-, e3ecx | @6$Tx?l 517 2003 - METHOD OF MAKI NG AN ELEMENT OF LI QUI D

CRYSTAL POLYMER S This invention relates to a nmethod of inpartin
: S8R whi ch

property to a | ayer, the propertm being that liquid crystal ro]

- may be pl a®&doecithe | ayer vvomumm mﬂmm referred ali gnnent PCTARDOIOASENE | ON
also relates to LCD el enents i a preferred alignnment. The

operation of liquid crystal devicesofe.g. liquid crystal displays and |ight
10 valves and liquid crystal polyner elenents such as optical retarders,

pol ari sed chol esteri [ tc ) requires controlled alignment and

usual |y al so preti hﬁ'@b é%i{p@@hﬁﬁ WEHBI(E. LEWHDeERYSTAERALJ¥ER: nechani cal
rubbing technique is used to prepare surfaces which are capabl e of inducing
alignnent and pretilt. To overcone the disadvantages of the rubbing

techni qge, severigh igpdrtionl relabesnt hafenba e iBRERIEEY SroRes, MilSl,, USE
l'inearly polarised Light and are generally call ed photo-ali gnnment ‘met hods.
These are direpsrtyseaing fhaudgpish @nstal molpadas whidiboay betplaged of 18:4E8€ v@ildr i nov

et al, 5389 i.qr} o and-Eur.opean Pat ent .052547 ff mann- La
Roche et ala)%.%g\/\%”}gefseg‘t%?{s%t@é‘?“& - T OB F‘}SPhéel’f‘FEf h@dﬁ# ;@rﬂag@ra in
t hese pat enhéorp&laiing@ ppsfeRed digre@sht| i ght . Li ght sources producing pol ari sed
light are corrparatively.corrglb.ex, whi ch may be |less suitable for mass

0

production, and Bixpepstian onEqEd soyddli deaicenaigl liguidpsypstalsdisplayseandtligo%s of

e 11 ol SBRCAR PR b shlgoRRal pBERICHA f oPied PidaberdFd "

Therefore, chblegrely fledt aic) reghierdsoliflied keRAmSHOSas LathllyWs¢ Bredfeof the
non-pol arised |ight. The generation of a_pretilt angle in a nematic liquid

crystal celiquisfiygtats GOPFRIT.demsehanicabrabbingieptaaqusels ispd famicnrTe qUiRees
non- pol ari g@lﬂcym\é.cahhggggwggggg%ﬁ%ggﬁa%{ﬁr&ﬁ{.dence of 70 to the nornal to

the surfac as bee o et I'n "Asia Display 98" paper
P-sl, pp 795- 798 amdeicomel thguddadimytiged of . the H8BHFing oleciBqi3d) seoerab oppic23- 925

However , thi thod does, not benefit fromthe tenfi.al] advant ages, which
o e 85 | GRE PRV Bt G RlgPRh AT Wsl Yok PRI RO BHer, Y eh Btk SecmeRbyont t o
depol yzner icgged Bﬁot@%i&hﬁ%ﬁﬁnetbods. These ar¥@idafsga PURD &AL 4001981 GRsydRl N

unexpected circunstances the optical photo alignment method referred to
above al soenmalk$§764 139 Clugrinovhett al, 5388698 iGlagndop pblabr ek Enrepegn Raterdul ar | y

pol ari sed) ' i.C_ (U arised). According to the present invention

there is ppgéﬁ%ééﬁ @%@ﬁ%};ﬂ%?oc Ftnagg'an el ement of a liquid crystal

pol yner, conpri sWhe isspdadtbrygnahaneieds| vhel MedodBtiBtioadd irStesk pitaperdly bei ng

that cross-1inkabl e nononeri¢c or pre-polynmeric liquid crystal nolecul es

pl aced28n &1 Fplerised Lighe ndishti 30uress modueing ptaxisd hablepracomagptivey

preferred b’gﬂg\e ; hpek cRIyId SH | heg SLisfle. 1Q

unpol ari se%loo lC|’ P%,Bllcgp??/ﬁ% pol ari sedsﬂrnag?ag%ﬁgﬁaﬁghi aﬁ%?l&gug aAT rgcti on,

al | owi ng el gsuatly pbserpodtyeast p¢-olaldgus bgity gispedsingolic thegwlansgrd w to or
mprodayes ily pbsorbodtyienst 560l afqles biglhey gispeasi itlt thegwla euld

m xed with the exposed material.to.adopt the .preferred i.gnment . and while
21 i ahed or GUEN F ARITGPRBHERgs, tr bF Ja) Sowhe (Gt & Bret AOFHHEERGRrS 2of t he
radi ation tgedihe)nqs)Tethdréfotd QIrkANE bertain Whdiiidd HVe Y-8 88 SesRd( fhich we7U,
nore preferably exceeds 45. {5 Thé radi ati on may be ultraviolet.
25  non-polarised light.
The generation of a pretilt angle in a nematic liquid crystal cell using a
polyimide surface which has been irradiated with non-polarised U.V. light with an
angle of incidence of 70° to the normal to the surface has been disclosed by Seo et al
in “Asia Display 98 paper P-81, pp 795-798 and in “Liquid Crystals”, 1997 vol 23
30 no. 6 pp 923-925. However, this method does not benefit from the potential
advantages which we have identified, requiring instead very high energy input,

