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(57) Abstract

In place of separately applied LPP and LCP layers to make an

optical components such as retarders or liquid crystal displays.

(54) Title: OPTICAL COMPONENT, ORIENTATION LAYER, AND LAYERABLE POLYMERISABLE MIXTURE

optical component, 7 parts by weight of LCP crosslinkable-diacrylate

monomers are mixed with 3 parts of poly(benzopyranoxycarbonyl)ethylene, which itself is linearly photopolymerisable, applied toa substrate,
heated to above their isotropic transition temperature, exposed to polarised light, cooled, purged with nitrogen and exposed to light, to make




U.S. Pdtent NeoowsddZ4, 941 (G bbons et al.) describes a process RGRABIPAHL0N
preferred direction is induced in response to exposure with |linearlwy
pol arised light of an appropri ate wavel ength by the
cis-trans-isonerisation of dyes. Liquid crystals in contact with a _
surface thus exposed are oriented in accordance with this preferred 5
direction. This orientation process is reversible - i.e., by further
exposure of the |ayer to light of a second polarisation direction the
orientation direction can be rotated again. In the case of the

phot ostructurable orientation |a G¥ers described in U S. Patent No.

" 5,389, 689 (Chigrinov et @QPTICAR COMRONENT ORIENEATHON IAYERANB: work i s
used. 10 Buring the expos e i sotropic
orienting properties are P‘AI UUWPHI{XW o ,ma | ayer and

at the same tine a polyner network is built up. Such linear -

phot o- pol ymeri sed pol ynmer networks (LPP), also known as phot o-

ori ented polS merThisinvention 1E aami-ym«nsebls mnrerrewdncls eabbeapplied astadaxer, & an

UL o g B R AR SO e i+

orientating t@éf?ﬁtapdxs ay) Hafig 218 r%fﬂﬂh&lﬂﬁkhﬁﬁﬂlr@@da/ﬁi’ébuﬁei work (LPP)
are descri bed |an ;ﬂ)b £ ﬁt5 602, 661 (Schadt et al.). The
manuf act ure of these Iayer structures S effect ed -by orientation of

the liquid cr ysgﬂgﬁ@% e Exlehp& . LEC& Eﬁ%s%‘ Fﬁkéc@gc?ﬁm?ﬂﬂig% A nﬂtr@@-dﬁﬂensmnal

orientation in cross I'ng s I que,

even possi bie t @rientation lﬁiﬁthtfcﬁﬁi‘cw zﬁcxmithd:ﬁhﬁﬂﬁm cﬁ‘tprusbt at inglividue iphdces\gire bf great
several oriented liqujd crystal poly as js shown e.g. in
Eur opean Appl i c datepst mgnany 9(98‘9%‘%%@6@‘398)&1“‘)’8“@ optics eiks j s wel |

known, in addition to an azinmuthal alignnment, a tilt angle, i.e. an

i nclination 25 of the optical axis of the liquid crystal |ayer relative
to the plane of Rdns&seypea,rs,imbsthhm having thieqnsepmtwin Phinsiptea have becdthe kagwn,

by an LPP orientat er _havi on..t he
di scl osed e. g. Wﬁf A ‘iﬁﬂ‘ﬁl’lpﬂ%{’fohq‘ﬂé g?’g 31@3“(?6%8?“ é’fepz?fmﬁs Before
-2 - 10 Q%r&éﬁ%ng, these substances can be orientated in the liquid crystalline phase in
PCT/ 1 B99/ 01001
sandwich cells consisting, for example, of glass plates having an interposed monomer
layer with the aid of conventional orientating layers on the two glass plate surfaces or
under the influence of external fields, e.g. strong magnetic or electric fields, and in a
second phase can be photo-cross linked in the cells such that the wall forces acting on
20 the two sides of the monomer layer, or the applied fields, preserve the preset orientation

during the cross-linking process.

Cross-linked liquid crystalline monomers or oligomers or polymers are also referred to

as LCPs (liquid crystal polymers) in the following text.

There have also become known methods which permit the production of orientation

layers with locally variable orientating properties.

CONFIRMATION COPY



To sum up, iywo@9/eda§ said that LCP layers, usually in conbi natRGHABAH/O1H01

orientation | ayers, are the basis of a | arge nunber of optical -
conponents like retarders, optical filters, polarizer etc. Layer
structures of the type nentloned above with IocaIIy varyi ng opti cal

axes can al so be used as a safeguard agai nst counterfeiting and copying, as
5 di scl osed for exanple by European Application No. 0 689 065 (Schadt et
al .). Furthernore, it is well known to the artisan and understood
in the present context that orientation |ayers are not only used for
producing LCP qgigp@ant NdW,974,941 (Gibbens anatl)gdescnbes h ipyoxess themlaprerferred_
liquid crystal displays, Ilght val ves etc. The present, in ti
provi des and opdirestion iseindpesss it iresponses t‘bcﬂxﬁ‘)#‘g? itk y poiani Sﬂ s
particularly of the afor n g | &k t [ |
wg&mf v%”%ﬂ%x%tg Iﬁﬂ ié gk n'%dis&ﬁFnéahGH k5| ‘haﬂﬁ &ykals a0

