, the light
30 modulating system 130 includes a first polarizer 105, a first transparent substrate 106, a

light modulating layer 107, a second transparent substrate 108, and a second polarizer 109.
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100 may, for exanple, be a liquid crystal display (LCD) h 3 12003
cryst a¥VOI0p/6585 nodul ating | ayer 107 First polarizer 105 P&T ﬁy a
dichroic polarizer which transmts light of a desired pol ari zat i on and
absorbs | ight of an undesired polarization. The optical cavi ty 120

typi L 11 o
| ht et dispb poriisa B A, Mo apiie. hect il S5k agay G CB5 ool b "
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The 11 y, for “exanpl e, of a transparent plastic
mat er pelbriger othichstrarpoiity highthofl adesivad rpyalaaMIQrPaMﬁabsothsgight gfiarendesired s
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greatgé hﬁamn%moﬁfdct bifchlasa @@ cathbde fiiGrebdeat ﬁfo@r@r COFdl | Yhe Nigtit |gﬁ£d‘eed by
total intern reflection (TIR. In order to extract Iight fromlight guide

102, 162mhy, feuexaarde,ibemeagiel ofra transpansnt plassid mategal S@xch@hanges may be

|ncorporated I nto surf 5 to, frustrate so I.nt er nal

r ef | eBRIYBRR Yl&’egtl‘f’éfg M Lig rglggi(erlggéatxp&agpr wrr%ﬁf é‘P‘?Pa?ﬁ eﬁthPE’E't % on

(FTI Ri_- @ ﬂf,%uguﬂg? ﬂ.{ﬁ p*sgall ly relatively thin, light can only travel
BT oW ran e 0 '

t hr oug I’n-a narr directions. As aresult light (e.g., rays
1551 and 1513~Dopdrﬂ&3ﬂ tightgfrord dighOoureniisl tsatiteetedewith theehldtuf\reﬂeptdrd\mangl es a

relative to the surface 118 of the ul ati | ayer, 107. The angle a
S o) light guidecid iMast eyt iabt S aveing Ry ED HEBhETIORA PENEPBRIPIT ana

enbodi ﬁnti L& 1o re t toward the
l'i ght gll["‘aﬂ‘geﬁgyaé%%gg% &‘%SP%F%S gﬁ%‘ a%g&z QM E%ggé%fog{:“hgﬁgr to fold the
opt i CadfieBiall By edtal interil Reflection (TI). Inurderas extst light frendlidih Juidenegeby

di recting flght fromthe optical cavity 120 to the light nodul ating | ayer

107. Snall sxfopircegulagities nyldcahanguba changes may ke lgccrrn@ltamde'at%wfaa%é 403a

f tical t 0 25 rel ativel 103b

the Sﬂbég%a&pgcirﬁe‘é‘o h borelinfiraltefedih apEerparintoRe ittt iolic 1700, Dl
mul Ui geémB @éﬁﬁonﬁ?ﬂ( UrS?hé‘édilﬂ’é‘?Of—Q:’tyﬁWMly rfeﬂftwel?aﬁﬁ, Bghtkendniyhimavelow angle

rays toaélrectl substanttally normal to the ht nodul ati ng | ayer
sur f aderodgifit imsa natownang€hof dieciions. Asasresyit,1ight ﬁag i‘aMstltfbérandrié3hde a

reflector 101 di sposed adjacent to, surface 11 re t cescapi ng
from wvmacseldeﬂ@%m tp .lﬁaaeg&r%'wo & %hfe ?'t8’5§9 tg‘@ ‘Eg??é gg fﬁ‘ i | 1

Tra Mo waiBEToRa] THReRaleEt AN een BRLD BB YA T PC Pen T he

F0PN9€ aBflications and, in one embodiment, ranges from 10 to 20 degrees.

To redirect the light toward the light modulating layer 107, a turning lens 103 may
be provided to fold the optical path of illuminating rays, such as rays 151 and 153, thereby
directing light from the optical cavity 120 to the light modulating layer 107. The example
turning lens 103 includes a structured surface 103a facing the optical cavity 120 and 2

25 relatively planar surface 103b on the opposite side. The structured surface 103a may, for
example, include multiple prisms. The tumning 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
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“appar alvésookdshs since light rays 151 and 153 may, with speFukeghisssources,
be collimated into a relatively narrow range of directions. Optional

di ffuser 104 may al so, in sonme cases, inprove the appearance of display 100
I n other ways, such as providing a nore uniform appearance to di splay 100.

5 The dr¥aiant of diesabiity apgiaplay uppats fl 00, dieve lighctaysl @51 andll H3fmsgwitir ef | ecti ng
pol ari zer = (DRP) di sposed between the turning |lens 103 and the |jight
nodul aeme lightzspurcesoe eallimated drtp\d rglgtivel¥ nagaw rapgeef difeghensa Qptionalnsni tting a

conpo t of . the redirected_light having a_ _first. polari.zation. t rd the
R R e U i S O R T A
redi r gedhed drﬁ\gbﬁ,tgfpgﬁbwmﬁfo?ﬁméara%@{oi dﬁg}[ﬁ)pmgji fferent than the first