sufficient to depolymerise the polyimide.
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The said preferred alignnment is preferably such that the |ongitudinal axis
of the liquid crystal nmolecules is in the plane including the normal to the
layer and the direction of the radiation. The alignnent nay be | anar_(0)
or. tilted VYOPOH6650) . The i rrparted pr eferred tilt preferably 8@&’45 to
the plane of the Jg‘.—j%/ {e ﬁref erabl y exceeds 7 (

addi tion, the eff 316‘?551‘:1316 D GREARECHGIEPRSIANGES ]etpé’nﬁﬂ PhOtO‘

cross-lint: aultmmtehvsmalhae ;Iemeavw%we SiARrkd Yif 1iehe ﬂ%tﬁh}&-mﬁaﬂ its

aligning propeéerties. for the radiation to which th& nateri i'S ex{)osed
this may be m@@ﬁdiegpamléatr&bepolafxmd)afanpbpclﬁgmpoiﬁrfseqmom ng a mcroel errent
array. such as a mcraql ens m croprismarray. or g suitable hol ogra

el enent, bet ween THT %r@e‘gﬁﬁ”ftsﬁ@ MXEan; are alﬁd’r?‘ﬁée%f@ﬁi%ﬂl of %@*“ﬁ%é’t‘ in

said inpart h t

i ng sugh S ECRO gl Gyl bpR R, AR i Sua AR BT LR

di ff erent obhidgpepesst Mmgmhaitrmmsalnskabtﬁ mcmaﬂueat |0:orprs<pulycr&nevlﬁqmld fcrytshae
source itself i at i cul r to the materi al

m cr oel enentm%{F?‘g?S p% ah‘?1 fo8 mfeﬁlaﬁgrf%d)r NpPEdi W ’cq’ d]i*F ﬂat‘%‘ahﬁﬂ%)?‘a‘f‘l sed
preferably ulifeaulalighmbhght in a specific illumnation geonetry and with a
suitable alignnent |ayer nmaterial causes the conversion of a |ayer, which
is isotropic befahe mh@odrrrcamresumg)m posti D tlaen materiyy tg Mpblaﬁ@ﬁSoNSﬁmﬂadlﬂGGSS

PCT/ | EOQL 00066 ani.so a t hod t |caII hav t he

Fol | oni P cRAREAPATRURAER Fromt HF obliaft Fireds, AEBHOE ABierh ol pi BOVHES: an
aligning ef fheaid @ﬂfsﬁal FRGIOARES Qpﬂfedl%Q)rQﬁﬂxyﬂr%ihcmlsle%bs@d%a\tamlm BBgRrthal put
on the |ayer. (B) Sinmultaneously with generation of anisotropy in the

| ayer a cr ogsefblrrndirahgmablst(ﬁndoﬁukesahpmeecroshénlqea@rem| on of the aI i gnrrent
capability and t nol ectt}js rocess

but the nethod aggtSfea&ﬂb {hS EPﬁlggcifﬁ ﬂ?qc&"lp g trl?eé‘?cg%tmélptﬁl aé('fhl ar

processes, Eé’@rﬁtﬁﬁ“h)érﬂﬁgenﬂ’aé&W&or%ﬁ?&abl?%x&%ﬁéﬁ@'e the Iayer of
mat eri al has a photo-alignnment sensitivity |0 better than 2 J/cn2 and the

i rradi ath on ener ghhe radEsion exkynzer witthvipkett he radi ation) can correspondi ngly
be kept to less than 2.J/¢c

oductivity,.i enh ed.siince exposure.tines
can then be reduc f%d P& 5“?%&!'} HHe 1ﬁlﬁrgf§ra%lph%u$at§gt %’e é?rélmgmgl a5 of
phot o- st r ucthl BEhig, crzstﬁl, m¥dciilek Hain Blel aNEREIvaRg the hbrndd 86 %ecmybrohnﬁftﬁé in
different parts of the |ayer (e.g. by exposing 1l u- ough phot o- masks

hol ogr aphi c diraeig@mel therfaéxaﬁgnt?heoﬂ@mnﬁnéfr@prhemar R Ple)é@’ds@ﬁ to A9 The
p el | a0 LSk PUIGNSE UGB SRECA 150ohe Sl BeuBliEE, B
t he met bod, pespediatioeedCP5% et ar ders and optical conpensators for
In addition, the effect of the irradiation on the material may be to cross-link it,
thus also improving the stability of the material and its aligning properties.
As for the radiation to which the material is exposed, this may be zonewise
patterned, for example by interposing a microelement array, such as a microlens or
25  microprism array or 2 suitable hologram element, between the source of the radiaiion
and the material, so that, in said imparted property, the preferred alignment is
zonewise patterned. Using such a microelement array further allows to generate
locally different oblique radiation from a single radiation source even if the source
itself radiates perpendicular to the material layer or the microelement array.
30 This method when using irradiation with unpolarised, preferably ultraviolet,

light in a specific illumination geometry and with a suitable alignment layer material

causes the conversion of a layer, which is isotropic before the irradiation, into an

