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COVPENSATI ON FOR LI QUI D CRYSTAL DI SPLAYS Background of the Invention
Twi st ed W 0$%8Y TN) |iquid crystal displays have inher eRETUMB B and non
5 uniformview ng angle characteristics. Such view ng angle characteristics
can describe, at least in part, the optical performance of a display.
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20 One important viewing angle characteristic is the contrast ratio between the bright
state and the dark state of the liquid crystal display. The contrast ratio can be affected by a
variety of factors including, for example, leakage of light at different viewing angles.
Another viewing angle characteristic is the color shift of the display with changes
in viewing angle. Color shift refers to the change in the color coordinates (e.g., the color
25  coordinates based on the CIE 1931 standard) of the light from the display as viewing angle
is altered. Color shift can be measured by taking the difference in the chromaticity color
coordinates (e.g., AX or Ay} at an angle normal to the plane containing the screen and at
any non-normal viewing angle or set of viewing angles. The definition of acceptable color

shift is determined by the application, but can be defined as when the absolute value of Ax

30  or Ay exceeds some value, for example, exceeds 0.05 or 0.10. For example, it can be



1130612006 determned whether the color shift is acceptable for a
desired set of view ng angles. Because the color shift may depenp3ggpm%5he
voltage to any pixel or set of pixels, color shift is ideally neasured at
one or nore pixel driving voltages. Yet another view ng angle characteristic
t hat can be observed is substantial non- uniform behavior of gray scale
vol t age changes and even the occurrence of gray scale inversion. The non-
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Summary of the Invention

Generally, the present invention relates to optical compensators for displays, such as
liquid crystal displays, as well as the displays and other devices containing the optical
compensators and methods of making and using the optical compensators, displays, and other
devices.

One embodiment is a liquid crystal display, having, in the following order: a) a first o-
plate having a first azimuthal orientation; b) a first c-plate; ¢} a liquid crystal cell; d} a second c-
plate; and ¢) a second o-plate having a fourth azimuthal orientation. The liquid crystals at the
rear surface of the liquid crystal cell have a second azimuthal orientation and the liquid crystals
at the front surface of the liquid crystal cell have a third azimuthal orientation. The first, second,
third and fourth azimuthal orientations are disposed in a helical arrangement.

Another embodiment is a liquid crystal display, having, in the following order: a) a first

o-plate; b) a first retarder; ¢) a liquid crystal cell; d) a second retarder; and ¢) a second
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o-plate; b) a first retarder; c) a liquid crystal cell; d) a segf@g& 6
retarder; and e) a second 2 1 3 OC T 2006 WO 03/089981 PCT/ uso @Q

o- pl at eswwdzhgeasat one of the first and second retarders IRCTRUSIBARIAI
retarder. The other of the first and second retarders can be, for exanple,
a biaxial retarder or a c-plate. Yet other enbodi nents include nethods for
the conpensation of |iquid crystal displays., K These nethods include
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not intended to describe each disclos enbodi ment or every inplenentation
of the present i Keerthdirembodiment®iinplirdesnethnds fortthe ehmpsidation dblspid gyitdn whi ch
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consi dergt i esnpnsitid strhethleowésogbadaibavd. ed description of various enbodi ments
of the invention_in connection with the acconpanyi ng drawi ngs, in which:
Figure 1 is a schbh#hove sympgyof feimserinvgntionis aphiatcadehie deseribe eashan opt i cal
element; _Fltbbderitdafndhtbl Rty RERGIAIG bt hypliat bk, HerfaRkdhgal o
system 15 Figure I's a schendti ¢ perspective view of a [iqui & crystal

di spl ay comienkatled descaptiancrhictefollbwgumepatticdarly semphBtthese pmbedimenisve vi ew of
a first enbodinment of a liquid crystal display conpensation structure
according to the invention; Figure 5 is a schematic perspective view of a
second enbodi nent of a |i qui dBrigDDescyiption ofifhe Blrawin@snpensati on structure
according to the_invention; Figure 6 is schemati c perspectiye view of a
Chird enBodi ment THY MyeToq iy beyae aomPIRteE Pa SRt BenBSN Bt ot ur o

accor di ng t @lidwang AetaRHide&ripfbbf Rridus enbd IS GHheCinRaHiSH 8- dond&:tivh GMthof a
fourth enbodinent of a liquid crystal display conpensation structure
accor di ng t dhetaseompapyingideAvingsni WiClEi gure 8 is a schematic perspective view
of a fifth enbodi f 1Cis t 3l ' i: ruct ure
according to t heFl{%vméln{giaoS?ii.l‘J &ﬂ. Ilﬂeilsﬁ%éﬁoﬁﬁgﬁﬁdgﬁ{eias@%ﬁne%%ﬁ gij{tl%%%hegttcﬁs

nmodi fi cati ons an®@igukd Zisndtithes s¢hematic illustpeion fof the cotrdmemfsydtene been shown by

way of qéanpl €l %ié[upeefi 1dsraaéc erlllga%ic apggpevt\:ﬁti\lrelz vigv% of a liquid crystal display compensation

structure;
Figure 4 is a schematic perspective view of a first embodiment of a liquid crystal
display compensation structure according to the invention;
Figure 5 is a schematic perspective view of a second embodiment of a liquid
20  crystal display compensation structure according to the invention,
Figure 6 is a schematic perspective view of a third embodiment of a liquid crystal
display compensation structure according to the invention;
Figure 7 is a schematic perspective view of a fourth embodiment of a liquid crystal
display compensation structure according to the invention; and
25 Figure 8 is a schematic perspective view of a fifth embodiment of a liquid crystal
display compensation structure according to the invention.
While the invention is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention is not to limit the

30  invention to the particular embodiments described. On the contrary, the intention is to



described in detail. It should be understood, however, that the intention is
not to [imt the 30 invention to the particular enbodi nents desgyigbpdysOn
the contranygos/b@ogmntention is to 3 1 3 OCT 2006 WO 03/ 0899&Ir/US03/07132

PCT/ US03/ 07132 cover all nodifications, equivalents, and alternatives
falling within the spirit and scope of the invention. Detail ed Description
of the Preferred Enbodi nent The present invention is believed to be

appl i cabl e t o eg¥ter alhmodifieptians aanrvleptsy andsligatives yallingwithin the spiriandiscops of al

di spl ays, as wglli,asuipe displays and other devices containing the optical
conpensat ors and rrethods of making and using the optical conpensators,

di spl ays, and other devices. Wile the present invention is not so limted,
an appreciation of variouspashesDesintiol%r i P& WabbailenP2i Ned through a
di scussi on of the exanpl ermv%ﬁcw%mﬁm. npensat ors can
be forned using a vihépesenbinvetitiohas imlitvedgo be applicabhle meoyitisal compeagatbiscioe
optical elepents are osplates, c-plates, a-plates,. biaxial_ retarders,
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c-plates, and gont@ihg®se ¢phitalREmbesa@rs ah@&neﬁib’d%fﬁakih%ar%ﬁﬁil%{th@& ticalOpt i cs of
Liquid Crystal D splays, John /ley & Sons, New York (1999), U S. Patents
Nos. 5,504, 603¢ompastonadisplayscand ofigr deviesss Whilp thapresest igeaition 15 not soBited 3,
and 5, 986, 734, =L ' j abl i i . 3 and
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descri bed bel oweteaamplesproofded belbwconpensators. Figure 1 illustrates an axis

system for _use in dgscribing the optical _ elements. Generally, far display
devi ces, t A% x and ?ﬁ% e F}pé’ésﬁmﬁﬁcaf‘g’etﬁ?@ SR A YA Bgc_fal-gjﬁ'é{‘t_t?l’f}?alt he
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display. This convention w || be used throughout, unless otherw se stated.
In the axis sy$visted sftardersapd @ther retarderse Iafarmateniregarding o-pdates, erplataseandiao be

parallel to a jor surface 102 of . th optj cal.. el gnent, 10 d.nmay.
correspond to P eﬁtcﬁng%%’u g’do%exa?iple% whoiiS é’%ﬁ%@@%@&%ﬂ&?ﬂ

surface. The z Vaitdys& iSend)Blepeyudk 1899, LS Patbats NG| £6504603 8687,404] 5/632,89Ri cal |y
al ong 25 the thickness direction of the o%ti cal elenent. A vector a (such as
C

an opti cal laxi $)61935%:m:838,1880m i onBeatsh5380m 3¢ e d R TePateris Apalicatiags Publication
illustrated i ”hFoEQW(ﬁOl%OS@Xaﬁ?Wbﬁ%M! angle corresponding to the angle

at which the vector deviates fromthe x axis in the x-y pl ane,
The optical elements are configured in combinations as described below to form

optical compensators. Figure 1 illustrates an axis system for use in describing the optical
elements. Generally, for display devices, the x and y axes correspond to the width and

20  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
Figure 1, the x axis and y axis are defined to be parallel to a major surface 102 of the
optical element 100 and may correspond to length and width directions of a square or
rectangular surface, The z axis is perpendicular to that major surface and is typically along

25  the thickness direction of the optical element. A vector d@ (such as an optical axis) in this
coordinate system can be characterized, as illustrated in Figure 2, by an azimuthal angle ¢,
corresponding to the angle at which the vector deviates from the x axis in the x-y plane,
and a tilt angle 0, corresponding to the angle at which the vector deviates from the x-y

plane.



and a tilt angle O, corresponding to the angle at which the vector deviates
fromthe x-y plane. 4 1 3 OCl 2006 WO 03/089981 PCT/US03/0713(T806t er m
"front" ,wedsicgosgel ates to any of the optical el enents desecisaireiow, shall
refer to the side of the optical elenent that, when in a display device, is
nearest to the viewer. The term"rear", as it relates to any of the optical
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greater than zer can be fornmed usin vertically-al |O§ned films of rodlike
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stals. Unj:axiall i\ al. | ]
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exanple, Fuji Photo Film Co. (Tokyo apan)., Koni ca p. okyo, Japan),
and East man ¥R &% a’é&o@ﬁ’é’srgﬁ’re“x’ﬁm 3”,%" TN A gg“i‘%?(}‘égg%lzé‘ﬁ Pom
Ceneral {5l ectric Lyakky) SShaterddd Midifetitfls LAEbSused RPmBR! VNI8EE For ekdtpiidi NG
pol yet hyl ene terephthal ate, pol yethyl ene naphthal ate and the |ike. Negative
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“rodlike nol ecul e .t h 25 very high helical tw sti ower as descri bed by
H. Seiberle v@?t‘cgﬁ?"\,%ﬁﬁflgigf‘g 1391}{@@“%6%%%‘% "f"mﬁﬁ f'?rfi%m?]%@%‘ﬁ}t‘.ve ﬁgii“iager nor e,
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plates. Examples of suitable negatively birefringent c-plate materials (An,, less than zero)

I x|

20  include cellulose triacetate (available from, for example, Fuji Photo Film Co. (Tokyo,
Japan), Konica Corp. (Tokyo, Japan), and Eastman Kodak Co. (Rochester, NY)),
polycarbonate (available from General Electric Plastics), acrylic polymers, and polyesters
including polyethylene terephthalate, polyethylene naphthalate and the like, Negative c-
plates can also be realized by using twisted a-plates, for example, rodlike molecules with a

25  very high helical twisting power as described by H. Seiberle et al., Eurodisplay’99 Digest,
121-125 (1999). Furthermore, untilted discotic molecules may be used to generate a
negative c-plate,

An "o-plate" denotes a birefringent optical element, such as, for example, a plate or
film, having its principle optical axis tilted with respect to the surface of the optical

30 element.



