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Rel ates to WOPEHREd of inparting a %Bkﬂﬁ&%g}‘@m | ayer, the pPGHEIENOUSRI Ng
“that liquid crystal nolecul es which e -.ﬁ ! d on the layer woul d adopt
-a preferred alignnent. The invention al sovr&lates to LCD el enents

i ncor porating I M 5 0T Exdt 11QN | BN ryst al
devices (e.qg. FFEﬁ%gEr?g{ ﬂmg@%r%ﬁsﬁ;ﬁé%gﬁ I?OL%qﬂ\?egktﬁé&I?%E?d
crystal polyner elenents such as optical retarders, polarisers, cholesteric
filters etc.) requires controlled alignnent and usually also .pretilt of
the liquid crystals. Currently, a mechanical rubbing technique is used to

prepare surfaces i I i cing al ignnent and pretilt. '

To over cgrre t he d?]%%@\&}g%ftg%?gfagﬁgaﬁhg @%‘ng’g lfn@gﬁmbqge?mg%’\?erl%la [?b?rﬁ 5%‘? 15

met hods haveprbpery deive o diduidvdniyahl mehchjcmademwlbegjim drl @RlaRP e

general ly cal] ed photo-alignnent nmethods. These are disclosed i US Patents

4974941 G blFsest et REfersdgahzmensi gr T hpovinuention, 2bRggeREsCho gLLho\el@bem |

and Europea . n-La Roche et al). Wiile satisfactory
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in thensel ve in these patents rely 20 on pol ari sed

l'ight. Light sourThks opératorc bhquidl caystaledevideg é. o aliguidOs iR dispRyY 268 TRLEX.
whi ch maé be | ess suitable for nmass production. and expensive. As a

pol ari sé8 usyphyesy anthdiguKs castal PaSimeoelesientshaudch ghtoptigak pesarsiersg pelarisetshe
pol ari ses | I ] : 0f i.aht,, source_(.ei r a
faster eff \é\g#’,oqjeos#r%o% éc,ils %E%Hﬁgizé@{tf@%g%%’%hngbg%é é’,guéalfyr 5%89’%@?9&?&6
met hods havdidigeé rrstalg datredtly, whine¢thanial Abbivptepiplignd seakelditgprepaldurfaces
genération of a preti I\tql agg}lde i na? nematic |i giui d crystal cell using a,
pol yi mi de suVPEBEHFAPRRICIPA SOBEBR A EPRAPAYP Mt h non-pol arised U V. |ight
with an angle . of ThnGjed@msee el diéRivaRidol® JFomBBlbb2) ot t&hﬁfﬁ%@?%@ve@sgﬂ?]q

di scl osed by Seo et al in "Asia Display 98 paper P-81, pp 795-798 dnd In
"Li qui d1ér ysnetheds hagobespoievelzped wgl.ch GispPingady pkariskid kshe and tand gemrralhod

does not benefit from.th (o] kal~advant S i have. i dentified.

requiring ing lggé)kegﬁ}lgﬁﬁgeﬁt ré%tﬁé%sy ’1[‘1?1855??6 @%ﬁ?ﬁe\g’i{}’éﬁb ?%teﬁtéﬁgpf/%rég%’o?%e
poiyinlide. et al 20784189 2NNGFine0 E0LY CEBHCPCTCH: BRASOQRPEH, \Whd hBM@pbAL Petehhat
uder certain unexgect ed circunstances the optical photo alignnment nethod

referred to ¥¥oddsaIEatimsprsafioche eiglht that is non-linearly polarised
o o] oY o . D art (
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present invention ere I's provi a met qui d
cryst al 26el | gn quongisedi Iaghti mpaghit ngpraicesr ppeintipgt polarikealy dighofara cmbmratilelyon
the wall, said property bei hat liquid crystal .nol ecul es placed qn the
material on § y I‘e’vli]ic\r{lj é‘%rl%f_ }ets'ﬁeswéael?f fgaé’b SS PIBP AT ea&‘%af’%{;eﬁﬂﬁﬁt ,g‘st"he

met hod con upslafiédd GsEXIadbots diNeasrB0Ry dfahe light BRELRINS REhARe BblBASHr AFduld

pol ari sed radi ation froman oblique direction, 10 wherein the said property
further inclalipy a mpet ety Wseas off beludt spyrce dejthes ol Tagter £ffsepfasronld use a

azi nut hal al | Qb r -al C S ref, Yoy ngl e
of inci dence{Ng%EEg]El a?lh}é) ?‘gg’?gﬁ’gﬁ#e? d tC %ﬁélﬁonrlgn@%&t }(y)AVt%hbee a@@?gsﬁg‘i’v&“%’%‘?ﬁ”?he
range 525 cpneoh-polariasddiginr e preferably exceeds 45. The radiati on may be
ultraviolet. 15 Tt}ngai d Pr ef %erred‘= @I i r]rrent is preferably such that the

| ongi tudi nal axis SEREFAPPYGF ¢ BISt aTE'RoP e aFwetic IgHd 1 Ggstal sk USRI fidi nD
the nor mal Fﬁolslt}ﬁicﬂeasﬁ%c@%icb s Hel B Glrb@Riedfwik 1 Goh 3R A deB Q-H.VThﬁgh't wRa hed
preferred tilt "preferably exceeds 45 to the plane. "of the layer, and nore
preferably exugled$ imidencnohtlite thmnommaé tefesvtfacs hashieednr disclogedi kynSevnettahe

material may.bg,t0 Crasswb+ Nl e, 2U | Sp. | mpr ovi t he, i Ljtyof
the materi al n‘én‘és’iat@srgﬁ' 8#% RPEhF obrer R %%%%,Siachw t Qu}dacpf?-‘éﬁ'ﬂf)ns@g?m} g t he
materialzg s @yP@SH, 94319 MRy, Z e WhRo Aok L3R therfe @l FXA MMk SpReiial

interposing a mcroelenment array, such as a microlens or mcroprismarray
or a suitabl edvahaggs awhich eneheve béarmded. remideinseast vehe higdieatricpninput.

