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CONTRAST RATI O ENHANCEMENT OPTI CAL STACK BACKGROUND

The present disclosure relates generally to optica
wae@ehs1060r di spl ays, and particularly to optiPel/US2007/065433

stacks that inprove contrast ratio of liquid crystal

di spl ays. M croprocessor-based devices that include

el ectronic displa s for conve information to a
U ever _RENTRASIRATIOEN M CEMINE OB Al STHGESs,
handhel d conputers, personal digital assistants,

el ectronic ganes, car stereos and indicators, public

di spl ays, autonated t eI BACKGROUMNI®, in-store Kiosks,
hone_ app Ilancef nPuter nmoni tors, televisions and
BRI

ot hd s PEgsgnt4fise s egrergldy focpticldacks fydigpdays, and
paﬂtlrafll‘afl?'% F&Ebaf’éé&is%{é 1%3?0% o sfrf! JrYi Qﬁlsd stal a}@f

pl'ays provid n such devices qui
cr yStiabpcsysbalsed devibs that 111thild«éecctmnim¢iqola3ayfot obeeying
. {CRT) displays, L em t g
infpiZiiiondo 3 VSR avebip R g buR ettt Mo iaguheld
comPhteBRIp&Bora¥ fxitall SPLAUS; clEQFonfX @M sCear 3tcPQAE iRficators, public
|1 ght can be located behind the display, which is

dlsg@mématdnwtwqwm machanespinestdre gifmsks hsmpphmle$,|ccmuter monitors,
e.one §ss enh

tel?mi’l?nss %g ers ﬁenaea rxam Ileg rOraE{D cegu a%celu 1nfl})g{n %n dlsglag%wewed

on a&ia?\l/%r kLK. i I(/Il'afi? oBihe @lin[h@fS providelrsmesen deitdsmrd BREY crystal displays
e ava able from 3M Conpany. One or nore reflective

% izer films are also typically included into a

b t -

Enn S Lo STy FRGfER bR, 115, JoRORHPRER and, thus, require
a s§eirdte tighveuRel far vizeinghiages ORREJ on kmihhilﬁﬂ!@isl &bt exdntpdena

3M ; . EF d/ F. t th
SOLHF%%@? %h% A PPBE i iSRG i b ety g o
“b&ﬂl?ﬁt‘ Z8bin@ @raﬂftloﬁﬁfﬂa@ﬁtiﬁﬁls ﬁ’l@ﬁllﬂe bl 8 ﬁlgfe ﬂ??g@llﬁ{e'sggﬁhancmg films

e the polarization State of that light is usually
hawog Antdredismetigsyrfase strudiks,se el as ‘dﬂmnﬁﬂlﬁnghtmean thahcement Film

eEEL R4iFiPl Fitn SREF Plronte ShERERp S up A Bolrstuatstue %
tyﬁi‘@&%@'lhd‘lud[&{f 1ﬁforae'6ilckﬁ’ iRssucRab Wﬁk@ﬁm’l DlalB§heAds@ Enhancement Film
uid crystal dis such as for exanple, tw sted
(DRERRH ‘élk(untﬂ)“ Dl§ﬁlﬁgﬁéﬂ@@mfnla>mé¢rtﬁlhal(wPﬁ), Ibgtheaya(iapiy from 3M
Cogﬁatahcab : Sp ays h Peg%rﬁn{l elflé;hlt r\}gﬁrhf}ggﬁ%)él}dé% oégrhzg‘ruP%.Wnght

w1@1rujd1ft6ﬁnuptblﬁl®ialﬂibﬁ liereflogc@bgken©hbE B&dkEbhtS tvihe&. thSpelbrization
vi ewi ng. angl e characteristics can describe, at | east
starerpfrglaq;tt ight ]qéls%][y S@gqmbéetqr & et difiyperg and other “random” polarization

converting elements, and the light is fed back into the reflective polarizer. This process is
usually referred to as “polarization recycling.”

Liquid crystal displays, such as for example, twisted nematic (TN), single domain
vertically aligned (VA), optically compensated birefringent (OCB) liquid crystal displays
and the like, have inherently narrow and non-uniform viewing angle characteristics. Such
viewing angle characteristics can describe, at least in part, the optical performance of a
display. Characteristics such as contrast, color, and gray scale intensity profile can vary
substantially in uncompensated displays for different viewing angles. There is a desire to

modify these characteristics from those of an uncompensated display to provide a desired



10

15

20

25

30

di spl ay. Characteristics such as contrast, color, and
gray scale intensity profile can vary substantially in
waawonpwnsat ed di splays for different view ng BEHUS207/065433
There is a desire to nodify these characteristics from
those of an unconpensated display to provide a
desi redset . of characteristics as a viewer cha

nges
setod sharpepistiss ps & Fishar PRangoepasitias |h9ﬂzwalb@fvm1&hlgv,pé poth and for
VleWe?é’\ﬁ rd?ff&'én%hz@ﬁt@ﬁ&ndh%%&?ﬁ%s%on%n d verti cal
i ons e of view ng angles that are
[ rrpmhe adnige @ﬁmedem@amgl@r’thatraee mqnjrtanactanmpeﬁd drhthe Iapglwadon of

crystal djsplay._For exanple, one ap cations
thegfi a8 ALY e XamP T neHSAt g "Paoibinee gf hotizontal
poQH&ns%éft@&ésﬁ%a you@ g '%lﬁ’t\f‘(feﬁ@ﬂag?ov@ fan g@ bF b&ﬁkal@)@%‘ﬂ%hmﬁy be

may be sufficient. In other applications, view ng from
sufficreat. rlmwtlnearagph@tlom viemong fbmor nareaw iangé oﬁhrmmtad or vertical

de Accordin t.he desired

an%@fﬁ F‘% Qg&g é’r‘?s‘%ﬁ%’ﬁ f%?coﬁ@ %‘ihg 6’¥$H i oieH g ogiRggtion for non-
unBOA et aﬁig'lé?&la%fbrﬁﬁ@ﬁh@l dRPertdéh Wedbdird ridRdsF vidwing

vi ewi ng positions. One view ng angle characteristic s
positiense dMmordewingangls chetepksepiia iy éhemqngmt remtabféwaﬁdth@ theight state
anc‘fj dgfckf: sg%;]tgg?[h tl?qzuc{ rgfyt fjdlgplXSt'?h conrg frét(l: can e a%%‘ﬁf\eaév
vaﬂﬁy@ﬂewaxenplary |nplenentat|on, the present

di sclosure is directed to an optical filmstack is

di scl osed that includes a |inear absorbing polarizer

| ayer having a first polg *ﬂgg ransm ssion axis, a

l'inear reflecting polarlzer ayer having a second

pol & bxd @@ntprlam &np&meomtlam the pmbatt d'rsbloalhﬂeys piaccadd telantoptical

t he |z|n nsm n axis, retarder
ﬁlmégﬁefi ‘i%lg%jdé adinggfe .S%f e%@we@*a&n irst
poﬁﬁ%@%ﬁgrﬁlsQBn Hﬁrs & lu%’ar RalL itk Adladifr ﬂ’e{y%f‘ Ravifd Qﬁ&%ﬁg Solarlzmg

val ué of 10 nanometers or greater and an out-of - pl ane

tranenissidamde sumtmleal@r partldal to ﬁarﬁrstqmartzungetsattsnesam Pplisaped a
e val ue r der y S dIS sed
rot ot TRt sk P ABGe RS RS0 LEeT 80 FagBRBRE Tare or
havihf@Rin-pRhé REdriNGcRAIRIIFZE ﬁlaﬁ(ﬁfﬁ&érs ok Braaft®bh@hn out-of-plane
exenpl ary inplenentation, the present disclosure is

retadpagstiaiiictaseair th@fu(0d6 t;my%thﬁlm@ PGt alg The relarder ayer
is 41%3%#(9?&&%@& ﬁle | n@y darbg r? ig é%'i]air}%%p #»51 dqggh %Hecﬁrgé polarizer

ack di spose cr S
layeayer and the Ilght source. The optlcal f|In1stack

i ncl udes a |linear absorbing pal arizer |ayer haying
fi r &1 anpshedeRoMAgY IR A t%areseebqhﬁéowe ]@d’é@ﬁted o a liquid

cryfrs)o dis ?Igg F’r?ﬁhl,ldlggh ﬂgw ng);s@eh leé%y %dllgh@ S(LdrE]ee 3hd b B{)t‘?&ﬁ Fill stack

disposed between the first liquid crystal layer and the light source. The optical film stack
includes a linear absorbing polarizer layer having a first polarizing transmission axis being
disposed facing the liquid crystal layer, a linear reflecting polarizer layer having a second
polarizing transmission axis that is substantially parallel to the first polarizing transmission
axis being disposed to receive light from the light source, and a retarder layer having an
out-of-plane retardance value of 80 nanometers or more, or having an in-plane retardance

value of 10 nanometers or greater and an out-of-plane retardance value greater than (0.6
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pol ari zing transm ssion axis that is substantially
parallel to the first polarizing transm ssion axis

wheing2wsesposed to receive |ight fromthe |i gheCHUSR00B(65433
and a retarder |ayer having an out-of-plane retardance
val ue of 80 nanoneters or nore, or having an in-plane

_retardance val ue of 10 nanoneters or. %reater and an
timgg thegp=nhangratardenes vinde Thgretardgy Baeds dispased (botveien tslinear

