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A typical liquid crystal display includes a front polarizer and a rear polarizer.
These polarizers may be plane polarizers that absorb light of one polarization orientation
more strongly than they absorb light of the orthogonal polarization orientation. The
transmission axis of the front polarizer is usually crossed with the transmission axis of the

20 rear polarizer in a liquid crystal display. The angle by which these transmission axes are
crossed can vary from zero degrees to ninety degrees.

In general, unpolarized ambient light waves vibrate in a large number of directions
without having a single characterizing electromagnetic radiation vector. By contrast,
plane polarized light consists of light waves having a direction of vibration along a single

25 electromagnetic radiation vector. Also, circularly polarized light has a direction of
vibration along an electromagnetic radiation vector that rotates as the light propagates
through space. Polarized light has many applications in electro-optical devices, such as
the use of plane and circular polarizing filters to reduce glare in displays.

Further, much commercial attention has been directed to the development and

30 improvement of flat panel displays, particularly thin, compact flat panel displays. A
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The term “dichroism” refers to the property of differential absorption of the components of
20 incident light, depending on the vibration directions of the component light waves. Light
entering a dichroic plane polarizing film encounters two different absorption coefficients
along transverse planes, one éoefﬁcient being high and the other coefficient being low.
Light emerging from a dichroic film vibrates predominantly in the plane characterized by
the low absorption coefficient.
25 Dichroic plane polarizing films include H-type (iodine) polarizers and dyestuff
polarizers. For example, an H-type polarizer is a synthetic dichroic sheet polarizer
‘including a polyvinyl alcohol-iodine complex. Such a chemical complex is referred to as a
chromophore. The base material of an H-type polarizer is a water-soluble high molecular
weight substance, and the resulting film has relatively low moisture and heat resistance
30 and tends to curl, peel or otherwise warp when exposed to ambient atmospheric

conditions. Further, H-type polarizers are inherently unstable, and require protective

cladding, e.g., layers of cellulose triacetate, on both sides of the polarizer to prevent
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3M Company, Norwood, Massachusetts. The KE polarizer has improved polarizer
stability under severe environmental conditions, such as high temperatures and high

20 humidity. In contrast to H-type polarizers, in which the light absorption properties are due
to the formation of a chromophore between PVA and tri-iodide ion, KE polarizers are
made by chemically reacting the PVA by an acid catalyzed, thermal dehydration reaction.
The resulting chromophore, referred to as polyvinylene, and the resulting polymer may be
referred to as a block copolymer of vinylalcohol and vinylene.

25 For H-type polarizers, stability is achieved by sandwiching the polarizer between
two plastic substrates, such as two layers of cellulose triacetate, one on each side of the
polarizer. However, even in these structures the application of heat, humidity and/or
vacuum can adversely affect the properties of the polarizer. By contrast, K-type polarizers
such as KE polarizers do not need to be sandwiched between sheets of cellulose triacetate.

30 The polyvinylene chromophore of the KE polarizer is an extremely stable chemical entity,
since the chromophore is intrinsic to the polymer molecule. This chromophore is

thermally stable as well as resistant to attack from a wide range of solvents and chemicals.



25 For Htype polarizers, stability is achieved by sandw ching the

pol ari zer between two plastic substrates, such as two | ayers of cellul ose
triacet atwp odnesoon each side of the polarizer. However, ecarusomidobese
structures the application of heat, humdity and/or vacuum can adversely
affect the properties of the polarizer. By contrast, K-type polarizers
such as KE pol r'zers 0.not neeﬁ}{ﬁpbe sa vmche etvveen sheet s of

cellul ose tri a é{yg\ep ?)“Z\eﬁé“c&(ﬂs P]@ﬂéer ? S8 %anaq:ge§ REer RIS YRS zer

is an ext bfe}s@wzess; abl qo&h@%@@&esﬁmﬁpdlamemsIm%et;}a@arﬁefsm@m@dmﬁblbnt rinsic
to the pol ymer nol'ecul e. This chronpophore is thermally stable as well as

resi st ant chromapherek aferthmnar,wndlalatyémgiémemedsmﬂwémé)lem@sch@mrdavds BlowiD
Ty RIS OB asr S Y R RELLLEEL S5 00TF Bl BB Rl 5

sever al age types o r1zer

dyessuf f highaetfofhance indotzevee bmtomfeatamamﬁhtﬁmfsgemdmaﬁigl }ﬁgh eRperm@pbosRs, are
thi nner, and may be designed with variable transm ssion | evels, Most

notably, Riehywaidisy. srehrass s aen 8a% riatipshupidiyrlor fyigndrd nesieds Pl‘htime
appl i cati %ﬁeﬁéﬂ.]@ﬁa érf‘vm'én&'eﬂﬂal &nld tmnﬁﬂgﬁaﬁﬁg%fléﬁﬁggﬁlaﬁ%{bE

condi tions h "t enper at ur es “and hum dity, suc 85C and
85% r el at redacdfd; mmlmmnng ﬁrmransbfehréeﬂnmpphmﬁsnmsﬁuchm&ﬂat pddebidisplaysc rDmﬂor ene

envi ronnent cond tion bilit i odi ol ar rs is greatl
Coducd " Medehdrerhehmiar siali b, 8 BionctarPis o bRy A “Sfthens 1 ot panel
di sphays. fdHRiIddRns tifGudifg ?fe@:ﬂﬁe SRitive @Hhe%f@p'dah by applidd-dideR@y ROKaypzers, a

wi de variety of adhesive 10 formul ations, including pressure sensitive
adhesi vespoletrerbeFust. 2tingle-sided plastiosugpoy peadeguitaid give physieal sunport far

K 1ype. polanPaap iz RRe o @RER ABL e lal KR RBETEPoRARRL !

opti cal pﬁ&ﬁid@iystdnqlsplalyq:ulldt figedsiotbe dptﬁﬂll?)’so@xﬁbic mduomamsmbstbﬁembhcal ly
i sotropic and | ower-cost substrates such as pol yeth i(/’ene t erepht hal ate