pol ari zation 10 toward the |ight guide 102.” In one enbodi ment, a DRP | ayer

B10a i s di hesrampletdispday appardtuyl ¢efustheo ichds a diffufely eefletting palaiideout bei ng
attached._t q. ot her conponents. (3s shown on the |e si de of i gure 1A).
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| ens . : ' S| | : ,,glrgqodi ment s,
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porti girst @blafzativretoWRrd elie ghPRiddulating layet 007 any diffasely tefletiing & conysdnent ur ni ng

| ens 103 and diffuser |ayer 104 (as_shown on the ri %ht side of Figure IB).
Ref er of the redirectes light haging 2 sergmd pglanzatipg diffgrontyiban the &gt pplazatioft o t he

i spl a rat.ys 100 attaching it to a diffuser 104, which is in turn
&tacﬁ%‘ﬁaﬁgﬁe@gﬁu&% &@ 105 (as shown on the left side of Figure 1 C. A
DRP | ayer 3d@he ERbolEnett 2DRRINRY 1102 istisho’ed b&ieenlQniagiéné P0Radl f f user
104, which is in turn attached to a polarizer 105 (as shown in the right

si de diffusenl(He withQut biag attathed do fothes spmponetts (asshowr dn thetleft BRPof | ayer may,
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opt  m zen for, L1 gt recycling, Lo ong erbodi meac, ihe opiical, cavity 120
20 attached to turning lens 103 and to a diffuser 104, which is in turn attached to a polarizer

105 (as shown in the right side of Figure 1C). Where the diffuser 104 is omitted, the DRP

layer may, for example, be attached to the bottom side of the light modulating system (e.g.

to a polarizer 105).

Furthermore, in the above embodiments, the diffuser may be omitted with the DRP

25 layer incorporating its diffusion functionality. For example, when a DRP layer is used in

embodiments without a diffuser, the surface roughness of the DRP layer may be controlled

to provide surface diffusion. Alternatively, a DRP may be adjusted to provide bulk

diffusion by adjusting the degree of specular transmission of the transmitted polarization

state versus diffusion transmission of the transmitted polarization state.

30 The diffusely reflecting polarizer 110a-f and optical cavity 120 may advantageously
be optimized for light recycling. In one embodiment, the optical cavity 120 reflects light
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optical cavities may be employed with or without substantially depolarizing DRP layers. In

D-Igitg,,fsusi on is desired to obscure the extraction pattern, the
t h

20 addition, in other embodiments, the angular depolarization characteristics of the DRP and
light cavity may be set such that the optical cavity significantly depolarizes light at incident
angles containing relatively large amounts of non-depolarized light from the DRP and vice
versa.

The diffusion of a DRP is typically much higher in the plane containing the cross-

25 stretch and normal axis compared to the plane containing the stretch and normal axis.
Where the diffusion is desired to obscure the extraction pattern, the extraction pattern
should be optimized for use with the DRP. For example, if the DRP is oriented at 45°, the
optimum orientation of, for example, the extraction pattern is typically at 0°.

In some embodiments, non-polarizing components may be included within the

30 oriented film to achieve diffusion. For example, the precursor film may be coextruded or

coated before stretching with a composition that does not take on significant birefringence
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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 s 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.
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i ncr edisplay withqut fhe DR layes. dihe sglectedgaindistribationran baiprayideddysori o 1. 18.

iBe pe”%im”ﬁ’ple? gelégﬁgqﬁé j:&n%gmgﬁ%cﬂ‘n of the dispersed phase relative to the concentration of
the continuous phase. By way of example, increasing the concentration of disperse phase
relative to the concentration of continuous phase typically increases the on-axis gain
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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distributes the light available for viewing more evenly, thereby lowering the maximum

15

luminance, which typically occurs at normal viewing angle, as represented by ray 211. Ina

display which is to be viewed from a wide range of angles, this may be a desirable situation.

In situations wherein a single viewer is viewing the display at substantially normal angles,

however, it may be desirable to conserve energy by reducing 6 so as to brighten the display

for that viewer. Typically, an increase in disperse phase concentration reduces angle 6,

20

thereby narrowing the distribution of light available for viewing and providing a brighter

display for viewer 201, for example, while trading off brightness for viewer 202.

Conversely, reducing the concentration of the disperse phase in layer 220 increases 6,

thereby‘everling 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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Polarizing beam splitter 303 typically comprises a reflective polarizing material. It
is desired that beam splitter 303 reflect image rays 353 in a substantially specular manner so
as to preserve the image produced by imager 304. Therefore, it is advantageous that the
disperse phase of any multiphase reflecting material used in beam splitter 303 be in the form

20 of uniformly oriented particles having a high, preferably substantially infinite, radius of
curvature, so as to reduce the diffuse component of the reflected light. Suitable particles
could include flakes, platelets, or other particies having substantially flat, orientable
surfaces.

In use, illuminator 310 illuminates imager 304 through polarizing beam splitter 303.

25 It is often desired that light 350 from illuminator 310 be prepolarized to, for example,
polarization P1 by beam conditioner 302 acting in cooperation with enclosure 308 to
recycle light of undesired polarization. Beam splitter 303 further polarizes light 350 and
provides polarized light 351 to the reflecting imager 304, which may, for example, include
an array of liquid crystal elements representing pixels of 2 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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the r SPBYRIMOBA RIAIEEHFHE U, Snes lh&@gﬂf; "ferﬂfjtt ﬁ@ 5}& st%ae'aaepse
{§senshdtbifls BRI i thd re .{)}Qﬁc@m&g&p ﬁﬁeﬁ;o% gmg bB%a@f qé.ﬁ eStrongly
t hout or C I N

lverging or converdi ng beans e nee optics.