CoTe . ‘ I .
o B A AR e oL PR e | ayer

and It aéurtheneasmpledyl impldnngtpiohas mzehodlodiyrereasing ad on-axis contrast
AL TR S ) ST o o0 ST O i
crystay ﬁfsgl:a% 2 B{c‘rl’%deb 2 h‘aﬁﬁiccrr&slqaqqaye?haeliﬂﬁtsgﬁge,' aﬂlﬁ |aiaf %Eﬁcaal stack

provi g aliqud crystal di'splay that I'nclude

dispospdibdtvorepshaliquidgeystal kybi ghitths bghtceyrcan@hanptogad steelt includes a

. stack disposed between.the.ligquid.crystal. layer and ..
hn%‘%@%mfﬁwtg p&ﬁﬂﬁ%@?yef Vgt PRIIEAE e 4y (iggisposed
fachRS@E Pig A RWtANAy%eand AY Blca@Aedthgdholdrizef laZ@A RVing W@ cond
transm ssi on axi's being disposed facing the liquid '
polerigigg dlansraigsipn agin qulstdntialy parelell te ch fngt podraging Bansnysseen axis
havi n cond rizin ransm ssi.qn 1S -
bR PR SFTGNEIRR) Pl hE el BIRPL TR TR Pyl cioplay s a i
onlak BLOAIrSs rOd. aXt@arded lagerds Se0g6@otcd beboainBe lih@ntbdorising
the light source. This liquid crystal_ display has a.
pokeripertlaysy apd fhe lat iellsetinedolasizenlay et tarferr an wyspvedliqudprystal
A R e PP A O B R bR contas
rationprheveddrder tpyechasrapstusbf-giasp kaydhsei vatneaf$6 mananeters or more,

n-axis. contrast ratio th is greater than the first
or E%Vl%&f‘%mc%‘ﬁ‘&er relardgnge value ?ﬁ io P%‘t“%ﬂe&%fﬁ of ghpater ﬁ%@a%wt-osf-plane
ret%ﬁﬁ&f@ﬁieagﬂgaté&ha{ @%‘ﬁﬁeyﬁﬂe%-p%e §8aﬂ§ﬂ&'%th?é).5 or
nore, or having an in-plane retardance val ue of 10

nandirescend otircr gsreatsext thanebtmal folot statks phdhguidetrystal almpéy devices

val.ue eater than .(0.6.tines the in-plan et ardance .
ac Rty S puGRerRi R erl! LeER S g Tergh B of Ry s
in th aedFora it follewing detayic @Esc@igﬁ&'l figethel WiB ShAGiaRisNg t o

the subject invention will becone readily apparent to

those of ordinary skill in the art fromthe foll ow ng

detai |l ed de ' %W i Hgs. BRI EF

DESCRI PTI O\I@% éﬂ; Eg{é PW avi ng

or dispaliat tisdst hhvihg ofditarakkilltio tivdirctd wiieh seljuBett invention pertains

i nvention pertains will npre readily understand how to

wiliese gadily yedarsiandshyy Eomakgrngiise s subjeshiventipn, exemplary
em%ﬂ@ﬁx%‘rn{getﬂééoit i l?eocieﬁ&‘l chd iR eARDE fo'\xp\\‘%ﬂP 'cr:ﬁet%lﬁ:f%o tli@ ﬁllagx}f‘ﬁgs, n

eference to the draw ngs, I n
whidhl: ustrates an axis systemfor use in describing the

opti cal ements of. the : o .
P lFi& 1 ?lllustrates an axis system for use in describing the optical elements of the
present disclosure; and
FIG. 2 is a schematic cross-sectional view of an exemplary display device and an

exemplary optical film stack constructed according to the present disclosure.
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present disclosure; and FIG 2 is a schematic

cross-sectional view of an exenplary di splay device
wape7amoekenpl ary optical film stack constructBCI/US2007/065433

according to the present disclosure. DETAI LED

DESCRI PTI ON Per f or mance of a display device, such as

LCD, ft d ﬁ ts b ?ht . Us f
?gr ger nlufrbgr g? | W nisCh nlgfssbri gﬁt gr :
:j: g rf§1%*ehg§ Sfh alsﬁﬁg éﬁé‘?ﬁe %tlfﬁ ?&IC%% bNE fleh 9&%%& %? 1t9fbr1§htness

wever ona sources”a
Usb of g hatrgerr nuirgot oSloght sescesoimslomd! bﬁgletele]mgtt gyyrcwshis ohe way of

inc a§161|g é ' eq%l r(ﬁ%} %lbl g\g%}eg gcl)g\{l\ﬁ Irsgltlrgﬁs;a%d/or brighter light
solrP&s Shiirke ﬁlgréjﬁfef p%leschb@é fclly relthfr@s alﬁggﬁﬂﬁgml)ﬂe?ﬂ}zviea ‘hot the

sources to the ice or using brighte
disphyrdeese nBgr pmtab@aiﬁmqehdns:msy camelatgrd dedreaytd bat@ry life. Adding

hggtfso rc&?%ﬁé;ﬁ%@é’%gfcg ??%/3?19 %@Frchgggg%?%ﬂ]b crease t%e cost and
we &bfgllera%pug,edelvicght that is available within the
I splay device or within its lighting device such as a

bac IAlnpgwr WaFof | n@r@ﬁlﬁg @rlghﬁngmof\m dispilay @@V@nespvdyemvﬁe@éﬁcwnﬂy
Rl P PR FYATs FRYDEr oRBLR - FRELPRIB ST Bfipg ggvce

suthisatr BazRlighit r Hﬁﬁemahﬁplﬁﬂlghﬁ&ﬁhmat dispist @ntideadr adiphing dwlce may be
[ i ght, havi nlg a desired gol arization characteristic and
“elairation secxelceyyng a reflasty apelpareravwsl that dre rilepiive malariaey

traf’i)s ltsf eft%a@pé st ﬁ{l Za"ﬁ{d ?Foeﬁllﬂ%?j zﬁ%\glﬁéhﬁteérlged ;B g)atl?n clharacterlstlc

arization o
and ftéhctmaylebﬁ aeslubﬁalﬁ[hl bmomﬂtthffﬂlght leaveny sdiiffRrenn pollangehiolnn g
devi ce. a P back to the reflective

chafpgieiatiiSo Yo qfrife wdlgeied b ,rrsﬁefgﬁé lgqmﬂ%%a@hb? Htered by

otRPLRAARA ﬁ{é lfg%ﬁﬂg hmee HRCfa 'Bhai@oC{ﬁéFerﬂeE‘t%% @J@%%r Iythereupon
very effective in providing a brighter display wt

thetheycdiageeponerreptdtocat i on, at | east sonme |ight |s

t th h t
o AR Tt Bl ok PR e SpifabEEe BRkR ifcctive
in fSﬂbomuﬁ%t & yﬁgm&ecﬁspw Rith thRnfi poRlc ) IRANEhH, a2Ndst oRB light is
articies in the color filter and some of this

usq;aélaﬂ@sé Matdh darly rﬁpe@tmgregxplmg sedusnerifailcxpmpicapyliquely directed light
ten(a% [%e gcta{tgﬂ‘%‘%tﬁ %%Hétﬁl%eg 9/1ﬂh§\1c he %g;&;laé%%ﬁagaﬁld fﬂ)ntl Ea?rtlgl%g Iﬁl the color

ﬁltdt &ﬁﬂ DL this sdalttfe%@ltl%@t tidsQiptih ¢led ncfrhiah(aita&)&?d\iﬁecﬁ@fi resulting in
pl ays, and particularly to optical film stacks that

llgh%i‘lﬁ“g%llbﬁ@éiﬂl@t%%ﬁfﬂlﬁﬁs Htio of liquid crystal
di s Qc@éﬁ%hr%\)r @ad}g{%ée%g dfgplloklﬂ%'% #1%0'{%?&5‘ %bfl@&n ARl Rs fol? Qisplays,

present | IS not so
and particularly to optical film stacks that improve on-axis contrast ratio of liquid crystal

displays by reducing oblique illumination. While the present invention is not so limited,
an appreciation of various aspects of the invention will be gained through a discussion of
the examples provided below.

The following description should be read with reference to the drawings, in which
like elements in different drawings are numbered in like fashion. The drawings, which are
not necessarily to scale, depict selected illustrative embodiments and are not intended to

limit the scope of the disclosure. Although examples of construction, dimensions, and
4
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an appreciation of various aspects of the invention

w || be gained through a discussion of the exanples
w@e@vizwd bel ow. The foll ow ng description shoRCTUR®07/065433

read with reference to the drawi ngs, in which |ike

elements in different drawi ngs are nunbered in Iike

fashi on. The draw ngs, which are not necessari

maggmlseare glyirated Sen the vasipusiclamantsa those skeHerb i the Al §v15 ﬁ%FOngG that
ma% %ﬁ ﬁl%teﬁh&hﬁg c%‘ie%l ﬂakfg]sﬁltahoﬁealt%g;&? %pﬂcha{ 1tﬂ§y gé ﬁﬁh&ﬁu re.
t es of construction,
and m@s bthleswiat edidatadsalt at@berk emmimg&amwmal anentts and

tho e skilled jn the art wll .ogni ze .t hat, many
physiga! B5eRAplcs gsisfrla\rhf‘d@&CﬁI&@%%%ﬂd@ agg wﬁw%?v@d@ﬁg?mg
mdﬁ?ﬁ'edtlﬁ aHlihdtdedpy HRIES5 - Boher \%&srdlr%& Gal&(d md@éalted to the
unbers expre33|ng feature sizes unt's,
cotp‘rmis i thahumpergé paiaesteused forth inhike Bpemiigd mtufmmtlcamjld attached

