; VAKYe3er: 0.6T:)0#2 5 NOV 2002 , The invention relates to an optical
conponent conprising an anisotropic filmof cross-linked liquid crystal
nmononmers with varying local orientation of the liquid crystal nol ﬁgpw 0
The invention also relates to nmanufacture of jthese conponents. [ oZ)QZ:
transparent or coum,ﬂmm mm"m”ma network l'ayers with a three-dimensional
orientation of th s which Itan be preset at different points are
of great inportance iggisplay technology and integrated optics. In
principle, this property is possessed by substances known for sone years,
I.e. certain cross-linkable Iiquid crystal diacrylates and di epoxi des.
These substances in nononer form i.e. before crosslinking) can be oriented
in cells using conventional orientation |ayers or under the action of
external fields, e.g. magnetic or wﬁﬂ%ﬂ?&ﬁﬁ in the LC phase and can
be photo cross-linked in a second™step w thou osing the orientation

I npressed in the nononeric state. Layer structures of this kind are known
e.g. from EP-A- 331233 They are manufactured by orienting a nononer |ayer

i n an external dth i rradiatin art_of it through a mask.
Cross-1inking i \j"dﬁ’? t??\golapr%ﬁﬁ‘%le MROREHE ¢Ampn ‘ﬂéaﬂi rection of
t he exter MSdﬁrebﬂ: ﬁhntdfecrosmmmd;ed hguiid t:rysrtal*rmonangenlomth vasyihgnked
nonomer [ tion of the
field. The&} %&&%@oﬁf#ﬁ&{ en a ﬁ%&wslgaﬂ k?g&*}ﬁvgﬁﬁfufgnagg i on.

Cl early, thlatesdotmanufactvre ofshese mmmnsnt%nt ation structure with high

| ocal resolution, since the radical cross-linking reaction is not sharply
bounded because of the_shadi ng of the 02 2 Oientation
|l ayers are of cMRispEEgpi¢ %W&E O W{E‘T@énﬁ‘tlmr var?q]z 6re Withst al

di t5p| ayI cel ﬂsreeriQueﬂlsibﬁmﬂ@ntaﬂmm bf €ihé aPt:@al @kist Whidh 6an %eqﬁﬁé%éﬂbt
materi a

Subst ant | SHFEGTeRS Botnth art ef B3eCFRpPApesn ARpRR i Rra e Rl cryara

cells, e.dntégiatedopti®dN' cells. Nornally, these orientation |layers consi st
of suitably ground polyimde or PVA | ayers or obliquely vapourdeposited

Si Ox layers. The nmethods of producing these layers substantlal |y provide
only uniform orlmmﬂﬂstlﬁﬁmrohﬁmdé&ﬁﬁsés%ﬁdeéx {03

B er Car by pPuku dle, ceftaip Gofd finkable tiqead ”ﬁi@l %@@“%‘ﬁ?qﬁ?"s’i ‘Some
i | | |
re%:/ent ly- lgﬁ ﬂé?h@&gsﬁgﬁﬁﬁgmﬂény BTG f? y Ctéefa]gq F988cal Iy variabl e
gri eﬂt ?t : MngpeﬁpllmonEntethn?ndﬂe)xshfg éoﬂv&iﬁoﬁallloﬂentatldmbam?mn ati ?R
ot ol i r 0 e r in the
y P 11?#3%9 ﬁﬁ}é@n&? to?%%er?: e?@gma(%g ﬂi’%@t %”Ll%ﬁtﬁ 1B 3R ﬁ'&h

pol ymer . pr oduces orlen |od

chr orophoids phagejand n@nmleotermsq- nkedfmra@mmd plep O@Itdgang nkabl e

l'iquid cryhbarferstion ihlPF@ss@HEiﬁeﬂie ARYOmMENE stat®, Of the invention is to
provi de inproved |l ayer structures of the aforenmentioned kind for optical

and el ectro-optical conponents.

Layer structures of this kind are known e.g. from EP-A-331 233.
They are manufactured by orienting a monomer layer in an external
field and then irradiating a part of it through a mask. Cross-linking is
triggered in the irradiated region only. The direction of the external field
is then changed and the remaining non-cross-linked monomer regions
are re-oriented with reference to the new direction of the field. The latter
region is then also cross-linked by illumination. Clearly, this method
cannot result in an orientation structure with high local resolution,
since the radical cross-linking reaction is not sharply bounded because
of the shading of the mask,
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According to the invention, the aimis achieved by an orientation |ayer
conprising a photo-orientable polyner network (PPN) which is | ;‘cmvt 7000t
with the liquid crystal |ayer. According to the invention, the Fayer
structure is manufactured in that the I3 quid crystal nononers are oriented
by interaction.with the PPN | ayer and the orientation is fixed in a
subsequent cr Sientatiomlpyers are T eriticad imnarbaneejn the censtruction of

P adi ot G Srpatep didPlay REEPThed SR iie e LAt o R HBeld L on

pat t er ns CBYSt Et:m%f‘é’@i 1n1'1%§ @Hbéieaﬁ}é%m?’ﬁn%@éa?%ﬁp F%l axig, apd c acid
derivati ¥@bstantibe deftienine the p@ssﬂﬁh‘tﬁtof/mﬁhufa?dtuﬁ B ﬂiﬂd Biysdar 2246/ 91.
The ori eg;ﬁ#‘gg nﬁgc,essmb ﬁé &22518}?3}}’ régﬁged rl.ent on and

di neri za t ’ i n contrast
to L -hf- rregzhsidt dﬁsurt:abl;dgraundspaﬁnﬁaé 09V Atlayers onnbfmute{]y pap?wxr-n i |S
stabiliz A |za nyvents e polyner |ayer
into an gf?@%ﬁe@ Frs 11{%68@%@@}’53@%?&6 e84 %Y%rsl S gl sg a dragt iC
r educt i osubstamitialiy pubvidet gnlyf uniferm arientiaticnscover macsoscoppe aséasy t hat
these PPanﬁwgfoé%m@ 2Pbfiealind SEluberd it s GE4IHALIE & VY tHd'Kab! € LC

nonomner ers ori ent ation an can I nk them so as
to presepm@nfcmomq éh@aLCdnyepamhltwmly,ee B gmgdm&lypgnrmmmwm@en f ound
to be pa{-%glgﬁgadllsy suitable) e.g.: 1) Ro 47-7269 Tg = 156C O 2 5 NOV