sufficient 1o depolymerise the polyimide.
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and the material, so that, in said inparted property, the prefpg[j@[dzn[]jf
alignnent is - . zonew se patterned. Using such a n mcroelenient array

farther ahhqmeiz:a generate locally different oblique radi at pefiHot06068
singl e rach ation source even if the source itself radiates perpendicular to

-the material | ayernfie fhlied Hab LR QRN \RES tede?}cﬁnﬁﬁh{EmR%ﬁ&aPﬁB&s- o
irradiation with unpol arised; preferably ultraviolet. Tight Tn a specific
i |1 umi nat i digngeohenethodnitieriadn i@ ahove addbce vedrlignnitiedight ayier isTabsiinedriy30
causes the cionver si on of which is isotropic before the

| ayer, .

i rradiati dtf arilst‘?flée'ﬁn“éﬂ%]?g‘f P@%Tléeq)ﬁésé’?mﬁﬁﬂlﬂp priged)-met hod typically |ave
the fol | ow ng, TAE&ﬁﬁﬁll%tﬁ)rﬂﬁt rEseht G eGfon ?here;{%) 9&5’&%653%16%190& S2003 (@)
After conversion the TFayer has an aligning e 8ct ' on a“mononer e “or
pr e- pobymewalt of ediguid crystl abllnedreprisihg prparidig bhgopeatyen.a labdr &iamibtesineous! y
with the generation qf anisatropy in the layer, a crosslinking also occurs,
i.e. the géh‘@?éﬁﬁ”@ﬁa’gfpr?]ﬁéﬁ’ @%ﬁ@h{lq%ﬁﬁﬁbﬁ majecarg placed ondheomaenialifid ng are
pased on q,biaR;RGH 81 1R AdBEOF SRR e WichiigniTet hod according to the
invention can al'so apply to rnono ecul af protesses, typically using azo
dyes. Were, asthdesethaldl eymprieng syposing thatestedd] foaangolpivet coradifcghaBnt
sensitivity bet ger .than_ 2 J/crE%, a:g]céit the irradi ati on energy (neasured
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normal t o ROMRISEA FRARHGH§TORAR © SP¥fdi ngly be kept to I ess than 2
JlcnRyq productyyit i Snapssd $l RXRRSY QoL t; b

r educcle%l to | ess‘ It{%ran1 fo sm’ t}a}t gg% %rgﬁféyer s%ﬁ%ﬁ’ﬁﬁ% - St frg@?tl}rag&%g, ﬁi . e.
azi mut hal aaprefpnredraziramdiat ali gnneeng keswhdigdidf drestal modedleer ent parts of the

| ayer (e.g. by exposi.ng.through phato-masks, hol ographi c inmgging, imaging
t hrough micr oel%ﬁgﬁﬁ?@ys%ﬁnﬁg %@F’gﬁ?‘ies‘i’rﬁfﬁ‘ﬁiré 1Bheh Eeibe ngryalip K Jessted '
i ght swit : i L,Q- Bhd T, t, gko hand, devices which
are ali gnéggﬁtx]ﬁgﬁr}ﬁ Val os\jae"r' f a?%é ag?z:i?aogc é%§%lé%§%%H?rdéé by the net hod,
especi al | y LCP Tist mdikeios naaydbopltiaemletconpensat ors for inproving view ng

angl e of displays. The |ayers.can find use.as alignnment |ayers for |iquid
cryst ég devi cegylﬁ_ﬁﬂgdﬁelﬁ%/rgﬁlag}?’é‘?“ci‘hﬁ_ IHFE‘:&b_i)ﬁu‘é’a_ﬁ‘ag‘ﬁ?ﬁ ]éfi‘ﬁx : ﬁ“e’tsi‘_lzfJ _
nematic, GholigeidesrlyStal RloleWRE ik Gn 2 HlaACindfidieh Sl HofhaBioN@e layer fad tHequi d
crystals. The operating node may be transmission or reflection. In

refl ecti orditsetion op dbeiradiatian: dllei tnpartediprefaned tidf preferayly esegedbdSUtethe as

wel | as ref]ec L f Len & | $ or polarisation converting
opti cal elpé%néf(s%%%aaggg%gélgﬂ%g%%%aﬁﬁhéé‘c %%/é?)ée' substrate may be gl ass,
plastic, a sililgeudiding theoeffeunpf Hengradlation 35 tiseinb@tiblemaydy entragemioit,
bypassi ng t he necessity for | arised |ight include, apart_fromthose

al ready mehes YROENPIGIHIT BF S Hiw if f‘;}%?aﬁ‘?tSHal&Pdtlﬁé‘hﬁ@PE@&Pﬁﬁﬂ"srraki ng it nore
adapt abl e to mags rof SUGHIA0R 18 ChikReheRiatekihY id &pde&, Thi€ MRS zonewise
mcroprism or simlar arrays for the illumnation, leading to a structured
al i gnment pettemednfor eieamle bAdNEIPEINGD mcwplemeat apawssiubh @s Wi misrgieslsagn sed
l'ight. The_inventi r - in.relation,to \ I ¢ ' - Nermati ¢
(VAN cel PRicNiREpL ey B 2 3ft3F Holddede cRbisRl Ehyelitht R o BRERET0 0
9 > 75 on @t thes wadiats so ahat, nNnr edidtinpanttd priyieriyd 1B i gafetetenibment( IBAN)
cells, where the tilt an IIe_ -, 2 9J Ul 2003 WD 00/46634 PCTI /|1 B00/ 00065
on oneédsurdoREwisesPARFIe Using WG BrivcHEIGIwE ATy Byther 3BOWE i diEhwicat e
tilt ankl , ; O - NAME UL dik det The.ngteld al as
such may géc‘g{}bg{}%ﬁﬁtaﬁifnﬁggn%l%tﬁ?lggrlogg?{IS;?/Ag?;r figﬁ%&?)ﬁ]gg.du%%a%«’eps?%}t @Lr?réat erial
may be onetsstfiratiatengegendanlaf ag thenmakablllyyanoothicantceatjerharigaay.i |t angle, 5