An "o-plate" denotes a birefringent optical elenment, such as, for exanple, a
plate or film having its principle optical axis tilted with re$gddd Wi t he
surface of whes/g9edical 30 elenment. 5 1 3 OCT 2006 WO 03/ 089 FPZI/US03/07132

PCT/ US03/ 07132 An o-plate can be nade by a variety of nethods and using a
variety of materials. For exanple, an o-plate can be fornmed using a liquid

crystal material disposed on.an .alignnment |ayer, where the, alignnent |ayer
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crystal pol ynefor(eldhie CAb-Pbte 88 Bt fobednshiy AlidulidlbtyHalihatsiatbisPose®@by BRI havi ng
vitrified, polymerized, or cross-linked liquid crystal noieties. Exanples of

sui t abl e mat erdlignmentiayengehepothy plignmeatlager ipdygesh pEYls indhe Hemid pivetplonatemiglch are
wel |l known to S i . ' and

mot hods of kb REatible & Bt Brbdfpchimer (FEPBNES ufls Bhfids FRGE LA SN0

U. S. Patents Nadymér Habing3dffied) pblytehizedl, oamaeks- k& Budb&ystiun« pearEddatpiastol

Application Publication Nq. 331233, a >CT . Patent 10 Appl.icatiao

Publ i cat i on Nosgl}ta@sfrﬁmg?m%?mfwmgg? gﬁ?g%@_&ﬁ%&@%ﬁ, _ %ﬂi’g?n%w

00/ 63154. Exangb@sskffed 9§ e artSEhdniidsf Sidhhdtadals dndGhdillRls dF maRthj @nmﬁxg\%@l s as
di sclosed in, for exanple, European Patent Application Publication S.

646829 and 6568Bt@erials pardhecfoundiinofr eeeample, Uhe HategyisiNpsc?.§&1IA9, 5.080.5% gobr i s

al i gned during r | nhLat.i LaUe, ' is able to
i nduce a pr ede%’m@%ghﬁpg?%ﬁe&t Q‘Bﬁicgﬁﬁéﬁﬁgj&%é@%ﬁi%gﬁﬂégt#@ ¥ epoa(sil ted

pol yneri zabd e ApplitatiomsrBablicdtion Awe.rog/244 84, d0f08 102 00/0RITGVO0/4E8E peE55110, and
particularly well|l suited are hods .t hat use, |inear photopo] ynerization
(LPP) materi al Q/6313fs B £ o ket Supbleiaeien laglug%%f%r 3 gisgipesd in,
networks (PPN) for b Sirépesh PABRUWRGLAHOR PABAHGTINGR 6848291aRd 8565561 IiGHeUr €S
are disclosed in, tor exanple, U S’ Patents Nos. 5,389,698, 5,838,407, and
5,602, 661, Eur epeatime; theliquig phistline polymeuislaligredidoringumenufadure 892084 and
756, 193, and PCT . Pat ent. | i.cations.Publ.ication .99 60, .and

501 54024, “An - st B iok RBRIER, VBRE et s IRLCETplARprlp e B spbse- o,
exanpl e, a1pl ap@nly degdsitdd pdhandridgble liguif ehysGi. Pinfongfilid differshiSmoivh Risthddee X-y

pl ane of the opti.cal el ement. Positi Velﬂ¥9se§1j refri ngent a-plates can p

fabricated usi PRUCHaly wlbsnied aremithpds Hiat ysediopupERioRolymPrzation (25) Futsritt s
such as, for exaiiifotinRRkdirdtib a8k Hented polpePdr@biky (IN)I FREmpILS A Of
nematic positive optical anisotropy LCP matérials. Negatively birefringent
a-pl at es can bmahufpgtens of such materials and structures are disclosed in, for example, U.S. Patents
Nos. 5,389,698, 5,838,407, and 5,602,661, European Patent Applications Publication Nos.
20 689,084 and 756,193, and PCT Patent Applications Publication Nos. $9/49360, and
99/64924.

An "a-plate” denotes a birefringent optical element, such as, for example, a plate or

film, having its principle optic axis within the x-y plane of the optical element. Positively
birefringent a-plates can be fabricated using, for example, uniaxially stretched films of
25  polymers such as, for example, polyvinyl alcohol, or uniaxially aligned films of nematic
\ positive optical anisotropy LCP materials. Negatively birefringent a-plates can be formed
using uniaxially aligned films of negative optical anisotropy nematic LCP materials,
including for example discotic compounds.
A “biaxial retarder” denotes a birefringent optical element, such as, for example, a
30 plate or film, having different indices of refraction along all three axes (i.e., n, # 0y # ny).

Biaxial retarders can be fabricated, for example, by biaxially orienting plastic films.



using uniaxially aligned filnms of negative optical anisotropy nematic LCP
materials, including for exanple discotic conpounds. A "biaxi al 1§ 8ChdWbr
denot es VOWB3/89981 ngent optical el enent, such as, for exanfffEUSBNOTBA plate or
film having different indices of refraction along all three axes (i.e., nx
# ny # nz). Biaxial retarders can be fabricated, for exanple, by biaxially

orienting pkastic. fil 3.0 3/ CT/ US03/ 07132
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retarder. ﬁgar&a@tcfsrﬁsai ANRsddk Abiatd AlardRP A3 1B plahe F8hRatidd B BrdaPRs DI axi al

retarder el ement behaves nore |ike a c-plate. Generally, a biaxial

retardery agerdethémibd blasiabietardirgloment bahayssamee liket ze-plate. Gienofllnt Hieddt 3 nm
for 550 ri ML yo aoBBERAENShalhd LWL ol ddiiBl 16 146 AL AR 30 Gy OnS! der ed
c-pl ates. Thé rahge Or so 70 Cone esired view ng angles can

mani pul at ed RéapRROWIIglowpFplaftareidation Mmelcomsidesdd dtflsteftppl i cati on. For
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of acceptabl e vi wagwrﬁO{ﬁﬁ@méﬁﬁ%ﬁgwm%anﬁ Sp@bed@%mmﬁﬂpfgdqu&n Bictly
control theu?@me efeatctﬁ&&@raffa{ela?wwa%.n@or(emﬁ;fl@,%@eaﬂl&mﬁ&ﬁ Bfil, &gy purposes)
to a narrower range of angles alr;chls norlr)r]nl; y assocliated wth an
unconpei§at desicblepd hyve al large nelidomiglsdif peseptablovieying: ds sttenembadimes,tit iar e
general |y enhan and.color.shifts .15 r al al e inversion are

general |y r@ﬁ%@gﬁ% Srctly ?oé’%@}saﬁanﬁgf’f%cﬁﬁ%%qe g‘.‘"ﬁé}ﬁig’f 3%@’1“’3@ T RAVATY ve to an
unconpensat @drpdi&PlodynarovefaaidWanglebieh (aidimallirds@hiafdseittead contrast are
general ly e%hgﬁced and color shifts and gray scale inversion are generally
reduced for uacommgeéedcﬁlsnmfrt i cal view ng angles relative to an unconpensat ed
display. In yet S50 Wi E&{%% caldh aerally
enhanced and col gg&i‘%btog ang%gg%} ss?gg(?e 2 Eti ﬁgergk?%%ag;ﬁg&gtgﬁg?gf y reduced
for a rdAge aod ghyttalhinverzion aed geaerallynedided &bt arnmgniof jodargtad siewing amgleve t o an
unconpensat ed di spl ay. | n another.enmbodi nent . . bri ghtne and .contrast are
_general |y eﬁ%ﬁtﬁ‘?etg aﬁﬁﬁcogmegsfa?egh‘ﬁﬁpgag %@oﬁéﬁmg%déﬁnglni l?ﬁ@?’?ls%??dﬁ)gﬁﬁg?fgr ally
reduced for panerflff dnihced BEECAbr sAffsiad@ Biagtlscald @Wrsion aR@eRGaldndddbed ghitaness and
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are gener al ITgngeef yertigal (vigpving anglas relgfiverte pn uncompensated display. In yet another

embodiment, brightness and contrast are generally enhanced and color shifis and gray scale

20  inversion are generally reduced for a range of both horizontal and vertical viewing angles
relative to an uncompensated display. In another embodiment, brightness and contrast are
generally enhanced and color shifts and gray scale inversion are generally reduced for a
narrow range of horizontal viewing angles and brightness and contrast are generally
enhanced and color shifis and gray scale inversion are generally reduced for a desired (for

25  example, narrow or broad) range of vertical viewing.

Figure 3 illustrates one example of an arrangement 300 for compensation of a
liquid crystal cell 302 using a symmetrical compensator structure with o-plates 304, 306.
The liquid crystal cell 302 can be, for example, a twisted nematic (TN) liquid crystal cell
which uses associated polarizers, for example, a rear polarizer 308 and front polarizer

30  {(analyzer) 310. Other liquid crystal cells can also be used. The liquid crystal cell can be

operated in any mode, but the selection of a compensator structure may depend on the



25 exanple, narrow or broad) range of vertical viewmng. Figure 3 illustrates
one exanple of an arrangement 300 for conpensation of a liquid £§gstangcel |
302 usi ng wospse®isii cal conpensator structure with o-pl at esp@94is033632 The
liquid crystal cell 302 can be, for exanple, a twisted nematic (TN) |iquid
crystal cell which uses associated polarizers, for exanple, a rear

pol ari zer 308 and front polarizer 30 anaIPyzer) 310. Qther liquid crystal
cel I's can al s@rpetioaad modypkthe ligyid grystalella Fop etamnic 4 W‘q"éfb@'b’ﬂ{‘qléﬂn cfn é‘hy
node, but the -' 0 . he 71 30
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cell. For examplagizem istlighedparallet with thel liguisl drystal dirbeior of iz arrresponding lientemode,
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pol arization direction 5 of the front and rear EOl arizers is aligned

ort hogonal t o QoFesponding frotof seaa surdice € the liqeid oryseal eddlor r espondi ng front or
rear surface of th%bx}{ﬁw& %faé‘i%r?kna?%hsed%ﬁ&ﬁbiﬁ&%l%i L dhgdakao ey be used
€ comp or e

In conbination with t ensa structures. polarizers can be
absor bi ng or rstiutterssi The polarizersah ba absodthing draefative Graecondimatiph éherof.a0neli t abl e

pol ari zer (particujarly sujtable for rear polarizes 308), i 10 conbi nation
di chroic and r@fe tqfﬁé“‘ffg_}eé?”?%l“ @%‘T‘B@Q@f ?‘B@ﬁl,e f%’&Paré’?g%'ﬁ?rz’Pg] H3U.S. Patent