200Z 2) T ~ 5 NOV 2002

Some recently-known methods can produce orientation layers
with locally variable orientation properties. For example, US-A 4 974 941
describes orientation by photolithographic methods of dichroic dye
molecules incorporated in the polymer. This method produces a
thermally unstable orientation of the chromophores and is therefore
unsuitable for orienting the cross-linkable liquid crystals used in the
present case.

The aim of the invention is to provide improved layer structures of
the aforementioned kind for optical and electro-optical components.

According to the invention, the aim is achieved by an orientation
layer comprising a photo-orientable polymer network (PPN) which is in
contact with the liquid crystal layer. According to the invention, the
layer structure is manufactured in that the liquid crystal monomers are
oriented by interaction with the PPN layer and the orientation is fixed in
a subsequent cross-linking step.

The orientation layers consist of photo-orientable polymer network
layers (PPN) which, when selectively irradiated with polarized UV light,
induce high-resolution orientation patterns on LC layers. The
substances in question are e.g. cinnamic acid derivatives as described in
Swiss Patent Applications 2244/91 and 2246/91. The orientation process is
based on photo-induced orientation and dimerization of the polymer
side-chains. In the present case, in contrast to the method described in
US-A 4 974 941, the orientation pattern is stabilized by the dimerization
reaction, which converts the polymer layer into an oriented polymer



3) Ro 470-3054 Tg = 105C -n OO0 OO CN 5 and LC nononer |ayers consisting
of diacryl ate conponents, such as, e.g. 1) o>~co~to 6-CH=CH2 2) 0V
CH2=CH COO- (CH~6- 0 O OC O O (CH2) 6- CH=CHz CH3 3) CHZ:CH-CCD(CHZ)G-YC;& &@?

O~ 0O0C~ O ~0 (CH2) 6-CH=CH2 and m xtures thereof. ~ 5 NOV 2002 6 The
conmbi nati on of PPN and cross-1|inkable Lg nononers according to the
invention will hereinafter also be refefred to as a hybrid | ayer. For the

first tinBeivwork THeteSsalsEardrastictredisfieh ﬁnrmetéwumity%qlﬂm palgerbed
hi ghresol ution orientation structure of a thin polyner |ayer 'to a

doubl e-r ef&¥&&ti ve tightly cross-linked polyner |ayer of arbitrary
thi ckness. The follow ng are some useful properties of these hybrid |ayers:

h i | vibd | ar | I h

b thormml Ty, SisorirBriney chah RS PEN bAbHSE dah s ET RS IS Eivkependent
of tenperedrdam ctdss-lmkabielL@rmsnbmmylayers hasteuttured vorieretativin and . 2 and
the local, %i’do“&‘ogé‘ h%k ﬁ@mo%f Eé"t%!ré’dlr% tHE oM htatiod EPNE WAth Y the PPN

i.e. is in
high glass polnt have been found to be particularly suitable, e.g.:

1) Ro 47-7269
Tg = 156°C

= %



A nunber of known optical conponents can be manufactured by a new nethod by
phot ol i t hographically structured PPN coating in cooperation with ver{

ani sotropic liquid crystal network |ayers which can be ori ent el WNDW @Earp
edges. In addition, novel optical conponents are possible for the first
time. For exanple, |anellar wave guide structures, structured retarding

pl ates, polarizing beamsplitters etc. cad be manufactured in cells by
usi ng doubl &efrg&;'on. Anot her possibility is to fix TN structures by
cross-linkiﬁb gTh (%roducing pol ari zation rotators. These can extend over
the entire cell surface or can be limted to very snmall areas. Chessboard
structures are ijjportant where adjacent conpartnents about the size of a

pi xel either the polarization of light by e.g. 90 or do not

i nfluence i s a nethod of producing three-dinensional TV liquid
crystal screens, a® already described in Sw ss Patent Application 2245/91.
Anot her appliclation is to 3D transparencies for line graphics. In this
case,-the twogsubstrates coated with PPN are first irradiated with

| i near - pol agy W light and then, in a second illum nation step, the two
conponent i nmag for the right and the left eye, respectively, are
inscribed in ongZof the PPN | ayers by linear-polarized U/ |ight having a
direction of p&.arjPation which has been rotated +45 or -45 relative to the
first irradiatio A liquid crystal cell is constructed fromthese
substrates and fijled with cross-linkable LC nonomers according to the

i nvention. The sy ucture induced by the PPN orientation layers is fixed by
cress-linking. Phe result is an optical structure in which |inear ~ 5 Nov
2002 pol arized(light polarized parallel or at right angles to the

direction of p1:~rization of the first irradiation is transmtted unchanged
US a

outside the i ontours, whereas it is rotated through +45 by the
contour of o ponent i mage and -45 by the contour of the other
conponent inma a result, when the cell is viewed through suitable