be under st oad as. bein |f| in.a

Claf“ﬂ% t'a ﬁBB@XH’ﬁ{Oﬁé thab P9 ¥arg gﬁlfe“ﬁm&é%ﬁ Eilileng‘ﬁsife BWPS‘%@S Sought to
be bBﬁirféélb?(ﬂhds@ skili@d GPihe @ uilizInd@h 1B h EAdisddeyea MBfcRl. S

set forth in the forePO|ng specification and attached

cl ailhs resitetieippf wynarier| wngestttyaandpeintsiaelydaseaneibes whermed

he e r. oygh e,Qht ai 0

Wil e R BRI B g s oA e 89 ERRee
xmﬁﬁﬁ&mnmng&e recitation of numerical ranges by

endpoi nt s, |ncludes al I nunbers subsunmed within that N

r ange used @ this speciBeation agd g appended clpms thy singalar fprige “a

R a

and 18" BB bR EER Phe BB FOBEenk P o pliRaR vy
dicsdtesgathanvideo rios cXatiple, Iafefencalttd“é film&” crenmpapassmbodiments having

enbodinent havij n [.ur al rents, nless
ong, AHp O 1ogs B %%3%5&% this %ﬁeﬁ [l pandele a@@gﬁﬁcr glaims, the term
“ot&§ LN énﬂ)loy’aedflh |1ﬂ3ﬁset?s@ Wﬁé @asfld§3‘(ff0 AficSBME Soa i déhrly
one, two or nore fil ns. used in th I's speci fication
duanduﬂh@vaﬂmended cl ai ns, the term"or" is generally
se |nc and/

co nb'glﬁ feﬁgﬁ @8 a|tr gs%atzqeng’trgﬁeég lé# din q%‘llg%ar p?ﬁaélz?té(?t}nmrcular polarization,

elhpﬁ@él%lamﬁﬂl(ﬁﬁ or ki Ghsr ﬁdhr@id@ﬂlepdmnﬂaha@ atcA hakid @b icRBtric
circular polarization, elliptical polarization, or any

vegioteirthp beanaatiieht doramdt shangslirsetenarandomlyl byt aither maintains a
co%sltaﬁlggfléﬁat\{oﬁl%r%a nllgg %%r Pe%r@ﬁ ?Iganlnérg I'Wltg oF ﬁlaﬂgéogpgﬁﬁﬁ, the

I'ntalns

cleofricBRt @t rdmaity in\edding@s plafe,avigsih erfammcommnml pMitidation, the
i n-pl ane pol ari zation, the electric vector remains in
eleat@. Vivgioe ogﬁha heam\gfh ligh! oitesiip @ Sy HPmetic BAMSSL i cal

POl 4L 721 ‘Yrefifdpene lrﬁ&a‘hﬁ tat Ml%qﬁcﬂEescgf P& BE %‘I‘bﬁﬁoéohgﬂl y, and

rotates 1n a systemati c nmann
z directions are not all the same. For the polyrner layers described herein, the axes are

selected so that x and y axes are in the plane of the layer and the z axis corresponds to the
thickness or height of the layer. The term “in-plane birefringence” is understood to be the
difference between the in-plane indices (nx and ny) of refraction. The term “out-of-plane
birefringence” is understood to be the difference between one of the in-plane indices (ny or
ny) of refraction and the out-of-plane index of refraction n,.

The retardance of a birefringent film is the phase difference introduced when light

passes through a medium of a thickness (d), based on the difference in the speeds of
5
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The term "birefringent” neans that the indices of
refraction in orthogonal x, y, and z directions are
wWmoao7at1064 he same. For the polymer |ayers descP@DEs2007/065433
herein, the axes are selected so that x and y axes are
in the plane of the layer and the z axis corresponds
to the thickness or height of the |aye The term
advange pf kighd pelariged rlape HiesTow axig ek ¢ g@ axip opbogapal to the light
P R P sk 0 M For VAT (a0 B B along
thetaxdkesrsti@otiont morbel tli&&t«ﬂl Tof @hmemlphﬁyvembodm&ntsfutmﬂzmg oriented

e |nd|ce x or refra don_an } )
pobygiis 15 heorial b Rty ap bt r s OF el bl b coinear
wn"ﬁ thé Hﬁ@&loﬁgﬁ%ld‘h' th@ﬁlrﬁ id ﬁ&tdﬁ@@%d%&ﬁ?&?& ﬁb@cdnﬁ@srtﬁg%ﬁ&&ess of

when |1 ght passes through a nedi um of hi ckness
thebfdse dl ferretahdandé 61f @t@dﬂt@nlmrdplmempé by sheqfra@lm Aoel, gthere An is the

il T b AR 6 P i s SpRgat 7 o Pelipb ol B8, ana d

is thB alcafiln® fHi A@dsdVavdrsed b @ic Nakue of the refractive
i ndex, and along the axis or direction nornal thereto.

I'n Ebnter@b( elwplaar: yeteﬁdab@i”n@fﬂrstouh@b piogheipfdird éiffeestice between two
ortR c% pclar%el,]mg%Fsa (t)f cr:IPon t? Feﬁlrlcltléﬁesnso%rf%e{ 10% ggm&% The

WaX

Valdb I'oEﬁi plank tcfaridtiodltah be efthérrm po‘SHﬁ% rvelue e d ncgide value, however, it
. thickness d becones the thickness of the film The
is glepaygaeried s peadttaliorRlis represented by the

pr 0%8 Ee@‘oﬁt-omﬁﬁﬁg r%dﬁt?ont’ I?@fegs thtl?J tﬁ&%ﬁeés bt rtt?ef %ﬂ‘l%& {&ment
i ndexes ong the slow axis and the direction n
tinteh ﬁteedlffcreamjbeiwbal i mdmgdt' butwtdr whandslse dveeaperod @dat/n,. The

the light. The t | ane retardation” refers to
valug of B‘ﬂtdgldéﬁneofﬁtaf oy |°f‘1? B$ sﬂaﬁ‘é apesiixe NeluGar HPegrbyoNalie:

hodxx@véi" 1@%%1%5% &ﬁ&“ﬁé?lfhe'i@£§ aﬁP&HsQl'ﬂtet\l’am{?eS the thickness of
the optical” element. The val ue of 1n-plane retardation

can Abéblemlhettardar pdmiotds weirgaingenoeptmahdegacitysichab,der example, a
absol ute

ISP phe o e B RS Eleha T B SRR sy ms # 0.

Bid:4 rbtatdek @8 De ThbridARIORK ick@hpl6] BNBIRkially BBEntinSlastic films. As
di fference between nz and nx or between nz and the

theagmla;@ge‘r@fdaﬁgn ahe bigyial migdgpREoaghesagta, ghe phdplctarder element
beﬁa%%?{n%?et ek g-gﬂltﬁﬁ%gﬂ&éﬁﬁ): a ikt 'rn,i[tllr\&gr X?hgfﬁle 1n has an n-
negati ve vaa[ ue, owever,”’ It 1s g

plads rangatiot €f o ddage3 nid f6bh ﬂ)(lilrﬁﬂlghetl&’tﬁiﬂérs Vd&ﬂk@b&%ﬁ uﬁplane
bi refringent optical elenent, such as, for_ examp
retidation e ceﬁlql@ﬁre%w afgs- dn frregy smbofliseangsea bigial éqtarée% iheswan in-

Pl PR S P IEm or P0 g hd (o A e Bardeipn
grecatelr éniithgpiokdastdf thd intpiane ré@rdaieniand fléane retardati on

r et ihg%‘?o r@ﬁé&:sﬁlrlpi%rthea glﬁ) gvcl)l?%eha%ﬁy gglgrgmate tﬁat%lzhae)l(l hglht is incident
at an angle with respect to a surface normal of a medium characterized by both in-plane
and out-of-plane birefringences, the light encounters components of both the in-plane and
the out-of-plane birefringences. Generally, retardance is a function of (i) the thickness of
the optical element such as a film, (ii) ny, ny, n,, (ii1) the angle of incidence of light, and

(iv) the angle between the projection of the plane of incidence onto the film and the slow

axis of the film. Calculation of the effective refractive indices and direction of refracted
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behaves nore like a c-plate. Generally, a biaxial
retarder, as defined herein, has an inplane
WO eqoanzi@sd on of at | east 3 nmfor 550 nm | i ghtPCT/US2007/065433
Retarders with | ower in-plane retardation are
consi dered c-plates. In many embodi ments, a bi axi al
retarder, has an inplane retardation of at |east 10 nm
raysgp fgsgonnef the prglaatineklenesuior B capariBere dicapraigetigfof tge planc of
f
1n09c[e§@%grgcotﬂ$cﬁglsr% ch g?sgx%r)ﬁlté‘}h% slc{(vp FI‘Xl's Bgﬂiteﬁ’felﬁl a15 %&@Mﬁ%‘fi‘éd I%pBrehat et
al.yR@dys. Y. afppl. ativat® (1 He) 2&%8@)1! thg lkedntiests iofigihtkdrire Atrelan
angl e th respect to ﬁﬁsurfﬂce normal ~of a nedi

inceﬁgﬂr%te ¥ FSgnER B nh THA SHIEHE 23 A D6 TR the PropFLing of the plane of
1ncl?deﬁl‘§é 51'1t8 gﬁ@ﬁﬁ? mak&&ar drf %tbt wkip F&g&{t &S S GRIPLAEDE e qflm is

both the i n-plane and the out | ane birefringences.
cor@edmctﬂby §imanevladanOpr. iSsc.alrk. uhét(ﬂ@ﬁ?) @R01.ithe ¢cdmgents of which are
i ckness optical. elenent such as a film (ii)