Ref er rinsegsitive fo gglecofifcidente pdndeahisiefore/sblproqpctarizeatrongly diverging per t rayed which
uses transm ssive imager 306, rather than _the reflective inmager used in

the preeuyesgEgt &Mm the negd fos collimatiag 8p4#H beam condi ti oner 302 and,

OBl |- ABSG R ARES. e Al pRINLSRI MR Sy B8R P o
transmissive imager 306, rather than the reflective imager used in the previous two systems.

20 In this system, beam conditioner 302 and, optionally, absorbing polarizer 307, provide
polarized light 350, having polarization P1, which illuminates imager 306. Imager 306 may
again include an array of fiquid crystal elements representing pixels of a digital image,
which either transmits or blocks light 350 in an imagewise manner to form the image which
is then projected, through projection lens 305, onto screen 320. The illuminator 310 may

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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again include an array of liquid crystal elenents representing pixel :H 2 ‘
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20 which filters out any light having polarization P1, thereby preventing wrongly polarized

light from reaching viewer 1. Viewer 1 then views a magnified virtual image created by
reflective imager 304 through magnifying lens 309.
Figures 4A-4B illustrate a transflective light modulating display apparatus using a
DRP layer. In general, a transflective display typically includes a light modutating layer
25 made up of an array of light valves or pixels, each of which represents a pixel of a digital
image. Transflective displays can operate in either a reflective mode, in which the display
primarily relies on ambient light entering from the viewing side for iflumination, orin a
transmissive or backlit mode, in which the display primarily relies on 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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i xel en..illun ' [ ' t rized
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wher edisplay beirigdn thearaliegeioff stase aTdes praduces b2 %‘33,&(1%%18‘59 Pg’éﬂpfﬁ@“‘? ‘he
ol tage: o state. This,pr - )L : ' lafdihon P2.
\Iii ghfﬁﬁgﬁjmyﬁh%pf%sstggw%ﬂwo%zg Bgﬁgﬁéﬁ%“ﬁﬁﬁb{}ég gg’v?ﬁgﬁgrilaf f usé;r 403,

whi chpaRbRkiBhida P2t ARl PRk drzRtDRP LRRr 408 dvias ¢S diffused bidRvardsy es rag04, wher e
it is diffused backwards, as ray. 455, since DRP I_%%/'er 404 hﬁhbeen
al i grisib, sinceDRBriayen#04 haybegnialignesl stransuieptation whishsdiffusgly refigets hght, g
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minimized to increase the amount of polarization P2. 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 44, 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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Unpol arized light is produced by optical cavity 406, after which it passes,
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2 b hguc!cle s%l]yurteéql(c eztﬁhlt%rs] way contributes the improvement of the light utilization

efficiency of the display system. The portion of ray 471 which has polarization P1 is
transmitted by DRP layer 404 and passes on through optional diffuser 403 to light
modulating pixel layer 402a. Since pixel 402a is in the voltage-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 pixe! 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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conpare conventional contrast enhancing filters. Contrast enhancing
filtemitting matfinbwhigh éxlexsited émas addressable oratmx tooferm anpmage, Thaadightof which are
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eni t peRrikér@T0] With a moderately high absorptivity for visible light. Light emitted from the
20 emissive element 512 passes through the tinted absorber 510 once, whereas ambient light
must pass through it twice. By way of example, a sheet 510 absorbing 50% of visible light
will reduce emitted light by 50% and ambient diffuse and non-diffuse glare by 75%. In
practice, the reduction is somewhat higher since the effective reflectivity of the emissive
512 element is usually less than 100% (e.g., due to phosphorescence and wavelength
25 shifting). In the above example, contrast is increased b).( 2 fold. The conventional CE filter
500 may further include an absorbing polarizer 514 with or without a tint. The principle of
operation is very similar to the simple tinted situation.
While the conventional CE filters using absorbing polarizers improve contrast, they
also substantially reduce brightness. The reduction in brightness can significantly degrade
30 the appearance of the display. Therefore, 2 need in the display industry is a contrast

enhancing layer that has a relatively high brightness.
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Figure 5B shows two light rays interacting with the contrast-enhanced display. One
20 ray is display emitted light ray d. Ray d first interacts with the reflective polarizer 576,
splitting the ray into transmitted ray d and reflected ray e. Ray d is attenuated by the
optional tint layer 572, and is transmitted by the absorbing polarizer 574. Reflected ray e is
scattered by the emissive element 560, producing a reflected ray f. Ray f then follows the
same process as ray d. The display brightness is then Ray d plus ray f, etc. The ambient
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 displays (FED), and plasma displays.