pol ari zati on gl §sses, the two conponent pictures are received by the right
and | eft eye semparately, resulting in 3D effects. As described in the
Exanpl es, thg ct ured cross-1linked |ayer can be given the formof a
coating on als tyate. This is done by "spincoating" the cross-linkable LC
nononers on swgirates coated with PPN or by preparing the cross-1inked

| ayer in a cell]and subsequently separating a substrate. A coating of this
kind can serve gyg. as an orientation layer for LCDs, thus conbining the
orientation and double-refraction properties in a very small space. Two
enbodi nents are possible. Either the oriented anisotropic network coating
itself induces an orientation on the adjacent LC layer. In this case, the
orientation pattern of the LC |layer and the double-refraction pattern of
the network |ayer are correlated. Alternatively) an orientation direction

i ndependent of the structure of the network coating is inpressed on the
oriented network coating by grinding) as in a conventional orientation

|l ayer. In this case) the optical properties of the LC layer will be

i ndependent of the network coating. An additional |ayer can be deposited on
the oriented network coating. For exanple, a transparent conductive |ayer
(I'TO can be applied by sputtering w thout damagi ng the network coating.
These possibilities are of great inportance for display technology. Mre
particularly, retarding | ayers of the kind necessary in STN displays can be
incorporated in the display.



According to another feature of the invention, dichroic dyes ar?mﬁ@%wm
the cross-Ilinkable nononers and aligned parallel to the nononer en
oriented. This is a nmeans of constructing |ocallystructured dichroic
filters and dichroic polarizers. Structured dichroic beamsplitters are a
speci al application. D chroic dye nol ecules are 2 5 NOv 2002 8
particul arly suitable when they have a Punct i onal group enabling the dye to
be i ncor por i e network, e.g. dyes conprising an acryl ate head
group) mhiéﬁ%gggqﬁﬁéipxwaied into the network of LC diacryl ates.

Al ternativel Fg=ci¥5r@ nol ecul es can be nixed with the cross |inkage
nmononmers or fupctionalized chiral nol ecules can be incorporated in the
network. T hifral nol ecul es and concentration thereof can be chosen so as
to induce I structures serving as cholesteric filters or optical
retarders. ccorﬂing to another feature of the invention) functionalized LC
nol ecul es wijth a strong pernmanent axial or |ateral dipole nonent are m xed
with the crggs-linkable LC nononers. By this nmeans) the orienting effect of
the PPN | @fer*gan be intensified or otherw se influenced by an external
electric fieldl This opens the possibility, inter alia) of acting via the

| ayer thic so as to convert the director orientation of the LC | ayer
froma ho eneqQus orientation at one boundary |ayer to a honpeotropic
orientatio Phe ot her boundary layer. In one particularly inportant

appl i cation) e layer thickness and/or the direction and strength of the
external magngtic or electric field are chosen so as to produce orientation
| ayers having/a preset tilting angle, as required in LC displays. Exanple 1
A 1% PPN 1 ¢l ution in NVP was spin-coated on two gl ass plates coated with

| TO Spin pgdranmeters: 4000 rpm Two hours pre-drying at 130C on a heat
bench was foN owed by 4 hours at 180C in vacuo. The two coated plates were

i rradi ate | i near polarized Iight froma 400 WHg very hi gh-pressure
| anp for pa gn hour at 25C. Next, an LC cell 10 u thick was nade fromthe
substr at es; e plates being disposed so that they were oriented at right
angles to orle another relative to the direction of polarization of the
irradiati onCNThe cell was filled with cross-linkable LC1 at 140C and cool ed
to the nematic phase at 95C

and LC monomer layers consisting of diacrylate components, such as,
e.g.

1)

CH2=CH-COO-(CH2)6-O@@0-(CH2)6-CH=CH2

2)
CH2=CH-COO-(CH2)6-O@ O-(CH2)6-CH=CH2
@O-(CHz)G-CH=CH2

CHy

3)
CH2=CH-COO-(CH2)5-O@

and mixtures thereof.




z 5 Nov 2002 9 The nematic |layer was oriented in the cell and togQi§ N/ 20ITN
configuration) as preset by the preparation of the orientation |ayers. The
oriented | ayer was exposed to the unpolarized light froma 100 WHg very
hi gh- pressure lanp at 90C for a few nbnutes) thus cross-linking the LC
| ayer while r,ft aining the TN configuration. In this manner the structure of
the cell was FheseminnationaofBEN aA £aest igkabie LG granomensm t enper at ur e.

An LC Ceddco%ﬁgcmﬁerﬁfée%&fwing hvl%%ﬁmg%rlalsl@% ziére#g wrﬁﬁ%ﬁ@ml e only

one of the substrates was coate N. The seco substrag had a

3

convent i 18%&T- _ liEhﬁgﬁbﬁm%%ﬁr%’ﬁd%ﬁ%mpﬂﬁﬁﬁé‘?mﬁm §_PE1§§JéYaI so a TN
cel | wasingbfibedddghPedblhfien Urisitatidn frubturtdéfng thive ﬁ@%éﬂ%@ﬂﬁyer was
oriented ﬁarﬁ lel. to.the, oiarlzatljrﬁ{n di rection of the UV Iight used for

i rradi at? HGUPIFTHRAFEYS) Y crosg-linked, polgmaer ayer of arbitzaB% “coat ed wit h
P|PN1 verthichmiesdi dthedf C(I)\l\lotvhnbi dmagnd qn@@hxaeﬁzlqdrﬁiﬁ‘értiﬁsfdf;thbWh)yEﬁﬂe ﬁf | the