No. 6, 113,081 lsombitaSioR @lchriol 7@l réfRtivdsdiaiier A8eSeribBa rfoz%ﬁmkaﬁyﬁrus PeftNJTOr €

conponents of the conpensator structure can be incorporated into the

pol arizer, if @b§ldd Thispolamiaer caninstiidamnre than ped lagest Ope op@brerdomppnentsef
exanple a cir ar pol ari i antii.al | g 1 .S 0N nd of
circularly polctgé?fozm iﬁgﬂrﬁﬁﬁgn saﬁggﬁ]g%?’f”é ;}g{roé%%og.m%&??e&e%ﬁ%ér%%}nd, 15 can
i ncor por at e a ambadireentvereBectivapalatir,donexampletadresiar paldrazet whieh babstantallyt | ght

tolinearly polarized light. Figure 4 iJlustrates aong e | e of
conpensat i on atﬁ“é‘ﬁ&‘éﬂ‘éerﬁangﬁgmwu‘kaﬁly%lﬁ‘ﬁﬁ@i@ Wf?g?tﬁ‘maﬁ?( é@%‘%ﬂfe 0%?5’6%% a
liquid cryst al cag@hdorptioade g’ﬂﬁdatea&a@é:mb Qﬂcdﬁ@b@ﬂie@bﬂatlﬁ&ﬁaﬁz@&ﬁ%hﬂ@ fnearly

conpensat or structures 4 406 each include an o-plate 412,416 and a 20
c-plate 414, 4dariged Hghthe c-pl ate positioned between the liquid crystal cell

402 and the corre ndi.n - e %ﬁy - ..414, 418
are situated bet wezﬁg E}Eg%]rsg%tggec eie\}{e gl-eg{fgt%é%liﬁ% , Zf%fgﬁ%%lgﬁt ﬁjggflthui d
crystal cell AfdhpeightdiGtradiees e 40hmder [ijuid ayasicell 402 with associated polarizers

408, 410. The compensator structures 404, 406 each include an o-plate 412, 416 and a

20  c-plate 414, 418 with the c-plate positioned between the liquid crystal cell 402 and the
corresponding o-plate. In other words, the c-plates 414, 418 are situated between the
respective o-plates 412, 416 and the liquid crystal cell 402 and not between the o-plate and
the front or rear polarizer, respectively. Preferably, in this configuration and the other
configurations described below, the o-plate/c-plate arrangements behind and in front of the

25  liquid crystal cell have the same properties, so that only one type of o-plate and one type of
c-plate is used. In one embodiment, the o-plates 412, 416 are positive o-plates and the c-
plates 414, 418 are negative c-plates.

The retardation value (And, where An is the difference in indices of refraction for
the extraordinary and ordinary light beams and d is the physical thickness of the optical

30  element) of the o-plaies and c-plates can be selected to provide particular optical

properties, ease of manufacture, or other properties. As an example, the o-plates have

—



the front or rear polarizer, respectively. Preferably, in this configuration
and the other configurations described below, the o-plate/c-pla§g(T 2006
arrangergpbhsopedi nd and in front of the 25 liquid crystalpecetteshaya t he sane
properties, so that only one type of o-plate and one type of <c-plate is
used. I n one enbodinent, the o-plates 412, 416 are positive o-plates and the

c- plates 414, 418 are negatlve c-plates. The retardation value (And, where
_An is the dret#rdationvaluedn thedmes of 530 rrafte 4005w, e prefrebixbatwenndioiamy  and

ordinary Ii G 6-(?3‘ t | 30

el enent) of 9,%(#1_ qﬁfa?‘&egmgtrédgfg%agﬁaq%ggéééﬁbgg seﬁg doth Jt;f%t\%lp eV%%artl cul ar
optical propsiratRa, vaﬁesleﬂefraﬁgerwt-wﬁmrteﬂm M, ire Prepdly bedween AR 0amm exanpl e,
the o-plates have 8 1 3 OC T 2006 Wo 03/ 089981 PCTI US03/ 07132

retardati onamhﬂﬁ@mmanﬂemﬁmg@wb}YWWRﬁtanmdﬁeﬁ nmp téghsr eflewabl y bet ween
50nm angl 7?Qardﬂ’:mf%ﬂ@s5%ﬁ etﬁ&? ?5@5@3&' between 60 nm and (err)500nm The

c-pl ates havela -~ retardation value 1R the range of 1 0 ran to 1000 nm nore

preferably bet V\eﬁnsoaﬁ dﬂmodﬁmhts?ﬁﬁ chifate adicheiissd subﬁt&iﬂp@hh@ht&lﬂh&\ﬂ@ﬂhte?&nnm and

500 rim Hi hower 5 retardation valusca u esired. In
f?ﬁ)tg?to“

some enbodi B“‘E,“aHV BOPEIF RaActHs ama @’B‘?P tc#@ro -plate

can be for @ﬁl@odl%ﬂsoﬁﬁbérﬁte shbSrafe-cith 8t 8sc8F5r BEb- ﬁ&@ﬁh&bb%ﬁ@t}émﬁyer for
the o-plate. In other enbodinents, a separate substrate can be used for the

o-pl ate WI t hndeh@dentmpawé el@mangordnnnqdmep@mmmg sistar dkel same sidenf ther f or ned on
an oppo %%{et or the same side of the 10 substrate. Optionally, other
ret arde el & §. such as additional o- pl ates, c-plates, a-plates, or

bi axi al ret ar der s)pttoxmmyptﬂhﬁdehemet elemétfts, ach adthtitmag urpmwspﬂplatds usplagsed in
Figure 4. For exan&tr addi ti onal El ates 520, 522 can be added between
the respect ioybiasi dezs, Gatpbe a@%t“athﬁ ssiceconfigiptiopyillpsiated i FighreAe rFas0g, 510

respectivel léx ﬁll Sadldﬁtoh{ﬁ caﬂﬁtbé mnsizoca%% a@dé&'b’éﬁ@e%n r@s]néchv@%ﬁnl&@éﬁﬁe n the

o-plates 512 6 and |iquid crystal cel . Optionally, nor e
a-pl at es cadlﬁencbﬂmgﬁonWedmmtmerﬁO&ﬁodﬁswﬁe'ebfl“élmerstle aflditien tolthe c-phateshe

conf i gur gtl %rﬁ 518 Setetlta{ %Iat%s #ngig&ndéll ndjcr?[m c&??ﬁle%cpq}q%agygi‘?ﬁ%?LSlB can be

p05|t|ve or negatlve oneée e 518,
520, 522 ar endtel-@lateé&aﬁb@bﬁditﬁﬁwd bmaoﬁdyeifthe&ﬂﬂmdtsrmlitherbhmeemmg’mmﬁmBZO,

522 are posi, i[}l ve c-plates ané:i t he c- I at e 514, 518 are 20 negatbl ve
c-pl at es. illustrated in F1gures 4 and 5. The c-plates 514, 51% can be positive or negative c-plates.
In one embodiment, the c-plates 514, 518, 520, 522 are negative c-plates. In another
embodiment, the c-plates 520, 522 are positive c-plates and the c-plates 514, 518 are
20  negative c-plates.
In other embodiments, one or both of the c-plates in Figure 4 can be replaced by
biaxial retarders. Figure 6 illustrates one example of a configuration having biaxial
retarders with a hiquid crystal cell 602, front and rear polarizers 608, 610, o-plates 612,
616, and biaxial retarders 615, 619 between the o-plates and the liquid crystal cell. The
25  configuration illustrated in Figure 5 can also be modified with at least one biaxial retarder
replacing one or more of the c-plates, preferably replacing at least one or both of the c-
plates between the o-plates and the liquid crystal cell. In one embodiment, the biaxial
retarders have a negative out-of-plane birefringence and the o-plates are positive o-plates.
Configurations having biaxial retarders with positive out-of-plane birefringence can also

30  be formed.



I n other enbodi nents, one or both of the ¢ -plates. in Figure 4 can be
replaced by biaxial retarders. Figure 6 illustrates one exanpl €l POCHI006
confi gur atywerushagoosng bi axial retarders with a |liquid crystacToshde682,

front and rear polarizers 608, 610, o-plates 612, 616, and bi axi al
retarders 615, 619 between the o-plates and the liquid crystal cell. The 25
configuration illustrated in Fi gure 5 can also be nodified with at | east one
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r(n(l.

(n(err) +n( er r )andap guipfcplinedetandation yelue ip the raqgsrof 1.0 gm to L0 eHigherr(er r )
describes the gul: gh:RlislCaL &L HA0GCaa ANtfLETT) nd) (err) speciies the
retardance occurring wthin The fi1m p€1 ane. exanpl es, the biaxial
retarders can have The rélativel cansatati@isaf drtdptical wadswé thiervatitug opsica] eleafen cih m t 0
500 rim and an_out-of-plane retardatjon value in.the range of 10 rimto
1000 rim M4 grfgfecviw CQTBRIFAtIOR PEIPGRICH B%tgﬁ';&ﬂ‘ﬂégfyé‘&ﬂd%‘rq@’o dable sfienidtiogs dqry ed.
The rel ative opi ek bpital AbmidEcReiscRbte @bt ddsBEd YRFICRYSHQAPH Sike

el ements can 10 affect the conpensation properties of the liquid crystal

di spl ay. Sui t adshtediments, theto-platss andrliquidaysial celisase sphacted b that thewpinmitiodn be

sel ected to obtaip,.desir characteristics, |lp.sone., e di t t he

o-pl ates and ﬁ%?&fg‘&m&f’@ﬁ% regteq'ﬁlgttegl?)etﬁ% Festor 8gthg glq?lﬁﬁfyg{%ﬁ@a{ﬁrg?qrﬁﬁp}%?ar
orientation ofgsugfhcd dfehd Bffid GryRhlakR, c) e difketodbitBe li@fid OfysthinBatkri€) dt e Gloust al
material at the rear  surface of the liquid crystal cell, c) the director of

the 1iqui d%r ySifase efdheliquid crytakost, and ghthe frynserplagrdefipe a belical aremeement yatha
cel |, and d) tDgifokisPsbl R ol hifis AniR bk binfhiaRaRRRs ihlelke &2 UNI Form

twi st sense. In other words, these four azinut orientations Increase or
decr ease nonot dmieasd hyndtoni¢alle irothd erdet lised Hor dkampley tigitepwitelvhangstie primathal

change in azimuthal .angle .ca r OXi el 0 5.degrees | t houg
changes in t heaqgg?rfﬁg bgggpr?ﬂpagygﬁbzﬁg,ﬁegrgeﬁg%{ho% %@B&eé&&?@ngﬁ%?orfﬁg" HSyr ees
are al so suit agdoBt 75 degrees to about 105 degrees are also suitable.