Additionalty, 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 SC-5E illustrate various characteristics of the CE filter having
a reflective polarizer (hereinafter RP CE filter) of Figure 5B and the conventional CE filter
of Figure SA. Figure 5C is a graph illustrating the relative brightness of ambient diffuse and

30 specular glare vs. emitted brightness as 2 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 displays, such as backlit twisted nematic and supertwisted nematic displays. Figure 6
illustrates a backlit display apparatus 600 which includes a light modulating layer 606, a
light cavity 610 for providing light for illuminating the light modulating layer 606, and a
DRP layer 603 disposed on a viewing side of the light modulating layer 606. The display
apparatus 600 may, for example, be an LCD with a liquid crystal light modulating layer

25 made up of an array of liquid crystal elements representing pixels of a digital image. The
tight cavity 610 may, for example, include a light source 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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light.

Figure 7A-B illustrate 2 lighting apparatus in accordance with another embodiment.

The exemplary fighting apparatus 700 may, for example, be an overhead lighting system
used in a room, such as an office. The exampie lighting apparatus 700 includes a light

25 source 707 and a reflector 708. The light source 707 typically provides unpolarized light to
the reflector 708. The light source 707 may include a reflective backing and may be
arranged to direct lighting substantially only in directions toward the reflector 708. The
illustrated reflector 708 specularly reflects fight 705 of a first polarization (P1) to provide
P1 light with a first distribution and diffusely reflects light 706 of a second, different

30 polarization (P2) to provide P2 fight with a second distribution different than the fiest

distribution. The different polarizations and distributions may be used in different manners
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20 diffusely reflected P2 light 706 can be used to provide general room lighting having an

orthogonal polarization. In this manner, both polarizations of light from source 707 are
utilized, while the benefits of polarization for lighting for a particular task requiring higher
light intensity in a smaller area are retained.
In one particular embodiment, the diffusely reflected light of the first polarization is
25 p-polarized light (vertically-polarized light) and the speéularly reflected light of the second,
different polarization is s-polarized light (horizontally-polarized light). When used as a
ceiling light, the reflector 708 may be arranged to direct the s-polarized 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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26 OUVE€fig-ussed 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 alternate 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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firsto nizetss b ;diltgqq?&gqt?%egéq%gi’é%%éﬁ%?/é#cdsoia, _ g! iegned i ?\OQPH fgts :
afli recti onp, 3ad R AfFARGAAE hik 86Y chifbd 8GEHAMER B Hewih g the IS Fom 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 8012 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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,801b, aligned in an orthogonal direction, so as to forma pair of Crﬁgﬁ)"cﬂgnua

di ffgs@éyooffgjskect ive polarizers. In addition, protecti 1536017833
provi ded. n use, the authenticity of |abel 890 can be determ ned by

viewing the label froma first position 1, which produces a hazy view of
the information carried on information | ayer 804, and then view ng the

| abelot citheBpasitidiol angdsitionabisiblubikedbededyyrity poniod 820sivhichrindudésrcleanhi ch case
the informati on beconmes nore clear. Authentication may further cﬁxﬁ ai ded by

i ncolayer 8Q9 .nWithpressurer applied. ise that dguer 889as elipipatedhdpe SWatIqqt‘ieP@é? printing

h hi Whi | L . d vh
o1 eviEtigre SR B iRl Tyt b 303 8P 3k BlihEnduabel s hags ookl egEed Hhen
al t e fald YRneptrtin e Rhd ElREW Visibler foomipasitioh 30 Bubtablerpressprcan beayer 809

between information | ayer 804 and first diffusely reflecting polarizer
3 ayenppli2d by a transparentiplae, ardy arsugaige nngrothar dgvige cOMRIMNE FAREFUEE whi ch can

b I d f 30 b | ari zi I 801a,.and i nf [ I 804
by ¢ HEOBBOIEh TTRRPPn FECRUT St AEMed give we hRucREn ot il 70 | V"
appl ng%u)émg?ﬁmm ByeV8@ThAAdE hirloP bOeFRaieaNad wilbsis S04t 1RhiddD 00/ 65385

PCT/ 13 0 C T°2003 fromeither position 1 or ﬁos_itlon 3is
bl oc kagerb 804 ared 80 laycap be heldap&2 Ovhentpiressuieris nodapplied bypmechaneal ng@es, Wt h

pressure applied, so that layer 809 is elinnated .fhe situation depicted
1\ S pe by psogesraas & SR BRYRFABR g e i BresSie fElER ("l abel

14,5 h%é? i +mm i bARIcH cad bOBreaRteH Otk Wil B hpRdcPAEd thaY bidvidiig BT om posi tion
. Surtabl'e pressure can be applied by a transparent plate, or by a

sui t ahitadle vengoofesavbie fordkid exchaiedtfeomilaygr 809 mmdsotuseil. t hr ough whi ch

i nformati on | ayer 804 can be vi wpbd d%{l ng, ﬁhe plication of pressure.