pl at es T, ed. a ond tine thro a _chroenm,um mask, w i near

pol ar i z\éi%?ﬁfi?rwt?‘gﬁf&,r%m“@ﬁ ey %OBY?XE%’cﬁa'ﬁ}fl"g’f‘ﬂ?g}??"(iwo}%ﬂ'g?’éd t hr ough
90. The IgCathey are themdllystables theirloptival lanisotrbpy isvpracticallys- | i nkable LC
1asin-@.§9}’ -linpked. .-The_Le N fjguration as
I n ExarrpIFig ﬁ“ﬁ%%‘:ﬁ%ﬁéﬁ%ﬁlﬁ ’ %ﬂengggr?%#%%ggﬁei}ﬁgﬁr#ag‘gfgd only
once, arff m>parand the tenal irgsolutionrofi thetaréent@itary siructureriat ed areas. The two
ar eas b : t r&Bﬁgr‘d}@ . As in Exanple 2, the
t wo Su‘gﬁ#ﬁ%ﬁ%&gg g%‘%mp?gq'gﬁfg\?\grtg%isrra | atfé'g: ﬁﬁ% | near - pol ari zed |ight
and then, in a second and third illum nation step) the tw conponent i nages
of ,the 3d ![ I rl&fﬁuxﬁbbﬁ@)‘f)krﬁﬁm gbgbﬂncc{ﬁﬁohéﬁwfGiﬁiiﬁénﬂaﬂhf%&?ré%%bta?_ndt Ih_eft
eye respegtiy re | ri bed, on.to .one o wo substrateS. To i's
end) i nqﬁ% Igg%%)ﬁldg\? é’%gﬁﬁw@@@?%x RS Eﬁ}fsf%apﬁn%h% ¢@bmponent i mage
was i rraﬁwaﬁdntmmmgkroﬁiq: liquid kcrystal peittwork ddyers whitilr eat i on

rotat ed yoriéntdd H\éﬁa}g rtl%l Cs.f H S8ditiddh e 'M%Bﬁ@é)é}'e\%t% E?et hird

illum natiop_step the sec: onponent 1 1age was 1 nscr
pol ari zR4sEPle fonthe firpt timd - 45, through an additional mask having the
contour of the second conponent image. Next, an LC cell was constructed

fromthe two gubstrat (is ﬂ'%g {lji |1 ed wit cr‘r%ss-l i nkable LC ngnomars accordi ng
to the invent]Yns® &+ 1ARENRE WaHSLERI S UL SNEIBRGtaEeAt i on | ayers was
fi xed byetamlingl plakes)gpoldhizing dehin-splittens ept.i @al betmantifuctured i ch |i near

| ari l i Lzed | |l el IRt | t emirhe di ti f
Dol ar | 5 s P PR BB Goel Alindt pos PR Bk TManged out si de t he
| mage catreetiuses bt cxess-linkinge dhuhmrodhcings polaritatior gotators. Thesecont our of
one CONR@Re&tehdPER AR éxFFiﬂ!JQQl sdrfakd ok %?8 li%&@% th %r%%ﬁfd’ll conponent

| mage. Athre-dlrgqr}i}smna | Mpressi on was I ne y viewng a cell of
this ki ideafr bhgRsRoAnd slraichates areimpartgndswhere pejagend case as in Exanpl e
2) the seatpuhtments Eboi rtgxd 3261 él @ﬁ:@elCngtNﬂi& hstaps eMé @ethriddtiorRofonv gnt i onal
ori.ent at | e . .= coatin ) I.n-coated on to
a subst rﬁa@g BF;F[ é%ggoﬁ?qre%’ Qﬂﬁﬁﬁvﬁeﬁe ik ng?&ﬁgﬁﬁ?&g‘éﬂg "W ight.
Next, a thirge-dimensionadsEVIliqudabérystdl sareensy as alrkgdyodesdribed at or di ssol ved
i n NWP Y)Wt . -tﬂ_kr%z yhet-mentioned coating and dried on a heat
bench in tng?da;ireEE’gxttﬁg%%%o e‘iq/g?}'perature was |owered to 90 so that the LC
| ayer was in the nematic phase. The layer was irradiated with WIight

through a wi naigueheirt dpSicd titi swwfsn)f%égjf‘s;geﬂm%%ﬁgi@%aﬁhmlfmn

cross-1linked |ayer was oriented correspo ng to_the ayer under neat h.
Ot her eﬁg‘bﬂﬁﬁ?n'ttge&w& ﬁ‘ébqtﬁﬁ?r&qo_@ﬁe“i\n“ﬂ_ \/N_l:?é'ecfb@_érmt%’élawd_twtlbef erence to
t he accdimarypolgrized UM EEht Andtleh, il 4 sedond iRusiAdfisAiNREpCtifect i On
throughta "retarder, cell; fFlﬂi 2, iﬂ? ads Cti?{' and a plan.view of a
st r uct urtdP companent images for the right an the left eye, respectively, are

inscribed in one of the PPN layers by linear-polarized UV light having a

direction of polarization which has been rotated +45 or -45° relative to the

first irradiation. A liquid crystal cell is constructed from these

substrates and filled with cross-linkable LC monomers according to the

invention. The structure induced by the PPN orientation layers is fixed

by cross-linking. The result is an optical structure in which linear-




z 5 NOV 2002 11 Fig. 3 is a diagramof a col our-conpensated "STN' |iquid
crystal display; Fig. 4 is a diagramof a liquid crystal cell for colour