(PET) ar eawé@bxlsn%tewp&@am{ \Felg aravseersylde alterpaiivesi Margoviep thsakibityser uct
si ngke- si g&}%tﬂu ?%e@la'fr@em %ﬂﬁv&%&h{: ﬁ&tCﬁg&g}éﬁ}ng t%soegfﬁnﬁg‘r %ﬂdvﬁﬂ For

al | owi ng I ona n-and mand actueof flat
panel di spddisiomdl tﬂmbtlﬁy inTthe slesigmadvbintiadeduefof Kat pvzptel dmsplay elearestsrdlhelre used

in a wde variet f optical applicati includin nel displ ays.
In contrad Vat“@gﬁg/ 1?)‘1O '&gepQﬂ(iaarﬁe ay eEﬁeﬁd‘&Péﬁ"‘ ey WTigty th akﬁpggcaélﬁ’ﬁ%’truct ed

of a pl angcéfnLPRAtHahd el 5,@,;3@_ a quarter wavel ength retarder.
quarter-vva\?el en%?h% et arls er shifts the

In contrast to a plane polarizer, a circular polarizer may be constructed of a plane
20 polarizer and a quarter-wavelength retarder. A quarter-wavelength retarder shifts the
phase of light waves propagating along one plane through the retarder by one-quarter
wavelength, but does not shift the phase of light waves propagating through the retarder
along a transverse plane. The result of combining light waves that are one-quarter
wavelength out of phase and that vibrate along perpendicular planes is circularly polarized
25 light, for which the electromagnetic radiation vector rotates as the combined light waves
travel through space.
Circularly polarized light may be described with respect to two distinct
polarization states: left-handed (L) and right-handed (R) circularly polarized light. A
circular polarizer absorbs light of one of these polarization states and transmits light of the
30 other polarization state. The use of circular polarizers to reduce glare in displays is well

known. In particular, light from an emissive display can be selectively transmitted
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100 has athjckness of at least about 455 microns, excluding the liquid crystal display cell and the
transflector.

20 Layers of adhesives, e.g., pressure sensitive adhesives, have previously been

applied to intrinsic polarizers such as KE polarizer sheets. An adhesive layer may be used
to adhere the polarizer to a liquid crystal display cell or to another optically functional
layer, which may itself be formed on a substrate such as polyethylene terephthalate (PET).
Typically, the thickness of a polarizer such as a KE polarizer sheet is about 20 microns,

25 and the thickness of the adhesive layer is about 25 microns.

SUMMARY
In general, in one aspect, the invention features an optical stack including an
intrinsic polarizer having a first surface. A first optically functional coating is disposed on
the first surface of the intrinsic polarizer.
30 Implementations of the invention may also include one or more of the following

features. The intrinsic polarizer may have a second surface, and the optical stack may also



t hi ckness of at |east about 455 microns, excluding the liquid crystal
display cell and the transflector. 20 Layers of adhesives, e.g., pressure
sensi t i vewadhesijoves, have previously been applied to intPCTHiSO2/pOBEri zers
such as KE pol ari zer sheets. An adhesive | ayer nay be used to adhere the
polarizer to a liquid crystal display cell or to another optically

functional . |ayer, ich itself be formed on ,a substrate such as
pol yet hyl &?&u‘ﬁé’r%ﬁ?ﬁ%t‘&?@i %WE‘T‘}QE‘I[ C%IﬁgééﬁPPV% qnyfbe pecopd sudace of t}& pol ari zer
such as ajlffnfebslatize’ TRY GftindiSpARQH: ntd ARiRPEr § RE Jdpipess of

_ H@aq(@%)%p
t he adhesive layer is about 25 mcrons.~ SUWARY " In general, in one
aspect, tHBeeet.nvention features an optical stack including an intrinsic

pol ari zer havi first face. . A f.irst optically.functignal coating is
G sposed on- 1 Haeprtepttaliihadin (eling ey TRUE Y ihaoaDd-eRBTr S8fhg. b

| mpl gnent dhidrsysedl pblyener Rterdet euatifB)a diffisioh bedtindarPiiiolire i & Widetvii@w
following features. The intrinsic_paolarizer may have a second surface, and
the opti ciimserpnelseirpde The first optically Soxtiom! peatingspay ingids 2 tiapsfiess a second
optical ly_.functi I [ j : 3 .

intrinsi cc{))%?l‘gf i}vgf&?.m#ﬂg&?g?? gnggﬁggfgﬁ}}zegﬁ Stsrrog)?/lg%g’ %ﬂ% ;C?g%&afggya&%yzer or a
KE pol ar i aetudesineatireflétigor filhs twhigit inawnidciudearpttmbtyadf pobaidrigyersear | ncl ude a
hardcoat, ,a refl ector coating, a 5 liquid crystal polyner retarder

coating, HOEIHURYTH coating, an antiglare film a wide view film or an

el eqpr ode. The ThiifitinQ0bbeAkddmdMneE aQBndGAALL N SndERYE o%)ﬂ&{l Y8k fhay also
ich may include a |ayer of nmetal. The first

transflector coati n%, whi ch ' :
opt i cal | yirfcludeta layesiof edhesiveglispased dntbe sebend surfaseiof dfel ipcinsiorpofarizes. Tiei ch may

i ncl ude a.pl.urali f pal | i.nosgani ¢ . 10. The .
e nei cIRERSE oz e A e 8 R pry ARSI e DB Pt aiSiine.
al so i nciTudeayar bPaodesitd maghebidea slespesefsiove ddmesiseeondiffié harsivel the

intrinsic polarizer. The intrinsic polarizer my be attached to a liquid
crystal di spl ayn éeiicralpip angther gspest, the ingrten featuresmneontisgletackfingdudisg sve nay

nChice SRISRHRR I NP Bl (e BIGRLIE o gl
stack is less than 25 microns. In general, in another aspect, the invention features an
optical stack including an intrinsic polarizer and an optically functional coating, wherein
the thickness of the optical stack is about 25 microns.
In general, in another aspect, the invention features an optical stack, including a K-
20 type polarizer having a first surface and a second surface. A first optically functional
coating is disposed on the first surface of the K-type polarizer. A second optically
functional coating is disposed on the second surface of the K-type polarizer.
In general, in another aspect, the invention features a method of forming an optical
stack. An intrinsic polarizer having a first surface and a second surface is provided. A
25 first optically functional coating is disposed on the first surface of the intrinsic polarizer.
Implementations of the invention may also include one or more of the following
features. The method may include disposing a second optically functional coating on the
second surface of the intrinsic polarizer. The disposing step may include coating. The

method may include disposing a layer of adhesive on the second surface of the intrinsic