Sui t abl e fSeeHriy fabelsusing DREscan 3lsebegnaps wlich grpiy 2 ??Pa'@‘f%%'?wb‘ges, as wel |
as clear | i.cui. Qilrﬂa RSt IReRAhe WEBuRY EISSuUre is

not gﬁ‘[’)‘ﬁ”é"dﬁ%y'gr%r%%dh‘g@%ﬁabﬁégg%g{édpﬁuc lggé}%@/&f‘%?(t)r%orat i%g aglsll | ght

wavi Rising Rjér Solear bk avetype obpolbsizihg ldyer, suels suaregbsofbentipelaridd B09 i s made

of a fluid which can be pressurized. It wl| preci ated t provi di ng

b
15 swthesppleriviag matarial Kby @&Fcef%betﬂeﬁp oy [?dg" %H@Vép"%l}g}"ﬁ s al so
U7 et ST iice!, Areh Be W) DShyERIER: Siiac] RUCASUSHE e Hho2el BY 2 Soparal e

Vi ew 'S -“use el by the person authenticating
i t. RgbRAdtionJayep 864.0Since GiGWing\layeniB80g it sepeabld 0is mansubjecany theysameof

D i B S oA R B B0 e S B BOR |21
503 e GRS oS BGRB8 3052 gL Gt VT ove
20'S NGifofhiftioRdiyet 804 tiRosg Eewing 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 polanizer 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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cost constraints as a di sposable |ayer provided with the |abel woul ' ’
53 DA AN

Securi two bayers 830 conprises diffusely reflecting pol ar pggrushsyass
protective [ayer 803. Viewer | views 20 information |ayer 804 through

viewi ng |ayer 802 and first views information |layer 804 in, for exanple,
an orientation in which the transm ssion axis of viewng |layer 802 is

or t hogitrayed i Rifret8CanVidvdsg iwe@ddsis henl rayatéd 0. oriéhres i whichiits manner,

information_ | ayer, 804 of an authentic |abel appears hazy. View ng |ayer

802 | tsansmissianodxis 6 parablehto the transmission axis af iaech0 i whereuparsessi on axis is

parallgl to the t sm ssign axi.s of. | ayer 801, whereupon 25 information
| ayer ag?n Eﬁ%ﬁ?ﬂ@ﬁ% cﬁ%??s lgsﬁég!’@y@le&'g?? e’farmp%et anot her enbodi nent,
portrayed 1t%ﬁ'b@%??re%ﬁte@%ﬂfxﬂdté/ctﬂe'léyﬂepﬂoﬁﬂfbf%mﬂﬂ $e%abowd ear spacer |ayer
809, diffusely reflecting polarizer I'ayer 801, and protective |ayer 803.

5/i ewesmbbdiments)\angtbat infsomempplbcatioay of thgGavention dyler §0 bwiay be bufficent)02, whi ch
is orjented, for, ex le,,.Wwth its . trapsm ssi.on axis, orthogonal to the

t ancHHFRRE bhbe R WHhpGhASHitgR PoIFCon . BT SALE RGN SHEAROSE s nt or ot | o

| ayer :d : F ely hazy, as it was
when %"g%édg#‘é?tg%rgbgggdﬂl ?bgﬁggﬁatﬁgg%g&lﬁ@ sgglsigg}ﬁ'he previ ous exanpl e,
25 WO 00/ cERSfrokminddoeit Ipkndls arelBcdhveri@MBardasthicient aolirice oFlight fer Miny Vi ewi ng

| ayer 802 is then rotated to an orientation _in which its, transm ssion axis
i s peapglicationsodyene theis sempacness agd lightoweighty dYlamosuch applicationsfequiee, In

e Fern _ | B8y et O o
10, " ST bR YS it e RERS R e ofBlzeg e ‘o ShahBlc Bl S TP S 1t
enboc&haﬁaﬁm,crfaﬂ@l didpady. | Thev® [EthaeRirk Gdleb@ RS eflitichtEpro@ Poldized kayer 801 may

be sufficiently durable to be used w thout additional protection. Qher
var i ausingsichisoutees, athaut adding gkeassive wright obeize tathie Fystempar ent to those of

o 1oy ent Sera g ap ol bR oA o %3 ApGeB ERRIER o e
and |ﬂcﬂﬁﬁziﬂfia?@rt%l'\ﬁ'ﬂbréﬂﬁihg%Blﬁ!rigﬁfﬁé}ﬁ%pfo%ﬁiéhf?no;%é?ati&?aﬁgﬁiﬂ drhiftihg t hat the

| i ght” panel™ pfoduce pol arized |i One exanple of this requirenent is the
15 i quildyerop3t(alg. dihoppleor. JayEneemits kght eéheafaorodtage sapplieddebféandransparentpr oduce

pol ari.zed ra usi uch souyrces, wthout addin XGessi wei ght _or size
Do ¢ RiSainded 302 hid B4 B greans HoEcrnle. cAROWEESRY AT IeYED SEHIEI00 vs ng
a dif; ?irﬁc{i | | 2 ; : bdl BPedd i zed |ight
S pr%\l&}lﬁ ed. ﬁ]s gf)gérﬂaétgtloglr?,@k?%%%dgﬁy??lir%g%gfigﬁIﬂ%r e\rﬁb%%B (e.%gprhosphor

| ay erDREiaytes 90i g it wilhisnapprewidted tet ekecapde $&ticdudd beemetallarsflectivat el ect r odes

902 and 904 hy neans, for. exanple, of power source 910.. Layer 903 emts
| i ghteleqtipds; thiegshy abviaging thesaeeddpr spapte ﬁ@cﬁ?ﬁ?%éaﬁﬂwﬂﬁﬂu EFEEHe| i ght in

24 he glﬁ?e?r%b i§'braftdrhitQl tl‘ﬂ'fough transparent electrode 902 to diffusely reflecting polarizing
layer 901, which transmits light 906, having polarization P1, and which diffusely reflects
light 907 having polarization P2. Light 907 is further diffused and reflected, with changes
in polarity, with portions of it eventually emerging from layer 903 as light 906°, which also
has polarity P1. A portion 907’ is again diffusely reflected back into layer 903, where it

25 again undergoes changes in polarization, due to diffusion, reflection, and other polarization-
altering phenomena, until it eventually emerges from layer 903 and is transmitted as light
906”. As a result of this recycling of light, the amount of properly polarized light emitted
by electroluminescent panel 900 is increased. It may be useful, in some cases, to
incorporate into layer 903, in addition to the emissive phosphor material, materials to

30 increase the reflection and polarization-altering effects of emissive layer 903.