1D



-inproving view ng angle of displays. 20 The layers can find usg 33
alignnment layers for liquid crystal devices such as displ ays; ‘dz@})l ays

can cont ai Q,‘,glag)gggggi c nematic, cholesteric or snectic (incl uplt@gggmm(,al
snectic C) liquid crystals. The operating node may be transm ssion or

reflection. éﬂsét%ﬂlgclta\'&n 109ED SReqUlRk Wg)?c@d { 'lﬁerhg folidefe" @ﬂ%rgfﬁér%ﬁ can
be used, as wel refl ectors made of ¢ eric a ers or polarisation
converting ofﬂmura:t 25 elements (e.g. BEF foils). The deV| ce substrate may

be gl ass, plastic, i licon chi thing el se suitable. Advantages or
bypassi ng the neck¥s r‘&ﬁﬁr FB‘?V%%P%%?%]@H“%?%WP Eihl%llnﬁ €Clahf MOPPBYTE Kb HE-

30 adapt abl o 10 IR Gl AR ROREERITI ) (o use mcrolens, -
mcropri $m or si () Simeltanayssl§ ovith the gelnbunbm@f lafidotrdpgaidi the ldyera aSérbSECt ur ed

alignment w{ _onl% one irradi gtl on step, .not gosm bl'e wi.th pol arised
light. The i REi B RESH bl 1By %CHCTPEé@%tOifdhC fHENyasntj capbility sandyHhedcrvgsmat i ¢

(VAN ool o.110085 0 5 B Sl hoflLBOLY Sy PRkl M2

relation to miybmmcch édni zgswj)pﬂxjetmhbnorﬁbié«hl)lmqﬁb&e%esw?bﬁﬁ]% ﬁshﬁag 44d dyeémgl e on
one surface is 90 err) > 75 on the other gerr < 30.

I nternmedi ate til tv%%?_‘?@?e%s irghg: ﬁ}e B¥¢mno H&afe&ebéamy alosizRmeat BROSILVETY . The
mat eri aljpas o g t i

t he mat ép [ alﬁéﬂ%&] t}gﬁyoﬁgnlmuafh?htﬁ?%%ﬁdééé%onan z(;’ngréugL Lﬁg‘{i wm%?lg(??{g r?@la 1J‘ﬁar ge
tilt angle, crm“respenﬂasglarhellgcpetoabssl $hasg@, T/dnm& prdedterdighb ynlmncmesinctgemsuraor e
preferably exceedi ng 8 to |igui r nol ecul es thereon. Particularly
where | arge TPFt C%@Fagb&?@%&jﬁ?s tﬁ‘a’}/?é DHfehe advant ageous to start with
a substantial | y hoqeQiyepPheaiHoYo-Stkih@RbbIR0: B8R BAL alihieh Md 41t R8EH can
(besides the azinuthal alignnment) only a small 10 adjustnent of the i nduced
tilt angle tdffschinedslforme pragto rélwullmea teid-t by Tixposimg ethicmkh nlscé@rmaﬁka, he

i nventi hos al so
used in(??h(renal Or%g%ngﬂﬁ oga{%iﬁg%\éréﬁ‘tp lrgr% ?101){2&5%55%1%5 "frgfqu ‘Iltr?\]epl) %:l?atedaho%t

phot opol yrrersvswdﬁessm 3B So- nTiliiﬁ)rﬂﬁ)Bt erials used can include not only
phot opol yneri sabl e polyners but al so 1~ nononol ecular aligning materials

whi ch are i nher enPRyih GHQFéBP’ed @é&&ﬁ%&htqhearﬁﬁagleddamf@ﬁﬂerﬂvca@ége AiGEs may
cross-linh t%}@&lg \*I}\ﬁé{tﬁ *}héthg@eés Easllﬂttpe{era!rcg [r@axd g é%l E&?ﬁ?%%étg&or‘d mer

layer is appli em)nom) cul d&r materi I's photo-a as the
said |iquid iompyrstial vp)m'lylgmncrlc@tﬁdmptze'lsf be cross-linked {stabilised inits

al i gnedposi tion),. whereafte he in tabl of, the. ecul ar terial
nas o dlnagi ng. BMEARER i PR eI ki aRde' Bed g dergeqreh 5

pol yneri sabl @splaid; Ui \lEptdys COAPIdoSRen (thdn@ndricdubMatd, y SiddstdiRN @R Bdmatic

pre- pol ymer haV|ng cross-linkable groups, and {ii) a photo-orientable

mononer  or  dlinejufBe chirabwnssieiC) It crtisulbe apaatreweinBEy bs tEsPEsient
Appl i cation @rsrehégt?’o% 9y I%Iﬂa%ngh %Bhuos};éE@aPI] eYXﬁﬁccé}oqﬁfF%]e”x%ﬁéag sactaﬁq:enﬁgtf' & by