not necessarily_gexactly .9 but. pr.eferably.exceeding, 80, .n.yore preferably
exceedi ng 85, tgﬁ’lsilaﬁlﬁl%dcvr" “t’ésfmgrﬁFgcgﬁtll%%&?t SPEGHS rHrF%fﬁ%"r PE}**‘%&?@% | ar ge
tilt angl egciang of @8kt umidatiBYoddticag AR LANLR YS AR SldilerMdvlr Raerial
substantialTy hohéotropically orienting material, which w |l need (besides
t he ai0nut teasesatliegemmertion ohlaylaxes nhich agljsgyomenteior thharrpddueedioi a1t angl e
to achi eve the exact r_eclgai red ti lt't’ 1.0, The qa]%e,ri %Ips (ijf?eg in t*heI i;nIvCenti on
may be phot83IHerf¥4bl 35@’3‘299}]%5,”0&9?5”%9% Die RinfER ™Pe BRLEUE i n
the known phof-e«alignnent methods, particulary linearly photopolylnerisable
pol ymers.
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- The materials used can include not only photopol yneri sabl e pol yners but-
al so nononol ecul ar aligning materials which are inherently unst_aglz%e&u@? WU S e
t he phot o W8 Ml466idment does not cross-1ink them however thiP$TABEEI0H
“hatter if aliquid crystal polynmer layer is applied while the nono
nol ecul ar materi & i sAfikprenvarigadbe Javsr hareans aligning gifeet or g srcabmsot yorer
call itself_he e¢r -] ok L) ill.its aligned position),
wher eafter Rrgggﬁ%@%zcb#hﬁ??gosgﬁ%%%n%igﬁ% t@%&qyﬁ' mat eri al has no danagi ng
effect. 20 Alterfgti veinmultdnbeusmietitat oemyatda of pRbYHRY inS@bleNiadyse Whi ch
conprises (i) a liquid crystal nononer or pre-polyner "having cross-1linkable
Groups, andifipg asphercdrsri-entiblgenershomes! dhe diliggment capalplityyeed . thsuch

m xtureg are d r.ibed in éJK Paf__)ent1 A#) | cation 9%]1 - 636,,0,, the. disclosure
of whi R | SIPHERTADE A1t R PRI hO TP UL PR OrssS It dbe et epstgdine 10

f ti biC i ; i ) o bl f
e orn S Pepkes theiBos)ny Umiagubkasua hoses, 105 SRgRisorareh o

bei ng both oriented and Cross-

m xtures are henBéeus asl deswablehthedaperhafnmateBalamdssoiphotoaignay st snkinviypt i cal
conponents or on ti op her, hand, ..nornally applied nore thinly, . as
orientati oanttﬁyﬂ"raé“é f/ fmj sanﬂ ﬁﬁ%r‘%édd?ﬂ?ntq’i’ﬁg%@ﬁ%éfuﬁgﬁm(“i‘ 1orHlip radigirean
liquid-.cr y%o%'esﬁ&{dfﬁgﬂ? éa'@‘l@ébﬂltroelcsé then 2 TRYL2CAREALIVifR e?llﬂz}rgvfﬁf Q?IEE' dBEaP!

liquid crystal nol ecu types. 30 Equal l'y,” substance may be"a m xture
of photl8- Otirees Gatthen he reslweddoto lessshayr B§ mamues. phot o- ori ent abJe subst ance

r ; | Mo St Pl ; Ciouler]
yes. “anot hor - pr bREISE BRABETENrarEbRL € HRap URA e, BRLH Sagllm 27
l'inearly phiffer pal witkrérabhes gl Meelayef (e.g2' byP elkpbhihg 20Ebhgk Q418634

PCT/ | b00/ 00065 The invention extends to a |iquid crystal cell v,~wall
beari ng a |h®jegraphicmimagingl | inpagang alhEqughaviistpetaments opisht yis t AERTOPRGRS, d
crystal nol I (ﬂﬁg . a_pref al i gnnment, that
property he{g}%ﬁ%ﬁ%seegh% )ééra{ﬁéw%ﬂtt% ﬁ@%%&g& %Symg&r%rer?ﬁooggas set forth above.
5 The iavention Ounhéetheekirehdisvices avhichaue aligieyd sindformabl dveplarghiareds by | east

one wall 111 contact with liguid crysta terjal is as set forth apove.
The |nvent i BF kot B melen: SRtRY hel e e Sote) apppaiors 1o
Vertically iﬁ{ﬂrgﬂgg ViR hfigle ¥AMsplgk! A 2% solution S | of -photopol yner A
i n cycl opentanone was made and sFi rred I O for 30 m nutes at room

tenperature. 0 \The layery cap fyphvtcoprorligmmentalayers faslignig oxysta} devigesjsupl as
Solution S 1 .SRI.N- ed_at . 1 Ladi - 0X] :aSS
pl at e substégf\qggs’v\ﬂ]lccﬁ%&gaﬁg %%eﬁ:% gglﬂggﬂé@gg% Yr%\?nﬁht{llés&gar]lééé& co;é}pldsgl%%lugt | 30
C. All20hes@ncdpdingtchipsisseetie (didudd ompdialsn The operstinOmzea mag fbetadsassion
ultraviolet light, 25 The coated substrates. werg subsequently_ exposed to