The DRP layer 901 and emissive layer/reflector may further be optimized to recycle

26



_DRP layer 901. It will -be appreciated that electrode 904 could be a 13 0CT 2003
metallic reflective electrode, thereby obviating the nS’%&FJasﬁé’ ﬁt%gar ate

refl ecH0068385 | i ght enitted by enmissive 20 | ayer 903 i H¥P?ed

t hrough transparent el ectrode 902 to diffusely reflecting polarizing |ayer
901, which transmts |ight 906, having polarization P1, and which diffusely
refl ec | igh 0 } i I i : i I i ffused
and ﬁ&#’fe%?’e"g?ﬁ‘&}%t ﬁh"'mgﬁ sepgél)ﬁHgg’?éaot ?’Eﬁf&wsﬁ%‘? ?)?g??s&a 5¥2Hid2m§\%lgﬁt ual l'y
ener gimaidd m tafeilitAe Bghcrebyding vilhtin emidssive hayet davindilzss gepobarizayyorPl. A
portion 907" is again diffusely reflected back intqo |ayer 903, where it 25
agai whamdierigings Adtesmegively theoguler gepolasization rharastegisigs pLitBHtWe of | ecti on, and

ot her polarization- alterin henonen il merges from

o ok B b A EURARUE gk BRIy s 05 from
sof 1 ientak%emaingfrelaﬁwralryg RRbukd @afdnldepblarigsd lighednd lige versa,

el ectrol um néscent panel 900 is increased. It may be useful, in sonme cases,
t o i asdispossed ebovet o | ayer 903, in addition to the em ssive phosphor

material, materjals t 30 increase .the reflection and ,. .

pol ari zat i &hooted gbq‘ﬁgﬂ@mfsief‘&'"eﬁmm‘%%ﬁ%a 1,13 nggRRer #Héﬁ%dlwa‘)?eesr 901 and

em ssij . t f § ) GMGloebe6 13 0Cl )3

0 oot D A R R R Payer 0L mhy.

for qpasipéed lifmites tatid pirisulatesxamales descdbéd abowt ybut rashéresboeld bei ght t o
facilitate light recycling with an em sgjve |ayer .havi SS

10depoluaderstaadsn Golé?faﬂlﬁa/%ﬁpé‘itﬁ §f1r@§‘.“’em'?’é?5r1§’(”iy\ﬁ8'i it ip the %ﬁgﬁﬂdlaéa'ﬁ'épol ari zation
chargcteristi ] tot; m ssive

I ayera‘?@%ir?ngicﬁﬁ F")l/g’ gg%‘o%%?f%g&?%hfwgi? % r?ﬁ%ﬁ?gﬁesnstiwgﬁég;? %%El?g?ni ng

r el atgru@hyinvadtdn mapshigplioible ot beratity ippednt ioghbserofakill i ¢therst spon  as

di scussed above. As noted above, the present invention is,. Jicable to a

nunbaeview afithe present sproification. Fbe glgues are intended Q. FPveE P‘H‘i‘gﬂ%ggﬁl%& s.

Accor di r@ry t he present invention should not be considered I[imted to the

partiaé‘ﬂl °§§<arrp| es descri bed above, but rather should be wunderstood to

cover all aspects of the invention as fairly set out in the attached

clainms. Various nodifications, equival ent processes, as well as nunerous

structures to which the present invention may be applicable wll be

readily apparent to those of skill in the art upon review of the present

specification. The clains are intended to cover such nodifications and

devi ces. 27
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13 OCT 2003 Cains: | . A display apparatus (100), conprising: a || g&f
nmodul ating | ayer (130) having a first surface; a light cavity (120) CT 2003
providing light to the light nodulating |ayer; a |ight guide (102) disposed
to receive the light fromthe light cavity and output the light at a | ow
angle relative to the first surface of the |light nodul ating | ayer; a
turning |l ens (103) disposed to receive the low angle |ight output fromthe
light guide and redirect the Iight toward the |ight nodul ating | ayer; and

a diffusel y (lamsecting pol ari zer (110a, 110b) di sposed between the turning

|l ens and the light nodulating |ayer for receiving the redirected |ight and

transmtting a qorrporygra’;spgfy atpggaﬁﬁqlmgcg&q)rjsl ht having a first

pol ari zation toway R dut OE 39 hi\9ne b BYEE .diffusely reflecting a

conponent o ;he ¢ 'fsfh@ 1%: ij%pggg%tmq tnﬁ%ﬁﬁhéf’aélepn different
an the firs p ively