20 Figure 7 illustrates one example of such an arrangement with the azimuthal

——

orientations 713, 717 of the o-plates and director 703 at the rear surface and director 705 at
the front surface of the liquid crystal cell 702 being represented by arrows. These arrows
specify both the azimuthal orientation of the optical axis and the direction of its tilt, and as
such define a vector, d (see Figure 2). The arrows shown in Figure 7 correspond to the

25  vector a'(see Figure 2) which results from a projection of the vector 4 (the vector
reproducing the optical axis) onto the x-y plane. The front and rear polarizers 710, 708 and
c-plates 714, 718 are also present. In this illustrated example the azimuthal orientations of
the o-plates and liquid crystal cell are, in an arbitrary coordinate system, approximately
135° for the first o-plate, approximately 225° for the rear surface director, approximately

30  315° for the front surface director, and approximately 45° for the second o-plate. It can be

seen that these four azimuths rotate in approximately 90° steps in the same direction of

10



20 Figure 7 illustrates one exanple of such an arrangenent with the
azinmuthal orientations 713, 717 of the o-plates and director 7031 &t0Cf Helb
rear surWeds/08MW81di rector 705 at the front surface of thBCIU§H/18% yst al
cell 702 being represented by' arrows. These arrows specify both the
azi muthal orientation of the optical axis and the direction of its tilt, and
as such define a vector. a see Figure 2 e arro shown in Figure 7
~—correspond foéarﬁ &8 0@155?’8@353&38((@5@“%’?@3?‘5)%9 c(gfﬂm;nﬁg}}cg ArFang Lt
proj ection afe Bi@tvR 6f Atatidn Ok REstsRde@in bé, EfeRbMple\JodkRese@R Lhgidr- axi s) onto
the x-y plane. The front and rear polarizers 710, 708 and c-plates 714, 718
are al so pr eloelgvise agphserved by 2 viswesindipneefihedisplehe azi nut hal orientations of
" the o-pl ates andpl.equi vind I T i nate system
approximately 1 gkﬁ%ﬁlgtﬁ%%%?lﬁe%ﬁag%%,mdé%sggrx(?erﬁ%? sl:eclrlﬁi}‘ li}g%gg#ggfri t he rear
- surface 8ir echrgemestiiprsobstantialy the30ms ifsreéhent. tThe degeato which tedndémans or, and

i mately. .45 for t d.o-plate, | b that th f
Pt ho 1 ot S g b s Py B e el ARt Sem S AEIHSIGRE. 1012
OCT 2006 V\ehAg/ ORPE8 aesﬁgarwggzl’%ésg,7&a§@as&,%ﬁ 51AR afd gr%%; Boald iGérsipRr ds, describe

an approxi mate 90 i ncrement ical arrangenment. "The direction of rotation
or tw st senbaadienstioe Infope el@h@diwp@,wi@rmamlézml viswingds desited whithizoed as
observed by.a viewer.in. fron the,di splay. Preferabl. he azi mit hal

o ont at | ot el el KHedd gt Y e RIERE Rt b A

subst antibal Ipyefértiely diffee by ne mepethin abdue fidkedppees dml, plefadbly, b nomesrethant s di ffer
can depend upon the application, the angul arly dependent set of desired
viewi ng an %FW%E‘EE"%%E desired brightness, contrast, color shift and gray

scal e inversion Pi?éfﬁ'_ﬁlﬁ%ttﬁé oSl orleRta@68 HRRRH YRS FirsVE.Dla6: HAR: LiRGictant al
viewing is desired wt ood brightness and contrast and reduced col or

shi ft and grisrearcatface, i)/ e diresior at fie rpaycuidare aud the dirpetertas thetfrant sirfaberangy no
nore than a ' r ] t two
degrees. Pr g%%@#éﬁmg Egleggéﬁtrrﬁqﬁgﬁ Bgdﬁ%ggnet@ g[ldlyooﬁlg%bé e\/{/erﬁg({r?sﬁd%{!}'eb Tl rt§ t o-plate
and t he 1di r 605 degrads, mbieepréfeablysby 851085 depreed, igd, th srecihnbiodiaient, bg abeaposur f ace
and the director at the front surface, and 1iii) the director at the front

_surface and degtgessecond o -plate differ independently by 75 to 15 105
degrees, nore prgf eitino tVeretsbf 2z MRMHaE Sfentidt of 1R oG qQelt e DY
about 90 degrees. In :ﬂgi tieon tso ?ﬁeze'%ct seno tr?e azoiqﬁrruteﬁgfé orilﬂgnteati on
of the o-pl aifds,o-plhtes tan dltenthglcemPensator characteristics. Typically, the tilt angle of the o~

plates is in the range of about 2 to about 85 degrees and preferably in the range of about 5
20  to about 70 degrees. The tilt angles for the two o-plates can be different or substantially
the same value,
In some embodiments, the tilt of the optical axis (6 of Figure 2) of the o-plate
retarders is not uniform but varies across the thickness of the o-plate, preferably according

to a predefined tilt profile. The tilt angle for the o-plate can increase or decrease from the
25  front of the o-plate to the back of the o-plate where the front of the o-plate is defined as the
surface positioned nearest the viewer of the liquid crystal display. The range of the
- variation in tilt angle typically depends on the desired viewing angle characteristics, For
example, in some embodiments, the tilt angle varies (either front-to-back or back-to-front)
from a value in the range of 0 to 10 degrees to a value in the range of 25 to 55 degrees. In

30  other embodiments, the tilt angle varies from a value in the range of 0 to 10 degreesto a

11



of the o-plates can alter the conpensator characteristics. Typicall t he
tilt angle of the 6- plates is in the range of about 2 to about é@ (Bks
and pref ers0I0§/03998x he range of about 5 20 to about 70 degre‘é(éT/UﬁWé”ﬁzlt
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this illustra i ck of
the rear o-pl ? qﬂg %gtr?]e%@ﬁ]l%{eﬂa% '58‘8 Sh{éﬁoéﬁgron grg%két[vgﬂi ?%t/\/%eg g

front is the lpro;‘hé ﬁil)ﬁkerﬁatrvfab'peh(ﬂﬁogeh&wpt umﬁalrxneiltmmglatamsd the sqiate. errbodl nrent S,
both o-plates can increase or decregﬁe in tilt gle preferabl .. Wth

substantial |y the &esireds pompensaipreopfigiations GEP‘rPe prrasd thatlead it gPRdsvView g ¢ | t

angl e profil e 9 4hRnlidRe 87 ik %lﬁfasﬂ ﬁn&‘?eduegﬁlg%&l@?ﬂ{aﬁ%ﬂs&ne BP£11 fxamp e, one
o-pl ate having an increasing or decreasing tilt angle profile and the other

o- pl at e hd¥i ngnglesjecbathss qgmmed tn@neammrgnsatedﬁwsteﬁmmhm liquid trystalgligplayporof i | e
or, alternative ho ene iformtilt a across the o-plate. -
't desi red . conpumedpORR AR CiHBY SRt SRR SRR gond

viewing angle deperdang thsfnoﬁlee f6ed tastor bét pa@fornembedie: dpticalaolaatioiidit f or
some or all viewng 15 angles, or both as conpared to an unconpensated

twi sted nenat itke ¢-plgtss ando-plates] thepzimnihp! erientations ofjtag eplates mad the meagiiltangley st al
di spl ays cont %ﬂﬂupﬂxe %%IXE% ﬁhﬂeeﬁ %@&ﬂﬁﬁfe@ tothe properties of the TN cell and the desired

20  specifications regarding contrast performance. The parameters, such as retardation value,

—

azimuthal angle, and tilt angle, of the o-plates, c-plates, biaxial retarders, and other optical
elements in the compensator can be adjusted, if desired, to achieve or alter the

characteristics of the compensator.

25 EXAMPLES
The following examples illustrate liquid crystal cell and compensator
configurations indicated in the Tables.
Table 1 specifies the properties of a twisted nematic L.C cell used to generate
Examples 1-58. It should be noted that the Examples described herein are not limited to
30 this particular display configuration.

12



General ly,

it should be noted that for best perfornance the optical

retardations of the c-plates and o-plates, the azinuthal ori ent1é%%pmgﬁgpf
t he o- pwan ex(sverid the nean tilt angle wthin the o-pl at ®CTHESP3M
adapted to the properties of the TN cell and the desired 20 specifications

regardi ng contrast performance. The paraneters, such as retardation val ue,
azi nut hal

-—-retarders,
i f desired,

angle, and tilt angle, of thf ?I ates, c-plates, biaxial

and other optical elenents |n he conpensator can be adj usted,
to achieve or alter the celtbaractdstisti cs of the conmpensator. 25

EXAMPLES The fol | pwng—exanrptes—itHugtrate-gu-d—eryst-al—eel| and

conpensat or

1

confi ﬁpons I ndi cat ed ﬁrﬂm’t he Tables. Table 1 specifies the

properties of at égrﬁ%sﬂenuﬁb —tC et gged to gemerate Exanpl es 1-58. It

shoul d be noted th

I’:’§<narrpl es desqribed herein are not limted to 30

this particular di @]bﬁdﬂlR@tﬁfdaﬂM ation.[41@nMO 03/ 089981 PCT/ USOB/ 017T3ECT

2006 Table 1 LC c characteristics | Cell gap:...5 fan An at 0 nm 0. 082
Optical Retardati ohAzinmghahAngles ptthe k&I | 22HgBES of the LC 225, 315 directors
at the rear and fr pdirectouns ftgbasgargndt he [LCD , , e Tilt Angle: 3|{Dielectric
Const ants: e, =10. 5| &6nt6wificas of the LOPst gnt s: k>>=15 pN, k22=8 pN} k33=21 pN
For Exanpl es 1-24, |@agcdp) of Tables 2-7 |provides the azinuthal ofientation for

t he

o-plates and c-pl até

i

5 directors afrithengi€ar and front(3ef the TN liquid crysta| cell,
designated $, and +f——1n addition the optical retardation (the product of

the difference bet @a&c@w@m@pﬁary arld=18:3te26 di nary refraction indices
and the thickness, [ghof~the .)‘gml cut ) viJ —for{ both the
Slastic pousgps R S MBI fof 1iont w

10

15

20

etardati on

light with a

For Examples 1-24, each of Tables 2-7 provides the azimuthal orientation for the
directors at the rear and front of the TN liquid crystal cell, designated ¢; and ¢r. In
addition, the optical retardation (the product of the difference between the ordinary and
extraordinary refraction indices and the thickness, d, of the particular plate) is provided for
both the o-plates and c-plates. All refardation values are specified for light with a
wavelength of 550 nm. The Tables also indicate if the tilt angle profile for the o-plates was
uniform (indicated by “no”), increasing from front to back, where the front is the surface
nearest the viewer of the liquid crystal display (indicated by “+”) or decreasing from front
to back (indicated by “-“). Additionally, the tilt angles at the front (65) and réa:r (0,) of the
o-plates which determine the tilt angle profile are specified. For the purposes of these
Examples, the tilt profiles were the same for the two o-plates, unless otherwise noted.

This configurational information was used to calculate the contrast ratic and color
shifts at various angles for the particular configuration using the simulation software
package DIMOS 1.5¢ (available from autronic-Melchers, (Karlsruhe, Germany)), which
utilizes Berreman formalism. The contrast and color shift were then qualitatively rated on
a scale of 1 to 5, with 5 being the best.