i sot ropi ¢ RTIFHEFHR%etD refpstion %8%1 $peo ‘ﬁﬁag}?—‘ﬁfrigfgiﬁ @%ﬁ%‘P{ﬂﬁaﬁ) bFf’i’ﬁifiéts an
angl e of i %eﬂe%%fgéa&é head ke ORidRkict RybRe oS YRBIAE S coh Ry Splitdiut es.
One edge of each substrate was arranged to lie parallel to the plane

contyai ni ng dieemor(erg! BED foilg. substrate and the direct ion of the incident

light duri h . 0 U i ol et, edge filter, WG295 (Sch d
2 bandpass 1111 of SLETICF SRS e b WSy TaTP el ot i Sl Risht e

| i ght, 2¢hi cdhijiad®el Ng a light intensity nmeter 1000 with probe set at 320nm
(Carl Siiss), was found to have an intensity neasured at the substrate (but
normal to the i nGiddanagssRiPrewye B IEaEAFEPOr polyised lizhr inshyledenag) fomas

constructe | C3entidiRas YosdhalifHn Eﬁﬁ:ﬁiﬁgﬁx‘c @ 2B8 G "méyed
spaced 2. 7%1@?& ggg%gr?] ‘d{%é.“%g’ pPgslrtl?éﬁéﬁlﬁrns. B e gel?%hwas? then%ihﬁlné%@at
room t enperadaptablemot hadslprodiictioy areitthe abilint tonse 8983)ens-avadrbpine dr somildRol i ¢
Research Ltd of Sw tzﬁrl and, . . . e

arrays for the illumination, leading to a structured alignment with only one irradiation

30  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 1ilt angle of 90°26>75° on both

surfaces, or in reiation to Hybrid Aligned Nematic (HAN) cells, where the tilt angle
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29 J Ul 2003 vdO (t01~6G34 PCTI J~T3UU UUDGS havi ng a diet ectri 9 JuL 2003
ani'sotropy of Us = -3.~, an optical anisotropy of Un 0.096, and a liquid
crystal -i transition tenperature T~ of ??.3 C When nas
vi ewed bets\)(béﬁﬁé‘%éssed pol arisers, it appeared dark at all a]'tzcrbrﬁutG AIO gl es

of the cell with r e t he.pol ari ser i.n,other vaords.the Ii |dS
crystal ni XPUPE Wé@éﬁb‘h%%tzr% Q?D i %/?IHEJGSV3@01—&%“&“%61“1}&@3%5t he
el ectrodes of _the he cell became nmaxinally

transnmi ssi V& 6 qrb%ﬂ{)ﬁv\#%tegl JIal ab}% 1(9('?/?“ lWh its edges at 45 to the
directions of pof@rmagdriapBs SicH 15\@57 BE Ssemting ﬁ&h@&hﬁnca’a‘]@ldor(énh)lo tﬂfa‘r ¢el |
becane ma~;imally daxl: when arranged v,~ith its edges parall el a

per pendi cultl mageriahanay be @he achitlo suess po(azimbethallyonnaientedd lﬂrgoweajlde
polarisers. This de nstr stal mx had hecone
ori ent ed .HO&“&%%%% A&HEH %q%’ %Bﬁﬂ {H‘Z’%F%‘?@&ild %nd?’ﬁ’r?d% € ?3( RECHTYi nal
| ayer-irragdsat kGighid r&&ys{tarhrn@kbcueg térkbn. bﬁarﬁé\ﬁé’:‘l}lr 8fher¥agraRaf Rl dngles LRLe N
edge of the substrate and hence of the cell). Using a tilting cBrrpensator
it vaas estediireshédd mh‘atbet h@vamagec@a taxdiart ofitlt hlesr_l_Est&maﬂphhxdnetqtmpp]cdllxcr yst al

lay parallel. to the Li |nt IS the s t nd t he ne of
the ori gi n&FFHRS &éaﬁ?“ 2 1&1’ iﬁc{%@fﬂ%raaﬁﬂraﬁﬁf &@Blé% REY t%é’%@r@ove
appl i cat i oRapdstAkd F e i inlangaLtr]r eidle RUchitv thedxR@treqtitaliidi f ference of only
3V, then under view ng condition (|) the cell appeared only weal dy
transnlQssive viBwemapsiarpssd o thet Wiventinsemay rheopheppeizmerisabieh pollyingts, d
crystal diregtor [ £t 10 as ain.t it
i Vecti on orc e iPirhrd Bdiet Rab 2Bt Moo EP el R o okIRY | i g

in the plantigesfly p]imOpelbrhncYadiblelpoMmmoer pendi cul ar to the pI ane including i’z
, until it again appeared dark. In -this orientation, the cell vacs
effectively bei neVPaiREaIsSeh a2t Meludpnotonly Bqtepolymgrisable polywess bubalsal ed
that the dhrcﬁroaq b A b ddin® b !waéh%& rﬁh%rahy\rmsram §RRRRCHe ﬁorohe
norn~al tot ~a~as the reverse aof direction of 1nci ce of

ori gi nb} ulahgamentl mesrmmadmtludmhemvmww tmstdoemnowmtrwtf aaliquag ohistad

vol t age, the] ori gnt at.i on ﬁf th d qur d: cr(%isté‘ﬁaf Has i} I il:lt hoth

di sl ocat i o8P 8N 'R BBUH Sl B T P e e‘a%o]ﬁ PAGI MR-, Mo
so-cal | ed kgvenggidt lcbtsudop@'vﬂm laaemligeeerraﬁsemﬂ@uctsraﬁhs&auind itgrajp@ed f the

liquid crystal I'~~ol ecul es had, throunh too small a tilt angle 111 the
or i ent at i oROFikgRY. Whrgeafiss the sveabiley of themoppmeisalan maeial ana@rﬁ@awgmgrr etilt
Angl e h~eag nt As in E;calitple. 1, tv,lo 1 T Ocoated glass z, ~l at~s

s~~ere spi n-Coated with sol ution S7 and dried at 130C for ~O n zil;utes. n
Z S.~Uu20~ ~ao~ Altmm%ﬂrdmhi@@'a\r BO6 10D 0E5isBot mbubs twiatlesonnBises e
subsecl uent || ~ - po i.sotropi light havi