| ayers. 15 vent1on meri sable m xt

conpri ses contact wnl( i) surfacé thusoettpbsed W ehem:edl drreaccandaee with| ﬂmepreferred
havi ng cross-1inkabl e groups;

a_phot o- or i &nt adirestio®n orismtasionpRess b‘rreﬁﬁ'ﬂ'f"#e" 1c., bgcfurthgeg)%oisgetqux ayer
di stinct functi tggf%‘géf Q&oﬂ@é&lﬁﬁ’sm}l'dﬁgﬁ%ﬂ iBtatibl ditéstioREA bg%tafeusggﬁl

di scovered that xtures are capa el ng both oriented and

cross-linked into aliquid crystal poI ymer These m xtures are hence
usabl e on the one hand as ani sot [ opi ¢ t i.tC o] SaiQr
on the ot her haladther@sendt|the ph Bmﬁcq'ﬁ# onenta ‘9%5“%% g’n?ﬁg gﬁt h°Ng!

'_ gy?r s. 25 Vo 9%?%%@4'@%%&9 841 )0\4R aﬁweﬁm @ﬁlsbtrbﬁerlsaymea\t@tw@ial g used.
PCT/ | B99/ 01001 During the exposure to linearly polarised light, anisotropic orienting properties are
induced in a photo-polymerisable layer and at the same time a polymer network is built
up. Such linear photo-polymerised polymer networks (LPP), also known as photo-
oriented polymer networks (PPN), are of use wherever stable, structured or unstructured
liquid crystal orientation layers are required.
15 |
Layer structures comprising an anisotropic film of LCPs in contact with an orientating
layer of -a linear photo-polymerised polymer network (LPP) are described in U.S. Patent
No. 5,602,661 (Schadt ef al.). The manufacture of these layer structures is effected by
orientation of the liquid crystal by interaction with the LPP layer and fixing the
20  orientation in a subsequent cross-linking step. With this technique, it is even possible to
maﬁufacture multi-layer structures consisting of several oriented liquid crystal polymer
layers, as is shown e.g. in European Application No. 0 689 084 (Schadt et al.).

As is well known, in addition to an azimuthal alignment, a tilt angle, i.e. an inclination
25 of.the optical axis of the liquid crystal layer relative to the plane of the layer, is often
necessary. This can be achieved by an LPP orientation layer having a tilt angle on the

surface, disclosed e.g. in European Application No. 0 756 193 (Schadt er al.).



In thé caseWo ue#92i sotropic | ayer for an optical conponent, RGWIBI%ALO01

| ayer need be applied instead of the hitherto necessary two, thus -
reduci ng the nunber of processing st eps. 5 In the case of an
orientation |ayer, the orientation proceeds not only at the surface of the
| ayer but can proceed throughout its depth. It is no |onger

necessary to apply and appropriately (e.g. inmagew se) expose or irradiate
an e.g. patterned orientation |ayer before the LCP layer is applied, in

ot her words the 10 entire |ayer-applying stage can be conpleted bef ore

t he exposure/i ﬂ‘nasimampmt @nalg,eesald that Lé Rdeyers,t aspally dnrcombinaticno withdomentation
| ndependent |y even

|
benefit for se H’replafé 3{9\;‘%580,@&%%2” t© éﬁmﬂ?"eﬁ&% 'g ﬁle‘ggd)e%%a?ri}@m
i nposed on an Eﬁ@rs' &ﬁzerte’ﬂ:e IR kiadrines bf ety pe RlenBsndd wbovBRvittloeally 9a%ing

not (as ithefto) need tO0 be given the Secret pattern, which inproves:
the saf eguar ds optjeal raxes ¢8n alsochentiseds & 2isafpguard against\penyterfgitingeand, gepyingdas

Deebr i ng. 2ot AsSeEior B ST RS R G b, 0 BEL IR 8RBt e suc

as viscosity and coatability of the m xtures; for exanple, an
unaccept abl e coal escence into gnobules 20 of an applled | ayer of such a
mi xture can be Furtheriore dt isywelhknesum tothe; artisap andoundepstood in the pregent context that

"phot o- ori ent abl.e f %hg I

devel opi ng a nenta%%ﬁggggﬁe% recti eﬁ‘fé’ﬁéﬁﬁﬁcﬁ?é&bg’téggnp%%? ﬁ@ b%ﬁglfgo ffor aligning
pol ari sed | i ghtiqaiddrystals iri Nglid crygtabdisplays, light valveeett. of |iquid cryst als. 25
It is understoog that substance (i) nay also be an LCP mixture, i.e. may

contain tvd o nore different liquid crystal nolecule types. Equally,

_Sglb_st ance (I ) gg;y%ggegﬁ ifbetitidhCprovides Sd RIpRAO WY hEH! PBisRbillRES Békif Sfor optical
PCT/ 1 B99/ 01001components particularly of the aforementioned kind, and for liquid crystal orientation

layers.