Examples 29-58 include tables that describe the retardation values of the
corresponding o-plates, c-plates, TN liquid crystal cells, and biaxial retarders; the

azimuthal orientation, ¢, of the o-plates (the TN cells have the same azimuthal orientations

13



wavel ength of 550 nm The Tables also indicate if the tilt angle profile for
the o-plates was 10 uniform (indicated by "no"), increasing f r ond EFBM{’Bto
back, whergoliRsdespnt is the surface nearest the viewer ofpthesdsieruid
crystal display (indicated by "+") or decreasing fromfront to back
(indicated by "-"). Additionally, the tilt angles at the front (O) and rear
(0,) of the o-plates which determne the tilt angle profile are specified.
For the pur poses Kfantihesde28)Favarthe frent tilttaegles, Bt apd whi tileanglws; @, fonéesgplates.or t he
two o-pl ates, | ess ot herw.se .not.e This configurational information
was used to c#ﬂ%ﬁ%?’és‘fvﬁgnbagﬁwlggh‘eﬂ)m sé’%&'aﬁecﬁaglfag%‘shi fts at various angles
for the particul ar The Bkigpleddre Qlko identifled d2€orinptd ik intde 50t \IRPRY: PmcHage

DIMOS 1.5c (available fromautronic-Ml chers, (Karlsruhe, Germany)), whi
utilizes Berr éWRIYROYheH the ess pRis of Biiontand e pelgriass ismprallel e the diiselqr at the

qualitatively it N 5o hei Y .
Exanpl es 23- 5§“3 %@Sﬂ%&ébetoggu[ezgﬂiﬁcﬁgglg@is glseﬁ%&rn eﬁ?t1 riszlz}ta fa%dqng\t/[gylaﬁgrgp% 't he
cor r espondi ng vhepd the pass agis pf thedont 7N thdrgoladzers issressedat hbant S8 wittbiespeictio

retarders; th zimuthal orientatio . .Of e.0-plates (the TN cells

hove the: sans i sl af B sk Abidis s Bleig St S0 08 O 75a) 086081

PCT/ US03/ 07132 as in Exanples 1-28), and the front tilt angles, O, and

rear tilt angles, O, for the o-plates. Calculations were nade using the

DI MOS software package. The Exanpl es aEzamplesldgentified according to the

- node of t di spl gy.. &- ksl J\@Qe;gmtgg I . front and
rear pol aPL?)zers i?%lg?g e {%ﬁ?ﬁgﬁgﬁ%‘ctog at tﬁﬁg nea@gis){nésnl%ofgge of the

liquid crystal cel ITables debdribes thateadifferontlebmpersatd) condfiguratensovith alhedipdlays, where

the pass axis of the front and.rear |arizers is crossed at abgut SWth
respect to tﬁé‘aﬂgﬁnée&’i Bﬁi}%f’z’?’ﬁgmﬁ%ﬁng‘ 1S eaoégfa%f; a’f‘ﬁ‘i‘l “?Efé’ftfilc ﬁ;‘/”é'lh%% cel l .
Exanpl es 1-3 lfcrEmpmee configurations with helical arrangenent of azi nuthal

orientations Table 2 describes three different conpensator configurations
with a helical arrangenment of the azinuffgje0ri entations of the o-plates

-

ch

and liquid crystal cell with 90 increnpnts., Table 2_ o‘:plate | N plate EX,
tilt profile nef. negoplatd t| prof itne,| O- ¢l aplatec-Ipl at e | Col or -
Ex tilt profile | neg. “q—)“ neg. | tilt profile, § o-plate | ¢-plate Conirast Color
= 6/ |epl| - [cph| &6 And | "And | | Shift
b d o
no 2950 no
1 14°/14° X 3150 X 14°14° | 190 nm | -180 nm 5 5
135° 45°
5 225° N
2 0°/20° X 315° X 20°/0° 330nlm -170 nm 5 5
135° 45°
N 225° -
3 | 36°%00° X 315; X 0°/36° 140 nm{ -185 nm 5 5
135° 45°

As indicated in Table 2, all three examples have very good contrast and color shift

properties, irrespective of the tilt angle profile of the o-plates.

Examples 4-6
15 O-mode configurations with helical arrangement of azimuthal orientations

Table 3 describes three different compensator configurations with a helical

arrangement of the azimuthal orientations of the o-plates and liquid crystal cell with 90°

increments. —

14



B,/Br cit ~f c-nl.
14/ 14 190 run -180 nm5 5 135 45

& & And And Contrast Shift no

no 1 14/ 14

X 3225 15 X
+ 2 0/20 X 225 X 20/0 330 nin3-0Cid0im 5 5

135 315wAPo3hogesk136/ 0 X 315 X 0/36 140 nm -185 nm 5 5 13pcArishsoimei cated in

Table 2, all three exanples have very good contrast and col or shift
irrespective of the tilt angle profile of the o-plates.
4-6 15 0-node configurations with helical

properties,

arrangenent of azi nuthal

Exanpl es

orientations Table 3 describes three Tablekrent conpensator conf i gurations

with a helicgt—pwrpgapgement jof T Ta orr@'ETarrUr | at es
and |iquid crlyst a{m Ehle Micth 88 | inc ﬁ%@,lg 16e1B:Ga 089981
PCTI US03/ 0713 Z%. T 3 Q‘gpl e . ngéj’,gte %%Eﬂi F%#Tc neg.
tilt profile jopl ate Fatle Cantira plor;'b )% 9 ~P-T 1 d And
Shift f no 2256(mo 4—16/16 73;31\ 167 665 =80 2250 +
50!22X315X2?1 9] -{1238° Uiy, 3 0116391 460mP| G034/ X
00/ 340 160 nm - 9 96 é ?5 us° 564?‘563 f & F
. +
s | o | x gﬁ 229/0° | 220 nm | -100 nm
135° 45°
N 225° :
6 | 340° | X |35 0°/34° {160nm | -90nm
135° 45°

shift. The best contrast is found for configurations where the tilt angle of the o-plates

increases from front to back for the rear o-plate and from back to front for the front o-

5  plate.

10  arrangement of the azimuthal orientations of the o-plates and liquid crystal cell.

Examples 7-9
E-mode configurations with non-helical arrangement of azimuthal orientations

Table 4 describes three different compensator configurations with a non-helical

As indicated in Table 3, all examples give acceptable contrast and very good color

Table 4
o-plate ™ o-plate
E tilt profile | neg, E” . { tilt profile } o-plate { c-plate
= a6 |epl| ¥ lenl| aa And
6 be b
no 2950 No
7 50°/50° X 315° 50°/50° 75mm | -170 nm
45° 135°
- +
& mpo 225° Y
8 0°/7¢ X 3150 70°/0 100 nm | -130 nm
45° 135°
+ -
/00 225° g
9 70°/0 X 3150 0°/70 55nm | -150 nm
45° 135°

15

Contrast and color shift are not as good as Examples 1-3.



As indicated in Table 3, all exanples give acceptable contrast and very good
color shift. The best contrast is found for configurations WnerpgtDlE? ZF Blt
angl e of tReop@s/Meedes increases fromfront to back for the ﬁms@mpiﬁ e and
fromback to front for the front o 5 plate. Exanples 7-9 E-node
configurations with non-helical arrangenent of azinuthal orientations Table
4 describes three different conpensator configurations wth a non-helical

10 arrangenent of the azimuthal orientations of the o-plates and liquid
crystal cell. Table 4 o-plate TN o- th profile neg.. - neg. tilt

profile o-plate - dAn LShift r
e 555 No b a0y 50PRoh EongAbI @RS st nondi arkifimefe i apfitnal bt | )
X 3%5 X 72/ 0 100 nﬁléablé%ﬁdsﬁs&ﬂbe’ﬁ tklre%lﬂifﬂtlaﬁt coﬂnpéﬁﬁﬂor Qorﬂiyuﬁltlﬁné?.ﬂlﬁh Xnb-Kélicab Irun
-150 ran 1l E45 1 rast and .color s s Exanpl es
1-3. 15 13 ocﬁﬂa?@%eﬂkggglglﬂé@@’%“@%ﬁ“@%%& org-plate gﬁ?ﬁ?‘a&ftﬁ? - 0- node
configurations with non-helical arrangenent of azinuthal orientations Table
5 describes three dlfferent conpensat or @@Wqﬁuratl ons with a non helical 5

arrangenent of the azj TR g ot entpti ong. € o-pi[ares apd-tTgurd—Tnyst al
cell. Table 5 IN
Fx tilt profile | neg. b neg. | tilt proﬁle o-plate | c-plate Contrast Color
= &6 lepl| T |epl| &/& And And ) =" Shift
b b b
no 2250 no
16 | 75°/75° | X 3150 X | 75°/75° | 200mm | -100 nm 2 1
45° 135°
- 225° .
11 0°/80° X 315° X 80°/0° 160 nm | -25nm 2 1
45° 135°
N 225° -
12 72°/0° X 315° X 0°/72° 30mm | -35nm 2 1
45° 135°
Contrast and color shift are not as good as Examples 4-6.
Examples 13-18
10 E-mode configurations with the o-plates positioned between

the liquid crystal cell and negative c-plates
Table 6 describes three different compensator configurations with o-plates

positioned between the c-plates and liquid crystal cell.

16



~

o-plate TN o-date Ex.

Contrast Col

or

tilt profile nee.

WY p~:RL f G pl
315 X 730085089980 nm -100 nm 2 1 450 135 +

nee.
01/9r And And Shift

tilt profile o-el
no 225 n

rim2 1 45 135 + 2250 12 72/0 X 315 X 0/72 80 nm-35 nm2 1 45 135
Contrast and color shift are not as good as Exanpl es 4-6.

3 50 Bs "

11 0/ 80 X 3MTUHEAG13260 nm - 25

Exanmpl es 13-18 10

E-node configurations with the o-plateg, B%%I tioned between the liquid
—.crystal cell _and negative c-plates Table describes three different
conpensat or gonfi guratlmnli_ev\nth ot pLat.ges | pos tlone:i bethen t he|c-pljates
and liquid cfysta] _cell. tite 1 BNO EI;E_%Q 6., 0a 0 iL RCT/ USO&/ 71@2
Table 6 opi fat_E_ac_.'(') -?‘gf'l tl epofilet | TN ~ ﬁ/ e R P de rjodohdrat %g%r -late
c- late colof c"hfFPfirawf t ¢Be] c- nd CBht ase‘fl shiift no“ZZ5 no 13
X 27127 315 R7/27| X 84 nng - 140 nm 3 5 45\no 225 no 14 X 80/ 80 316
800/800 X 220 nm 330 |nmnd 1 2%‘55 35 no
13 X 27°127° 315° 27°127° X 85nm | -180 nm 3 3
135° 45°
no 2950 | no
14 X 80°/80° 1150 80°/80° X |220nm | -330 nm 4 1
45° 135°
~oiase | T
15 X 0°/70° 315° 70°/0° X 60nm | -240 nm 3 3
135° 45°
" l2se |
16 X 0°170° 315° 70°/0° X 1150nm | -20nm 2 1
45° 135°
oare | 2250 | 7
17 X 70°/0° 315° 0°/70° X 11500m | -160 nm 3 3
135° 45°
r s |
lg X 80°/0° 3150 0°/80° X 20nm | -175nm 3 1
45° 135°

Typically, color shift and contrast are not as good as Examples 1-3.

Examples 19-24

O-mode configurations with the o-plates positioned between

the liguid crystal cell and negative c-plates

!
Table 7 describes three different compensator configurations with o-plates

positioned between the c-plates and liquid crystal cell.