S'referen Istin anctions icip
mol ecul es, t-heBeamexmmm aned< ayf atiodestdrich iyt bptlialamrsatmﬁ eﬁhlmﬂlo 0pt1ca1
cross-1i nked into I |gghcx1 cr ystal polyner. These mixtures are hence usabl e
on the &re h%lﬁ’é?e’é@ i @d%tc ayers in optical

The device substrate may be glass, plastic, a silicon chip, or anything else
suitable.

Advantages of bypassing the necessity for polarised light include, apart from
those already mentioned, gensral simplification of the method and making it more
30  adaptable to mass production, and the ability 10 use microlens-, microprism- or similar
arrays for the illumination. leading to a structured alignment with only one irradiation

step, not possible with polarised light.
The invention may be used in relation to Vertically Aligned Nematic

(VAN) cells, wherein the liquid crystal displays have a tilt angle of 90°> 6 > 75° on

L)



‘conponents or on the other hand, normally applied nore thinly. as
orientation layers. It is understood t hat substance (i) may a;I a
liquid crystal pol yrrer 30 mixture i.e. nmay contain two or £E®%

liquid cry¥PdY4etHecul e types Equal |y, substance (i |) may b ar e of

hot o- ori en nol ecul es, .Ass Cros bl e | d
(F:)ryst al IsubtsL'togh rigaes, ‘?Tu]nprr”{?s’(%ttgrﬁ?%gw ﬁdifﬁt 6‘1““1@21'16&\[}553% h\gherle %e 8

Poast 01 g o U GEEE {05 Pl 8 s Rk i BrBE Bt par? AR S o

of at |east ﬁoeeroh,onee%owseffeae@%as Afo Rvelg@sy 10 parts. A preferred
phot o- ori ent aBI e substance (ii) conprises nol ecul es show ng a

cis-trani someri srfﬂpamtlﬁemal &y dugh aaay bg/aﬁzstaAmdtwhmmpmtecbmcalbcbr;ﬂmhg) -Tratt et abI e
substance (i i ses I|n arly .phot o- sabl e o nmer . nd

on the itte Fade ‘éecP H]ile‘%é&‘“cfésanl(l% égf%iﬂ P’éﬁh“’él‘ b %‘rﬂ’éln Tsf&’lgget ance
(i) may hav Oor L er hase
[ espect i vel 3109% : su’éiffi%?ﬁ? (S IR bieRlae B0l e FUEARLPE b h
The m xt ur e 8iBytd lhlqu.’rdelcrxsta}rpnmlsellchnlneitorrrd?aemulmﬂ;y owhaty dange| Bl LAneles care

di chroic rml_ecuWﬁTs £ ore {1 cu es he inventj gn extends tﬁ an
el enent nmad&FHGH 4 W%?w g & V)?B a&Fmﬁol aléu THGHY aoreeqropiseiiy
above. Such agnghe Efﬁa@éndlmwhﬁg\/\ﬁ'mt ﬁ&%%&b‘é&lﬁes‘:@ﬁmﬂxﬁﬁﬂﬁl HixHﬁﬁ‘éﬂt} Mnl?fa small

sequential ly applied, all d and cross-linl:ed Iiquid @rystal polyner
| ayers {®r naijistmes Ofﬁslls mccm&ttam bﬁtio\ﬂebuevenhe expstenguiond tflur t her extends to

an optical devic reI id_cr sta p ose erties are
fixed, conprisi nge;r ?Se?fIB(r:%S)?EH% rlnab& i ﬁ?toé@y’@fﬂé ?°]§?e%t
forth abOVesué:_B(Mb%wﬁfchsab&ilsdiﬁsﬂdQQfehd/\mwu% pHES-UHenRBniGhétBOdAbar@Buthdy er .
an optical retarder, a polariser, a cholesteric fiTter, or an elenent” for

protecting dindedvpkaiepalymicHsbleRBYmAE; or alteration. The invention will
now be descri bed l; I tic
(VAN Ccelt 20 a - T RkR oA SO IO Bt rordbiE ety Sl ARSRLDBER <
made anth st inlicfr&dndlmula&(hhgnnlgtmstcahlsmhmh tamm:bemhﬂy emsﬂbm hmcaus{e the pbo—t02~