di splay; Fig. 5 shows a colour grid on the cell in Fig. 4; Fig. 6 1% NQV 200
section through a structured "polarizatpon rotator”; Fig. 7 is a diagram of
a transparency for three-di nensional projection; Fig. 8 is a diagramof a
rear propelarized lght peldrtsedr ppraibtlorred xight englﬂSpﬁOCtgimdigeetionmd Fig. 9is a
di agram . ' | QR: ' ' i,C 1 nmages.
Photo. | nitiEsipaliELE it Brbtlalidftl fPmeler SR AHCRRR ] BLEARE T | T

pr oduci ninageseptaura; whereas itolsi notpied thnoughat457gby khe sontaest ofwese opt i cal

path di f {&h8BAENnY imaBe Arith &Y BPtte EoRouP)ofi thel dtRefRoRPoneRY itlagdie | ayer
(ne = extraordinary, refractive |,nde>é, no = ext,rabrdltﬂar,y refractlve index),
and d | SBEHRTeSHIEIHEED (e sellis Heved Hizough suikabls palanzatioRence | <

determ nglmsbaIs,tﬁm e/ 86mipBh kit pitureaferedetved blthesight 4ha léﬂf%@ 0 <d<
400 nm }za(c)!) the directipn ﬁf@,ﬁh% optical axis of the layer is determ ned
by the df¢RatEL ’GFS‘EJ‘E}%P}Q €@8ed when orienting the PPN. The direction
of vibration can vary over the range 0 180. Fig. 1 shows a diagrammtic
section through retar.der .ce conpri i ng t spaced- rt.substrates 1
and 5, e.g. ggésﬁesﬁpi’&és{n P%Hxﬁﬁﬂgs’s@q‘ W‘é’f%%ﬁﬂﬁgﬁd N ayers 2
and 4. Acan BergiventheFoim of s peatimg batavsebstirate. Thisds .doBecby 2spihews a
structur :ela [ [ 4l i L 0, <0, ith two
subst r a S HEE bR s"HC TnahBineR} opCRIMEts bt B8 ERIRN o1 o2
and 4, wpr hyareparing the rrassilinkas laven ina pell end subsequentlst uring is” shown
inithe phephratiyg B subsrateNOV 2002

A coating of this kind can serve e.g. as an orientation layer for
LCDs, thus combining the orientation and double-refraction properties
in a very small space. Two embodiments are possible.

Either the oriented anisotropic network coating itself induces an
orientation on the adjacent L.C layer. In this case, the orientation
pattern of the LC layer and the double-refraction pattern of the network
layer are correlated. Alternatively, an orientation direction independent
of the structure of the network coating is impressed on the oriented
network coating by grinding, as in a conventional orientation layer. In
this case, the optical properties of the LC layer will be independent of the
network coating.

An additional layer can be deposited on the oriented network
coating. For example, a transparent conductive layer (ITO) can be
applied by sputtering without damaging the network coating. These
possibilities are of great importance for display technology. More
particularly, retarding layers of the kind necessary in STN displays can
be incorporated in the display.

According to another feature of the invention, dichroic dyes are
mixed with the cross-linkable monomers and aligned parallel to the
monomers when oriented. This is a means of constructing locally-
structured dichroic filters and dichroic polarizers. Structured dichroic
beam-splitters are a special application. Dichroic dye molecules are



12 The lines show the direction of the optical axis of the ret ardﬁr Wﬁ]ﬁl
The possibility of constructing patterns or |arge-area optical ret ar WX

| ayers by the aforenmentioned nethods and materials, opens a nunber of
possibilities of producing novel |iquidgcrystal displays. The novel |iquid
crystal displays can be operated either in transmssion or in reflection.
The el ectpartiptlarlyl suitdldetwhemthey have rcfur ctidiml grbuprenablinigthe djéect s,

inter ali ' | t ct (T . - £ tic
ef f ect s (Wf&ﬁ‘?j’fgﬁﬁéﬂ&% ¢ S bt oPies bt ATEL M
f ol | owi negrorp; sehightarecincorparatéd imtostheSnetweork of Lbl diaceplages.oel ectric
(SSF) effect, Deforned Helical Ferroelectric (DHF) effect and Short-Pitch
Bi stable Ferroe|lectric (SBF) effect. Fig. 3 diagrammtically shows a "STN'
cel | conpri si nltermativelys chizal anoleculpscenn be mixed withithe §50%8-ect r odes 2

ol ectr oda gy citthiend br Muleliblalaar el meleulédiom et Sing 15 |

covered ancoMRAmAted i tiw ﬁ?@@rﬁaﬁ%gﬁaﬁm&wa §°’6‘Fex&ﬁPgﬁnt he

adj acent theresfiéAs befcHoRen |sots tb fridtsdechelidhl Reiuetares Berrhgtass are al i gned
ht plate 5, the surface facing the

in a preferred dirggtion. On the ri
i qui 8 cr@%oﬁ%ﬁcleﬁgsg&ﬁr%PBPPWﬂfF%%aeﬁi entation |ayer 7. Between it and

the el ectrode | ayer 6, however, there is also an internediate layer 9 in

ne ¢ : i L . e ot
wth Ui near porarrdipg B Bhoffl abbd of the oy it Shlrttiorintied LE7CL 2L 71
and covermdlasyles pfith @ strong fermanent@xial, er 1akersh dipple oomenteaneef or e

crossli nkiiebd'a§t10the dr6sh-MHkaBIY BE ménbindrde By hib &¥é4ns, i@ hybrid layer
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be structlﬁb’éﬁl-) i.e. its optical properties can be different in different
regions. In this manner, for exanple, regions having col our conpensati on,
i.e. black-white contrast an_altern Lth regi ops whi.c e not
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the retarder layer 9 has no electrical effect, i.e. when application of a
vol-tage to the electrodes will not resuitgi n a voltage drop across the