15  According to the invention, a polymerisable mixture comprises
@) a liquid crystal monomer or pre-polymer having cross-linkable groups;
and

(ii)  aphoto-orientable monomer or oligomer or polymer.

20  Despite the distinct functions of the participatihg molecules, it has been -surprisingly
discovered that these mixtures are capable of being both oriented and cross-linked into
a 'quuid crystal polymef. 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.

25

This leads to various advantages hitherto unavailable.



Assuni ng t hatwolesreaseess- | i nkabl e |iquid crystal substance (i) PCT/HB8%6I01| n

an anount of 100 parts, the photo-orientable substance (ii) -
preferably is present in an anount of at : | east 0.1 part, nore
preferably of at least 1 part, nost preferably of at |east 10 parts. 5_
A preferred photo-orientable substance (ii) conprises nolecules showing a
cis-trans- I sonerism particularly azo dyes. Anot her
preferred photo-orientable substance (ii) conprises a linearly photo-

pol ymeri sabl e nononer or oligoner or polyner. 10 Dependi ng on the

i nt ended appl i cdhithecasehof ar anisotiopicklayerfdri apuoptical gempénent; oniy woe ldyer need be
may have a nematic,.phase or .chal.esteric phase or, a ferroel.ectric phase .
respectively. apphg]mﬁe;@r? of @?tolé‘ﬁ’ceg(’s‘)wﬁ%ﬂ Gy, thy ‘I“?é?%g}eyn%ﬁ?fl proggssmg -

di acryl ate. 15 sEegﬁp.ln a preferred enbodi nent of the invention, the

m xture further ri ses chiral nol ecul es. I n anot her
preferred enbodi nent, the m xture further conprises dye nol ecul es. 20
[ Qi

I n anot her ef err.ed embpdi nent ... the mxture further ¢ i ses.dichroic

ol cul os. 3 Th S RESH B5Rrich iyl thk o Enelin Poce TR o515t e Rt of the
conprises fl uorwaﬁtﬁlﬁ&&@h@g&&mdﬁ,@r esensitised filmprecursor
according to theinvention conprises a substrate (such as a plastic

film carrying a layer (e.g. 0.1 to 5 microns thick) of a m xture as set

forth | abo‘fte is no longer necessary to apply and appropriately (e.g. imagewise) expose or irradigte

an e.g. patterned orientation layer before the LCP layer is applied, in other words the
10  entire layer-applying stage can be completed before the éxposure/irradiation stage.
These stages can be performed quite independently and even at separate locations. This
is an important benefit for security purposes, where a secret alignment pattern is to be
imposed on an LPP layer; the manufacturer who applies the LPP layer does not (as
hitherto) need to be given the secret pattern, which improves the safeguards against

15  counterfeiting.

Varying the types and proportions of the various chemical components of the mixtures
according to the invention is 2 useful tool for influencing properties such as viscosity
and coatability of the mixtures; for example, an unacceptable coalescence into globules

20 of an applied layer of such a mixture can be inhibited by increasing it_s viscosity.

By “photo-orientable” is meant that the substance (i) is capable of developing a
preferred direction when irradiated with linearly polarised light and-thus inducing an
alignment of liquid crystals.

25
It is understood that substance (i) may also be an LCP mixture, i.e. may contain two or
more different liquid crystal molecule types. Equally, substance (ii) may be a mixture

of photo-orientable molecules.



WO 99/ 64924 WO 99/64924 PCT/1B99/01001
PCT/ 1 B99/ 01001 Such a precursor can be manufactured in -
industrial-sized rolls and transported to the end user (in the dark).
The applied |l ayer should be able to withstand the rigours of -
transport, especially if protected by a peel-off |ayer. 5 A substrate
carrying a layer of a mixture according to the invention, for nmany
applications, should be conductive under the |ayer. An optica
conponent accordi ng the invention conprises a |layer of a _m xture -as set

forth above, in dssushingthat|the arogs-linkahle liquid rsystal sybstance. (Bhisynresent in gn ampyng of

ly 10 | i h a.l '
i sotropi . © - 100 pait e pHGR, SHenHR sif3ife Yifbrctertily W bidBhe th an prmount of at
direction or | OC&héﬁo.v?w,iraarer;frefewblp@ratleast 1 paiteanbstipreferably eftdtileuss 10 pinits: h

may be at an angle to the plane of the substrate, in other words with
atilt angle. 15 The thickness of the layer will depend on the use.