Phot opol yner ~0~, ~ ' Sol uti on Sl S ed at
20001 b Ont SSEABTrAea AT CFSeRP b THs BN BIE 08T PRY B e g 38
dried for 3% g‘nﬁ'é%tﬁ?erqg phet Rhat Qh@huo'n@ﬁl@lecﬂllil 1ﬁzﬁé‘1§£ lmﬁsﬁtamﬂéd vaertﬁe -

perfornmed i n envi ronrrent of reduced ultraviolet |ight
said liquid crystal polymer can itself be cross-linked (stab1hsed in its aligned

position), whereafter the instability of the monomolecular material has no damaging
20  effect.
The invention can also be applied to a polymerisable mixture which comprises
(i) a liquid crystal monomer or pre-polymer having cross-linkable groups. and (ii) a
photo-orientable monomer or oligomer or polymer. Such mixtures are described in
UK Patent Application 9812636.0, tiie disclosure of which is incorporated herein by
25 reference. Despite the distinct functions of the participating molecules, these mixtures
are capable of being both oriented and cross-linked into a liquid crystal polymer.
These mixtures are hence usable on the one hand as anisortropic layers in optical
components or on the other hand, normally applied more thinly. as orientation layers.
It is understood thal substance (i) may also be a liquid crystal polymer
30  mixture, i.e. may contain two or more different liquid crystal molecule types.
Equally, substance (il) may be a mixture of photo-orientable molecules. Assuming
that the cross-linkable liquid crystal substance (i) is present in an amount of 100 parts,

the photo-orientable substance (ii) preferably is present in an amount of at least (.1



-The coated substrates were subsequently exposed to isotropic ult i ol et

| ight froma 200W hi gh-pressure nercury |lanp at an angl e ofl T ddi iﬂ&\:ce of 65
to the ~ ~ A112003 WD 00/ 46635 PCT/ 1 BOU 00066 normal to the substrates,

. for six m NUP8¥4he edge of each substrate was arranged to FFERYEPe o
"the plane containing the nor to the substrate and the direction of the

i nci dent i gﬁil dE’PFf‘n@r?fﬁ’@begﬁ% F8st U naraviet arelstrpdy 1of | at dpasinifomartssc ot t )

and a bandp %]Ijrédt Eﬁoty%ép&%hﬁb%%mx\@rﬁ)yggrﬁ?réécglrggﬁgﬁ]e %h(gvplggte)ag%t dt-h of

the |ight, Ing a ensi

320nm (Car | Eum)lsm\[\@@ﬂfo@lhﬂ]@i 470 ﬂb&:‘éeA@JBtHeﬁ gﬁéf‘éﬂréd’ pﬁEt@SdHe‘ﬁ@bb@é sitRings Qﬁ} rate
(but normal to the incident radiation) MmNV cn2. A parallel-sided cell
was const r ucCUBPUESSNg Hpgasly pb@iowbmrw@bb pelyser négeperding coredieth intehéed and

Cemper at o ¢ S Rag - eE SRR Ml T80 U A S R Bl OO

Resear ch Lt doothdidtriephasdr ahvioBBc@icthiRke edshedivaii, Sfel DBMtakte(PS)Ts/aske 5 an
optical ani sotropy of an = 0,6, and a liquid crystal-isotropic transition

t enper at ur e FEfesRd ly cadzte wn dincrybate c AhE MBIy Maydurthestagmanise chisal enolecules
pol ari sers I | es the cell with respect
to the pol arlllscel,}?eoggl%c‘?]g? ﬁlgé]lé}\?\gr cfg gﬂgeﬁ@l% guﬁu%fgﬁm mo]%tc UIIeS m xt ure was

honeot ropi c. UponTapptventign BMedHo . dlembxﬁtmaﬁnfrérhea E@ﬂ@tf;&ﬁh@%o@fndr@ a
substrates, then (i) the_ cell becane maximally transm ssive to ht when

ar r anged Owi t Fefhod aéd‘ﬁbgor@tab%e t¥ich ga eéﬁm%tnil%’n%i"éﬁtaﬁ‘éﬂuélry CORNTISH adﬁuﬂahg

d I | LY d
W th i ts edgs SELnify sbilh, WIEERd RRSETRITHLTR! LY Ar P HIr dpstit R00°
pol ari sati onnnﬁtuteh,eascseoﬁﬁélchbpoé)arl sers. This denmonstrates that the liquid

crystal mxture h becone i.ent ed a sense endent upon the | ane of
ChF dance of the Dbt FYFRROP SyHier exieRg i P%QPP?%%FP’GMF lying s fjapyd gstal
recal I ed, wasypafeAblike R Ric8 398 fiQka, % Rl JﬁEFcnﬁ:ﬂfj F@ﬁaqnm sl l)
Using a tlltlng conpensator, 1t was established that t e optical axis of
the sw tléhedellemqui)cascsueyﬁctréﬂ abloay Emlbebf secht dryideis neowd 1mqhm®r@ecm¢raancm t he
substrate an{g1 t he ﬁ £ ag dc A gl na |lnC| deirfl i ror zgn K-\ ﬁou tr,[gcwlol et