17



o+ 15 X 0/70 3221 150 70/0 X 60 run -240 urn 3 3 135 45 2250 # é% )fqﬂ 170
315 70/0 X 150 nm-20 nm2 1 450 1350 + 2250 17 X 700/00 315 0]/51 ;< 0 nm
- 160 nm 3y@o3/deddsrdS + 2250 18 X 80/0 315 0/80 X 20 nm - 17PENYATIR50 135
Typically, color shift and contrast are not as good as Exanples 1-3.

Exanpl es 19-24 0-node configurations with the o-plates positioned between 5.
the liquid crystal cell and negative c-?%tﬁggs Tabl e 7 describes three

di fferent conpensator confiqgurations w o-pl ates osi ti oned between the
c-plates and |l i qui|d criysdite cel 1 7o-f18te OCT 2006 WG 03/ 084981 .
PCT/ US03/ 07132 . Tahlree. 7 tiltprofde %\IN ptilpprafile | nee. | bplate. preofatd ¢ titlt pecddri | e
neg. o-pl ate |c=H ateplcol A& EX. - pl @®BBr |agBr | cApd . AmddAH(fg%&ﬁttraiﬁ;ﬂ_ shi ft
no no 19 X Zd / 20 3225 1% 20 Z@fx 168 rim-50jrim34 0 1435 450 No |20 X
670/ 67 No no 2950 no
19 X 20°/20° 315° 20°/20° X 165mm | -50 mm 3 4
135° 45°
No 2250 No
20 X 67°/67° 315° 67°/67° X 155nm | -150 nm 2 1
45° 135°
- 250 |}
21 X 0°/64° 3150 64°/0° X 140 om | -130 nm 3 4
135° 45°
- 225° N
22 X (°/72° 3150 72°/0° X 125mm | -75nm 2 1
45° 135°
T | 225 -
23 X 56°/0° 3150 0°/56° X 160nm | -75 nm 3 5
135° 45°
N 225° -
24 X 76°/0° 3150 0°/76° X 85nm | -85 nm 2 1
450 135°

Typically, color shift and contrast are not as good as Examples 4 and 6, but
Example 23 is comparable to Example 5 in both color shift and contrast and Examples 19

and 21 are comparable to Example 5 in contrast.

5
Examples 25-28
Other O-mode configurations
Tables 8 and 9 illustrate o-mode compensator configurations with variations in the
o-plate and c-plate parameters.
10 Table 8

Ex. o-plate c-plate | TN | c-plate o-plate

And | ¢ | 6 | 0| And |And | And [And | & | O | 6f
25 [159 {13530 | 3 | -95 [410 | 95 | 159 |45]| 3 | 30
26 | 171 [ 13527 | 3 | -106 | 410 | -105 | 175 | 45| 3 | 28

18



315 67/67 X 155 nm-150 nm2 1 450 135 +
-130 nm 3 4 135 45 +

23 X 56/902RB8YIBE6 X 160 nut
85 n -85 run 2 1 45 315 135 Typically,

22 X 0/72 225 72/0 X 125 nm-75 run 2 1
-75 rim3 5 135 315 45 +
col or

good as Exanples 4 and 6, but
color shift and contrast and Exanpl es

taued

2250 21 X 0/ 64 3150 64/0 X 140 nm

2RCRUP

OIS D) 76 X

shift and contrast are not as
Exanple 23 is conparable to Exanple 5 in both

nd 21 are conparable to Exanple 5

~.in contrast. 5 Exanples 25-28 O her O0- configurations Tables 8 and 9
i1l ustrate [gqdescofrpensapiateont i glrat ilonsi W tch yariatégnrg in the, 0t plate
and c-plate pananetefs.. 10 Tahle 8 Fk. o-jplate cpl ate T i-pl ate platel And
+ O O And And Hag pdadd) or [OF: | 26| BB 13ad 3@late | gmdaf 0 - 195 |189 | PRIB| 30
26 171 135|27 3 106|410 [ 105 (175(45 8 18 3/ 089p81
PCT/ 1JS031/|6" 1i "5%82)06 Tabl § 9 Ex. gb-n%o-pl at \elgédo TN c} datejc- And
. 27 -40 140 | 135 139 | 3| -80 | 410 | -B0 ; 140 | 45 {3 | 39 | -40
28 -44 152 1 135 [ 36 {3 | -73 | 410 { -79 | 152 | 45 {3 | 35| -40

5
10
~—
15
M

The compensators of Examples 25 and 27 have better contrast than the

compensators of Examples 26 and 28, respectively. Color shift is substantially similar for

all four Examples. The compensator of Example 25 has somewhat better contrast than the

compensator of Example 27.

Examples 29-32
Other E-mode configurations

the o-plate and c-plate parameters.

Tables 10 and 11 illustrate e-mode compensator configurations with variations in

Table 10
Ex. o-plate cplate | IN | c-plate o-plate
And | ¢ 6: | O And And And And { & | 6 Of
29 | 143 1 135 ] 40 | 3 -185 410 -185 143 | 45} 3 40
30 | 131 | 135140 | 3 -166 | 410 | -167 | 130 (45| 3 43
Table 11
Ex.| ¢ o-plate e | IN| ¢ o-plate e
plate |And| ¢ | O, | O¢ {plate | And | plate { And | ¢ | 6, | O |plate
And And And And
31| -40 | 167 | 135 |90 | 3 |-194 |410]-194 | 167 45| 3 | 90 | -40
321 -36 | 184 | 135 |97 | 3 |-1761410|-182[184{ 45} 3 | 92 | -38

The compensatiors of Examples 29 and 31 have better contrast than the

compensators of Examples 30 and 32, respectively. Color shift is substantially similar for

1
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plate And B O And plate And O O plate_ , plate And And And And 27 -40

140 135 39 3 -80 410 -80 140 45 3 39 -40 28 44 152 135 36 3 - 731414L1- 100679

152 45 3 3o e3ek99sihe conpensators of Exanples 25 and 27 haweThesiseridgont r ast
than the conmpensators of Exanples 26 and 28, respectively. Color shift is
substantially simlar for 5 all four Exanples. The conpensator of Exanple

25 has sonmewhat better contrast than the conpensator of Exanple 27. ™

Exanpl es 29- 3 fornExanmleso dee compenguipnef Bxample Othas seaevimt betier ¢ontraptithan thet e

e-node conpeng; [ Liapns with variations in the o -plate and
c-plate par anetﬂ%prgés.’a?#%@%@ g() o-plate c-plate TN c-plate o-plate And 4)
O O And And And And $ Or OF 29 143 135 40 3 -185 410 -185 143 45 3 40 30

131 135 40 3 -166 410 -167 130 45 3 Tabl Ex. c- o-plate c- TN c-
o-plate c- plate And 4 B, O late Anﬁ%ﬂ%ﬂig—siﬁ@u) 0, O plate And And And
And 31 -40C 167 135 90 3 -194 4¥BriatdinlOhdméithad OMbntstfdn 32 - 36 184 135 97 3 3
-176 410 -182 184 45 3 92 -38 15 The conpensators of Exanples 29 and 31

have better cont rabable Heillustrates chagpeinagimgyiial griematignaf dhe aplaigh fprao,
respectively. LEL L&l Wy 11 WO
03/ 089981 Pcﬁ%%a(@%éﬁ miep i#“ﬁ&#"“&é&%ﬁ |d}elsé’§‘5'?hiéla%‘3‘f?§f§ﬁ3%?’8’3“‘%?’%‘%‘%8%@ 29
has sonewhat petrizers lmeatzimathal drientatibees oftlenmenaxs of thepolibeangdfd 33 dnd 47

degrees, respectively. In Examples 36 and 37, the front and rear polarizers have azimuthal

10  orientations of the pass axis of the polarizers of 134 and 46 degrees, respectively.

Table 12

Ex. o-plate cplate | IN | coplate o-plate

And o |8 | O And And And And | & | O | 6
33 159 1133130 3 95 410 -95 159 | 47 | 3 | 30
34 159 [ 13730} 3 -95 410 -95 159 [ 43| 3 | 30 _
35 159 | 135130 3 -95 410 -95 159 | 451 3 | 30
36 159 134 130} 3 -95 410 -95 159 [ 46 | 3 | 30
37 159 |136)30| 3 -95 410 -95 159 | 44| 3 | 30

The optical compensator of Example 33 has somewhat diminished contrast, but
relatively similar color shift, when compared to the optical compe.nsator of Example 35.
15  The optical compensator of Example 34 has substantially reduced contrast, but relatively
similar color shift, when compared to the optical compensator of Example 35. The optical
compensators of Examples 36 and 37 have somewhat diminished contrast, but relatively

similar color shift, when compared to the optical compensator of Example 35.

20 Examples 38-46
Comparison of E-mode optical compensators with c-plates and biaxial retarders.

Tables 13 and 15 illustrate optical compensators that utilize c-plates and Tables 14
and 16 illustrate optical compensators having biaxial retarders in the place of the c-plates

positioned between the o-plates and the TN liquid crystal cell.

20
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Exanpl es 33-37 5 Variation in Azi nut hal
changes in azi nut hal
TN |'i quiloeswebgd di spl ays.
pol ari zers have azi nut hal
respectively.
10 orientations of the pass axis of the polarizers

133 and 47

pol ari zers have azi nut hal

__of 134 and 4
c-pI ate date
-95 159 47 3
-95 410 -95
30 3 -95 410

sonewhat dim

conpared to
conpensat or
simlar colo
The opti cal
contrast, bu

conpensat or of Exanple 35. 20 Exanpl e

degr ees,

orientation of the o-plates for
I n Exanpl es 33- 35,

I n Exanpl es 36 and 37,

Oientation Table 12 illustrates

conpensat ¢33 (df 20¢6- node
the front eoguseanisz
orientations of the pass axis of the polarizers of

the front and rear

6 degrees, respectively. Tehl 8 12 Ex. o-plate c- late TN
o Ad—A 33 LW_ -95 410
?B 4 159 He03-9%‘}%2{{!%f%%l%&‘l%330 59 13p 30 3
159 4 &1(13) $36 8,59 d.3¢ 3ad 3 |-Afd A18nd 95 ALE9| 46 B30 6,3/ 159 136
95 1159 3 30 _The obtical of xampl el 33 has
1|%3ned3Q:7o W1Baqt O puf | rdi7at i \fblloy sitHl 1 aB0&o| 9 sR{t0 hen
t t TTOE{TS ot aypt t55 The <0
of BFEd;d 04?3: ﬁgﬂa@ ssz%s a;itslsal c%/ﬁ’b edafgjed (J:%%t rglgt ﬁbu?o el ati vel y
r 1 s40 fit 133vhansqorpar 8d| t @18heg 41t § cal3 conpangagsor 3of 7Bxanpl e 35.
pensators of Exanples 36 land B7 have sonewhat dinminl shed
t relatlvely simlar color shift, when conpared to the optical