Thus, for an_opti,cal ~co . j hggge N . il t f GB%rans-
such as for énstﬁ‘n@é’fe e:ﬁpeﬁgbr%ép?ntglr)]leoégp ica 6}%‘?’? ﬂ,ﬁ‘lsgé%lé&léﬁoﬁlg%%ra %$ a
pol arised |ight R@ietism, particalady axeldyest hick layer, e.g. 0.3 to 5 [err]m is

preferred. For a layer which is intended to act as an orientation |ayer
wi t hout 20 significant inherent optical properties, a thinner coating

such as 0.01 to ] @l ) ¥ d cutikdnideu QL 1 eng;
conpounds, partiéﬁkg{#yﬁé@egor%lgﬁlggﬁégﬁ B‘ila g gasgg%ste%eﬁsle"ﬁ%? a%hoto-
orientation | ayepélynichisabl€monomenonoligamer oagulynteageousl| y confer
net wor ki ng forces retaining the preferred direction in the photo-orientable
conpounds. 48 A nmet hod according to the invention of nmaking an at

| east partly pol Y%E%ﬂ& on QB¢ isBhded :ﬂsglicati(ﬁﬂ RO bFRRIiAKABYY Hquitl cistal ¥hbNtscaYi)
set forth above cohprises exposing t m xt ure (preferably inits

i sotropi ¢ phase, maydavég nematic pbase oy chalestenicphasg opa ferraeiestri¢ plgse respectively.
(optionally in different orientations in different parts of the |ayer, for
exanple in - 6-

WO 99/ 64924 The substance(s) (i) is/are preferably acrylate or diacrylate.

PCT/ 1 B99/ 010(;1
1

In a preferred embodiment of the invention, the mixture further comprises chiral

molecules.

In another preferred embodiment, the mixture further comprises dye molecules.

20

5 . In another preferred embodiment, the mixture further comprises dichroic molecules.
In another preferred embodiment, the mixture further comprises fluorescent molecules.
25 A presensitised film precursor according to the invention comprises a substrate (such as

a plastic film) carrying a layer (e.g. 0_.1 to 5 microns thick) of a mixture as set forth

above.



i mgew se, patternwi se and pixellated arrangement) while naintainin such
conditions wooosdept the pol ynerisation or cross-Ilinking of BGHAR 801(4)

is essentially inhibited, whereby at | east some of the nol ecul es of
the substance (ii) are photo-oriented. Initially, the nol ecul es of.
substance (i), i.e. the liquid crystal prepolynmers, nmust not cross-link. 5
However, once they have adopted the preferred orientation, and there is an
adequat e proportion of substance (ii) photo-oriented for this
eventually to occur spontaneously, t he nol ecul es of substance (|) may

be pol ymer i se@uch acpreswséri candat mnufa(tpneldan ipdustuial-sized rOllﬁmdpitﬂlﬁW to the

ni Orogen or by g e Jeorieeapaiey ven ST BR A 87 S i Hgfidiqf

may 10 al te%ﬁ#&ﬁleypegﬁ]@qflpﬁﬁﬁdw afeef-6ffeqyferavel engt hs of exciting

radi ation, thoug referred nethod remai ns adjustnment of the
oxygen partial pressure. According to the incident angle of the
pol ari sed Ji ght

I I becsb
Cryatal ol oo subspte a2 rver of ¥ e abfirilhe 1o, to k0RO ey

may be m)dif!%g héhti'foﬂéltshbﬁlﬁbb'c%tlucﬁﬁ@dndd?lthdlbﬁer phot o-al i gnnent need
not be polaris 8 for example the layer is in a cholesteric phase,

where the liquid crystal nol ecul es organi se thenselves in a helical

conf ormati on. 20 oBlidA R, angr%taIuP&df t§Sthe GhveniEn MOHFRSs Hhydirl £ HIRRIE BY stihe

direction 20 nvention w

descri bed by waxh Glbo¢aipihich the 11 uid Ets&mbIrﬁoribn?éi or pre-pdifakends at demstpaxily

of an LPP (I i near photo ol yneri sabl e H;mar )/ (liquid crystal
pol yner) M xt polymerised. Such a layer usually wﬂ e optically amsotroplc -7

WD 99/ 64924
PCT/ 1 B99/ 01001
Preferably, the layer has a preferred orientation direction or locally varying preferred

orientation directions, which may be at an angle to the plane of the substrate, in other
words with a tilt angle. '

15
The thickness of the layer will depend on the use. Thus, for an optical component
intended to be used in its own right, such as for instance a retarder, an optical filter, a
polarizer or a polarised light emitter, a relatively thick layer, e.g. 03 to 5 pm, is
preferred. For a layer which is intended to act as an orientation layer without

20 significant inherent optical pmpeﬁies, a thinner coating such as 0.01 to 1 pum is
preferred. Although photo-orientable compounds, particularly LPP compounds, can be
used by themselves as orientation layers, the LCP compounds may advantageously
confer networking forces retaining the preferred direction in the photo-orientable
compounds.