| i ght. Repea P’ﬁr 4P RBUH 5?/@ arpﬁlpO art 8? SRV PHED ﬁg cu {rlgfﬂ WeEt a
potential di Lﬂécﬁﬁmeoajﬁsthi)ynBM; a]tdﬂaibnunder vi ewi ng condi t| on (i) the cel I
appeared only weakly transm ssive_ viewed nornal | y toits plane, in other
words the liquid EF‘?!H%V&PUQH VbW e Aessibga &Y vay\pI skagRlel y tilted. To
ascertain the, Lt (di {eg ?daﬂ@al‘?ctneﬁrh%mahgWﬂ]\ﬂrc}éﬁt al the cell was tilted
about that aXrs rtyrng imnm tne pfrane or tne cert which was perpendicular to
t he 20 A 2% solution S1 of photopolymer A in cyclopentanone was made and stirred

for 30 minutes at room temperature.

SUT . Ve S

\
0
25  Photopolymer A: 2
{_ o
=
0
30 \ Y Xy = 9.1

Solution S1 was spin-coated at 2000rpm onto Two indium-tin-oxide glass plate

substrates which were then dried for 30 minutes on a howplate at 130°C. All these

)
h

operations were performed in an environment of reduced ultraviolet light.
The coated substrates were subsequently exposed o isotropic ulraviolet light

from a 200W high-pressure mercury lamp at an angle of incidence of 63° 1o the

tn



plane including n, until it again appeared dark. In this orientation, the
cull was effectively being viewed along the optical axis i.e. ?JU\_T@%S
revealed that the 6 WO 00/ 46635 pcT~~o00/ 00066 direction of L I't of the
l'i qui d cry®tabo/aesish respect to the normal to the cell was thBCTERE08E6 of
the direction of incidence of the original ultraviolet irradiation. \Wether
with or witHoumahpt thespbsteagesy 601t siyeninethe On¢ edgeatfi canh sibstae Wisquiadgat st al
was uni formw t hout, .di.sl ocations. or domai n boupdar,ies. In particular, upon
5 swi t chi ng HoPEa T 4PIRuPIAGt sPRBiTTRS e GOMEANC Herrshaierd batisinn 45 hhoul d
arise if thepkidentichig dyshathemiRswees had, through too small a tilt angle
in the orientation layer, been reverse-tilted in sonme areas. Exanple 2 -
Pretilt Angle Meadliravaadat edes fielEVe@AS Schottt el bk Bandmas dltegUdds (Schatds

in-coated with solytjon 1 ied at. 130C for. 30 minutes. Both
Subst s at b Wi ‘shh LRt G BepBultp PEineJiar Rk oBiein Hebi Bl et 1 gt
oo VT 6 b v, . -
aving an 'W@O@%ﬁ?ﬂ?&?_s@tﬁ 208nT @SPERist)Y Grab 501{51'8‘33 %gﬁf%@ @Eeﬁs{x‘f@%dgﬁe

spectral range of t ight was restricted b
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maximally dark when arranged with its edges parallel and perpendicular to the
20  directions of polarisation of the crossed polarisers. This demonstrates that the liquid
crystal mixture had become oriented in a sense dependent upon the plane of incidence
of the original layer-irradiating light (which, as will be recalled, was parallel to an
edge of the substrate and hence of the cell).
Using a tilting compensator, it was established that the optical axis of the

switched liquid crystal lay parallel 1o the line of intersection of the substrate and the

10
193]

plane of the original incident irradiating ultraviolet light.

Repeating the above application of alternating current but with a potential
difference of only 3V, then under viewing condition (i) the cell appeared only weakly
transmissive viewed normally 10 its plane, in other words the liquid crystal director 7

30 was only slightly tilied. To ascertain the tilt direction of the liquid crystal, the cell
was 1ilted about that axis lying in the plane of the cell which was perpendicular to the
plane including 7, until it again appeared dark. In this orientation, the cell was

effectively being viewed along the opucal axis, i.e. 7. This revealed that the
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nononer s, photoinitiator PwWE 369 from G ba SC as

(2,6-di-t ertre\bsusqbﬁtlherdlreetud]ydnf)llmercﬂelhde"dfmlbeydn@mdmbméintb lel imedietign. whi ch served
as an inhibitor eadd to the mxture. Thus the corrp05|t|on of 15 ini~
ture MLCn v~-~as \Qghﬁher ) of Wit ap7annlieds YolBES the. ristatiop afyiheniuad 7
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resulted fromdissolving 10 v,~t~0 0 ture |
| ayer pr éparsantcbmgs halso{ceﬁlcd/m\f(ei‘sesm duwmetd Were mbnatddosmcls& woula akitd ifkAd

thlckrecta ~| ~ss su te usin; rpmfor 1 mnute 2S
Spllll7111~ HF ﬁ@fS@tl éno}ff?ﬂg g?‘grthﬁ%lgh é‘lﬂ)%éﬁ@n@f‘ Bpelain dbe epeniats: BV e e at
1 30C for 3‘Be€n LdabeESited8n sorht afdds, Q003 VIQ 00/ 46635 PCT/ dBO010006G Then
the coated substrate was exposed for six minutes to the isotropic uv-li~ht

of a 204V) Mk mpﬂ)m@sdht'eltm&mnbaJMeadmwmeﬂnaw nb an inci dence angle of 6~

relative to the substrate normal . _The ipcjidence plane, of the uv-1light,

whi ch was defi ned*biP ltE*’I‘Pénlg’Eu%sW%{@'ﬁ%art as(ﬁakeﬁ@le{q@pﬂcqa}p@,vgghggunon

di rectlf)@ ‘Q@%m@'dr%‘%ﬂ 19@5@{&6310 hutle Ionger 5 edge of the substrate. The
spectral range of the ght was restricted by a uv-cutoff filter W95