30 polarizer.
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pol ari zer havi zrégéne?a}l’rl taggﬁ?a%sgg&a{r? Igl co%& usrﬁsrq‘%gté 83%9”6\/’?%’(10 5&355
first opt itk IA(tﬁlunycaladae@bolaﬁaéﬂhagmg& fitbtsneraedis providel. fA fisst oI_IstWangatce of the
intrinsic _polarizer, | ementati ons of the invention may so | ncl ude one
or nore o@WH@W%P‘%‘BﬁlﬁSISP?SéQtOBrﬂéf’sﬁrSWfaﬁ%Pﬁ@é thinly gladded gelagzaposi ng a

second opti cal |af LBk OBShe BRALI Aol RUARRRADIHN 18 ol Nt r1 nsi

pol ari zer. The di sposi g S may 1 ncl ude coat may i ncl ude
di sposi ngcladdiag end sdppadhesctueesdor thtpolaseas th tha rliha'rde:rysftaltdlr@laiymtarcknm c 30

pol ari zer. 6 WD.03/005070 PCT./ USO 0985 ner.a r aspect,
Phe T nvenissBedapaRRCaseqishpE Al e tacheoned WATAGIA ! AIeg) i pedn

pol gpi zer adiANbRHY advankdgd bof Hérih@G@ion A the BlitPRUh&RIANurk ﬂﬂﬁﬁér%ﬂ&'hgﬁt@ﬁt ing is
di sposed on the first surface of the thinly cladded polarizer. "I'n general,

i n anot heweighpbiquid crysal dm?bm i &notheradyeetegeoftbe hrsdendfinviention rsgh%tmnopt i caI 5

stack. A tnhI rlll gll adedesgc I Zer orfz?r}/zlepgrovm{e tsBl S%rff ass CI 2

first opt "t4yy %p fUuRe el onal 90 Jb68 8¢° St REFIF Y sauYy ﬁce of t he
thinly cl asdedf pahsibsie levé Aduamragemﬁi%ddfeh@preg@ntnvbﬂw@nk liedssd
elimnation of the need for protective addi_ng and support structures for

the pol ar Prightgessof ligaid cryptal dw@wgpapgéﬁ Ype a91a§@%ré Rommré@m ¢yrregtly n
icf | h
Z ' 9 'Ca%nﬁﬁéﬁdféd dlﬁgut & EtQ ?15@%%%%&%&1&#1?\5{:{ ﬂg&@bﬁéﬁ?ﬁ?éyﬂ%mgf&p ay. Thus,

addl t1ona n e’ inventio o manufacture
t hi nner aﬂlimhmghtrmfthe/vénspjby. liquid crystal displays. Another advantage of

t he present in ntion is that an II’ISIC oJ arizer su S -type
pol ari zer provi 8§e q%\Bf @’%F’F%Fﬁﬁ’heé‘nwgroé nygntion are Set?or?hmthe

accompanying drawings and the description below. Other features, objects, and

advantages of the invention will be apparent from the description and drawings, and from

20 the claims.

DESCRIPTION OF DRAWINGS
FIG. 1 is a cross sectional view of a conventional liquid crystal display stack.
FIG. 2 is a cross sectional view of a polarizer with optically functional coatings
according to the present invention.
25 FIG. 3 is a cross sectional view of a polarizer with an adhesive layer and an
optically functional coating accordirig to the present invention.
FIG. 4 is a cross sectional view of a polarizer with an antireflection coating
according to the present invention.
FIG. 5 is a cross sectional view of an alternative embodiment of a polarizer with an

30 antireflective coating.



range of transm ssion |levels. A further advantage of the present invention
Is increased brightness of liquid crystal displays using K-type polarizers
conpar ed wo wwpioent | y 15 nanufactured |iquid crystal di splragsysowidoss
resulting lower energy requirenents for illumnation of the display. The
details of one or nore enbodi nents of the invention are set forth in the
acconpanyi ng dgﬁ@ng%s and the descri tiop bel Oﬁ% O her features, objects,
and advant ages 9f© BRECTPISEHINGH Vi A 2pelagizerwith o retardes aoserdingsterthet i on and
draw ngs, paRenifih@RHoR0 the clainms. DESCRIPTION OF DRAWNGS FIG 1 is a cross
sectional "view of a conventional liquid crystal display stack. FIG2 is a
cross sect i onalFIGi 2w aofross speticanal view ofiatplolavigern widh b goridmatotr iacsvading o@thiengs
according_ to tthe present invention. 25 FIG 3 is a cross sectional view of a
pol ari zer PG EN BYFP4qResi ve | ayer and an optical Iy functional coating

accorsdi ng to t RGPS R:dtbssi sBMBIHal ¥Bw of hfsallerhftivd dhildAsmER G b PORKizMI With of a
polarizer wiith an antireflection coating according to the present

i nvent i on oPtigayfupcional-gogtingssaceenidigdp the rrgpeat inypntignt er nat i ve enbodi nent  of

a pol arizer w th L af: (MY kNQ.. ¥ . 0
PCT/ US02/ 10985 'ﬁa%ferg’pﬁeyg’lbégéé B laiBu s dpd é‘&&%ﬁ?‘%@%@?@??‘ér with a
retarder according to the present invention. FIG7 is a cross sectional