25
A method according to the invention of making an at least partly polymerised, optically
anisotropic layer of a mixture as set forth above comprises exposing the mixture
(preferably in its isotropic phase, e.g. by warming it) to linearly polarised light

(optionally in different orientations in different parts of the layer, for example in



The fol*l owi Ndwiywejeeera0Ss! i nkabl e substances were used to nmake tRETARS/UGEA
m xture, of whi ch the LCP conponents, denoted Monl, Mn2 and Mn3, are -

crosslinkabl e diacrylate nononer s: _

[err] . 10 LPP A was nade as described in PCT -
Publ i cati on W96/ 10049 Exanple 1. Then an LPP/LCP m xture ML was nade
from’ 54.4 wt % = 224. 0ng of Mbnoner 1 10. 2% = 42. 2ng of
Monomer 2 15 3.4% = 14.2ng of Mbnoner 3 29. 2% = 120. 2ng of
LPP A

imagewise, patternwise and pixellated arrangement) while maintaining such conditions

that the polymerisation or cross-linking of substance (i) is essentially inhibited, whereby

at least some of the molecules of the substance (ii) are photo-oriented. Initially, the
molecules of substance (i), i.e. the liquid crystal prepolymers, must not cross-link.

5 However, once they have adopted the preferred orientation, and there is an adequate
proportion of substance (ii) photo-oriented for this eventually to occur spontaneously,

the molecules of substance (i) may be 'polymerised or cross-linked with. (polarised -or
non-polarised) light in the anaerobic conditions (e.g. by purging oxygen with a flow of
nitrogen or by vacuum). The differential polymerisation of (ii) then (i) may

10  alternatively be achieved by .different wzivelengths of exciting radiation, though the

preferred method remains adjustment of the oxygen partial pressure.

According to the incident angle of the polarised light, a tilt angle can be built in which
the liquid crystal molecules will adopt.
15 . o
Under special conditions, the method may be modified in that the light used for the
photo-alignment need not be polarised. If for example the layer is in a cholesteric
phase, where the liquid crystal molecules organise themselves in a helical
conformation, an alignment of the axes of the helices may be induced by the direction
20  of the incident light.

The invention will now be described by way of example.

Example 1
25

Making a solution of an LPP (linear photopolymerisable polymer)/LCP (liquid crystal

polymer) mixture




-8 - WO 99/6¥¥2499/ 64924 PCT/1IB99/0100}
PCT/ 1 B99/ 01001 1.4% = 5.6ng of a photoinitiator
(Irgacure (trade mark) 369 by CIBA), and 1.4% = 5. 6ng of BHT
(butyl hydroxy toluene) as an inhibitor. A 5wt % sol ution of the

m xture ML was made in.N-nethyl-pyrrolidone (NW), then 5 stirred for 30
m nutes at 50C, and filtered through a O0.2[err]Jmfilter. Exanple 2
Maki ng an The flloaingphdtagresslitkable substandéeewerel used e niake theeKRRYILEP ivase, of
thinly spin-coated at 2000 r ontg.two | TO i ndi um t.i n- oxi de)

coat ed gl awhichthg bCP spnope ?‘15“ Mﬁ?ﬁ:é\&%@‘%@lﬁnﬁfﬁoﬁi‘ Edt?ﬁrylate

a hot pl at onomeks: The dried plates were warmed to 75C and irradiated for 6
m nut es undéer ul'traviol et pol arised light froma 200W nercury high
pressure | anp and having an incident angle of 70[err]. In this
procedure, the direction of polarisation of the light lay in the plane

perpendi cular to the pI ate and i ncl u tohe |n@|dt Ilght dirextion. The
pol ari ser was a he~vayehengt h of
the |ight V\Monflurther I|mted by a 20 ‘Qr 95 (Schott) and a
bandpass fi+t+ter—dEl1 (Schott). The |nten5| light at the
pl ate was determ ned as 2nW cn2. Aftep this irradiation, the |ayers
were codled at 1C/ mn to 65C, then at 5 mn to 50C The Iayers wer e
still liquid. 25 The | ayers were then irradiated for ten mnutes
under nitrogen at room tenperature by i sotropic (not-pol arised) light
froma rrercury lanp at angintensity in_thegultray oI < 4.4m
Wcenjerr]. ecajise of tthLpf % nge.n,t/a.l,mdi&a«he

ni trogen), Wit "@‘

0 0 0 0
Mon 3: QLO/\/\NO_Q—QO_QO@'O\/\/\/\O/U\&

Cl
%ﬁn
\} 0

10 LPP A was made as described in PCT Publication W096/10049 Example 1.

Then an LPP/LCP mixture M1 was made from:
54.4 wi% = 224.0mg of Monomer 1
10.2% = 42.2mg of Monomer 2
15 3.4% = 14.2mg of Monomer 3
29.2% = 120.2mg of LPP A