pl anar surface fdc gP’rﬁllé? %cfef"é? [‘? ﬁefig%t s tgy?fng Ph?%%ured

surface facithy ‘E]ﬁétﬁl‘@)‘fﬁla" T éﬂ"@z‘m TSH?‘% 59 tpgdulging jaxey,

wherei n the | ow a@iyrreng kenp £W3) disapsed do regeiye dess) OW?HS}H‘@]’@PBWP%I Oﬁﬁb%lpéitus of

claim1, furgiuhbrandrredhmtﬂ‘ghghdtcfwan@ﬂmdlglhay@duléﬂtmmba}’ﬂdﬁ@ﬁbosed bet ween t he

di f f usel y refl ecta diffupdy seflezeng poidrizdn €l 10aghtObhyelispbsetdi begvéeaybe tfrming lens

di f fusi ng | iagBtthd Kgnsmadul#chgayet e rédeifig Heyrediadcteddighnandedmminimg.a 4. A

l'i ght syst erufnfBRent GIMRY fediréted Bt hilihg 8 FiéteRIiZaTon toMard®eight mbgulbdght ;

and a refl eg} raﬁggﬁ'} lef}crkﬂ 1ihg a0 BBHﬁ%kﬁle r@éﬁ'&%']fgﬂt R&ViAS h 3&donl 701)

di sposed cl ?p Ez[nz ﬁon 51 é)ﬁf's?golgﬂ 1@ specu ar reflector (702)

di sposed fu c ht
hawpng afirs Eﬁr 1? ?gg;[ Wé??f%%f éea E %{ ggﬁ@é‘ﬁ@;ﬂqg‘ﬁﬁﬁ %12@84%%9
pol ari zer, Eyfi &POYAIZER HErepyed HEast gigi%eor , " and
retransm tted t hrough the diffusely refl ectl ng pol ari zer to .provi de
specul arly reflected Thegheplax appaetys efcfaipdl, A‘gﬁeﬁ%ﬂ thedowapglags less thpa 20
di stributioregwesrein a conponent of the light having a second, different
pol arization is diffusely reflected by the diffusely reflecting pol ari zer
to provide diffusely riddsiledappaginis offedarinry fiattee oeholing 5 diffusionilayer (104)
di fferent thigpobétEbdtivesrt thdidsffuseBuiefl edting polafizer dnidghé lighitmeatulnip gy don of .
claim 4, WhQﬁffhﬁn% h%htﬁ%kﬁﬁie@rb yahé ¥ifis@b QeHectihPBolbdigpt source such that the
specul arI y reflec i ght of the first polarization has a
4. A light system (700} comprising:
a light source (707) for generating light; and
a reflector (708) including a diffusely reflecting polarizer (701) disposed closer to
the light source and a specular reflector (702) disposed further from the light source;
wherein a component of the light having a first polarization is transmitted by the
diffusely reflecting polarizer, specularly reflected by the specular reflector, and
retransmitted through the diffusely reflecting polarizer to provide specularly reflected
light of the first polarization having a first distribution;
wherein a component of the light having a second, different polarization is
diffusely reflected by the diffusely reflecting polarizer to provide diffusely reflected light
having a second distribution different than the first distribution.

3. The light directing system of claim 4, wherein the reﬂec_tor curves about
the light source such that the specularly reflected light of the first polarization has a
substantially uniform distribution.

6. The lighting system of claim 4, further including reflective louvers (709}
disposed to receive and reflect the components of the light having the first and second
polarizations.
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substantially uniformdistribution. 6. The |lighting system of claim4,
further including reflective |ouvers (709) disposed to receive and 4gf(jegcnl
t he conponents of the light having the first and second polarizations. 28
13 OCT 2003 7. The lighting systemof claim®6, wherein each | ouver

I ncl udes a di ffusel y _reflecting polari zer di sposed to diffusely fefl ect

the Iight having’t he Jaedghtupmpyaiany at ¢lawn 6.ameereipsath lopysy ipely itfupedy | g

havi ng t he fdftestinppolanieralisposedtadliBusshoelieeithe behtdevioe thasecarhpel 26 etioRe

di ffusel y refd gecilagypahanit der ligindading pesfedt padanzaten wed aspecsze ceflegiory
reflect theudhghto ha\diffigselyneflbétingt pdarizer axbdibmized teaneselive hedispeyulatie reflect

di ffusely refd @0 hieinp etz ariBiiod MendrhidtBd b theH LY AleCliR paldrizenher ei n
the diffusely reflectéed |ight of the second pol ari zation is p-polarized

l'ghf and '([jhe sp%cul ar-rkg 11gﬁ{#‘§ <& bi &Ql J?ginﬂ'lééﬁffusa h&idc tli Pof the
s-polari ze ga gty ﬂ%rea%fg § T %ge) ht%f He 1r% source
(707) for gé&fe Prky ?Qj"‘rfts %“;\ ] Eﬂ eﬁk}éi%f(' L gh s

receive thePP]ian‘ﬁ%U%aSﬁJB 3 ref lect s- polarized light and diffusely
reflect p-polarized light. 10. The lighting systemof claim9, wherein each
| ouver includes &. di ffﬂuhgﬂylg systeme@00hgoppiisirg:zer di sposed cl oser to the

i ght to diffuselayighefdueot (70Refop gpudramigdeght;ianght and specularly transmt
the s-polarized kéfifetivaraversgpendigiosedblremivarthé HgR)andispgndety reflectisher from

the [ight t@orpesdlightland deflseBirefléd pspddizzailighd | ight transmtted through
the diffusely reflective polarlzer wherein the specularly reflected |ight