Tho dence. gt iogs SRR nBheper of PEholinb R PR R Bt BBl B Pl

range of t kdotd-ghéntuEis rhasdmetrcaedhdmynea divpobhaf Buih hﬁxermééJ@Qﬁsc(rﬁeaqht) and
a band pass_filter UGL1 (Sch Vfg The mtensﬁeg of .the uv-light at the )
posi tion ofJt t~|‘Peat?5FaAthI8’§éH%1P PR03%.0, thredistlasirerab wiicddis tpromeoTated rexgy By

;Jﬁ le ngzg hreulnL%?éo cﬂ?%gﬁ e t e HF%“H‘EHE%S LR El AR Rk AEbu ksl RYGRRET W th

25  are capable of bemo both criented and cross-linked intc a liquid crystal polymer.
These mixtures are hence usable on the one hand as anisotropic layers in optical
components or on the other hand, normally applied more thinly, as orientation layers.

It is understood that substance (i) may also be a liquid crystal polymer
mixture, i.e. may coniain two or more differem liquid crystal molecule types

30  Equelly, substance (ii) may be a mixture of photo-orientable molecules. A preferred
photo-orientable subsiance (ii) comprises molecules showing a cis-trans-isomerism.
particularly 2zo dyes. Another preferred photo-orientable substance (ii) comprises a

linearly photo-polymerisable polymer.



-In order to neasure the pretilt angle induced by the aligning Iafegrgmamr

parallel cell v,~as assenbled ~~,~ith the above illum nated subhstrates. The
cel | gap WHSOWARSH o 20~n~ using two quartz fibers as spacer&cr /B?‘W(g&ééo
“filling the cell_wi.th a negative 10 dielectric |Iqtl),l|d crystal m xture
‘havi ng a di el ectTieAR%HL98t 5&95 tr @ Ligug crysial et jveadl bearing otlxsp-of noyier.

0.0984, ang, a]akzbrql Sg DC‘Jhegz gtgv th%ﬁ’ng'{lfap siélx 5']%!:151%9% a{eﬁ?ﬁe{%ﬁicgggﬁg%g) 75.8

C (nuarture no: esearc t he
cell was hpﬁtfeﬁled eli@ndat! daendperey hiignd bédnhﬂﬁaaﬁé@@@ﬂiéﬂﬁ‘yér%xi Alkeiese 1n
the isotropic phase of the liquid crystal mxture. After fi'lling, the cell
was cool edsﬂé@ﬁhtﬂbo‘ffoom 15 tenperature at a rate of 1 C/rninute. For pr

etilt gl e nea stal rotation S e '

resul t%gf t he rre lfl%rl?é l%‘f]-t%er ftﬁﬁ‘illsdtoc?rlﬁlﬂ‘gmaﬁai% ﬁé@?ﬁ?ﬁ%cﬁ’n{sd"
tilted by ﬁxé&ﬁ*a&t%ﬂﬂ%ﬁ& EALRI ReleRBl is aEXATRYeatbve, Li quid Crystal Pol ymer
(LCP) conponent 20 First a 2 wt% solution S2 of the photoaligning materi al

B was prepared Jéanlngve@ytono\plénowm@rdesca@edibsMav@rﬂmaﬂr]blae solution was stirred
for 30 m ngt es ) 40 _Photopolyner ~: 0 0 ~o~/o \ ~ ~
\~0_ -0 25°FHER S ey epe®d dlich conprised the foll owing
liquid crystall |,Apg%cgomfbnlsa;t@f %ﬁ’% J o V~

o~ 07 Z s- ~ ~Cc zoo3d ~T, O}iL]?g ”Qn“/bcwoﬂg}]%l(;cg}f}eﬁ%s ma;le '{115-& St}m\d 00
Mon3: M- for/30minmes@t r@Om HEmpgteEon to the di ac~-y~l ate nmonomers,
photoinitiator | RGACURE 369 from C ba SC as yell as BHT
(2,6-di-tert-butyl-4-methyl phenol | "butyl hydro;;y{oluene”) v,~hich served
as an inhibitor were added to\the,m; aure Thus e conposition of

I nilr>ture | ~~I LG was as fol I'_W ~S; Vg% 10 Mon2 14.5 vrt %

| VI on3 4. 7PhRtopphmsEdr e 369 \Amm' Wt % Final ly, the solution
S(LCP)15resul ted from di ssol ving*10 ~~t~o0 of m xture h~ILCr 15 in anisole.
The | ayer preparation started/with spincoatinD solution S2 on a I nmthicl:

rectangul ar gl ass substrate Héq—m 3000 rpnl for 1 mnute as spinning
,%q; g;

parameters. The |ayer was sub t i 130C for 30
mnutes. Then the coated subsutate was 2y paygd for sir, mnutes to the
isotrog c uv-light 20 of a 200V, |ugh préssare nercury Iarrp havi ng an

i nci dence angle of 65 relati ve to the substrate Normal. The incidence

pl ane of the uvd,i.ght <V Edﬁ%ﬁ 1.0 and the
it inci denceslglhglg%tsilo\ﬁgﬂ s a |gnegb&§g}a§]¥oth%l t[ng(?])ggér] %agg@htgf t he
subst r at e. subseragpedticlaiwere drgalrief foha0 mights enashotplaterat ABOFChy AH thesecut of f

filter W&295 (Schot t and pass filt . The intensity
of the uv-8PF" %H?IFStW%{)F ppﬁgr%gglptapg VIRPRIRER gﬁ&%‘%dé‘ﬁ?é‘flf’{;é 1I)“ayer V. as
nmeasurgd to be Zhdicoated shibdtdtesodrd ubsequently exposed to isotropic ultraviolet light

from a 200W high-pressure mercury lamp at an angle of incidence of 65° to the

) normal to the substrates, for six minutes. One edge of each substrate was arranged to
lie paralle] to the plane containing the normal to the substrate and the direction of the
incident light during the exposure.