heﬁfwaWpOﬁa}%Pm TPAHB1 e of inci dence of Iight, and

(1 VIn bliecaR8 0 RrBoMRednd) 8L iQitRCA 84h @fterhlige HtaMeEm @dtardance
i nci dence onto the filmand the slow axis of the film

for@aly @iNcatangle adfindidrace pising commeradlhyarvailglde softvare shaggbows one to
snn Ilgtg %érllegno )épe%rrler}clernt %toe(%{e%‘?ﬁﬁe eH’%ﬁ%tolf 9 %ﬁ’egl EI%%I%P (9{ Iﬁoelarization

staiiH cffﬂfangfutteﬂQﬂgﬂﬁ NOk: ¢ Ssukh kofearic n§Dﬂﬂ$)S\Mrhﬂid Mfﬁvare
slow axis of the filmis considered by Brehat et a

avajlabjsrfyam AmytropjspMelepprs Gmbld. (1993) 293-301, the
ContgpLeS %{Xcsﬂll h@%%ﬁ réalaﬁ?rﬁ e@i‘éﬁqhﬁkl{eﬁfl&?ﬁgﬁcidem

her ei n. era Case ere projection o
at 1 ane (n‘foblttrse Iadgha @ea aredomi bielréidtérmedbbzé)stlﬁm gy 2 dwiut- bf—plane

blrg’?ﬁ‘g%&}%t g? ig ; e%%ﬁivr\{tgéb%ng&]%ng’%f%ol%g gg%lléj ﬁlﬁ@ut 0%( plane
rets@tgRt s of which are hereby |ncorporated by reference
herein. In any case, a person of ordinary skill in the
ar t Bydocafieg errptiarder byytt batweenet mﬂdaﬁmq‘lmzeamd aji absarbing

poffifhrantth o REETEeE ETEAe 416 Thr aral G R afigiefarder layer can
chﬁ?ge elid PR Atibe st EMiEhne dehein@fbliged adcsdndi@dnct NBEMdition,
filmon polarization state of transmtted |light. One

thegpelarisiation stats\pf longesfstingidentilighDmmpsothesrasisolywafifested. Because
thead\f)gé)lj%)g’%lpeole{(r{ﬁ%ﬂﬁlﬁs Ogdrgzra{y&%\n &F&f Er?’rlses;%(]ﬁ_ytls g%gl?% Colg)fgl%bstatn%a]tly

panatielno lthQfdnsivissionCixgiesttth@teflRetivcpill &rief, cﬁbﬁgiﬁ@tha@)@la@lzaﬂion state

a nmedi um characterjzed by both | n-plane and
of Bgit %ﬁcrtﬂnaﬁ'éh%iera@gkeﬁ ﬁ&’éﬁéé@Velﬂﬁ]@ mdwtth%ﬁww@%of light at

thds® le leg’ fthlrg hE Iaﬁsdrﬁlm @ﬁﬁzéﬂ A &ncélffegf?ve\'ll\g hé}?@w the
ret ar ocat |ng retarder ayer
1llmmhhtamt cm\ne 0|ﬁ deatister. Hhoniaatiregxsloqidd ngystal display with a narrower
cone is found to increase an on-axis contrast ratio of the display. In addition, illuminating
a liquid crystal display with a narrower cone is found to improve the black state of the
liquid crystal display.
FIG. 1 illustrates a coordinate axis system for use in describing the optical

elements. Generally, for display devices, the x and y axes correspond to the width and

length of the display and the z axis is typically along the thickness direction of the display.

This convention will be used throughout, unless otherwise stated. In the axis system of
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pol ari zer, such as an entrance polarizer of a liquid
crystal display, the retarder |ayer can change the
w@oloantwes i on state of |ight at certai n obli qURCHE§108F065433
of incidence. In addition, the polarization state of
on-axis incident |light may not be appreciably
af fected. Because the absorbing polarizer has its
Flgol,athg ¥ éﬁs@ﬁdﬁ’raéw defingd ta b @argﬁelatp [agnajeyi surface 102 of the optical

eleﬁfépf‘gu%ﬂtak bt é( 1@|a| r@artﬁc? 1%&1 ffn& ﬁ%g%%%?sgbg@toaxﬁdﬁl Ad lteﬂggch

ective p Zer rization state
dlrecftldns ohid S@Iar@@frbeﬂamguibdﬁi Sucfuee aiﬁgzl 2&xi0fs petpghtlictiiaatoethat major

reduce the trans sion.of . Ili ht at. t hqgse obli que
Surﬁn 128d 1% BPisanalopg t %E'@?%?Sﬁ rggioRnq ilzeer Optwﬁ{]@e@sﬁ
ef f g6l Y& ay séﬁ@&ﬁﬁWcer@séc'ﬂbW b4h &%ﬁﬁoleﬁ’g disBfy device 100 and
isplay with a

display. Illumnating a liquid crystal
an paemgeeroptioaldilimsstiakulld coostiuverdemserdary tothapicsent dwtloast, a

he . di | . ddi ti i]l i hat i
aisp bl B et oniPuflagnpd ot slfiopiar Eutihsd By semponents
(ndt Qhdpy éé,\d%sﬁé'&lefoph ?Qﬂﬁcﬁaﬂﬁﬁ)lﬁﬁtl&h eSuitaBill disptdyysenals include liquid
di splay. FIG lustrates a coordinate axis system

crylgt duB Y|pﬁnfd%@&13 preRds)t freheptvisted nemete AEN), smgbedoamauy

r
e R EPR VARG Ry e R s RS BOLRERRR Ly giolay
paidlparcBdthats ar Mtﬁsﬁl&}epdnlal aﬁkirtﬁs ﬁgb}ﬁﬂged‘dvll&rl%fard fréanged such that the
di spl ay. This convention be used t hroughout,

dlSaHWﬁgeldtsﬂé& disraescd pgivegn therh&hﬂég deyise LYbandA weweignot shown),

sl o2 L Ry 80, s HELE 07 500 B 1.0 ey

embzdining theahglﬁing rddeice 180 canlet ﬂeﬁﬁyre«:lcto nespackdigho Thediptical film

st 1 8ol Gerssanahs Lot B0 S £ AR PajebFs0. The

op§é41'1 fs@a@mnfécé@est D@it ¢ dhe @ﬂéﬁﬂ&vﬁ&q 90Ning mﬁﬁﬁltyhg}ﬁ ¢4 HRNYisplay
Optl cal ['ement . is a schematic

pmmﬂdSQ secti onal V|em10f an exenplary di spl ay device

100.,and an .exe r lhcal st ack

cond P e e CHBie B YasR b fkdudss el i fgagasizep laver 150
hawthg Rlf@y peanielngkfsmndionARIsi 28 @hdpbsedqaang the'M$ay pancl 180, a

addi tional optical filnms and/or conponents (not shown)

lingey reféesting qokgrerdayrad P dayiag 2 apoind patarighs tRubmisbioa axis

sul%t%%la%}%%ﬁgﬁtg gﬂl.lec sﬁoef%tjlﬂnﬁjﬁ%15%{1:}/5%%@6{)(13?%%1%5Qdafé% n% the

lightowBd dviacelr9oi @&itzﬁrﬁerﬂhyQHGG had/4Y) in-giphd €alrdance oalpeos atna(ibrneters
bi refri ngent iquid crystal display panels and
or [pphehps aqrﬁ@erag% ﬁpwxr&ﬁ@mg@a apgle WithyhEfHg) degaesss frogp85 to 95

de%re rtl'ieaﬁ%‘?gr SUGY %&%Zl{l}%&a@sﬁ 1@&’ ax‘??ng% I%&Qdél‘sl ayer 160 is
I sposed between t evice 1 Vicewer
disposetl ‘tstvmm)the Blmah abdodiing pelahzegﬁlayen (]]5@1 end the 1111@@ reflecting

i es ht to the dIS el 180. In this
pO@QE%dWy I AR ey %ﬂﬁﬁrﬂ'@ clagP b o<y v axis
subsefn@hf P Harh 138 1R RRCH b8 polEiPEdkAissidnl dXis. In other
embodiments, the retarder layer 160 has an average slow axis substantially orthogonal to
the first or second polarizing transmission axis. In some embodiments, the retarder layer
160 includes two or more retarder layers, or three or more retarder layers, as desired. A

retarder layer 160 with an in-plane retardance value of 3 nanometer or less (i.c., three to
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stack 110 is di sposed between the |ighting device 190
and the display panel 180. The optical stack 110
wo eweiywss | i ght fromthe |ight device 190 and PCHOS2901/665433
light to the display panel 180. The exenplary opti cal
stack 110 includes a linear absorbing polarizer |ayer
150 having a first pol arizing transm ssion axis and
ZCIQi NGPYBRIGTSP AN g termed @i “spilafg.” plareme pgodimgnts, g retarder layer
layreFF&(?ﬁa{s a[ﬂ%upgk ﬁfahé %taljdgﬂc%rvai]u%%f H@M lnﬂgo% ﬁaﬁ&od}%p nn} or, greater.
arizing t sSm ssion axi s substanti aral el %
t he The esetm]piaﬂyarptlzalmgacknmnsatﬂssashmmr mﬂbestn&r]xdlmzspﬁme dl'he linear
fI?gcin t he Igﬂtln devi ce ne arder | er 1$
refieqvepolpnizes 1AM Bas L gl aapit av %ﬂe&‘é‘ 3lig tﬂ‘&ﬁ%sé‘ flars 2y 1t is
dis §s%§l SQEh ﬁl@‘?’th@ ﬁﬁ’(ﬁftﬁ\g%ulsﬂl&vfa@@é'tﬁe fe@ir&éﬂ%ﬂaﬁ"h@ nlﬂba?r reﬂectlve
five §rees or from85 to degrees to
polfarlw"tlw s éxsmmdl bptwican ihei nagrdar elﬁ@ and;tshedlghang dewd'dw@() The linear

ard r.la 160 bet ween .|.i near
roleg Y S ST ROy a RS B e pight REhe a firs
polafiatRmtdhBg cREk @ Aieleflb@Y 8 least B s tENDRASIABNTiSht HabRg a
retarder |ayer 160 has an aver a?hest‘8| ow axi s

sceonp pokarizsteon 0}1373@@&1!5111% [diffesentHeonp trsiopolayematpg characteristic. In
ago le%lbogzl {l}erlfc’neats rfglgcqh X Io‘?arlzlern l‘ﬂ)ttlga?nrs ?tgda? Peasﬂ['%ﬂt/(f or at least
oW axl s