'Szefcﬁlt ;flnflmr“edlothr%g ghﬁ 8PLiin] OV Ih\égcl*pfalu%x‘lﬁgl'hdéﬁa&!ﬁ‘ﬁh’i]?'?m9
herei the g,ye%@ 8“53;%53 ;;Pﬁ. o m*}“" e ,ﬁ i zi*q o
appar at us

Cg\F/)Ity l(J12(() PaghIfy Fﬁﬂef 'fFu oaf‘ lé tfg %lgn"et he
light cavi 8if trSé réﬂefrtws miféiza%m efeiny F@F lééet hsmitte

depol ari zat thyaugh thediffassly wlagtivei Rj’ﬂﬂ“zer T@rﬁio‘édﬁi FI?GICH@élW ‘@F?deﬁf??]ﬁﬁze&digé’? i zer
(110), disposed between the light nodulating layer and the |ight cavit y,
for transm ttingla. cofperghtingtystene of ¢lgim 9 prhareiddbe lopverarg Plgﬁftﬂﬂlﬁmﬁuﬂgﬁ
having a fitshfifagleari zation for viewng and diffusely reflecting a
conponent of the |ight,

12. A display apparatus (100), comprising:

a light modulating layer (130),

a light cavity (120) adapted to provide light to the light modulating layer, the light
cavity reflecting incident light with a first degree of depolarization of the incident light;
and

a diffusely reflecting polarizer (110), disposed between the light modulating layer
and the light cavity, for transmitting a component of the light provided by the light cavity
having a first polarization for viewing and diffusely reflecting a component of the light,
received from the light cavity, having a second polarization, the polarizer diffusely
reflecting the light of the second polarization, the polarizer diffusely reflecting the light
of the second polarization with a second degree of depolarization greater than the first
degree of depolarization to provide light of the first polarization;

wherein at least a portion of the diffusely reflected light of the first polarization is
reflected by the light cavity without depolarization toward the diffusely reflecting
polarizer for transmission therethrough.
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received fromthe light cavity, having a second polarization, the polarizer
diffusely reflecting the Iight of the second polarization, the pol arilz&ET 2083
diffusely reflecting the light of the second polarization with a second
degree of depol arization greater than the first degree of depol arization
to provide light of the first polarization; wherein at |east a portion of
the diffusely reidected |ighdispay @PI@“F‘P%@Q%GW&PF%‘B& onis reflected by
the |ight cavityaWgbhawity &b ferprevidinglightveadd the diffusely reflecting

pol ari zer for tradiffisshimefletthgrpeldizen@a0) dSpasedtcOETei20d@ liphi, U diffuptlny
appar at us (#@R}tinCpstRiizeshading adohégivati@nvd 4 HispezdPhatoselqramiogirogde 2 ght ; and
a diffusel ydésﬁ%H%ﬁf.nld]gnBQﬂ]@,{I zer (220) disposed to receive the light, the
diffusely refleCting polarizer having a concentration of a di sperse phase

sel ected to provigde a desi in d| e aratus
of claim 13, V\/ne:lg 8 Ti gfs%)ga%gﬂe Oggﬁtﬁml \é}télell%l;rgq?e ﬁg@%e%rplﬁ&o
wei ght. 15. Ceﬂ?émﬂ"i’@b‘lléﬁ é“p‘ﬂd - i Ial m 13, V\/nerel n the di spersed phase
concentration is 35%or nore by weight. 16. The display apparatus of claim
13, wherein the dfspersed ﬁﬂvaglesplao@m@rﬁw@f Flaimild, v larlhf‘n%%ef Rh&sght .

17. A di spl eyncappaicatis s S{b&0hoielhylwalghtg: an eni ssi ve el enent (560) for
providing light; and a contrast enhancing filter (570) disposed on a

viewi ng side of ghe el enentThetdiplayfdpbiratusion elalinil Bowhkereiahsodibparseduhiase i zer
(574) and acgrﬁgh@mdlﬂgmq} @,r,hg,%rbyé&g 8t di sposed closer to the elenent than
t he absorbing pol ari zer. . The"di spl ay apparatus of claim 17, wherein the

ref | ecting pol arijzer s a dafng sg,yrgts;és%;];n%dmg ari zer. 19, The di spl ay

apparatus of claim 17, .wh teral ' di mensi on,

K1Y 1 vidmg. [1 Bt;3n
meﬁglr 2 t Egndlgf I g%gqu;gm %%gg te é gfslggrscdsg a vxewmg 51 e oftthe elgljngrﬁef% by
filter including an absorbing polarlzer (574) and a r\eﬂectmg polarizer (576) disposed

closer to the element than the absorbing polanzer.

18. The display apparatus of claim 17, wherein the reflecting polarizer
is a diffusely reflecting polarizer.

19. The display apparatus of claim 17, wherein the element has a
Jateral dimension, wherein the diffusely reflecting polarizer is spaced from the element
by no more than 3 times the lateral dimension.
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