| ayer 9. The hybrid retarder IayerE | so be applied to the outer
surface of one or both substrates 1 and 5. The orientation layers 3) 7 can

be given theiry glg t4 t\f [ que
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bl ocks the light. The observer 14 sees no light. Instead of choosing t
optical path difference and the position of the double-refraction ellipsoid
of the optical retarder |ayer so as to cgnpensate the inherent col our of
STN di splay cells, the sane quantities can be chosen in conjunction with
the polarizer positions, so as to produce colours by using the cell in Fig.
3. In the casegot h _of |caI bi st ef f.ect eld effects
Tvol ving or ey WiHematielayE? AR ASARH G thEetl Bt ook A8 TN, e

properti exonfigeratiomgas peesdtilmctlse pvq:ea'aglmﬂoﬁ‘\@')e odebtatiorlayersi The) using
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by one or ited TayErdel ¥pdped 1 T hﬂéﬁfﬁr‘?@ﬁ‘?éhf LW B b S eas

can be obtlughenrwuweelammatm%%tbmae mmutes,pﬂw msstl inkingstheuct uri ng

t he retar gem ,gg%.h r | e patterns
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show an ex3gRl Gepepatiptedur di splay conprising differently-coloured pixels
di sposed side by Side in a regular pattern. Fig. 4 is a diagrammtic
section through a display cell having substantially the sanme construction
as the cell in Fig. 3. In contrast Exarhple 23) the retarder layer 9 and the
el ectrode | ayer 6 are interchanged. Also, these two |layers are divided into
I ndi vidual areas in a pattern. Fig. 5is a plan view of the el ectrode |ayer
6 and the ret arﬁdeELG aglrwas constiugtiedeAssini Expnsplé 1,rbuti imetheapresenturms. | n
order to diphfle 6 Wlle of Pfe FEbAHRS WaY Rhated Pwt?ﬂegﬁ& nd0 that red
appears in ne re upper p|xe een 1n the reglon of
the adj acéﬁbstragsﬁ qsl monyentlpaal evientation lagen gtﬁundmom;m pi X8l 17)

folloved Ruig @&beaﬂl%brh TN célmewdbeeﬂstahﬂéw dei?tl@@H.ﬁ*é%ﬁioﬂrdT %*i‘b&in%dtkfé deway's
by one sté{% 2] er ences, |n8$ m &a differen

obt cal °r RLyRRIAS e was ooipnted Baraliel B fie Pular HaHiy ArechAnisE theni eved
by 2 5 NIV lEitPusdd far irradiathey the RPN substiated nati on tine) of |ight

I rradiation during polynerization or by varying the intensity of the
polymerizing light. In addition) as_al readé mentioned, the wall orientation

| ayers can be produced in a patter rying directions of orientation
by sequential irradiation. This is also a neans of varying the position of

the nematic dirgcto relative to e pol ., each .pi xel / del y
varied col our ¥ B};@aﬂﬂfebt éBF%P 8 cﬁag‘?ﬁ] h&gj 116 BF%Z\I' .
speci fi ¢ opithdiearrpelarizedsU¥ light: Neattamaheroﬂ theeplates wmsdirsadiatedia
al ternatiy e [ bet ween
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but w1th the direction of polanzatmn rotated through 90°, The plates

were used to make an LC cell, filled with cross- linkable LC1 as in

Example 1, and cross-linked. The result was a TN configuration as in

Example 1 in those areas of the layer which had been illuminated only

once, and a parallel configuration in the doubly-illuminated areas. The

two areas were delineated from one another by sharp edges.

Example 4
A_three-dimensional-transparency:

As in Example 2, the two substrates coated with PPN1 were
irradiated with linear-polarized light and then, in a second and third
illumination step, the two component images of the 3d linear object,
containing the information for the right and left eye respectively, were
inscribed on to one of the two substrates. To this end, in the second



outside of the glass plates. Fig. 6 shows a structured pol ari zation rotator
conprising two spaced-apart substrates 1 and 5, the facing surquangl\pfmm
whi ch are provided with structured PPN | ayers 2 and 4. In between there is
a structured LC network layer 3 consisting of a pattern of TN and parall el
cells. Fig. ? is a diagramof a t hr ee-HPnensi onal transparency conprising a
| i near pojari.zer. 11 and a cell conpri sing.two. | gl,asubsirates 12 and 16
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I nformation, e.qg. for the rigpht_eye,, has

wher cas. (ORBET SAEPONGRS RS (S G HImEBE{Ona) IS RroRPIOD HgPAHtEREd n t he
sanme st atby viewinga eell tfichidkasl through suisdblengularizationi glagses. bl e t hr ough
sui tabl e pol arization glasses. Fig. 9 shows a stereo forward projection
device which can be constructed in simlar manner. In this case the
structured pollarthigtdase astiat Exgmple & the segpndhunstrugtured prbsivatef t he

first i mpgald be plosiRPwifiadkonveAtiBAAE bFieAtén 2 fer04. A second opti cal
system 55 projects this plane on to a polarization-retaining projection

screen. 17 daim2 5 N~V 2002 | . A process fox malting an aausotropic

| ayer of cross-linked |iquid crysttdmple Bononers iza contact with an

oxi e~atation layer, which conprises providing one and only' one substrate.,
applying .atx ozientation |layer onto the single siibstraie, then applying a
| ayer of non- arAs in Fixasaple Lia 8RN st coating wagwpomsoated em&d asubsequ4nt |y

czoss- | i oRtrtB 1804 UBEd -and irradiated with linear-polarized UV light.