FIG6 s a oross sectional vi gl IO HRCRERTAN o o ot o 2 pol ari zer
with opticall yrhepasthtinedntionatlateg o puladet dogtedavittheptithlRp tictionl eyetsOn.
DETALED. BRSO PORPH B BHSEEIIRPERE] on 1l at 6 {o ol ar | zer s coat ed
i ts B| 352 | cal |y fans thRinedn S8 stack 2b0witth Gib 1t 2R 180T Muvid PUE ke Ty st al
surface 24 and a second surface 26. Optically functional layers 28, 30 are coated directly
onto the first and second surfaces of polarizer 22, respectively. In a particular application,
only one of optically functional layers 28, 30 need be present on one of the surfaces of
15 polarizer 22.
Polarizer 22 is preferably an intrinsic polarizer, such as a K-type polarizer or thin
KE polarizer sheet. The intrinsic polarizer may be, e.g., a KE polarizer such as a sheet of
the type manufactured by 3M Company, Norwood, Massachusetts. A KE polarizer sheet
may have a thickness of approximately 20 microns.
20 Optically functional layers 28, 30 may be coated directly onto an intrinsic polarizer
22, such as a K-type polarizer, due to the mechanical and chemical durability of the
polarizer, and without requiring the use of an additional substrate such as polyethylene
terephthalate (PET). Using a K-type polarizer in a liquid crystal display stack also
eliminates the need for additional protective cladding of the polarizers. The cladding used
25 for other types of polarizers, e.g., H-type polarizers, is generally a layer of cellulose
triacetate disposed on both sides of the polarizer. Removing the cladding layers of
cellulose triacetate results in a significant reduction in the thickness of the liquid crystal
display stack.
Further, the use of K-type polarizers in liquid crystal display stacks could provide

30 an effective gas and moisture permeability barrier to the liquid crystal material in the

liquid crystal display cell. Thus, no additional barrier layers or cladding may be needed in



FIG 2 shows an optical stack 20, which includes a polarizer 22 having a
first surface 24 and a second surface 26. Optically functional |ayers 28,
30 are cowpadodiorect!ly onto the first and second surfacecafuoh@ss zer 22,
respectively. In a particular application, only one of optically
functional |ayers 28, 30 need be present on one of the surfaces of 15

polarizer 22..Polarizer 22 is preferably.an intrinsic | ari zer, such as a
Kt ype pordriskai diiny uelpbiibded GiBak Dereotuie Hurtedoh srduae nay
be, e.g., ontHigaal %gétZIQﬁsp‘iébC&llaﬁ ashisNe®sired perhieebiliyPeimioni At uf ed by 3M
Conmpany, Norwood, ssachusetts. A KE polarizer sheet may have a thickness

of appr oxpagicelay axtandard-fonmoispye gppdrduhsmyission eate OMNTR)ASTN PR493B lessy be
coat ed di [ Lnsj e C of V.
or a1 zer U 20 RRF RS ol the bR (RRREUEE fots RGBS AN BB Rt i e

and \8i t howanrieglin’idag Sthectueefofliqanl addaltdiphals fombetusaioeK s yelaridérs,
pol yet hyl ene ,tere,ght hal ate (PET). Using a K-type R/(I)I arizer inaliquid
crystal  dirsgidige BED srpportsdrucrgsphaygthegn §iﬁ>émh‘é’é’é“f6 MaERof #éreailessr ot ect i ve

cl addi ng gh&%ﬁ%@@ﬁ é%ﬁ*}ﬁ Jﬂlgss%&d&bwm&%ﬁl%aﬁtelté’é t%béran%i%@S ePliv
pol ari zerS, e. g.; ype polarizers, 1s generally a ?ayer of ~cel FFil"S€e
triacet at dustidipypsed on both sides of the polarizer. Renoving the cladding

| ayers of cellulose triacetate results in a sjgnificant reduction in the
thi ckness of t AdC| $ AV avartemngtive gnbpimentefhginventiqn, gy which golggigersd? iR- t ype

pol afy zer g iRy d15tded of ExX %&i ioing rrlabﬁayizai. AEK Shin R ded @xiaqtger iHGudd &f fective

gas and noisture perneability barrier to the I'iquid Crystal matertal in the

l'i qui d cr ystimd paarszer sheet40Q coatddus), batloswthdes wish ablyber coatings 49294 enctcl addi ng
may be needed in .8 WO 03/,005070 PCT/ US02/1Q985 a .l i qui stal displa

CEY ot ur o RG £ MiEknees b ARGS RGToRe. QBICAY Durarl e 10tk datue” of tne
liquid crygtaly @its pbigthef 8ddtink 946K B0SV EhElBFALY RIDET pRraRiek i thinsRRGukdat i ons.

In particular, a standard for noisture vapor transmi ssion rate (MWTR),
ASTM F 128milar o premdrinsicpalargagr sishras adayypeaetirziie oxygen transmi ssion rate

(XRGER), ASTM 8 i ] / ruc e r liquid
cr ygi'tE al displ aﬁéf%?ﬁ%ﬁ Aul(g?%gO?ﬁEgggﬁsz?;rem%%‘ %lyeriq'(s:l?%algnr%twﬁéhéssg‘bep%lrc as
st ruct ur eKayhsoler, betdd sliovhe 6f0thd avgacas dfhpdRuriver 22 6Aahesivedayer g0/ sy and an

CRGTR of lugesdstotsgglrrle gélgrci)zSer r512/tcr)rgl/liccipélll)é cgr;[fs?asltdies%la?ltcelzl 91% %dad%gsi/%é gtlhgrt tith? a
pressure sensitive adhesive, e.g., a coated, urethane-based adhesive that is thermally cured
such as a copolyester adhesive that is crosslinked using multifunctional isocyanates, may

20 be used. An optically functional coating 30 may also coated onto the other surface of
polarizer 22.

Each of optically functional layers 28, 30 may be, e.g, a hardcoat, a transflector
coating, a reflector coating, an antireflection film, a liquid crystal polymer retarder
coating, a diffusion coating, an antiglare film, a wide view film, or an electrode.