30 Ultraviolet edge filter WG295 (Schott) and a bandpass filter UG11 (Schott)
were used to restrict the bandwidth of the light, which, using a light intensity meter
1000 with probe set at 320nm (Car] Siiss), was found to have an intensity measured at
the substrate (but normal to the incident radiation) of 2mW/cm?. A parallel-sided cell

was constructed using these two substrates, coatings facing each other and spaced

th

2.7um apan using plastic shims. The cell was then filled at room temperature with

L

N~

“Liquid Crystal Mixwre 89877 available from Rolic Research Ltd of Switzerland,

t™h



the [i;ht intensity measurenent instrun gent of Carl Siiss togetherg }flﬂ*'mj"
the 320l un probe (Carl Suss). ~%'izen the substrate v; as arranged

bet vreen ¢ros pol ariz~rs the substrate ' |ooked darl~, i o t of
flue a~-|§'pe0“§3g€35, ~~een substrate edges and polarizer r U 5'%983(@@%_52003 ,

" 11u0 00/~663~ J,"CJLi~00/ 0006~ transm ssion axes. Consequently, there
v, ~as no radoght 2%%3%?1?1%91?%%’9‘%{ ”=Fﬁﬂiﬁf’eﬁjqcﬁﬁﬁrﬁéﬂfﬂ%toéégn§iOtQ%edea@er. As

a next stepq;g c')%Yaq—riscﬁlfop%ﬁsiﬂcﬁlstemp@)%]ﬂﬁgﬁ'é(ral;lf' g?%gg;)f the uv-exposed

phot osensitrve |‘ayer by spincoating”s | with 1000 rpmfor two
mnutes. 5 The gpRathatel vas ikedd Besless cHRsdOpdQGsers T st ¢ | above
the clearing tenperature T=68C of n‘ixturg I\/SLCPp lanf:lrsé&?@&g gy@ﬁnb?%} 65C
usi ng a cominpth engles of tiE. dellCiibnresSdb se ke polayistisginvbther wokdzythe Ivumsd

crossl isnked under nitrogen atnosphere by expo5~11g it to the light of a
150\ ~~ xen‘HﬁStPgWB‘“[”Sr“¥ MHRICBY: A thickness of 250nm was measured for the
crosslinhed M.CupbR¥%ghlyink B 90FHZNES YelifecURS becRbes B Ind en
crossed pol ari ze?s UII?’J%?I 'aan angléZ of 45 e@et mygﬁﬂ%ﬁ%@ﬁ%sﬁ%{}g@%&gﬁﬁgnd t he
t ransmni ssithe calk bscanfe mhwindlydranzeissivelie lighbwheatieangad kath igraiges HoNs’ tever ,

the substrate. |l oaked dark when arranging its edges either parallel or

per pendi ¢ ’SydlfeGIlf’ﬂ% Ogd?oi‘?rfsfﬂi’nt?f;ﬂ?nfré’g‘?eénl?%l% :r5=Cﬁ?i]sé§1)u§}?t F§)l begrney| Lor

| ayer u-asoBielly! AR irahDes Al 6! el Spabhdngd shbbeliopar I or 15
perpendicular to"the | onger substrate edDe. wever, uSihg a tilting
conpen$at atirdachenopf paatisaaen idhe chossed @latisyer Thssdehmusdateothbethediqaid el to

the longer_ substrate,edge, which s. arranged rallel.to the.incjdence

pl ane of t%@aﬁf}p}’ﬁ'ﬁﬁ@ag% torge PHS”H\*Q’?FW%F %%ergjl%nﬁ%onﬁh%{a@a‘: PGHFHE“‘Eﬁat eri al
. 1P265. | ofaghdidrig@ibl tiQydrhigadiaiing ifsat (WhicBNEEREN Hel revilizdf AU datahiat tof i ’
optical a>;is of the ' ~~LCP layer was_tilted respective to the substrate
surface, widgs o4 theehsirate enghencs Aithaedlt 30 of f the substrate pJal ~e. From
tt-~e view ng d h i . B cl uded
that the. opt | car g & SRER RRAGy R 8 R, LA ARATRATNE S 487 gE O

i nci défice shitehed lignidodrysthklayvparalidhtto e iite vmtersedioh of thd fubgirmatandnheof 1

t he phot oal.i gni | ayer,. ?5 Consequently, .the.exposure to obliduely

i nci dent iT_%lB‘?er %{;‘ﬂﬁoﬁémﬂ ’Qf_ﬁ‘(dei’h’ﬂ m&r’l’ll%?‘i’%}ﬁi eapability in the

phot oal i gni ng MRgNatiAE (W iaBEvABpISdation hieRueirO cdtdn®but RAH h shahiar yst al
mononmers of nu~;iure 1\~ILCP parallel to the incidence plane of the uvlight

as v, ~el | differesceinf ey A\ then pndenyigwine capdiven i hoerl! apbearad onlyywsakhl ane.
c, 293 U~... WHAT [ ' : ' wal |l -of a
liquid cr fg?]{asfmscge\ﬁqgg\gonpr?%aﬁlﬁgo ﬁ&n%gé%el’ #‘éoﬁcg?%g%r gil%%ia&)f%}g%]\égp 1 A