(Schott) and a thpabSratelem sliSequdntlf Sshoret for stheinnesan ssotrgprfuvt he
b LI St e BRRL 0 Lok 15, B0 SRS e Sl SRR 0 fe 2
toget her W tihdehss tBEBghiMas restricted by a uv-cutoff filter WG295 (Schott) and a band pass
filter UG11 (Schott). The intensity of the uv-light at the position of the photosensitive
15  layer was measured to be 2 mW/cm? using the light intensity measurement instrument
of Carl Siiss together with the 320 nm probe (Carl Siiss).

In order to measure the pretilt angle induced by the aligning layers a parallel
cell was assembled with the above illuminated substrates. The cell gap was set to
20um using two quartz fibers as spacers. Prior to filling the cell with a negative

20  dielectric liquid crystal mixture having a dielectric anisotropy of -5.1, an optical
anisotropy An of 0.0984, and a liquid crystal-isotropic transition temperature T¢ of
75.8 °C (mixture no. 9383, available from Rolic Research Ltd., Switzerland), the cell
was heated to 90 °C to ensure the filling procedure to take place in the isotropic phase
of the liquid crystal mixture. After filling, the cell was cooled down 1o room
25  temperature at a rate of 1°C/minute.

For pretilt angle measurement the crystal rotation method was employed. As a
result of the measurement the liquid crystal director was found to be tilted by 3° off
the substrate normal.

xample 3 — Liguid Crystal Polymer (LCP) component

30 First a 2 wt% solution S2 of the photoaligning marerial B was prepared using
cyclopentanone as a solvent. The solution was stirred for 30 minutes at room

temperarture.
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probe (Carl Suss). 10 V~~hen the substrate was arranged between crossed

pol ari zers the substrate | ooked dark, independent of the angle Hét yieH03
substrate e d polarizer transm ssion axes. Consequentl S no
recognizaﬁﬁgHW%ngringence i nduced in the photosensitive |ajﬁﬁﬁ5@@&§6%§xt
step, a layer of MLCr was prepared on top of the uv-exposed 15

phot osensi ti \Ae Iai/er ' spi ncoat ilAge sol ution S(LCP) with 1000 rpmfor two
mi nutes. Thé SIS was t hen ig‘gé 0GP which yms just above the
clearing tenperature T~ 6gC of ikt € NMC, - 3 é;p £d‘gdoom t o 65C using
a cooling rate of 0.1 C mn. Subsequently the M.Cr ayer was crosslinked
under nitrogen atnosphere by exposing it to the [M°ght of a 150W xenon | anp
for 10 minutes. A 20 thickness of 250nm was neasured for the crossiinked
IvliL~p layer. V~/hen thQ_suRiirate was arranged bet ~~l een crossed

pol arizers with amcBAJPEISE Mece Bias pEdared ndud graentied thedigbe wanailiquweé

transm ssi op~AXARnOial ) BuPRLANLEEr S the substrate |ooked gray. Hov~-~ever,
the substratée | ooked dark when arranging its edges either parallel or
perpendikular to the polarizer transm ssion axes. Consequently, the | ~d.LCr
| ayer v,las birefringent wish the optical axis alitrned either parallel or

perpendi cul ar to the |onger substrat dge. Howgv using a tilfting
conpensat orﬂ'lkl’fbl'opti cal™a 'W@‘@% M°mma\mo aral |l el
to the |l onger substrate edge, v;~hich v, ~as ranged parallel to the

i nci dence plane of the uv-light during the ilJft of the
phot oaiigning material JP26~. 3U In addition to the azinuthal alignnent. it
was found chat the optical axis of the | ~~i _~P layer was tilted respective

to the substrate surface, with a mean tilt angle of about 3(1 off the

substrate pl ane. Fromthﬁ vi ewi n~ ai ;;~he dependengeqof the opti gal
appear ance; Man3yas con (3 |&Q' s Phe~ T Cp er was

tilted 9 17 J Ul 2003 V JO 00/46635 PCT/ 0/ 00066 opposite to the

incidence direction of the uv-liglat v,~hich v,~as used for illumnation of
t he photoalianing |ayer. Consequently, the exposure to obliquely incident
isotropic u~--li~lat induced an aligning capabilit3~ in tlae photoaligning

material v, ~hich was str@gng enough t lign thelisyid crystal noners of
m xture M.Onviga:al | el haﬁrch’évl’\r'rc’l\d'é’ﬁ@ﬁ\/ f}F@UM\ng | as to

unifoisnly tilt the M.Cr nol ecul es out of t | ayer plane. 10 17J UL
2003 d g ns o :