25 A hardcoat, which typically has a thickness of 1-6 microns, may be made, e.g.,
from an acrylate such as poly methyl methacrylate. The hardcoat may be either matte or
clear. Alternatively, the hardcoat may be textured, e.g., by microreplication, to include
beam steering properties or a matte appearance.

Referring to FIG. 2, a transflector coating or a reflector coating 30 may be

30 disposed on the surface of intrinsic polarizer 22 facing the back side of the liquid crystal
display to enhance the brightness and contrast of the liquid crystal display. A transflective

coating may have a thickness of approximately 5-20 microns. The transflective coating



hum dity). FIG 8 shows an alternative enbodi nent of the invention, in

whi ch polarizer 22 is 10 a thinly cl added or encased i odi ne pol arizer. The
thinly clwods@ofmabari zer includes an iodine polarizer sheer/uYyi®eat ed on
both surfaces with polyner coatings 402, 404 each having a thickness of
about 5 microns. Optically functional |ayers 28, 30 are coated directly

onto polyner coatings 402, .404. The thinly cladde 0 jzer is . thin and-
dur abl e, TE e k- fGestfors piEmRi e U b aisbles BT diepaer | 15
FIG 3 showSerdrhanasfltordthtasi a64ik8ledbom Tefin: ARUPRAREL] & uafdRLir bp_adhesive
such as Kgi}gpol ar, coated onto one of the surfaces of polarizer 22.

Adhesi ve Feflestor 4oatingymagebe ingbelfarm efadayes opvletal suddraszilvereralumigquingwbichst al

di spl 42, hesi her th it hesi ve,
o o 5 caer aaé rolpRERERIE et edholei Bl BBl ERE AEPRY e BRI s

copolsyest efysatibigplaye Shétod rissiilectos st deflk@ek ¢oating may bk ifbrandttyopaterdgocyanat es,
may 20 be used. An optically functional coating 30 nay al so coated onto the
ot her sur Va@BULepopiing, grptheryise coafing apyes o sdwar oy alugHaum ot 2 Kdyes s 28, 30

may be, €. Grida I : A r ef oat Ln an
g i vof | CBPtnZery AR byl (RAROL LR iy £OBLNP B g 1 BEL AL SORLMN
di ff usi onnmatidt.i ng, an antiglare film a wide viewfilm or an el ectrode. 25

A hardcoat, which typically has a thickness aof 1-6 m.crons, nmay be nade,
o P T om an Al Ron tertE Bikh m Ry 2 Retas: S Igdhan Buian qedar - nay

be &gt her bERiE 18 a fvPRtex OF @RI MEmbpolyRfer R HIEA& NP RYO R er drXhipRY

e.g., by mcroreplication, to include beam steering properties or matte
appear ances stRsfreinfilyg4 + an apriGfleptioracaating &dirimed oora Ko avlarigercheet S0k ect or

Faci ng t bR g SpIRRESH: Hl o PR ER gg R nE e 1, elne"

bri ght nes hadosht pesterabBihagh réfietive tded gfdates tHan aBbstol. &Yand A thicRist bect i ve
coating may have a thickness of approximtely 5-20 m.crons. The

transf i ecePRrexigwdely Agl domigrerys/The sotmofleatipnlse? prebegbly hang refeactive gudex dess
nechacus BRTED PACh S ERIIEDF st g, SRS g honap. Poper
t r ansf | econe-quarter b€ fHeerdvetengthatfivigibladightb Since 4 KE pbharizeaheet Haay eliiclafessret al
such as s Iolf Xbec{ut % m%clzr%rrg,rt]}lljent]otMigkmess of the optical stack shown in FIG. 4 may be less
than 26 microns.
An antireflection coating may also have one or more antireflection layers, with the
20 layers preferably having alternating high and low indices of refraction, because the optical
performance of an antireflection film increases with the number of layers. Such a
multilayer antireflection film preferably has a series of highly uniform polymer or
inorganic layers formed by web coating, sputtering, or both. Thus, as shown in FIG. 5, a
coating having, e.g., four polymer and or inorganic layers 56, 58, 60, 62, may be formed
25 on hardcoat 52. The thicknesses of the polymer or inorganic layers also preferably
increase with the distance from the hardcoat. Nevertheless, the total thickness of the
multiple polymer or inorganic layers may be on the order of 0.1 micron, so that the total
thickness of the optical stack shown in FIG. 5 may also be less than 26 microns.
A liquid crystal polymer coating, which typically has a thickness of up to
30 approximately 100 microns, may function as a retarder or negative dispersion

compensation film to enhance the color and contrast of a liquid crystal display by

changing the phase of light passing through the retarder. Such a retarder is preferably a

10



acts as a polarized mrror to reflect polarized |light and enhance the
brightness of the liquid 5 crystal display. Such a transflector or

ref | ect orwoaatniwgo may be formed by sputtering, vacuum depaIitSozg)osdr

ot herwi se coating a |ayer of silver or alumnumonto a K-type polarizer.
Anot her exanpl e of a transflector is a coating of mca on a polynmer or
adhesi ve FLHr nt| reflectjon coa , Which may have a thickness of
| ess t hanthin ref‘afﬁa ‘}rq“@@fﬂ@"ﬁ}&%‘ frﬁ%ﬁew leﬁgaiwﬁj@ﬁpea%w@ epnpgnspiien film
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| ayer 54. The rdco ref era a ref ract.ive. i reater than
wbout 1. o YPih e B S RSt P i gpreS i FERL e

anti sef | emteﬁfaubayethe pétﬁﬁef&me ath@dishefsid @lperbationdi thepse 45 than about
1.5, and a thickness on the order of 0.1 mcron, which corresponds to about