. Next, a mixture of cross-linkable LC monomers and photo-initiator
dissolved in NMP was spin-coated on the first-mentioned coating and
dried on a heat bench in the dark at 140°C. The temperature was
lowered to 90° so that the L.C layer was in the nematic phase. The layer
was irradiated with UV light through a window with exclusion of
oxygen and cross-linked. The cross-linked layer was oriented
corresponding to the PPN1 layer underneath.

Other embodiments of the invention will now be described with
reference to the accompanying drawings, in which:

Fig. 1 is a diagrammatic section through a "retarder" cell;

Fig. 2 is a section and a plan view of a structured "retarder" cell;



A process according to claiml, wherein the orientation |layer is nade fxopa
a photo-orientable material. 3. A process according to claim2, wherein

t ?7ae photo-orientable material conprises a photoorientable poly 5 NDYL2081r | s
(PPN). 4. An optical conponent conprising a single substrate bealing an
orientation layer which, itself bears ajil ayer of cross-Iinked~nonorners,
made by a pirocess according to any one of clai~x~s 1 to 3. 5. A retarder

| ayer comPilgsBng f diagneine of ubesloareohgrnsgted " STNEliquidoeryistalez whi ch

itsel fbea(rgs & |.ayer of cross-lizilced nononers, nade by a process according
to any on 18P %aims 1 to 3. 6. A cholesteric filter conprising ~. single
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cross-1linlgzed : by LNg; .any one of clains
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filter conprising a single Substrate bearing an orientation |ayer which
itself bears a |l ayer of cross-linked nononers, nade by a process accordi zag
to any onerigf 6Cisad BEctionh ®hfough astiRtthirieddtpoddricatioh Gotaaly i sing a single
substrate bearing an orientation |ayer which itself bears a | ayer of
cross-1linked nononers, nade~by a process according to any otse of clailns 1
to 3. 1 ~Fign7i ivesydiagwam «f « ¢rdnsparency o thyesrdiopénsiahal prgjection;
conprising.a single substrate bearing an on~ntation |ayer which itsel fhews
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The possibility of constructing patterns or large-area optical

retarder layers by the aforementioned methods and materials, opens a
number of possibilities of producing novel liquid crystal displays. The
novel liquid crystal displays can be operated either in transmission or in
reflection. The electro-optical effects can in principle be all known field
effects, inter alia the twisted nematic effect (TN-LCDs), super-twisted
nematic effects (STN-LCDs), deformation of restored phases (DAP-
LCDs) or the following ferroelectric field effects: Surface-Stabilized-

, Ferroelectric (SSF) effect, Deformed Helical Ferroelectric (DHF) effect
and Short-Pitch Bistable Ferroelectric (SBF) effect.

Fig. 3 diagrammatically shows a "STN" cell comprising two glass
plates 1, 5 coated with actuating electrodes 2 and 6. The electrodes are
usually segmented, e.g. in a display cell. The electrode layer 2 on the
plate 1 shown to the left in the drawing is covered as usual with an
orientation layer 3, by means of which the adjacent molecules of the
liquid crystal 10 between the plates are aligned in a preferred direction.

On the right plate 5, the surface facing the liquid crystal has an
aforementioned orientation layer 7. Between it and the electrode layer 6,
however, there is also an intermediate layer 9 in the form of a hybrid
layer comprising a PPN layer oriented by irradiation with linear-
polarized light and optionally structured, in combination with and
covered by a photo-cross-linked LC layer which in the state before cross-
linking was oriented by contact with the PPN layer.

The hybrid layer is anisotropic and therefore suitable in known
manner as a retarder layer for colour compensation of STN cells. The
present hybrid layer is particularly advantageous in that its anisotropic
properties can be influenced within wide limits by the manufacturing
conditions during irradiation with UV light. In this manner the optical
path difference of the layer 9 and the direction of the main axis of the
double refraction ellipsoid n can be formed in the exact manner to obtain
optimum colour compensation.
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optical propert1es can be dlfferent in d1 rent reglons&ln th1 (r)
for example, regions having colour compensation, i.e. black-white
contrast, can alternate with regions which are not compensated, i.e.
coloured. Instead of a hybrid layer 9 on one plate, retarder layers of the
aforementioned kind can be provided on both plates. This is important

when liquid crystals operate in reflection.

The hybrid retarder layer 9 may also be disposed between the glass
plate 1 and the electrode layer 2. This is particularly advantageous when
the thickness of the retarder layer 9 has no electrical effect, i.e. when
application of a voltage to the electrodes will not result in a voltage drop
across the layer 9.

The hybrid retarder layer 9 can also be applied to the outer surface
of one or both substrates 1 and 5. The orientation layers 3, 7 can be given
their orientation effect in conventional manner by oblique vapour-
deposition or by grinding. Alternatively, PPN layers can be used for the
orientation layers.

The liquid crystal display cell shown in Fig. 3 is supplemented by
a linear input polarizer 4 and a linear output polarizer 8 at right angles
thereto. Alternatively the linear polarizers can be replaced by circular
polarizers in known manner.

Unpolarized light 12 coming from a source 11 is linear- polarized
by the polarizer 4 in the direction at right angles to the plane of the
drawing and, on transit through the liquid crystal in the switched-off
state as shown, is split up and partly rotated and thus converted into
elliptically polarized light. Without the layer 9, the light would be
coloured, owing to the variations in transit time through the liquid
crystal 10 depending on the wavelength. The layer 9 produces colour
compensation in known manner, resulting in a black-white contrast
between the switched-on and the switched-off state. The part 13 of the
light vibrating parallel to the direction of polarization of the output
polarizer 8 is transmitted to the observer 14. In the switched-on state
when the STN cell is operated in positive contrast mode, the liquid
crystal 10 becomes optically uniaxial for transmitted light, so that the
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Instead of choosing the optical path difference and the position of
the double-refraction ellipsoid of the optical retarder layer so as to
compensate the inherent colour of STN display cells, the same quantities
can be chosen in conjunction with the polarizer positions, so as to
produce colours by using the cell in Fig. 3.