70% bﬁ&tamst aib%yofdtghlﬂ ag@ialal tneldbhl@ Havﬁtgtth@ firss @6laFidation
pol ari zing transm ssion _axis. some enbodi ments, the
chyragtefisdisrantl s5pByMIHlgsS thelll feson k%s thgn Meorr1§%8éh@b¥0 s of light at

nork%{%c?de QE h{nﬂﬁ%ﬁle‘l%g %Jr%asﬁa{a]rm&%% as desired.

et ar an 1 n-plane retardance val ue
of Jha amnpih@zropmmall mk niclu&s a ltﬂemezﬂ)sbldmgpblanzer 150. In some
emBanom&*ters can terne

ﬂ%lgtﬁnr%e%s!mew&wr t%ﬁ?é%rlzleﬁ&%‘} 18|aafarra110@c>0i?agzewd is part of the

disg}ég pahelRlgaNGHE ﬁh@d’r%ﬁﬁﬁ@mﬁ%lﬁ@lz&f 15000 rdrﬁg‘ﬁf 1ngﬁ@§1trﬁr:e 8d a light
nmor greater. The exenplary optical stack

oufpntiwities, aad it indmposcdfshrthadc rblghmutlz@rsurlf?@ faQdseh¢ display pancl

18, b fpat Er DG nfetied B iedisosed Sk B e eBiilen I6F af the

dlSFﬁ? ﬂah@htsoomh@ uheawb&asﬁgfp@ra@ﬁert %) tr@kaitd ef [cdR A sufditial
inear reflective polarizer 170 is disposed between

amppyet of dight brsing 66rsanelari pasiomichmepagStireidcabsarbp at e a substantial
amoh@ 1 lg?? ﬂ%v%%% ye%{)gc? P&ﬁfl%aﬁ{on]czgraweﬁﬁ%mdh\?etr&tt fllo%?ﬁl% fikst

polk@&fdnZéabiaorristiariachetyl @ﬁbd@hrﬁﬂds rtleé ik sb@tblhg pslariger 150
substanti al anmount of_ | i ght ing a_sec

trapRppisy 4t 2east fivoctat &@ﬁ@&%ﬂr at 1ea$tf9f)é<r, @ﬁilghtraé ﬁ?ltflP?é igqidepee having
thenfﬁ]s@Sdlgr?zta# Pﬁ‘ cﬁeﬁ%t@r%tt%rah& tttlaﬁsm ﬂeggatﬂyn ?('5@3 Sjﬂ 1@3%511 360 or less

ar reflective pO aril zer transmts at | eas
thab Q%o mfhgtt at sastal iM@fdenor hating thasd:coﬁ@ﬁdplaﬂtat[qngihhraaterlstlc

o e TS EE L7 e LS RO LT 00t oo e
lintH2ENRE% pOlari &350t MARIO%BEdimeAR! th@kctarder layer 160 is laminated
onto the linear absorbing polarizer 150. In some embodiments, an air gap exists between
the retarder layer 160 and the linear reflective polarizer 170. In some embodiments, an air
gap exists between the retarder layer 160 and the linear absorbing polarizer 150. In further
embodiments, the retarder layer 160 is laminated between both the linear absorbing

polarizer 150 and the linear reflective polarizer 170.
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normal incidence having the second pol ari zati on

characteristic. The exenplary optical stack includes a
WO pevgar1oebsor bi ng pol ari zer 150. I n sone enbodPCEOSR7/065433

the linear absorbing polarizer 150 is an entrance

pol ari zer and is part of the display panel 180. The

I i near absorbing pol arizer 150 has a |ight input
sur Refesring §irgher tOdElG-@uflﬁdtgh@Qg flavec 1%hgay further gichplsadck
i : : f t Vo]
B A T
disgdlag pasdd 8b ehdveeropttical staekdn deSuitde baudt rtfectolis Spdlade specular

reriEiags A elisdp 0sh obo GO SUBG RN e aHORR TEH pyptal-coated
mift8 88h3s bivSicoRal 8F Elﬁﬁﬁﬁtﬁﬂ-csaég ﬁfffr@rﬁi& E}ﬂiﬁo@ﬁgm‘??é e gic

at [east a substantial anount o I ght having a
mipot finsz stdhos nodltilaget rlysericrefldetiviedilanst Othamuitdbde baakgtflectors

. po] ar.j.zation characterjstic. I.n n nmbodi.nents,, t he

indh s it e BT g Bt st SR e GRS Bnetoy

copordints. @Rfus RYfectofs idtlull€dst ardQ¥t lidfted tOrti@b-16MACaB]astic films,
i ncidence having the first polarization characteristic

pargigk-lopdadsisiides files and hack-Sovpring reflegtorst Repflegiooy hayimg hodls
than 10%.of |ight .at normal. ineidence ving. the
soos A0 ne e B iRt RS R g Bioh Becutar

refRFROSIE G Sith HifRis¢ omRings, reféctyrs heviag defrudtanedsudkddd, teflectors
lamnated onto the linear reflective polarizer 170. In
withdypadhgogtngretitvehiletqeatingst ar der | ayer 160 is | am nat ed

ont N : i | ki ) .
Omodl NEA e DO PO, ARE Srle g IR gt o .
is usay &r illhGOnaedht betidal steak 110ef Awctuitabledghasduzer orlséOrces are within

sone enbodi ments,  a Xi sii.s bet ween .t he

n aLr gap e
the,SepRE fePe Pt disek?smg%qr GRapRothF IapShEerig2 53t he ppEgadband
liglﬁrtg’s%urcler&)r faq{fghhﬁur&'m%iﬁm? Elé §s|s_eltnBﬁe§. qgi@ﬁt%%ﬁrc'e@é‘tﬁfabkﬁfgr hse with

am nat ed between bot I near absorbing polarizer
thelfgescandis¢lbeire inckale one bt mord UEFbg | ldiDyarligh? SouRef @sernblies

) -t h t | 2, th i. ght | devi 190 furt h

incti DL gl RenGppbiian IS n Sei s omIaR G brfhsed to

enteh)@ [idhHatstimslitide Vi eRend 984, tiAEh AGaR RWAYlaty Sbédifents can be a
di spl ay panel 180 and the optical stack 110. Suitable

subsgpakiallye plapen rvscdigerehangd sehéeuhadlow bghtgetder b sush exeraplary
oy ) Crcl i th fpe Lan.
en SRR B, P B I 5 el LA B e
134d ofthe lightcdist®dtifg elemest 134 atl) afes pfdpap®ingpoithinelid léght-
.mrror films, such as_multilayer polyneric reflective
dispriuiing ctomet 134iicteabiie THRe K it efupisst (bFs ciused esiaopt iggqueh the
outp) Hl&é: i?éﬁ)si]p"’lﬂgdi&&fﬁloﬁ%"fﬁ{esb ey sp&kqﬁgl?A%Sﬁ%t @E g?%?glary

iffuse reflectivity components. Diffuse r
embodimedesholgut indil€. Aotludtiatastoad light spardeiusédeml tbadsplay device 100

o T B e SR LS A e o
sources or arrays of light sources. If more than one light source is used, one or more light
sources may be disposed at different edges of the light-distributing element 134.

The lighting device 190 may also include one or more optical elements 140
disposed between the optical stack 110 and the back reflector 120. Exemplary additional
optical films include, without limitation, structured surface films and one or more

diffusers. In the exemplary lighting device 190, the additional optical elements can
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specul ar and diffuse reflectivity conponents i ncl ude,
Wi thout limtation, specular reflectors coated with
waledoffazwecoat i ngs, refl ectors having a struct uP€HUS2007/065433
surface, reflectors with beaded coatings or while
coatings The lighting device 190 al so includes a
ht source 132 optically coupled to (i.e., is used
mqhtsigeutWP @Fﬁlﬁﬁfeél)suffh‘ée fals; E@t% hé«vlag kingarprismaiic syfitacg|sfractures
e
i o e L o AL RS0l Bl Ul YR A8 OBl 18l
optiaah fibhes mapbo askabinstedd gfidr is adxtmen artha opn@m filmodescabed above,
assenbly or assenblies. Light sources suitable for use
depgnd e qrgh %P@g’éﬁtﬂo% scl osure include one or nore CCFLs,
LEDS$) gl :pgtmloﬁ QFthe %xé}ﬁ lﬁﬂbclhk@% §RGEN AL BTN Hzﬁf(} 2Th1%ht coupled
I'i ght sgu I's preferab optically coupled
ouf(of. the putpst cdaubid Qf@heehglEf(ystlablltlrgmlerdﬁB 134 bud trmtg;rmtted through