one- quar t Belyedrbenpic hasee resardetoran Atasi-type resingistardssi nce a KE pol ari zer sheet
has a thi cknes I he opti cal
st ack shown i nﬁ"lt_l‘: %&mﬁf?ﬂff&n épaq”hﬁ‘fn%ﬁsq%)l&rl}g%&'ﬂfl% ret%lgf.ef; 5\(9? o 91rcu1t{12r Tection
coating rrpylaﬁka-pwhmhelgﬁtfbcaﬁﬂy redueesahd inteaikite of mmsilrﬂyefeﬁlﬁcmd tmbidaelig0

| ayers preferahly having alternating high and | ow i.ndj ces_qf refraction,
because t HETHHINESISINgS8 ?F%?tF?éh‘éfg‘LBfm%ﬂ? fgﬁ’f“?drl@f qh@eml%fﬁl' sgnakftopcthe dsplaywi t h

th nb I f ly h
© 0UTDC s Qhok UPFIE. (MR bR i A0 A letehieahdd LM REABIAR Y has

a series o pol yme I nor ga yers forne
coat i ng, ef)lafttlmmderg(L)@M land hghf{ltrmslﬁd R) 206mimeularly Pblarizéd light compbiergs.havi ng,

9., f | icla 56 be f d 25
o i deoseasreha s adhisnd BHEA0 Sy YEhR R Brid g aie SRARS S of o0
preferabl ;solahfé‘cr&%ﬁ%nmtdr tﬁmnlsibﬁtt@]mt:% 4, rlemhhﬁ&dwcdrap lanhl,@v@fft b@h ass, the

total thickness of the nultiple i norgani c ers may be on the
or der of absbrheddryche cemabinaten efithe 1It§1tll%ﬁlc pqlaﬂlzsek a%gsdther@ﬂa eoéﬂ,u ki etbt: ack

S hO %G. %051'{1@{)&%[1@}:}}6 Tl tf]% ha&?e% 01r C gOlrn _Fl%écpll?%ﬁlt 26\§,01|S ﬂgn mlﬁe@tr ol ymer

coatl ng as a thic app OXI 100
m crons, mMRiduihel/standigday Tl@attadrdﬁﬁttesalrngmaﬁdemudulaﬂglpslamed ngmeasm ion
filmto enhance the color and contrast of liquid crystal display

changi ng srrsulay seflested in g liggud eiviigl @lﬁ?l%gﬁo‘f"ﬁ\éﬁrf e QF’H@@“@S&% ﬁlr%iﬂ?ré‘f ar der
I's prefer ﬁgllaﬁzeqi l%éht is reversed upon specular reflection, and the transmitted right-handed

circularly polarized light 206 becomes left-handed circularly polarized light. The reflected

20 left-handed circularly polarized light is reflected toward the combination of the intrinsic
polarizer with the retarder, where it is absorbed in the same manner as the left-handed
circularly polarized component 204 of ambient light 202. Thus, both the left-handed and
right-handed circularly polarized components of the ambient light are absorbed by the
combination of the intrinsic polarizer and the retarder, which acts as a circular polarizer,

25 during transmission through and reflection in liquid crystal display 200 so that they do not
interfere with an emitted light signal 210.

A diffusion coating may be a diffuse adhesive that functions similarly to the
combination of an adhesive layer and a transflective coating to increase the viewing angle
of the liquid crystal display. For example, a diffuse adhesive may be a pressure sensitive

30 adhesive to which glass beads have been added to scatter light passing through the
adhesive. Such a diffuse adhesive typically has a thickness of approximately 12-40

11



WO 03/ 005070 PCT/ US02/ 10985 thin film broadband quarter-wavel ength
retarder or negative dispersion conpensation film effective over all or a
subst ant i w0 op@pior@n of the visible el ectromagnetic spectr par/s0znds the
br oadband quarter-wavel ength retarders manufactured by Teijin. For exanple,
the typical thickness of quarter-wavel ength retarder is approximtely
30-60 mcrons. 5 ternatively, the retarder or negative dispersion
conpensat PBHORS: | tﬁ‘fﬁ?“ﬁg”édl%‘% YHdAaY ke Hadluger gg‘éPﬂ%P(’lé!meéﬂlam on-type
resin retgififhing UiRs 604 nation of an intrinsic polarizer with a retarder
acts as a circulfar polarizer, which significantly reduces the intensity of
undesi r abl e r efAnsntighirafim eray beiugér to reduse tlespecular @agiongnttdfecfteotion fivm of

the i f d th i tted signal t he di 10 h i
FG 6 uAHOPEY Bt G ki i RR e e B BlaRL e i B ik nat | on
of | g&ft-hapgheash \ﬂhlvigﬁﬂcrégﬂinkéﬂbﬂ%ﬂ@ﬂ&% dcR)1atdQBp&d withbalylfeth@ll ari zed 1 ght

components. \Wen unpol ari zed anmpi ent |ight 202 enters liquid crystal

di spl ay 20Gthagrydate pr gilicabgags oppAraeles etin ewfigles din 4y have aghiskesss, €.g-ght |

e.g., lefg- i ized light 204, is absorbed by the

conbi nat i }gﬁg%lf%%?ﬁle&% %\q%kijl[ ?\%P@é}lﬁo'ari zer 22 and the retarder 30, while the 15
ot her conponentA widesview fith nftgridaded tor exphiad thy vikoliag azgel td 4 gidsplai O6rfades
transmtted through the liqujd crystal display. The transmtted .

ri ght - hangBeh eMeiay |ﬁ§mmsuna$ﬂy SEY tlamofji Oglengesgwéervg}alrr@#xr@%rﬁé&,i n the
| Taiod. cryshihe HoRRBLRY in SRNPKSEr orddifinf ARARSIOEAS iRfanGlfuEtti3Edohd |AREAN | zed

light is reversed upon specular reflection, and the transmtte
ri ght-handed Eipticallyafuhytiqal evatingsi2$,i3gmay2@cappted trewlaredet 2hhpdeelocimoonul ar | y