mat er 2@l  owad balyvelilghtly sded. Fo penertginbide it dheduidni sfuthel liguids trabtalyohecell es

pl aced on the material on the wall in use _of the cell adopt a preferred

al i gnnent , WehBSAANTH R B TXPAGD Bppiaph et ‘?‘ﬁé‘reﬂdi’léa? UPS PYPERPOI & P28 or
circul arl y,nol adngfs RILAN QNadahPBhakrQbhifue T i GepRtiodhaeeln Lhe said
property further i1ncfudes inparting a preferred I'ilt as well as a prefen-zd
azi nut hal effécgivelgnbeing wewdd [dlopg dhe opstal aximl seules, Thahepedaiedt that thali at i On

to which the material is, exposed is,zonew se patterned, characterized in
that i sSreriengs B of Mp iRara et SPBrEysee; RS e aRE of 16 FhSiner s
zonewisge PRLERE BEtheldrelNith bf Fafleatd Qﬂth@bﬁ?h@yuﬂfhxrﬁd}ﬁ@&a@&i&m' cal mce
oel enents interposed between the source of the radiation and the material.

2. The nmet hod ad@wier nyith ®rcwihewts an gpplied yoltpge, ribe raseniarentolabe djouid a

m crol ens array. . d - ] : a : el N
m cr oel erre?f?’sgh’vﬁgulm ngn ?hﬁgirbglbg?sggn&%r%ggr 1é]gr.ngi];‘h%é rrntjedfa %%’ge%]c%or]%‘p%g P clai m
1, wher ei nswhiening, oot eilled tever el idemairi ol @g anereted ket as woulTheiserbtthod
according to claim1, wherein the mcroelenent array.is an, array of |ight
swi t ches. Bauithaysigimetecrles d2ai hgovdh BRysedl & Hdt prYe dditig OBEustAR 1a)kier ei n
the i ngadiggion. ener: -1.[1%?1“ d.normal to the radiation) is less than 2
J/cmzrb(g. $ﬁ'é1 n%%ﬁ‘ocigg%g:or ?ynél%?sd any of the preceding clains, wherein the
radi ati on EsasblersayPrdtiét Andl® Mea2umeht UL. . 2003 8. The nethod according to
any of the preceding clains, whimrcqgi n sgi preferred alignqu_t 1S 1such t hat
the | ongit udi natsaRiExagwly { T EF VORGP 2ra5h BeRiF Y CTeSPICad &'i‘grf'@ YRR I udi ng
the normal ot q o . di.r.ection of the radiation. 9. The nethod
accordi ng f(j) agﬁ@ﬁg@ﬁ‘%’ eO g?g%gg:ﬁﬁg{‘%r'ai nms, wherein the inparted preferred
tilt exceeds 45 degree to the plane of the layer. 10. The nethod according
to claim9, wherein the inparted preferred tilt exceeds 75 degree.

6



11. The method according to any of the preceding clains, V\/ner e.%QrJH‘EZ@al
material is substantially honeotropically orienting. 12. net
accor di ng"V® §%/4#f#4 of t he preceding cl ai ns, wherein the angl é’cg‘le‘i'or‘PSf""dence cp

* of the radi atlon to the normal to the Iayer is within the range 5 degree

Gep< 70 degr ee. Bath, subgEatps tigir Sakseov et ﬁgﬂwésﬁlniﬂf of* misulps e safrApCcalvai ns,

wh t 45 d di t
any of |t na Beue Ay B A e G PR e PSR [RGB (he
irradiati gpngeldf thélight ¥edFesticted by Alnv Al EItA-WA05 ABLHotThfl a hid pass

; #g| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] cRa] ca]c
a] ca] ca] ceﬂlmﬁ&] béﬁ]oba]‘tp\,é[]lxca]lmaqlt;saq)ﬁab o vdigWKeths reifich Z{ The ahataanaltiva] ca] cal
ca] ca ca] 98 b gaaerCe%] C%L iaxlqﬁ\% smL %ae] héﬂt n'ﬁlr?s?t]lcaéa%%]eﬁa%h 1nl 06}1]1&1?] ca cal
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]lca]ca]calcalcal ((((((((
&) ~))) 7* W * * ++Sn\Yordes ta-macaswe, the pretilt angle induced by the alwmno ]ayels a parallel

B

4N44475554; a f ﬂ l it tiv
- d: }xsni c"Y”ca cal ch ?u %a (e:rg acsa pac réa ’88 ]f g e c W h %ac]aTca] cajc

a] ca] ¢a] cafisladwsial h@jlda]madlcm]ﬂax]echimﬁg ¢:% dle{cctrlc A‘,usotropy of 5 1 an optical
; L<<<- ===1>>>0?Z??@0 @ {vql g bLX] ] ca] ca] ca] c*a] ca] ca) ca] ca] ca] ca

] ca] cha] c APERTERY &) ofal %aﬁ]ﬂ@a] éa}lcdafra'aqa &p&ameé]a@a]t@a]telapaaﬁv]eca}@f a] ca! AB

Bi BB2CACS EEFVE H JK

a] ¢a] ca] c%’ é %’(31]“9 18 8§1§ aﬁ%ﬁﬁ&?ﬂwge&%ﬁaﬁ@ﬁ‘ﬂ%ﬁf@; @g]"ﬁ ]cg]a]cg]ﬂc
ca] caj ca! Wﬁﬁ@ated 10 90 °C to ensure the filling procedure to take place in the isotropic phase
QTSRTTTUMJ_UUUWSWWVVWWWEXXXYYYZAZZ7| w nhc| wr mhc”Y] |] cal ca(} cal] ca] ca] ca] ca] ca]

ca] ca] ca] ®d] &%) bajidapalkt apizajrea)dier cllivg] élﬁ] ctl] cxdsc ad@ad depBajccregmea) cal ca
' &109& %% ' L. 0%& I'N " 109%&' I'p ' 109& I >@
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109%& ()- 9- y#lOOe& () I k9- y#100& | %41 c{g;gg v7|| & () .