$: ff Conparison of E-node opti cal

conpensators with c-plates and biaxial retarders. Tables 13 and 15
illustrate optEgal conpenrdators thakiaxibli | i€ ichiakial ¢s and Tﬂbﬂees 14 | and 16
illustrate opti cal—eerpensators—hkavi ng bi axi al retatders—+n-theplace of the
c-plates pogiti oné@dnetdnekf t|hlr o-Brdpes Add iﬁi’r\l4qdq,udlj chstzQIf cell. 20
13 OCT 2006 |WD 03/089981 PCT/|US03/ @é& 2| Tabl e(%ﬁ)ua. o- pl atje pljate {TN
c-plate platge_Andj{4 0. O And |And |A ﬁ{’nﬁL4 0. P
41 | 307 [ 135 | 0 [ 19 | 3/-169 | 410 | 3/-169 | 307 [45| 19 | O
42 | 117 | 135 | 77 | 3 | 26/-216 | 410 | 26/-216 | 117 | 45| 3 77
5 Table 15
Ex. | ¢ o-plate fom TN c- o-plate c-
plate | And | & O, | 6 {plate | And |plate | And | ¢ | 6, | 67 | plate
And And And And
43 -40 | 287 1135} 0 19 | 212 | 410 | 212 | 287 |45 19| O -40
44 | 40 | 167 [ 1351 90 | 3 | -194 | 410 | -194 | 167 | 45 | 3 | 90 | -40
Table 16
Ex | ¢-plate o-plate biaxial | TN | biaxial o-plate c-
And [And| ¢ | O, | O¢|(And);p | And | (And)ip | An | ¢ | 8, | O | plate
(And), (And),, | d And
B
45 -40 (1292 [ 135| 0 |18 9 410 9 292145 |18 | 0 | -40
211 -211 .
46 | -40 | 161 | 135|901 3 10 410 10 [i61 45| 3 | 90 | -40
-200 -200
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38 307 135 0 19 -177 410 -177 307 45 19 0 39 143 135 40 3 -185 410 -185"

143 45 3 40 40 133 135 77 3 -213 410 -213 133 45 3 77 Table 14 35{T 20086l at e

bi axi al %,(3 MQ% o-plate And 4 0, O (And), p/ And (And) perT/vsedio#z0, O

( And) OP ( 5’ 2 307 135 0 19 3/-169 410 3/-169 307 45 19 0 42 117 135 77

3 26/-216 410 26/ 216 117 45 3 77 5 Table 15 Ex c- plate c- TN c- o-plate

c- Plate And 4 0, & Plate And plate And ' |late And And And And 43 ™
-40 287 135 0 19 - Phocanigst and eolonphifhef t&@c-elatemtlc@i&f’mwm&few Epmplegi apd. 194
410 -194 167 ﬁr’éb@a}gﬁretﬁger oﬁ@l%oﬂigerﬁﬁtof:oﬂ:ﬁﬁﬁfileml e gﬂ)@tﬂﬂﬂlﬁ? sihilal NTRE axi al
2-plate And And 0 Or d);p And (And (And). (And).p

d And P 45 Aﬁtlc@b@m@oraef@cm@e 3)9, gg,;amigz _hgv@uhst@nnallz similapdontr4® and0 161

03/ 089081  PCTFUgOS A5 hs Flst e eing Ay i Bhatsohppoguese ol bsplles 35,

conpensat 05 Ohnd=XRAMPhesaihd cﬁﬂ‘ﬁb saimﬁar Exmlﬁ 43r@ﬂanpb:eem ftiak ¢elcolosiftagat or of
Exanpl e 41 are substantially simlar. The , qoptical c%gg)ensat ors of Exanple
39, 40, and 49OHESEOIIIATE FOARENEAPT Iorsq than i kol or shi ft vvith

the color shift begp ﬁké *‘@hﬁs‘@ﬁ&é&n Aitle {16t SHATRANSALAE & Bh § 38 5
and 41. The sane can e sal l es 43 and 44, except tWt t e coI or
shift and coaﬁd%tExa&nplﬂdéandéﬁrbmhsmwmtWcs:swwnnaastmmhcolbnhﬁt(arrpl es 38 and

41.

10 Examples 47-58
Comparison of 0-mode optical compensators with c-plates and biaxial retarders.

Tables 17 and 19 illustrate optical compensators that utilize c-plates and Tables 18
and 20 illustrate optical compensators having biaxial retarders in the place of the c-plates
positioned between the o-plates and the TN liquid crystal cell.

15 Table 17
Ex. o-plate c-plate | TN | c-plate o-plate B

And | & B | O And |(And | And | And | ¢ Or O¢
47 | 149 | 135 | O | 29 -92 410 | -92 149 { 45 | 29 0
48 | 159 | 1351301 3 95 410 | -95 159 | 45 | 3 30

Table 18
Ex. o-plate biaxial | TN | biaxial o-plate
And | ¢ | 6, | ©r | (And)y/ | And | (And)i/ { And | & | O, | 6
(And),p (And)op

49 115 {135 | 0 | 73 | 62/-144 | 410 | 62/-144 | 115 | 45} 73 0
50 98 | 135} 57 | 3 [53/-134 | 410 | 53/-134| 98 [ 45} 3 57

Table 19

Ex. c- o-plate e~ N c- o-plate c-

plate { And | ¢ 6 { Of |plate | And |plate | And { ¢ | 6 | O¢ | plate
And And And And
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Exanpl es 44 and 46 had conparable color shift and contrast to Exanples 39,

40,

~and bi axi al

retarders.

and 42. Exanples 43 and 45 had sonewhat worse contrast and{godgroghi ft.
10 Exampless/igdosd8 Conpari son of o-node opti cal
Tables 17 and 19 illustrate optical

conpensat ®ecs/usos/briez pl at es
conpensat ors

that utilize c-plates and Tables 18 and 20 |Ilustrate opt!cal conpensat ors

havi ng bi g
t he o-pl at

es!

—freta
ahd?® n

s i.n.-the

e.-of

r\nl

el 1PN

EETTRY

~F§s

t a76 o

e%io

186 TaBﬁ%

155

5&4 o-

ot

ﬁﬁiaféo ¥

cc-plate
0 29 -92

N -
4 185-

D

€
2 14

9_45 %%§ )

Agd
4

444
15

5

30

N@1A
- 95

o\Ndga
10 |- 95

24
159

o 0
45

A7 1340
348

18 Ex. o-
And $ O

| aBe

5

bB#@x

i B0

DALI\I

TRBDi

ANl A0

D9

al3 o
1.1 L5

pl-8 ¢

4¥n

B0

pideA

ndy i 18

10 .

[ 1
T

g

1.4 1

[ Aad) |

50 98 135

[
\
5743

oy

15V

530

3%

b3

it

21
$a

i

\vay

04y 3

CH

Br

| Bpw _r\J

140 e

c- o-plate T-

410

prate And $ O

of Ia

& And plrate And 4)

And And 22 13 OCT 2006 WD 03/089981 PCT/US03/07132 51 -40 112

410 -76 112 45 34 0 -40 52 -40 107 138big284 -81 410 -81 107 45
Q

on ﬂ/lr\ AL ’) ’)ﬁ

A

O o

ate An
135 0 34 -76
24 0 -40 53

l OL /I1

d

en

135
Tabl e
1/

73 0
c- TN
And

-40 140 1]

d

J

-84 114 4
pl at e Ang

3
4)

26

UU‘H’J__U'

W0 TalSrMas gy

Matd

And

AAT§

il

(Apd

blgélalg
(B
(And)gp

| ke

A

C¥Amg&p

(And)op

g

TN

A0 191 4 J QAL O_f‘
LI1=

pPaieh|

eaI

O-

b1 & e

DIARES ¢

Or

Or

plate
And

18

C-

55

-40

105 | 135

80

39
-125

410

39
-125

105 | 45

80

40

36

-40

85 | 135

&5

47
-134

410

47
134

85 | 45

85

40

57

-40

127 | 135

86

51/
-132

410

51
-132

127 | 45

86

-40

58

117 | 135

90

54/
-133

410

54

-133

117 | 45

90

~40

10

The contrast of the optical compensators of Examples 47, 48, 49, and 50 are

substantially similar. The color shift of Examples 48 and 50 is somewhat better than that

of Example 49 which is, in turn, somewhat better than that of Example 47. The contrast

and color shifts of Examples 51-58 are substantially similar.

The present invention should not be considered limited to the particular examples

described above, but rather should be understood to cover all aspects of the invention as

fairly set out in the attached claims. Various modifications, equivalent processes, as well

as numerous structures to which the present invention may be applicable will be readily

apparent to those of skill in the art to which the present invention is directed upon review

of the instant specification.
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And (And)0 (And)OP And 55 -40 105 135 0 80 39 410 39 105 45 80 0 -40 -125
-125 56 -40 85 135 0 85 47 410 47 85 45 85 0 -40 134 -134 57 -4081‘7,2%]1@& 86
3 51/ 410 51 127 45 3 8b 40 -132 -132 58 -40 117 135 90 3 54/ 410 54 117 45
3 90 40 -133 -133 The contrast of the optical conpensators of Exanples 47,
48, 49, and 50 are 5 substantially simlar. The color shift of Exanples 48
and 50 is sonewhat better than that of Exanple 49 which is, in turn,
somewhat better than that of Exanple 47. The contrast and color shifts of

Exanpl es gi-g% %rﬁ gﬁbiﬁaniially simlar. The present invention should not
be consid = e particul ar exanples described above, but
rat her shoul d be understood to cover all aspects of the invention as 10

fairly set out in the attached clains. Various nodifications, equivalent
processes/- as Mdiquiderysiglbspbays conprirgndir es t o whi ch the present invention

maybe appl i Cab!i ﬁ{s\(\/:olr?llat?fdilgﬁ?l% ll%\lfipggiﬁg%g%ﬁnu{h%l Bll?aﬁﬁio?lf skill inthe art to

whi ch the presen ven pon review of the instant
specification. a#att-pButd(4CT4 1512006 WHAT IS CLAIMED IS: |I. Aliquid crystal
di splay, conprising: a fir -plate (412, 512) having first azjnuthal
orientation; aﬁﬂl?*ﬁgfyseﬁ 5@'@&489,(53’%2190%&?)!&%6% %ﬁ‘ﬂfgﬁe m&?%ts 49¢, Vagen 502)

CONPr i Si NehedighRAryAE hARErAPSLirtict hARLa SEIHIBE Byt RFi8hAtior th%]ﬁa?isl crystal s
at the rear surface have a second azinuthal orientation and the'l1quid

crystal s atystelsat thedrnt surfaca beverrathied azitivihaborgenitation aadl whetegmthatfirss o-pdateliswher ei n
the first

c-plate is di.sposed be n the first o-plate and the liquid
crystal c8Sﬁgeggggﬁgh%méﬁgﬁﬁﬁéw€H§§$q§£§¥?ﬂ%ﬂ&e‘=second o-plate (416, 516)
having a fourthsa@ahdtiphad (408] BBY:ahiton, wherein the second c-plate is
di sposed between the second o-plate and the Jiquid crystal cell ; wherein
the first, a second o-plate (416, 516) having a fourth azimuthal orientation, wherein the second
c-plate is disposed between the second o-plate and the liquid crystal cell ; wherein the first,
second, third and fourth azimuthal orientations are disposed in a helical arrangement
wherein
the second azimuthal orientation differs from the first azimuthal orientation by an
angle in the range of 75 to 105 degrees in a first rotational direction,
the third azimuthal orientation ditfers from the second azimuthal orientation by an
angle in the range of 75 to 105 degrees in the first rotational direction, and
the fourth azimuthal orientation differs from the third azimuthal orientation by an

angle in the range of 75 to 105 degrees in the first rotational direction.