T

retarder, sMAebRing! sputteARS 6P E6htinG, $1BGure DRINFREIBEdyeaDatine vh&lfum bartgd
circul arl M’gm ar igzeﬂd cobn%onent 2g4éof anbi eﬂr%‘:i Iigyht 20155 Thus, both the

| ef t - handbeifeenating; agdtdineontied. circul arly pol ari zed conponents of the
anb'lﬁnt light are ﬁ%bagx&hgy %réﬁc?dinﬁgmtﬁeaﬁﬂegq'ﬁt Hvehdish, '&zg&g{cﬂ%h?ntﬁglsi%r' zer
PO Zer, uring

0
and the retarder; (o a Circular ari

t ransm sspelarizdisoclgis Kdypedd thint KB polafizdr shuétds el it alsulbktiap fay a 20w tort hat
they do not _interfere wth an emtted |ight signal 210. A diffusiagn
coating niy2 beud caistal disalay gviteptearipiag any adhesyrdorstiarhigg fie qopdygier. In

combi nat | B fer3uadftemlor s cbidlor 308 irfnt FARPIL LS hal dlagease
the view hg angle of the liquid crysta I spl ay. For “exanple, a diffuse
adhesi ve hayr 1, a.gprimdismrt cedsITOy,as disposed between layers 306, 308, e.g., also of
20 ITO. Layer 304 may be, e.g., silver, gold, or a mixture of silver and gold. Conductor 302
is formed on a hardcoat 30 directly on intrinsic polarizer 22. A conductor pattern may
then be etched into layers 304, 306, 308 of conductor 302.
A number of embodiments of the invention have been described. Nevertheless, it
will be understood that various modifications may be made without departing from the

25 spirit and scope of the invention. Accordingly, other embodiments are within the scope of

the following claims.
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30 adhesive to which gl ass beads have been added to scatter |ight passing
t hrough the adhesive. Such a diffuse adhesive typically has a thickness of
appr oxi mawelog/0037¢10 11 WO 03/ 005070 PCT/ US02/ 10985 mi cr @a3/US02/10985
Alternatively, a diffusion |layer may be a polyner filmor a polynmer matrix
contai ning glass beads. An antiglare filmmy be used to reduce the
specul ar conpo fl i from a display surface, e.g., using a

r oughened surfggg%ﬂéh%ﬁfﬁﬂﬁgﬁbﬁsiare filmmay be nmade 5 froman ultraviol et
crosslinked polynmer or an acrylate doped with poly methyl nethacrylate or
silica beads orn, par%mqﬁﬁﬁdsﬁ@kaammgbaﬁﬁ filmmay have a thickness, e.g.
fromabout 1 to about 12 microns. A wide view filmmy be used to expand
the vi ew ng an@!léltltl@Sl%P@il?g%ﬂrél?V@ﬁﬂfﬁi@;tesurfa%é!*d a wide view film typl cally
has several | aX rﬁo i eﬁly fﬁﬂétﬁ)qlai %&thgﬁé@f %ht ﬁolﬁé{rﬁfrﬁa’ce of ’1ntr1n 1cWI th the
nol ecules in a rs fayer orien ng I"'ecul es 1 n an adj acent second

| ayers. Opbpolasikéry functional coatings 28, 30 nmay be applied to polarizer 22
by one or nore standard coating nethods. Applicable coating nethods
include, but are not limted to, spin coating, sputtering, rod coating,
gravure coating, sl ghe dyfcdto@ti QﬂclaMﬁP%@eﬁpﬁE Hrﬂﬂnsw BBlafiSert@eh s@@ngand dip
coating. 15 FIG 7 shows anot her enbodi nent of the present 1nvention, in
whi ch an smﬁmxn&ﬁdhﬂpuuanuzen%such as a K—type or thin KE polari zer sheet

is used as a substr in a uid c | display w thout
oqui r ng. any Aarseq ogirdfy SefR Gatts st oo s Lofid Sileapt OB °2 Mt ure
300,102 COﬂﬂﬁﬁﬁ@pdﬁ@inln t he form of a conductlng netal or netal oxide
| ayer 304, e.g., indiumtin oxide (I TO, is disposed between |ayers 306,
308, e.g., also of 20 ITO Layer 304 may be, e.g., silver, gold, or a
mxture of silyer a
directly on in#rlnsﬁgeg +%?Pé§@9§§&9£1§%§7uc O%ﬁﬁg¥€38ﬂn%xQ?£gﬁ§ﬁébe et ched
into | ayepslad@&4, 306, 308 of conductor 302. A nunber of enbodlnents of the
i nvention have been described. Nevertheless, it wll be understood that
various nodifications may be nmade wi thout departing fromthe 25 spirit and
scopg of the igventirgdo dGeadt Hlidim PWREIERD RO bSIaALE ¥ K fhisder SCOPE
of the follow ng clalng.

sheet.

!

5. The optical stack of claim 1 wherein the first optically functional coating

comprises a hardcoat.

20
6. The optical stack of claim 1 wherein the first optically functional coating
comprises a transflector coating.
7. The optical stack of claim 6 wherein the transflector coating comprises a
25 layer of metal.
8. The optical stack of claim 1 wherein the first optically functional coating
comprises a reflector coating.
30 9. The optical stack of claim 1 wherein the first optically functional coating

comprises an antireflection film.

13



12 WO 03/ 005070 PCT/US02/10985 WHAT IS CLAIMED I'S: 1. An optical stack,
conprising: an intrinsic polarizer having a first surface; and a first

opti cal | ywounmbioamal coating di sposed on the first surfacecafusobeosshtri nsic
5 polarizer. 2. The optical stack of claim1l wherein the intrinsic

pol ari zer has a second surface, and further conprising a second optically

functional coatjn I sposed on t .second surface Qf the. 10 infrinsic
pol ari zer. 3. %’h‘egogjw E’Bﬁlca&%@%og‘ﬁalm %iw erf"\/\ﬁ?%F"éﬁ“ﬁa’m@r‘ifﬂfnﬁ%rﬁeﬁﬁl ari zer

is a K-typRralRPbapblgfier layersd. The optical stack of claim1 wherein the
intrinsic polarizer'is a KE polarizer sheet. 5. The optical stack of claim
1 wherein the first optically functional coating conprises a hardcoat. 20

. Th i cal f [ i LISt ' |y f ' |
coating " compr 1 ee. at Pafiel B afIERE) Brbf bt Siice R B GonIRH 01 i m 6

wher i n t brirdlitaBs froeginiy lag&rat i ng conprises a 25 layer of netal. 8. The
optical stack of claiml wherein the first optically functional coating
conprises a reflector coating. 30 9. The optical stack of claim1l wherein

the first optigall : A ' td ' film
13 WO 03/ 00507 QP&FE%’SE‘}‘%ES%? SOGhHT ghg%%gﬁﬁ?stogg?(aq%ffuféﬁ%}n?np%}a\aﬁ%r ei n
t he anti r efthpiigels @adighid erystalnmiysesemrdep bompérnisatyorofilnpol yner | ayers.