“lov () Tedubel ProdeEEnt }he 1‘1‘(‘3df@’91 EoPH IS (gun G 1o be ea by 3° off
dEUVT7! | @thﬂpg/&s@rhemr&]gf/& () "109& ()- Y '10%& ()- 109&' ()-3!10%& ()-
. #gdEUVT! | @ 3109%& ()- 109%&' ()- 109%& ()- , g#l0%& ()- 109%& () 109%&' () -
g1dBuV7! | Examinled—(Digeld Gosel Ptvan:mW:P) compwg ()- | z#109%& (

om0} <5 0okt i S AR 6 el e et &iﬁ%ﬂ&ﬂ%ﬁ’ it
égos/foc(y e)& ()c ,|35 Wg&?@e 3k 1O%BIvent. €D soﬂ.ﬁi%&wéé stif€d@of )30 minutes at room

lemperature.
| .
+ 0
Photopolymer B: =~ 0 o
. _?;4 o\_/—\_,0«<\://\—<o _<//-:\> _//—<0_
-0
25 Then a mixture Mycp was prepared which comprised the following liquid

crystalline diacrylate monomers:
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5 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

mixture My cp was as follows:

Monl 77 wt%
10 Mon2 14.5 wt%
Mon3 4.7 wt%
Irgacure 369 1.9 wt%
BHT 1.9 wt%

Finally, the solution S(LCP) resulted from dissolving 10 wt% of mixture Mj cp
15  in anisole.

The layer preparation started with spincoating solution S2 on a lmm thick
rectangular glass substrate using 3000 rpm for 1 minute as spinning parameters. The
layer was subsequently dried on a hotplate at 130°C for 30 minutes.

Then the coaled subswate was exposed for six minutes to the isotropic uv-light

20  of a 200W high pressure mercury lamp having an incidence angle of 65° relative to
the substraie normal. The incidence plane of the uv-light, which was defined by the
substrate normal and the light incidence direction, was aligned parallel 1o the longer
edge of the substrate. The spectral range of the light was restricted by a uv-cutoff

filter WG293 (Schott) and a band pass filter UG11 (Schott). The intensity of the uv-

10
W

light at the position of the photosensitive layer was measured to be 2 mW/em? using
the light intensity measurement inswrument of Car] Siiss together with the 320 nm
probe (Carl Sitss).

When the subsirate was arranged between crossed polarizers ihe substrate

Jooked dark, independent of the angle between subsirate edges and polarizer

(o]
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temperature T=68°C of mixture My cp, and cooled down to 65°C using a cooling rate

of 0.1°C/min. Subsequently the Mycp layer was crosslinked under nitrogen
atmosphere by exposing it to the light of a 150W xenon lamp for 10 minutes. A
thickness of 250nm was measured for the crosslinked My cp layer.

10 When the substrate was arranged berween crossed polarizers with an angle of
45° between the substrate edges and the transmission axes of the polarizers the
substrate looked gray. However, the substrate looked dark when arranging its edges
either paralle] or perpendicular to the polarizer transmission axes. Consequently, the
Mycp layer was birefringent with the optical axis aligned either parallel or

15  perpendicular to the longer substrate edge. However, using a tilting compensator the
optical axis of the My cp layer was found to be parallel to the Jonger substrate edge,
which was arranged parallel to the incidence plane of the uv-light during the
illumination of the photoaligning material JP265.

In addition to the azimuthal alignment, it was found that the optical axis of the

20  Mycp layer was tilted respective to the substrate surface, with a mean tilt angle of
about 30 ° off the substrate plane. From the viewing angle dependence of the optical
appearance, it was concluded that the optical axis in the Mycp layer was tilted
opposite to the incidence direction of the uv-light which was used for illumination of
the photoaligning layer. '

25 Consequently, the exposure to obliquely incident isotropic uv-light induced an
aligning capability in the photoaligning material which was strong enough to align the
liguid crystal monomers of mixture M) cp parallel to the incidence plane of the uv-

light as well as to vniformly tilt the M cp molecules out of the layer plane.
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U& () - S& 10% & (YinGs well as a preferred azimuthal alignment to such liquid crystal

molecules, wherein the radiation to which the material is exposed is
zonewise patterned, characterized in that, in said step of imparting a
property, the preferred alignment is zonewise patterned in one irradiation
step by an array of optical microelements interposed between the source

of the radiation and the material.

The method according to claim 1, wherein the microelement array is a

microlens array.

The method according to claim 1, wherein the microelement array is a

microprism array.

The method according to claim 1, wherein the microelement array is a

hologram element.

The method according to claim 1, wherein the microelement array is an

array of light switches.

The method according to any of the preceding claims, wherein the

irradiation energy (measured normal to the radiation) is less than 2 J/cm?2.

The method according to any of the preceding claims, wherein the

radiation is ultraviolet.
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9. The method according to any of the preceding claims, wherein the

imparted preferred tilt exceeds 45 degree to the plane of the layer.

10.  The method according to claim 9, wherein the imparted preferred tilt

exceeds 75 degree.

11.  The method according to any of the preceding claims, wherein the said

material is substantially homeotropically orienting.

12.  The method according to any of the preceding claims, wherein the angle
of incidence ¢ of the radiation to the normal to the layer is within the |

range 5 degree <=@< 70 degree.

13. The method according to any of the preceding claims, wherein the angle

of incidence @> 45 degree.

14. The method according to any of the preceding claims, wherein the

material is cross-linked by the irradiation.
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