In the case both of optically bistable field effects and field effects
involving grey stages, it is known to produce colours by using the
properties underlying the effects (wave-guiding, double refraction),
using suitable polarizer positions. These interference colours can be
influenced by one or more additional retarder layers. Different adjacent
colour areas can be obtained by means of the aforementioned possibility
of structuring the retarder layer with regard to its optical properties, i.e.
patterns with various pitch differences and the double-refraction
ellipsoid positioned in different surface regions.

Figs. 4 and 5 diagrammatically show an example of a colour
display comprising differently-coloured pixels disposed side by side in a
regular pattern.

Fig. 4 is a diagrammatic section through a display cell having
substantially the same construction as the cell in Fig. 3. In contrast to
Fig. 3, the retarder layer 9 and the electrode layer 6 are interchanged.
Also, these two layers are divided into individual areas in a pattern. Fig.
5 is a plan view of the electrode layer 6 and the retarder layer 9, with
pixels disposed in lines and columns.

In order to display colour, the retarder layer is constructed e.g. so
that red appears in the region of the left upper pixel 15, green in the
region of the adjacent right pixel 16, yellow in the region of the next pixel
17, followed by red again. In the next line, the colours are shifted
sideways by one step.

The differences in optical path differences between the optical
retarder layer or layers in the different regions can be achieved by
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In addition, as already mentioned, the wall orientation layers can
be produced in a pattern with varying directions of orientation by
sequential irradiation. This is also a means of varying the position of the
nematic directors relative to the polarizers for each pixel. Widely varied
colour effects can be obtained in conjunction with the pixel ... specific
optical properties of the retarder layer or layers.

As an alternative to Fig. 4, the optical retarder layers may be
disposed between electrode layers and wall-orientation layers or on the
' outside of the glass plates.

Fig. 6 shows a structured polarization rotator comprising two
spaced-apart substrates 1 and 5, the facing surfaces of which are
provided with structured PPN layers 2 and 4. In between there is a
structured LC network layer 3 consisting of a pattern of TN and parallel
cells.

Fig. 7 is a diagram of a three-dimensional transparency
comprising a linear polarizer 11 and a cell comprising two parallel
substrates 12 and 16 with a uniformly oriented PPN layer (not shown) on
one substrate 12 and a structured PPN layer on the other substrate 16. In
between there is an L.C network layer 14 oriented to correspond to the
orientation layers 13 and 15.

The two plan views show the orientation directions of the
orientation layer 13 on the input side and the orientation layer 15 on the
output side.

Fig. 8 shows a rear stereo projection device containing a linear
polarizer 38, polarizing the light parallel to the plane of the drawing,
next to the light 37 coming from a source 36. The polarizer is followed by
a TN- LCD 40 equipped with a number of actuatable pixels (e.g. in the
form of a matrix of square segments). Neighbouring pixels contain the
image information for the right and left eye respectively. In the
switched- off state, light leaving the cell has a direction of polarization
rotated through 90°. The light then reaches a focusing optical system 48
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of a pixel fills a structure element of the layer. Adjacent structure
elements are in the form of TN and parallel cells respectively. In this
manner the image information, e.g. for the right eye, has polarization
rotated through 90°, whereas the image information for the left eye
remains polarized in the same state as before. The three-dimensional
impression is visible through suitable polarization glasses.

Fig. 9 shows a stereo forward projection device which can be
constructed in similar manner. In this case the structured polarization-
rotating layer 52, which is in the plane of the first image, is disposed on
a transparent substrate 54. A second optical system 55 projects this
plane on to a polarization-retaining projection screen.
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contact with an orientation layer, which comprises providing one and only one substrale,
applying an orientation layer onto the single substrate, then applying a Jayer of non-cross-

linked liquid erystalline monomers, and subsequently cross-linking the monomers.

2. A process according to claim 1'? wherein the orientation Jayer is made from a photo-orientable
material,

3. A process according to claim 2, wherein the photo-orientable material comprises a photo-
orientable polymer network (PPN).

4. An optical component comprising a single substrate bearing an orientation layer which‘ itself
bears s layer of crosg-linked monomers, made By ép'roccss according to any one of claims 1
to 3.

5. A retarder Jayer comprising a single substrate bearing an orientation layer which itself bears a
layer of cross-linked monomers, made by a process according to any one of claims 110 3.

6. A cholesteric filter comprising 2 single substrate bearing an orientation layer which itself bears
a layer of cross-linked monomers, made by a process according to, any one of claims 1 to 3.

7. Dichroic polarizer comprising a single substrate bearing an orientation layer which itself bears
a layer of cross-linked monomers, made by a process acecording to any one of claims 1 1o 3.

8. A dichroic filter comprising a single substrate bearing an orientation layer which itself bears a
layer of cross-linked monomers, made by a process according to any one of claims 1 to 3.

9, A polarization rotator comprising a single substrate bearing an orientation layer which itself
bears a layer of cross-licked monomers, madelby a process according to any oue of claims !
to 3.

10. An image cerrier cell comprising an optical component comprising & single substrate bearing
an orieﬁtation layer which 1tself bears a layer of cross-linked monomers, made by a process
according to any one of claims 1 to 3.

11. A tb.reel-dimensional projection system comprising an optical component comprising a single
substrate bearing an orientation layer which itself bears a layer of cross-linked monomers,

made by a process according to any on of claims 1 10 3.