10 13. The optical stack of claim 1 wherein the first optically functional coating

comprises a diffusion coating.

14.  The optical stack of claim 1 wherein the first optically functional coating
comprises an antiglare film.
15
15.  The optical stack of claim 1 wherein the first optically functional coating

comprises a wide view film.

16.  The optical stack of claim 1 wherein the first optically functional coating

20 comprises an electrode.

17.  The optical stack of claim 1 wherein the intrinsic polarizer has a second
surface, and further comprising
a layer of adhesive disposed on the second surface of the intrinsic polarizer.
25
18.  The optical stack of claim 17 wherein the intrinsic polarizer is attached to a

liquid crystal display cell by the layer of adhesive.

19.  The optical stack of claim 17 wherein the layer of adhesive comprises a

30 pressure sensitive adhesive.

14



11. The optical stack of claim9 wherein the antireflection filmconprises
a 5 plurality of inorganic |ayers. 12. The optical stack of claiml
wher ei n twe wionao opti cal ly functional coating conprisespPETUNiI@SEr yst al
pol ymer retarder conpensation film 10 13. The optical stack of claim1l
wherein the first optically functional coating conprises a diffusion

Functi onal coatPng. 1GARIT86sf et b upeeRhEl S eboghesiitedBii€ts 1t ack

of claim Jimhenahddiviehe first optically functional coating conprises a w de
view film 16. The optical stack of claim1 wherein the first optically
functional coating 20 conprises an electrode. 17. The optical stack of

claim 1l whereigythe jntrinsi d.zer rface,, . and further
conprising a Ig)l/'er &n %fﬁéﬁﬁa\f/té%ﬁ%@%@ég&n @ﬁﬁ?ﬁ%ﬁ @grggeﬁ&_n éﬁrrllp atéceallgf_ t he

i ntrisnsi c fprtiafidl zedting, dhefkth théhleiclapks ofthe sptdcak stadk Blless thah 2 wWhrkedisn t he
intrinsic polarizer is attached to a liquid crystal display cell by the

| ayer of adhesive. 19. The optical stack of claim 17 wherein the |ayer of

adhesi ve conprhses R BREYbBnSERAS kb Lye. 034005070
PCT/ US02/ 10985 20.%@9’3§tica| pfisiiE ab ﬁéﬁ%lﬁﬁpﬁ%lﬁgpélﬂ%%%{%ayer of
adhesi ve ¢wowppnadesating, sihfrfeurs the dliiblowisyef the dpticahstegk is@bbutASanikcraasnpri si ng an

intrinsic polarizer and an optically 5 functional coating, wherein the
t hi ckness of the optical stack is less than 25 mcrons. 22. An optical.

staclg conpri si pg. an An¥pticASt&kPIndristr and an optically functional
coating, wherein the thickness of the optical stack is about 25 mcrons. 10
23. An opti cal a&-tmRr polasizpr hayingg first surface and a second surface;

a first optically functional coating disposed on the first surface of the K-type
polarizer; and
a second optically functional coating disposed on the second surface of the K-type

15 polarizer.

24, A method of forming an optical stack, comprising:
providing an intrinsic polarizer having a first surface and a second surface; and
disposing a first optically functional coating on the first surface of the intrinsic

20 polarizer.

25.  The method of claim 24, further comprising
disposing a second optically functional coating on the second surface of the

intrinsic polarizer.

25
26. The method of claim 24 wherein the disposing comprises coating.
27. The method of claim 24, further comprising
disposing a layer of adhesive on the second surface of the intrinsic polarizer.
30 28. An optical stack, comprising:

a thinly cladded iodine polarizer having a first surface; and

15



a K-type polarizer having a first surface and a second surface; a first
optically functional coating disposed on the first surface of the K-type
pol ari zerwoans@omm7eéecond optically functional coating di spesadioziee second
surface of the K-type 15 polarizer. 24. A nethod of form ng an opti cal
stack, conprising: providing an intrinsic polarizer having a first surface

and a second surface;. d. disppsin first optically fupctional coating
on the first Sa,ﬁ@@@hgﬁf}t@gct}qqlaquqgg%gis%eégp qfiféPS_Uf%lS?O thiabhod of

clai m 24,  H4idd18hine PAREIz&. NY di sposing a second optically functional
coating on the second surface of the intrinsic polarizer. 25 26. The
nmet hod of claim 24 wherein the disposing conprises coating. 27. The nethod

of claim 24, fyither, co i skng. di sposi a, | ayer. of adhesive on the second
surface of theai{)'nt r ﬁf??tggég’é?f@%rap Opéﬁﬁg‘éaf’k’ B8l stack, conprising: a
t hi nisy cl addedpiinga BahBrdadded baitien®laizbt hflingafifse6@facdhd 15 VWO

03/ 005070 _PCT/,FJSOZ/ 10985 a first optically functional coating di sposed on
the firstdisnesingefiet opticallydppatipnal coatingeen the dirvisuiieteafithethinlpgladdedret hod of
form ng aB QRtd.cal stack, conprising: 5 providing a thinly cladded iodine
pol ari zer havi ng a first surface; and disposing a first optically

functional coating on the first surface of the thinly cladded polarizer.
16
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