-8- -
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PCT/ 1 B99/ 01001 I ncident |ight no | onger included wavel engt hs,
bel ow 350nm which the gl ass had absor bed. After this
irradiation, the |layers were no |onger |iquid but had become cross-|inked._
5 Exanpl e 3 Maki ng a parallel-sided cell 10 Wth the
coated sides facing inwards, the two plates from Exanple 2 were assenbl ed
into a parallel-sided cell, using a glass fibre of 20[err]mthickness as a
spacer. The cell was imediately filled with a nematic |iquid crystal

m xture M.C 120004300 5:maRf a photoinitiatog (xgapure {trade neak), 3% dy €HB3AY, adk
liquid crystal-i o r ok ‘t epper at,ur e . ,(-considered to be 89C
in this case), aﬁ?}%Fﬁaﬂ’;‘?§8g§?§tdﬁb8@%i‘ymg’xy%ﬁ8F‘éﬁ)ﬁ§a{‘m}’(‘@?‘rfr ed cell between
crossed pol arisers showed that the liquid crystal m xture was
uniformy oriented. Using a tilt conpensator and a pol ari sation m croscope,

t he oA &wtlatsobition afcthe mintuyth Mihwas sagde sn dd-muthylepyrrodidonenNdR), dhert he
nemat i c ol i qui R ' established.to be parallel to the
di rection o%"ﬁ%‘fﬁ"ﬁts’g‘%lf’%tﬁs 8%5%§§\$F¥%§¥’I%ﬁaqmﬁﬂﬁﬁd irradi ated the

pl at es. The rotating crystal technique showed that the tilt angle
adopt ed by the I'@c_l)gid crystal was a hefty 25[err]. 25 Exanple 4 |
Maki ng a so f an LPP (linear photopol ynerisable polyner)/LCP (liquid
crystal -

Making an Orientation Layer

10
The solution from Example 1 was thinly spin-coated at 2000 rpm onto two ITO
(indium-tin-oxide) coated glass plates, which were then dried for 30 minutes at 130C on

a hotplate.

15  The dried plates were warmed to 75C and irradiated for 6 minutes under ultraviolet
polarised light from a 200W mercury high pressure lamp and having an incident angle
of 70°. In this procedure, the direction of polarisation of the light lay in the plane
perpendicular to the plate and including the incident light direction. The polariser was a
film polariser HNP’B by Polarcid. The wavelength of the light was further limited by a

20 uv filter WG295 (Schott) and a bandpass filter UG11 (Schott). The intensity of the uv

light at the plate was determined as 2mW/cm?.

After this irradiation, the layérs were cobled at 1C/min to 65C, then at 5C/min to 50C.
The layers were still liquid.

25
The layers were then irradiated for ten minutes under nitrogen at room temperature by
isotropic (not-polarised) light from a mercury lamp at an intensity in the ultraviolet of

4.1mW/cm?. Because of the presence of intervening glass (containing the nitrogen), the



pol yner) m Xy 864924 PCT/IB99/61901
WO 99/ 64924

PCT/ 1 B99/ 01001 - Exanple 1 was repeated, except that a 25wt. %
solution of mxture ML in NWP was .used. Exanmple 5 5

Coating a G ass Plate The solution from Exanpl e 4 was spi n-coat ed
at 1500 rpmonto a gl'ass plate, which was then dried for 10 m nutes
at 130C on a hotplate. Cbservation through a 10 pol ari sati on m croscope
showed that the resulting layer was liquid crystalline but had : no
preferred ircident dighbmo ldngen irchpiedawaeslenpths belosc 3ptnmj which tet plass dad
(Mettler FP5) the liquid crystal-isotropic transition tenperature was
measur ed agbsprbed. goc, Exanple 6 15 Maki ng an optical retarder
| ayer The | ayer from Exanple 5 was warnmed to 75C and irradi ated for
3 m nutes under ultraviolet polarised light froma 200W ner.cury hi gh
pressure | Afier thihirradidtian] the layeaswere no langer[lauisibut had becontdRirBssolynkedl ar oi d.
The wavyel ength of the light was further limted by auv filter W95
(Schott’) and a bandpass filter UGL1 (Schott). The intensity of the uv

light at tgespbRie Was determined as 2nWcnjerr]. After this

I rradi ation‘,—t‘ere—‘tayer was cooled at 1 mn to 65C, then at 5C/ mn to 50C
25 The | ayer was then renoved fromthe hotplate and pl aced between

crossed po Lsers. o 'I;réﬂ | ayer was now uniformy oriented. On rotating
the substr g : :

10  With the coated sides facing inwards, the two plates from Example 2 were assembled

into a parallel-sided cell, using a glass fibre of 20pm thickness as a spacer. The cell
was immediately filled with a nematic liquid crystal mixture MLC 12000-000 (Merck)
at a temperature only just above the liquid crystal-isotropic transition temperature
(considered to be 89C in this case), and slowly cooled.
15 _
Holding the filled cell between crossed polarisers showed that the liquid crystal mixture
was uniformly oriented. Using a tilt compensator and a polarisation microscope, the
orientation direction which the coated plates had imposed on the nematic liquid crystal
mixture was established to be parallel to the direction of polarisation of the uv light
20  which had irradiated the plates.