2. The liquid crystal display of claim 1, wherein the first rotational direction is

clockwise as viewed looking from the first o-plate (412) toward the layer of liquid crystals.

3. The liquid crystal display of claim I, wherein the first rotational direction is counter-

clockwise as viewed looking from the first o-plate toward the layer of liquid crystals.

4. The liquid crystal display of claim I, wherein the first and second o-plates (416) are

positive o-plates.
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second, third and fourth azinmuthal orientations are disposed in a helical
arrangenent wherein the second azinuthal orientation differs fropgghe s st
azimuthal orientation by an angle in the range of 75 to 105 degrees in a
first rotational direction, the third azinmuthal orientation differs fromthe
second azinuthal orientation by an angle in the range of 75 to 105 degrees
in the first rotational direction, and the fourth azinuthal orientation
differs fromthe third azinmuthal orientation by an angle in the range of 75
to 105 degrees_in.the first rotatiagnal direction. 2. The liquid crystal

di splay of" cl aT"'rﬁn‘pqw‘iﬁHéﬁtéﬁﬁiSH'%O#q‘fi“g't', S DA AL S0P IS % ookwi se as
vi ewed | opldange &-hbRMsie, it gyst o-plate (412) toward the |ayer of liquid
crystals. 3. The liquid crystal display of claiml, wherein the first
rotational direction is counter- clockw se as viewed | ooking fromthe first
o-plate tgward . Adoud d.cr 4. The |1 qui st al . displ ay
of "o e m B wnie T s OU ol RIS i g IR Y Y Bl

0- pl at es. nédatik IRuldCrystfl@ell. 5. The liquid crystal display of claim1, wherein
the first and second c-plates are negative c-plates (414, 418). 6. The
liquid crystal display of claim1l1, wherein the liquid crystal cell (302) is
a tw stedy nempld gouid Qb KENSE & cIGR 1, furfrer dipdidigi d crystal display of
claim1, further conprising a Trear polarizer (408) positioned with the first
c-plate (414) aredr palarizer 6A08) posetiqned R)ith thetineenlatend [ 4)emnd fgslcaplatedd12and t he
liquid crystal cell 02), .and a. front nolarjzer (410) positioned with the
second c-%%3?%]§2T§3g§ﬁﬁ%%gg%ﬂﬁQ195ﬁ§¥5£cfﬁfg?i5@ﬁmeen the front polarizer
and the |iqui da omtgiotdrizecdl 0y fhsitibhed WithltHeGeeondStRhte ¢4 IBp bay sc@bndd-piatd 7,
wherein the rear polarizer (408), fraont polarizer (410), and liquid crystal
cel | (4024414} etypyBe Ban pelgeeanddhe igunrivgat el on. 9. The liquid crystal
display of claim7, wherein the rear polarizer (408), front polarizer

(410), and liquid crystal cell (402) are disposed in an o-node
confi gur aBi on. THliquitherybtaldismaycofycdaial 7, dihspirathe ofar pblarizar (408)hfeore ipnlatine

tical ' f t.he, fi - te i ilted at bstanti al | if
Vol e 110t 13nang g R el A e sgosst A moPe SURBREAN: ho opti cal axi s
of the first o- plate

9. The liquid crystal display of claim 7, wherein the rear polarizer (408), front polarizer

(410), and liquid crystal cell (402} are disposed in an o-mode configuration.

10.  The liguid crystal display of claim 1, wherein the optical axis of the first o- plate is

tilted at a substantially uniform value.

11.  The liquid crystal display of claim 1, wherein the optical axis of the first o- plate

varies in tilt angle from the front to the back of the first o-plate.

12.  The liquid crystal display of claim 11, wherein the tilt angle of the first o- plate

increases from the front to the back of the first o-plate.

13, The liquid crystal display of claim 11, wherein the optical axis of the second o-plate

varies in tilt angle from the front to the back of the second o-plate.
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varies in tilt angle fromthe front to the back of the first o-plate.

The liquid crystal display of claim1ll, wherein the tilt angle oi eiﬂﬁ@ rst
o- plate increases fromthe front to the back of the first o-pl 1:3 180 The
liquid crystal display of claim21l, wherein the optical axis of the second
o-plate varies intilt angle fromthe front to the back of the second
o-plate. 25 13 OC T 2006 14. The liquid crystal display of claim 13,
wherein the tilt angle of the first o- plate increases fromthe front to the
back of t first.o ate, t.h e of.the .secand ate decreases
fromthe ?ﬁfon ﬁellct%‘gcrgétéké'gﬁa flctlggg'g ndhEept E?Bﬁ ée’ O?ﬁ"«?“f’tc?uﬂftecr yst al

di spl ay ofncehddsMom the WohDi@rth€ BAARIOf SHeNesteb- hlﬁtertﬁle &h ha@at 6f 1he2€bnd BOPlatel ONed so
that the first o-plate ( 512&9 is between the third c-plate and the liquid

crystal céqcreasiﬁmthelfmnt% ¢ bpekipfdhesegarde-rldfespl ay of claim 15, further
conprising a fourth c-plate (522) positioned so that the second o-plate
(516) is between the fourth c-plate and the liquid crystal «cell. 17. A
liquid crystal Tl ]é;q;iimyrystabdfmla)sbfr@aim la fifrihres tomoidg athirdcphlate €530612) ; a first

retarder; a.l d.cr 2 wherein. t he i
(i sposed BEIRIENSS et R e o et R0 R tsre v & S TG Ty T o
second retgpger (619), wherein at |east one of the first and second

retarders (615, (619) is a biaxial retarder; and a second positive o-plate
(616), wherein the second retarder is disposed between the second o- plate

and the |jgui . i |m17
wher ei n Il ?E&rl?(ﬁ}r@%rygﬁ!dd%p%}g T"pglt lzgl’ rhgr %’re’ﬁ E}lgaaﬁogﬁﬁ @étiag% chrbs (615,
619). 109. pd‘slrtﬁ)nled sihdt the yadoad odilap( ) Bfbetteh thelféurthvbgiaeé andothe tigiid theataf i r st
and second lret arders is a c-plate. 20. The liquid crystal display of claim

17, wher efsil t he biaxial retarder has a negative out- of-plane birefringence.
26

17. A liquid crystal display, comprising:

a first positive o-plate (612);

a first retarder;

a liquid crystal cell (602), wherein the first retarder (615) is disposed between the first
o-plate (612) and the liquid crystal cell;

a second retarder (619), wherein at least one of the first and second retarders (615,
(619) is a biaxial retarder; and

a second positive o-plate (616), wherein the second retarder is disposed between the

second o- plate and the liquid crystal cell.

18.  The liquid crystal display of claim 17, wherein both the first and second retarders are

biaxial retarders (613, 619).

19.  The liquid crystal display of claim 17, wherein one of the first and second retarders is

a c-plate.

20.  The liquid crystal display of claim 17, wherein the biaxial retarder has a negative out-

of-plane birefringence.
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13 O C 2006 21, The liquid crystal display of claim17, further conprising
a first c-plate positioned so that the first o-plate is betwee i5€B§®ESt
c-plate and the liquid crystal cell. 22. The liquid crystal disgl | ai m
17, further conprising a second c-plate positioned so that the second
o-plate is between the second c-plate and the liquid crystal cell (602). 23.
A net hod of conpensation for a liquid crystal display, the nethod

conprising: directing light through a liquid crystal cell (402, 502) and

t t prisipg .a first o-plate (412, 512) havi first
ol mut nal 2011 ohraEnd ErvsGPFRD af SETuftal b e e Fuid iy il e JlpRPsCel

conpri si NghadthedRst oSplatkacketbeh e fiFwblplRdaddBeliquibengiancdlhe 1iquid crystals
at the rear surface have a second azinuthal orientation and the liquid

crystals at the front surface have a third azinuthal orientation and wherein

Che first oe- . . _ , € L aui d
crsst;{scé?1;pgﬁigggﬁggéégﬁgﬁgy?ﬁ%@?ﬁga@?ﬁwghﬁﬁ%ﬁggﬁ%%%ggg%ﬁg%gﬁ?h%ggl516)
havi ng a fotat the agiondibhddte oricenteatthoseconthepleierant! te: ligedanstalceefl(62. i s

di sposed between the second o-plate and the liquid crystal cell; wherein
the first, second, third and fourth azinmuthal orientations are disposed in

a hel i cal 2ar r apgRaR& otdd&Rhgtioh R 23 RERNGYRA I dRM B2 the Fhdidt ®Inp?Rindi ffers from

the first azinuthal orientation by an angle in the range of 75 to 105
degrees in a fii'r@@mgbgbttthmahaérnvlé@fysmhsel?@@&twa andheamaensabion stridwreat i on
differs fromthe second azinuthal orientation by an angle in the range of
75 to 105 degre€es in the first rotational direction, and the fourth

azi mut hal ori ent at i oficsdodfplaee &t 121 Hirh) hindng hiirsd azmiuthat bddntaionent at i on by an

angle in the range of. 75 to egrees in the first rotational direction.
24. A nethod of con%&ﬁ%%f*ﬁ%éﬁgrﬂégliquid crystal display, the method

conprising: 27 1 34 Qg try3Q08:1l ik R&inkaRedrisfthcel b QUEA SurkdcBlUbitbrGh Yt al
cell and conpensation structure conprising a first positive o-plate (612);
a first retardbquid 6([)51)‘&!5 at the rear surface have a second azimuthal orientation and the liquid
crystals at the front surface have a third azimuthal orientatton and wherein the first c-
plate is disposed between the first o-plate and the liquid crystal cell;
a second c-plate (418, 518); and
a second o-plate (416, 516) having a fourth azimuthal orientation, wherein the
second c-plate is disposed between the second o-plate and the liquid crystal cell;
wherein the first, second, third and fourth azimuthal orientations are disposed
in a helical arrangement
wherein
the second azimuthal orientation differs from the first azimuthal orientation by
an angle in the range of 75 to 105 degrees in a first rotational direction,
the third azimuthal orientation differs from the second azimuthal orientation
by an angle in the range of 75 to 105 degrees in the first rotational direction, and
the fourth azimuthal orientation differs from the third azimuthal orientation by

an angle in the range of 75 to 105 degrees in the first rotational direction,

24, A method of compensation for a liquid crystal display, the method comprising:
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a liquid crystal cell (602), wherein the first retarder is disposed between
the first o-plate and the liquid crystal cell; a second retarden 3(@[;}923[]5
wherein at |east one of the first and second retarders is a biaxial
retarder; and a second positive o-plate (616), wherein the second retarder
is disposed between the second o-plate (616) and the liquid crystal cell.
28

directing light through a liquid crystal cell and compensation structure comprising

a first positive o-plate (612);

a first retarder (615);

a liquid crystal cell (602), wherein the first retarder is disposed between the
first o-plate and the liquid crystal cell;

a second retarder (619), wherein at least one of the first and second retarders
is a biaxial retarder; and

a second positive o-plate (616), wherein the second retarder is disposed

between the second o-plate (616) and the liquid crystal cell.
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