I 34, which i .
angRTa AT FRPR 140 RGP etk Bb e b EOGHEBRr o G eective
poﬁﬁkémﬂ | of etk EpticEliestadk N 19 U aiR e @XRIFAY @pda85H QG0 PRREVSSs such light

ht fromthe |ight source 132 is coupled (i.e.,

¢ dight &Queqq:tba@d)tram;m@s qde@tjg subsgaptialgforti¢reof light havmg the first
pOfva\l/Irlf%%IOrI% stt%é lirmgg:]htl dsgoui’zf‘llgu% %ce]tg’WFu%n[He fe%afg%rléﬂra%eagf?eclts aq least a

subEta‘Ii)lal pdrtibrSoClithp heding ltheesecorﬁiaptﬂzﬁ@kah@n etmettb)w@ﬂditth& bBidkughlector
he out put. side 134b in the direction of the optica

12%t Bl transnittod kgl pgtscs Heousbdhe ratrgerelfifornprsmorpren;axis light
is Ith %ﬁ)l%ClLdi) \%ﬁ%{eea%gg OBP d H%IE az)gi“%gag)ll%%%%‘gd Qich Iaﬁat the oblique

ligkttempmitted te mﬂmajjsmlﬁthpaimer 80 isdkert amorbed ftmltlﬁa dlisgibing polarizer

rces o arrays of t sources f nDr tha
155 E%GX@B@ Cd § Jua%%tsxfrr%ﬁfaéwf P ﬁtle% hﬂﬁ@ qgeur for
obf hRARSE Qa@érsﬁ%_ﬁ{e%ﬁmer 29@85thaf44 &%rée‘ bl cqm%lfna%ﬁ wna respect
ement 134 I ghting devic 90 may al so i nclude

to mne durectimr @ooptlite dic Bheneiths ﬁImDamih a@lpasrmdhtiemwmf 4ohlegrees

opti.c stack 110 and the | ector. 120.

rel V&ﬁﬁ%é%a%‘aﬁsﬁno%aa“o%ﬁ %Ptﬁe ?"i’ﬁo g RUPUEE: Wi t hout
| miat adﬂe@n@frﬁﬁteﬁﬂg uﬁ&ﬂleﬂwaé 8GELd idel®o AARe 9RBardEr dTBHhENt 160. In
di ffusers. In the exenﬁﬂgry l'ighting device 190, the

sorgl ambp@ﬁ@ntmﬁlﬁur@tmdeén@ At & laefamﬁﬁ@muky@epmblgwm sligtelpd

fil \V
po g el s SRl SRR R B SO oH B gne
polagiegtionheat©pf w@@le IsdhaCdnd hhOing QX hedndadistitogond lindipdsiof adfraction

films E¥ be used instead of or in addition to the
whersin etdpast fyorRf he spognngl weisseol GEREiRN Hg NeequAk an in-plane

ret%ﬁ%de%ﬁﬂ B-a r%’%e' f?%q @g 'hﬁf 6\%3?&& dnll&n ?Hpbﬁpé( {eﬂ%ﬁ%c@%emg

Vi ces t couple out
100 ummrtgresatdeoﬂzﬁﬂb pddnctrhardangh freoh 20rmnb ot gregteedehandut-b3plane
retgr ancterbaeglnS ()tOtn(%I(lzI 01tr eregtlé%; th some embodiments, the retarder 160 has an in-
plane retardance being in a range from three nanometers or less and an out-of-plane
retardance being 100 nm or greater, or an in-plane retardance from three nanometers or
less and an out-of-plane retardance being 200 nm or greater. In other embodiments, the
retarder 160 has an in-plane retardance being in a range from 50 nm to 100 nm and an out-

of-plane retardance being 100 nm or greater, or an in-plane retardance from 50 nm to 200

nm and an out-of-plane retardance being 200 nm or greater.
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any optional optical elenments 140 and is incident onto

the input surface of the reflective polarizer 170 of
wae b@7opos£al stack 110. The refl ective pol ari ZRECT/USD07/065433

recei ves such light fromthe |ight source and

transmts at |east a substantial portion of |ight

having the first polarization state through its output

sur Pag@obenicantealcapaieiat beippstegichefd end getssssite the ggtical

g i  aht . ' '

prepei3 b aRbETha bRt Pl Bngll il 4 AR b8 BECEiymays dnclude,
fortaxamply, pélgdictinghtlyqeagdstes pohyestaghpodlhearb@taassguordpllymers and the

. Where normal or on-axis |jght is not appreciabl .
likg ae BHMAFPUBPFEan be @WP{”:%Q(E &p%?@&f‘%%ﬂtagd% tPQFYQi?f%HudeS for
exdiAt: GRfe Qghg%ﬁrnllérg MChtars%g g%jérﬁblgg,tﬂﬁgyskﬁgnégﬁ%m&g and the

pol ari"zer 150°i s then absor absor bi

likgoloardyzke olt§60 poForeresmhpb gor exangdermobbedilerenpalycthylene;

tardance of at |ea 0 nm shoul d C for obligue

pofyBhRleaEy Suterdpc RET el ol Srape eBhit o egiUstiene). A
spdfel SolPhentyn&dd i@@biy@nﬂtﬂy‘ﬂ-l[&%&ﬁ% Bfydcp@ate il RG! fof Bxample,

(normal” to the plane of the fil and an azi nut hal
acrytaggtsemgfhagrylagesgand dhe hild. dtjamplespftshecitie pelspirglofes inaude

SS,..axi f absorhbin ari zer.. vari,e f .

roR gl Eodlla, AUTLALASL ALY RR: EihetBl FlRigiicaty
inchl @Bt ikl lintied 36 PR L E o Hidrhuwridene ret arder

i ncludes a | ayer of sinultaneous biaxially stretched

pol yhe-elap FeRrBwicsgnd oBSelapenarrardensh oa B gptardsg cambe any
us Rl efith ol b3 B0 En R Bl GF b e ulh that o
leastredipar@sn of the abn-aotmarorehbBqeilyninetdehelagtt id mearddd dnkdeonverted to a

ort hogopal. i.ndi ces of refraction are not. equal, an :
polaizghjos iRt {hgp abieRet g R rorhige PPfaé’ﬁ’frlgﬁ SRIRC spnbodiments,
thedeBid® s AOPIATh R e 8 mPlIARE f8dALEANE AnBE RBM ARD RS

greater, or an in-plane retardance from200 nm or
nagmecicrer Iraoiticaemlmndimorits gharetardertiap deaxed r¢feidagh20@e amneplane

reater. .l n sone enbodi nents, .the retarder 1 S a .

rotE Rl 10 PP OR T B g R AR g sk <00 Hin T in-
plan8 RARRIERICS. B oth@SsntRdenéils, 9k biakiaPletin@erhal ak SaApIa€e retardence of

bei ng 100 nm or greater, or an in-plane retardance
mofre then tiree sanvarrieret Xryn oF moess 4 08 pen efrmeygt 2QF nmp papwre, or 300 nm

ar [ 0 e t

or 4l S0 B YPR i 20l Hto 1806 Alie200 b 1FE em. or 300 mm o

100®har dhboat-beplage totardarcadd hefre@rded Or Biakiabrel{d@erivan d8dny useful
an outof - plane retardance. bei nﬂ‘ 100 nm or greater, or
valyp thag alitrs pan-namag @a ARkIYeh bR Elentight an svo clapdos sechyhat at least a

potid P ARG @Ilr cqglggglg bedifht %ggt iR e E‘lﬁ(gécfﬁ]é'ﬁ toa

polynmeric materi a e o Ing stretc
polosgemshatgs thee abatrbakby the dipeartabesbubggotartzedsueb neifor @raenple,

50 i%%g(%raa l’e?i dﬁrg;%a arr;%i?%lg &}rli,gqt rlggl% grgmto{}gﬁ I%g,{%glf%g? %8 nm to 1000
nP @0y BH{t6N1800 RRY YERRRHADEF nm! bRy MRISnANd t he
The retarder can have any useful thickness (z direction) such as, for example, 5
micrometers or greater, or 5 micrometers to 200 micrometers, or 5 micrometers to 100
micrometers, or 7 micrometers to 75 micrometers, or 10 micrometers to 50 micrometers.
Crystallization modifiers can be added to the retarder and include, for example,

clarifying agents and nucleating agents. Crystallization modifiers can aid in reducing
12



10

15

20

25

30

i ke. One or nore polynmers can be conbined to formthe

retarder. Polyolefmincludes for exanple: cyclic
wobk@fiizopbl ymers such as, for exanple, polystyPEnEs2007/065433

nor bornene and the like; non-cyclic olefin polyners

such as, for exanple, polypropylene; polyethylene,

po beutylene pol ypentyl ene; and the like. A specific
“h%I }tb‘r@@ Wr@tﬁ]éeq Eolmprw PRtiegl ﬁl@é) CryAtaglb@gplp medifiers can be present in
an)ggl{n&?rﬁré Lt%eto'rgc?lﬁg by { A rﬁ%‘él’? ¥ f&r gﬂl% ? Prnsto 500000 ppm or

yacry ate I'n f'or “exadnp
100repinac Fle)QﬂOqsn antloa p’;ﬁn to Kﬁ)OOE)p@npcbreE Oqurrsmemm)()@:ppm

88: i‘? %li?’gelel?g)( Elf’fgi%lf‘ifﬂog’t“gﬁ)my ;31*"& 8 éﬁ{ﬂr%ﬁg gqttzfegfi%raq?q:rpents 160

maifyI éjg‘gs%ﬁb 1nkﬂ% oﬂt&apﬁﬁckl 119 g goﬂn@ suo‘?@%ﬁl‘f)l F‘%’Eﬁlﬁ@&lﬁlents the two or