The rotating crystal technique showed that the tilt angle adopted by the liquid crystal
was a hefty 25°.

25 Example 4

Makigg a solution of an LPP '(lineér i)hotopolymerisable polymer)/LCP (liquid crystal

polymer) mixture




al ternately, woobkswzglark or wholly light. Touching it establi shedrabsseivéie

| ayer was still l'iquid. WO 99/ 64924 -
PCT/ 1 B99/ 01001 The |l ayer was then irradiated for ten m nutes
under ni.trogen at room tenperature by i sotropic (not-polarised) |ight

froma nmercury lanp at. an intensity in the ultraviolet of

4. 1mNcnferr]. Because of the presence of intervening glass (containing the
nitrogen), the i ncident light no | onger included wavel engths bel ow
350nm which the glass had 5 absor bed. . After this irradiation,
the |ayer wdizample bigpsrrepeated, expent thatca Bowb e solution f dnistuye M1 in NMR waked.
Its thickneag J\as 670m. 10 Using a tilt conpensator and a pol ari sation
m cr oscope, e | ayer was found to have an optical retardation of
52.5nm It was al so established that the orientation of the optical

axis all over the |layer was parallel to the polarisation direction chosen
in the firsExampleS yjitraviolet irradiation. 15 Exanple 7

Optical gretarder layer with tilted optical axis Exanpl e 5 was
repeated. Before irradiation, the lower half of the glass plate was 20
cover ed and Qoatingh GlessPhatat ed 70[ err] about an axis perpendicular to the:

pl ane containing the direction of incident light and its direction of
pol ari sation. During irradiation mﬁth Iinearly pol arised light, the

t enperature | 5 ] ' S Jn
Exanpl e 6. a[ﬁf: éuratl on cﬁm (rfa atl rﬁg\%/g%gge 961%”?‘ toagltassn{’lat é)gh,lc%s

t he efwas cthew edriedt é?unsﬂt)ymﬂutemat | 139t omnat h@tplaﬂe;(erowa-vaﬁkﬂuQMubh i he
rotatlo t | ass. 25 | at e. - After this first irradiation, the
gl ass p‘l at epﬁgéls a‘f‘&‘ﬂ°§°ﬂp$ ﬁ&%?ﬂ)g’éf the ’fﬁslﬁé@gll@ff'rs‘ﬁast lauid crystalling but Badr|
to the subshpy&estd bRERatON WRAR RPolRAGhE MicroséOpeivith o Rdtpiale (iieier FP5)

the liquid crystal-isotropic transition temperature was measured as Tc = 69C.

Example 6
15

Making an optical retarder layer

The layer from Example 5 was warmed to 75C and irradiated for 3 minutes under
ultraviolet polarised light from a 200W mercury high pressure lamp. The polariser was

20 afilm polariser HNP’B by Polaroid. The wavelength of the light was further limited by
a uv filter WG295 (Schott) and a bandpass filter UG11 (Schott). The intensity of the uv
light at the plate was determined as 2mW/cm?.

After tHis irradiation, the layer was cooled at 1C/min to 65C, then at 5C/min to 50C.
25  The layer was then removed from the hotplate and placed between crossed polarisers.
The layer was now uniformly oriented. On rotating the substrate, it appeared,
alternately, wholly dark or wholly light. Touching it established that the layer was still
liquid. '

-11-



direction of wHoeskiedhpt. Al so, now only the 'upper hal f of the plrmtmIBIS®I00L

covered (so that -12-

WD 99/ 64924

PCT/ 1 B99/ 01001 each half of the plate had only one _
i rradiation). There now foll owed a second si x- m nute irradiation,
of only the exposed | ower half of the plate. Thereafter, as in

Exanpl e 6, the coating was slowy cooled and, again as in Exanpl e 6, 5
was crosslinked under nitrogen with isotropic ultraviolet light. -
On obser vi nThe Heydraym theh rirredjhted rfosmdnpmmrurslsr gitragen rat froom temperaturei tyn