In addition to the diacrylate monomers, photoinitiator IRGACURE 369 from
Ciba SC as well as BHT (2,6-di-tert-butyl-4-methylphenol/"butyl hydroxytoluene")
which served as an inhibitor were added to the mixture. Thus the composition of

15 mixture My cp was as follows:

Monl 77 wWt%
Mon2 14.5 wt%
Mon3 4.7 wt%
Irgacure 369 1.9 wi%
20 BHT 1.9 wt%

Finally, the solution S(LCP) resulted from dissolving 10 wi% of mixture M cp
in anisole.

The layer preparaiion started with spincoating solution S2 on a 1mm thick
rectangular glass substrate using 3000 rpm for 1 minute as spinning parameters. The

25 layer was subsequently dried on a hotplate at 130°C for 30 minwmes.
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met hod according to one of clarns 2 to
4 vvhereon digtenperallthe mmemdeulbf td he poldizert trorsmasubit fxes.Edrerduntlytthere i s

d di f th
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mononer or ol i gomer, or pol yner. , elenment of a liquid crystal
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appl o, “al G bRkl g 8 TR BRe RBletr e PN g EGHRRE 1Y
m Xtures. illumination of the photoaligning material JP2635.
30 In addition to the azimuthal alignment, it was found that the optical axis of the
M.cp layer was tilted respecrive to the substrate surface, with a mean tilt angle of
about 30 ° off the substraie plane. From the viewing angle dependence of the optical

appearance, it was concluded that the optical axis in the My cp layer was tilied
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ol R b BB Wt e,

10m > 10%1&’ () inf@rdf) R o /{)tb&’iﬁa’&aﬁbé‘d@ﬂréﬁr@f’/@eﬁm thdt &0 nkdle T,
10N & () - S"100 & ()~ “f 10% & ()-nR+>++),H ,.dEDCI DFI S9 .

10% & () S10% WORYDETiQ) 05 xzeczyalmeq@&;md(qy m@}mlqswlacsd on a layer of the

104 & () @10 BT e VRO e R ) o e

& ' D) 10% oRJUL.. )
1()(()/3 &'Z( ) 2 /] oggﬁiﬁi(%ﬁ é‘;?gwgﬂ? _Y@Igj;,e}@%w (Jje_ piajggial qtg) unpolarised or circularly

polarised radiation from an oblique direction, wherein the material is cross-
linked by the irradiation, allowing monomeric or pre-polymeric liquid crystal

10 molecules applied to or mixed with the exposed material to adopt the preferred
alignment and while aligned cross-linking them.

2, A method according to claim 1, wherein the radiation to which the material is
exposed is zonewise patterned, whereby, in said imparted property, the preferred '

15 . alignment is zonewise patterned.

3. A method of making an element of a liquid crystal polymer, comprising
imparting a property to a material, said property being that cross-linkable
monomeric or pre-polymeric liquid crystal molecules placed on a layer of the

20 material or mixed with the material adopt a preferred alignment,

the method comprising exposing the 'material to unpolarised or circularly
polarised radiation from an obhque direction, wherein the radiation to which the
material is exposed is zonewise pattemed to generate locally different oblique
radiation in one iiradiation step, such that, in said imparted property, the
25 preferred alignment is zonewise patterned, sllowing monomeric or pre-
polymeric liquid crystal molecules applied to or mixed with the exposed materizl

to adopt the preferred elignment and while aligned cross-linking them.
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10 7. A method according to one of the claims 1 to 4, wherein said preferred
alignment is such that the longitudinal axis of the liquid crystal molecules is in
the plane including the normal to the layer and the direction of the radiation.

8. A method according to one of the claims 1 to 4, wherein the sajd materal is
15 substantially homeotropically corienting.
9. A method according to one of the claims 1 to 4, wherein the angle of incidence

phi of the radiation to the normal to the Tayer is within the range 5 ° < ¢ < 70deg.

20 10. A method according to one of the claims 1 to 4, wherein the angle of incidence

is¢>45".

11. A method according to one of the claims 1 to 4, wherein the said property further
includes imparting a preferred ilt as well as a preferred azimuthal alignment to

23 such liquid crystal molecules before they are cross-linked to fix the hilt and
alignment.
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15. An element according to claim 14, comprising a plurality of sequentially

applied, aligned and cross-linked liquid crystal polymer layers or mixtures.

15 16.  An optical device relying on a liquid crystal polymer whose properties are fixed
comprising an element according to claim 14 or 15, wherein preferentially the
optical device is selected from the group: orientation layer, opiical retarder or

element for protecting a document against copying or alteration.
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