I de he i n-plane retardance and | ane
morrebmfdlagcm r@ﬁrdlehdelmema 166 maydave dowweuélepcwled ‘ataaimmgle with

t hat er.s _non: nor or, .o uel ht 0
resprid o Bichritee 2R A Micodtbiftelsdrg st TR RS s Blae®Bow axis
arrBRARQIBRKbEd alfRlel WELbYanhpIE, |tﬂ@f€tarhér§l|m th&y iheluaé degstand

converted to a polarlzatlon that is then absorbed by

birgfimgentropseal heanb hm‘gng)@rﬁas’cuslpe\r axiy pndsopasordrbisefiingent optical
ele%nh ?t ﬁaazl n%ag ?econc% sl%w ax?s ?nteeﬁrlgtas 6\9 %%qs Qitl | gse%l A0 alﬁ%lf: gvrltsh respect to

ree nano

thel sacoidtsw aﬁigocﬂm ﬁmﬁi &nbdcﬁﬁaeﬁt@ttﬁé eeirdeiS1 60 ibéladésaine, two, three, or
retarder having an in-plane retardence of 10 nm or
nmﬁ?ééﬁ%@“%%émﬁn out - of - pl ace retardence val ue of (0.6

nfé#ﬂ@éhﬂﬂtﬁ ek %tgl%'gP %0 18 nbn%rf e?aﬁ%g gfo é@;‘é}#lﬁatlons of

Fetarder has an I n- p ace
ﬁlrmaﬂmt pﬂmardetalﬁa%eemmmmfeetarda&ﬁon ATIORS znmnge ofl @8vaienglis of light.

nore, 200 n more, or 300 or 50 nmto.
A Tolgpe ?fﬁ{ 158 AR JBR ATt A0HCRS F & S1efgV YR Ol GFtarggion for
re(f‘l'f%htt Qt A5000n ntﬁbn fﬂ%?e Wit 2195 B@é@?&lﬁﬁ{eﬁr fangte v@Jve blp ?etardatlon for

arder or biaxial retarder can be "any useful val ue
blucHzght &l $56rmsn ahfon graealligbt atasDingu ek gepirrd ddaicetl gt ofon

t e.retard r su L of , t
retydfidiEe Rt Sise R sty e e JeFghbe Mo o dizga
balaRdBdatiaRftbR ik ARk 8dlbdRlg aARattR@tor |b$enﬁfb$lﬁ1a@@§1®sr\bﬁ&seby

the linear absorbing polarizer such as, for exanple

birgingencsrdispsrsion is guchniighe diffoscnog botvaen dhe zrindex obrefigggon of the

T T G LT T ST
AnodiRr hrupdanyudiselinl a dinthmngida of zwelbr @otd (le)calsﬂdthhda’m@n layers

for exanple, 5 mcroneters or greater,
thal‘rﬁ%Ye&%gF@P‘sdlﬁEﬁr%%Plfﬁpéﬁﬁﬁé?‘é pambigngghem é%hf@tﬂeth@ netepffect of the

ma%&&ls{%&&%lﬂc%d le‘%l df @a?daﬁgﬁt ers to 75 microneters,

m croneters 50 mcroneters. Crystalllzatlon

nodild owr $lusteativo @nﬂxidfmbnit a dispday édvacodmilamd thadikplde device 100
shofv% 1nel§l%gril. eContrast ratio is determined with and without a retarder 160. The
reflective polarizer 170 was Vikuiti™ Dual Brightness Enhancement Film (DBEF),
available from 3M Company, St. Paul, MN., the absorbing polarizer 150 was the entrance
polarizer of the display panel 180, and the retarder was a simultancously biaxially
stretched polypropylene film layer that is non-absorbing and non-scattering for at least one
polarization state of visible light, with an in-plane retardance absolute value of 50 nm and

an out-of plane retardance absolute value of 200 nm. Some suitable retarder films are
13
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clarifying agents and nucl eati ng agents.

Crystallization nodifiers can aid in reducing”"haze" in
w0 b@74210et ched pol ynmeric optical film Crystal PCHS100T1065433

nodi fiers can be present in any amount effective to

reduce "haze", such as, for exanple, 10 ppmto 500000

ppm or 100 pp mto 400000 pmor 100 ppmto 350000 gfm
dessFibodm Iéwgt@ntg@m@@@tl%ﬁ\lbhqqnglbwgs E{Q,%Qfl/@ﬂ 29 ]3;)6 and 2004/0184150,

the (P?crrent 5 Q)Tgvénéhmﬁe Egreﬂg étgcgﬁito'iﬁgé ge%%tertl{e?{e?&gf[a{g?rq—aﬂie of the
polanzgminmestael ohhg)témni arc\h aantaodt filntvaith 1hh1€lemommgfe afeiselegrees and
birefringent tarder ({enents 16Q may have slomugxes
azigjudd diciegec apl SAYFEPIRAIRE PoLPratectionoug die Gitiare Palpiiser planc
45 td@%r‘eest HEMGRIBItRAGE: ﬁ&%ﬁie‘i’% ga@ ebé@m%@@uthl"{‘)\é%n?n average
w axi s arranged above. For exanpl e,
t he Experanciégal m@@umntsnxf Icuniteasard’cuonsmrcmemht ofrgBATTN display
nt . havi a.first slow xis n ond. .,
usif bt dn Qo an et ekt Mardiinl Ssdndiods 3570 .50

an@¥1 % ilPRvEhest inToRiesAXdtRD EiRPewey Vé’(%u@t'ﬁe 2BEtkRt MitibRf the 177
respect to the second slow axis. 1n other enbodinents,

TN tieplpe pathaetrtha saridatdndes aomeged soleseriedderedt. nor e
16 OLI%% Iearesg t 1n\?e%£1gn sh%ulérﬁ?%e ggg%g%nlg ﬁ%ﬁfedtto ﬁlefp%%t?c]uﬁa? examples

dedchidtd poax] ble rahaadham&xé dnametoodfto teleanllalbisT tacinostion as
a range, of mavelen?ths of ght . A "bal anced | evel of

faiFls pelrQain BReHBR STHTnt Vamowmdéﬁ?aéloas FABIVakNEPTgGpEcseRs Well

e

o5 DB AC R oo Py inGHicl st ol RIEA b reacily

ap]gbiret& td thght ofdkilb blthnartamd/hichrthg pesemt linvghtiomts d&kOtednpon review
Keepi n Ianced | evel of retardation can reduce

Ofgﬁllgsr‘ Tgﬁp?cﬂ 14318/ t he retarder 160. One nethod of

provi di ng bal anced retardati on includes selecting a

material or blend of materials whose birefringence

di spersion is such that the difference between the

z-index of refraction of the material and the in-plane

i ndices of refraction increases with increasing

wavel engt h. Anot her net hod i ncludes using a

conbi nation of two or nore optical retardation |ayers

that have different dispersion properties and

conmbi ning them such that the net effect of the

mat eri al s gives a bal anced | evel of retardation. In

one illustrative enbodi nent, a display device simlar

to the display device 100 shown in FIG 2. Contrast

ratio is determned with and without a retarder 160.

The reflective polarizer 170 was Vikuiti(tm Dua

Bri ght ness Enhancenent Film (DBEF), avail able from 3M

Conpany, St. Paul, M., the absorbing pol arizer 150

was the entrance
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pol ari zer of the display panel 180, and the retarder
was a sinultaneously biaxially stretched pol ypropyl ene
WO pdomiie@yer that i s non-absorbi ng and non- scatREF/USZP07/065433
for at |east one polarization state of visible |ight,
with an in-plane retardance absol ute value of 50 nm
and an out-of plane retardance absol ute val ue of 200
WEQLAdMhe suitable retarder films aredescribed in U S
Pat ent Application Publication Nos. 2004/0156106 and
2004/ 0184150, the disclosures of which are hereby
1. i ncampuptiatleilnbytadkefortpeinag: her ei n. Ret ardance of the

pol arj zation state of Jight fromsuch a.retarder .film
wi t A iR gt mes ook _aﬁé’@rare}é@t Jaﬂ?f_lza% Haspsion axis;

| NCLYRRGEANGIE poREZESIRPRHa P otaQeBorRl Rl R Fir OftarRPi Qidnis
entrance polarlégr pl ane 45 dégrees fromthe entrance
pol ar i substastighlygeralel ® the fiaty pokarizidg tramsmisSxipe pkiveandal

measurenents of contrast .rati o inprovenent. of a 17" TN
i SPITGIGE g T e ok e pa gt Dinafapgises of more.
r et ar dathaQigfahn il dnd géteib Rk W10t 10 hahdmefe Pt brantd%nd an out-
i nprovenent in contrast ratio respectively versus the
cont r adftplangtricyrdsnce Meluq greatenthan PO dynapithhwoplandistardance value),
retar Lon fil s .arrange descri b herein. The.
or ecent Feakt b ROt PR Rea e PR P herblifps: lever
t he padnditbelisdar exRphepoldesedyeed above, but rather
shoul d be understood to cover all aspects of the
invention as fairly set out in the attached cl ai ns.
Vari > : P I
2. S TSRl SBkk A, T B AR Ao R et
average dew applfomabp enunglk whthin efidi dograppafent 831 © IShdxgeccoto the
skill in the art to which the present invention is
firioF &cPBA PRIFHAINR SHPHWSYPI K& i nstant speci fi cat i on. VE
CLAIM 1. An optical filmstack conprising: a linear
absor bi ng pol arizer |ayer having a first polarizing
3. t r adbpopidad filmxiask aecording & clrief | edicianytheottarder bayct lzasen out-
havi n second | ari zi ng transm ssion axis
of Bl PRI e T is%ehe 1 v st pol ari 2i ng
transm ssion axis; and a retarder |ayer having an

out - of - pl ane retardance val ue of 80 nanoneters or
4. mor &he eptieed film gtagk a¢eerdging treclpia b mderriethgaptgedeptayephas an out-
| - graat out of - pl ane retardance
OfggpggﬁéﬁégFg%ng%gﬁI%%nggwﬁgs t he i n-plane retardance
value), the retarder |ayer being di sposed between the
i near absorbing$£olarLzer | ayer and . the linear

5. 1 ef iTBe ePhigh! Hinatack agcordipe fo cloim fyeicesin thegetarder fayst igehades two
orﬂﬁ&%%@ﬁ&gl&%nﬁlai”ﬂ wherein the retarder |ayer has an

6. The optical film stack according to claim 1 wherein the retarder layer has an

average slow axis substantially parallel to the first or second polarizing transmission axis.

7. The optical film stack according to claim 1 wherein the retarder layer has an
average slow axis substantially orthogonal to the first or second polarizing transmission

axis.
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average slow axis formng an angle within five degrees

or from85 to 95 degrees to the first or second
wW@oanwssg transm ssion axis. 3. The optical PET/ES2007/065433

stack according to claim1l wherein the retarder |ayer

has an outof- plane retardance being 100 nm or

greater. 4. The optical filmstack according to claim .

8.1 wHée eptical fibm stecls perording jeplatms vdwrepthefretapsies fprer comprises a
t e greater. 5. The optica
Cygﬁﬂﬁﬁgﬁac IggggQJ%ng ?glgﬁg m 1 wherein the retarder
| ayer includes two or nore retarder Iayers 6 The
opt il mstack according to claim t he
9 ret aepﬂ%%ﬂ sk achordipe forgaing | SihcLett egate 3 FLquyprises a
LBbhEL of Kol kfSt or second pol ari zi ng
PO ransnisgi@%%B%P§ 7. The optical film stack according
to clain11 wherein the retarder |ayer has an average
slo ?ié tlaII orthogonal to the first or
sec ﬁngF% IEH'8%i on axis. 8. The optica
fllgnﬁmﬁpﬂy@gqg%QJng to claim1l wherein the retarder
| ayer conprises a cyclic polyolefin or a non-cyclic
pol ydighf saurg; amthe opt i cal f|In1stack accordlng to
cIa|n11 e ret
an OPtb(\gE gg 1 s{%lrcﬁ go 9569% eeeﬁ etﬁaé/ ﬁrﬁt P%ll cals?a% laa/er at}d tlhe light
dl Spl ayuePhésinnge optidal ﬁundtaek yshptisdsayer; a |ight
source; and an_optical filmstack,. disposed between the
first |i@lbinger@byarbme nokyier ayer hawing 4 tp%erfle%transmlsswn axis

wherein the 8@@ a linear
absor bi ng ﬁg@gﬁé?g%r%bﬁguﬁ%ﬁ@h%g a sf pol ari zi ng
t ransm sailonaragflsctiapgobiirizpoagd hhami mg;etdnel ﬂdlaqmn:g transmission

crystal |ayer; I|n arjzer
havi ng a seaé(lﬁﬁjl 6[6{1'%} B’Zﬁaﬁag ﬁ“h tﬁ}g %?% zg])gltgansm}/ssmn axis and

substanti al §jy,R&! & Ile@éwé Retht fﬁ%n{ ﬂ{eSthP%l%é ah(pg

transm ssion axis and di sposed to receive |light from

t he I|ghar@@mbtbymdmdngzmam&pdehnbayemmhmnNdupQﬁ%Onanmﬂdﬁm
out - of - pl ane ret ardance

| t
e o e A RS i PR ke R R & Dy pgmeters or

nanomet ers &ktater and an out-of-plane retardance value greater than (0.6 times the

10

in-plane retardance value), the retarder layer being disposed between
the linear absorbing polarizer layer and the linear reflecting polarizer

layer.

11. The liquid crystal display according to claim 10 wherein the retarder layer has an
average slow axis forming an angle within £five degrees or from 85 to 95 degrees to the

first or second polarizing transmission axis.

12. The liquid crystal display according to claim 10 wherein the retarder layer has an

out-of-plane retardance being 100 nm or greater.

13. The liquid crystal display according to claim 10 wherein the retarder layer an out-

of-plane retardance being 200 nm or greater.
16
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greater and an out-of-plane retardance val ue greater
than (0.6 tines the in-plane retardance val ue), the
WO 2q0anezies4 | ayer bei ng di sposed between the | i NREF/US2007/065433
absorbing pol ari zer layer and the linear reflecting
pol ari zer layer. 11. The liquid crystal display
according to claim 10 wherein the retarder |ayer has
an average slow axis formng an angle within five
deg . Of t fi .
14 0 iE Al SR e ERE R Sk iyl ayor includes
twe bysibad redirgpllayersaccordi ng to claim 10 wherein the
retarder |ayer has an out-of-plane retardance bei ng
100 nmor greater. 13. The liquid crystal display
15accqid 'lig@idtc?ys@all @'isﬁﬂ BRAIRI B cldRf 1081 REdR thd @¥Bder &Mer has an
out of - plane retardance being 200 nm or greater. 14.
aveFhge dloguks sobyattally gasyplelty the ot di segondpaizding t@smission axis.
wherein the retarder | ayer includes two or nore
retarder |ayers. 15. The liquid crystal display
16accorud [nfhid @(Pr%pdi@pléﬁaé’&ﬁﬁﬁg b d1iie 1ewaEERY th AtadeN@ger has an
an average sfow axis substantially parallel to the =~
avirpgesilowaxsevbyientipy arthegang! torthe Sirdt 98 sasandrelerizing tramyyaission
axigi quid crystal display according to claim10 wherein
®he retarder | ayer has an average slow axis
substantially orthogonal to the first or second

pol arizing transm ssion axis. 17. The liquid cr%gtal
174i sghajiaudcsysi! dippiay acradmerto cliprarliwhareia thegeky¢padayer
' L C r a non-cyclic

Cm%@%%%ﬁe?ﬁﬁéq@§§$ﬁﬁé¥%ég&Sgayﬁ%#§g§$ﬁg an on-axis
contrast ratio of a liquid crystal display conprising:
providing.,a_.liquid crystal display.conprising: .

187 qdh 1&6@39@# HCTqagiPe An OF-axiseontra t&?%l%ﬁ%étaf flisplpy

CO&?@&hgdisposed between the liquid crystal |ayer and
the light source; wherein the optical stack conprises:
a | prvating hsignidi angpty) alisptdyzemprayer having a first

pol ari zi.ng,tra 1 ssion axis and di sposed facing the
i qui df K9GLERRET B8R “and

a light source; and
an optical stack disposed between the liquid crystal layer and the light source;
wherein the optical stack comprises:
a linear absorbing polarizer layer having a first polarizing transmission axis
and disposed facing the liquid crystal layer; and
a linear reflecting polarizer layer having a second polarizing transmission
axis substantially parallel to the first polarizing transmission axis and
disposed to receive light from the light source;
the liquid crystal display having a first on-axis contrast ratio; and
disposing a retarder layer between the linear absorbing polarizer layer and the
linear reflecting polarizer layer, the retarder layer having an out-of-plane
retardance value of 80 nanometers or more, or having an in-plane retardance
value of 10 nanometers or greater and an out-of-plane retardance value greater

than (0.6 times the in-plane retardance value), forming an improved liquid
17
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a linear reflecting polarizer |ayer having a second
pol ari zing transm ssion axis substantially parallel to
w0 b@7fizros4 pol ari zi ng transm ssion axi s and di BEDESW01/065433
receive light fromthe |ight source; the liquid
crystal display having a first on-axis contrast ratio;
and di sposing a retarder |ayer between the |inear
absor birhgalgbipiey baving asespndprraxin sontrasbeatioftdt iegrentgythan the
polarlggfmlgggg]n&%ﬁaﬁgtarder | ayer having an
out - of Ane T et ance val ue of 80 nanoneters or
nore, or having an in- plane retardance val ue of 10
nan ters or greater an out - of - glane ret ardance

9y al Tt lam 83 IHIR NG HSpAsHigstPAoM AT disposing
a ré’tglld%he Da etf A Nnt FRHDIEH g Ipbgﬁ‘l %ﬁ})’e?taﬁh 1 [FRLA¥ flecting

havi ng a second on-axis confrast ratio that is greater
polahiagr layre, foimsig aonmam\@d dignidraagdtal rdagplay. hatthg dldeeombdhads

cofffisphadibeor il My Sed G Be 8 SBRR% L

| i near absorbing polarizer |ayer and the |inear

reflecting ol ari zer layer, formng an inproved |iquid
20¢r ysTI@I mef @cgawrmg/tqﬁalal Kewberginghe dispesiepsiep aemprises idisposing
a 1réta1%t g%rq;etwg nsthﬁg 8#&8?0@1%1% hfja‘lrlzérq f Iaglattheolu}e%r reﬁf%tmg

accor Ing to

polfiggrdhyer! foemiicpa/ipRy c8 ﬂlqmd@ymillcﬁ@&}dia&ﬁ@&i fdoml on-axis
retarder | ayer between the |inear absorbing pol arizer

contgphiatig ﬁ%ﬁtﬂ%ﬂé legsh o ereafqr dhan the fipd R XS €PN Eatio.
formng an inproved |iquid crystal display having a
second on-axis contrast ratio that is at |east 10%
greater than the first on axis contrast ratio.
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