£, | t te |ight dar
yer vas.r s (oispRnsed) g Roms Bty bekah 8 el 18 %E}h&@at ﬁ
in Exanpl e @, 14 RWa¢m? "Becild 6fthe PreséncedT 1ﬁéfvehﬂn2| 14s8 (édih‘f’alﬁﬂg m@hme

polarisation of the linearly polarised ultravi oI et lig

substrat e wancidéntdight nhi dgngee dndlededewavelergihe delooy éﬁﬂm; gvhitintthe @asophad:al
axi s n angle of 45 with the directions of polarisation. On
tilti ngstheagﬂfﬂfg?‘fate about an axis which was in the plane of the

| ayer but perpendicular to the optical axis, it could 15 be seen that one
hal f of the |ayer becane darker and the other Reversing the tilt
reversed and\ftemthistizadiaien,cthe deer was no longerBquéqmq hed \pecome dirmnanch gragst h

i nearly pola “E]ie.ﬂm ecul es of the |ayer were
preferentiallﬁ'{?% ﬂ%ﬁcg{ﬁ%%s an angle to the substrate surface, whereby the
optical axis 20 was established with a tilt with respect to the surface.

10  Using a tilt compensator and a polarisation microscope, the layer was found to have an
optical retardation of 52.5nm. It was also established that the orientation of the optical
axis all over the layer was parallel to the polarisation direction chosen in the first

ultraviolet irradiation.

15 Example 7

Optical retarder layer with tilted optical axis .

~ Example 5 was repeated. Before irradiation, the lower half of the glass plate was
20 | covered and the plate rotated 70° about an axis perpendicular to the plane containing the
direction of incident light and its direction of polarisation. During irradiation with
linearly polarised light, the temperature of the glass plate was held constant at 75C, just
as in Example 6. The duration of irradiation was selected to be six minutes, as the
effective intensity of the light on the .layer was reduced by the rotation of the glass

25  plate.

After this first irradiation, the glass plate was rotated in the opposite direction so that
the normal to the substrate surface now made an angle of -70° with the incident

direction of the light. Also, now only the upper half of the plate was covered (so that
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PCT/ 1 B99/ 01001 CLAI VBE: 1. An pol yneri sable m xture

conpri si ng (1) a liquid crystal nononer or pre-polyner )
havi ng c¢ross-|inkable groups; 5 and (i) a
phot o- ori ent abl e nononer or oligonmer or polyner. 2. A mxture ~

according to Claim 1, wherein the cross-linkable |iquid crystal

substance (i) is present in an anount of 100 parts, and the

phot o-orientabl e 10 substance (ii) is present in an amount of at
| east 0.1 pagach half of the plate hadromliyxaner ieradiation)li Mheteon&vafolfowed Whsgcohd sishe
phot o- ori ent abl e substance, (i.i), 1S resent in an anount of at
| east 1 part’?.mu%eﬂ?%lauﬁ’.m OfAW}'he)FP‘BPﬁd&BWS‘FWEBf{})‘S ¥ m 2, wherein the
phot o-ori ent abl e substance (ii) is present in an anmount of at
| east 10 part. 5. A m xture according to any of Clains 1 to 4,
wher ei n t he PareaftenrdsdntBxiaimple 6, the coating wassslowlyecunded arid) againas iis Example 6,

I o e BB g, " e O

On observing the layer through crossed polarisers, a uniform orientation was apparent,
leading to alternate lightening and darkening as the l.ayer was rotated. Using a tilt
compensator it was established, as in Example 6, that the optical axis was parallel to the .

10  plane of polarisation of the linearly polarised ultraviolet light.

The substrate was then so disposed between crossed polarisers that the optical axis
made an angle of 45° with the directions of polarisation. On tilting the substrate about
an axis which was in the plane of the layer but perpendicular to fhe optical axis, it could
15 be seen that one half of the layer became darker and the other lighter. Reversing the tilt

reversed and inverted the effect.

By obliquely illuminating with linearly polarised light, the molecules of the layer were
preferentially orientated at an angle to the substrate surface, whereby the optical axis

20  was established with a tilt with respect to the surface.

-13-



conpri ses az‘ﬁg&éﬁ%{n4 7. A nmixture according to any ofpcglBbd/reds t O

4, wherein t O-orientable 25 substance (ii) conprises a

| i nearly photo-pol yneri sabl e nononer or oligonmer or pol ymer. ~
8. A m xture according to any one of Clainms | to 7, wherein the
cross-|inkable liquid crystal-substance (1) has a nematic ~
phase. . =14- WO
i L

PCT/ 1 B99/ 01001 9. A m Xta L0 any of Clainms 1
to 7, whereigLASer oss-1inkable |iquid crystal substance (i)
has a chol esteric phase. 5 10. A m xture according to any of C ains
1to 7, wherein the cross-linkable |iquid crystal substance

(i) has a ferroelgctrl . 1. A m xture according to any
precedi ng cﬁai m %hé?lgﬁaﬁfi%zee@%xotgrg_cgnﬂ%#e liquid : crystal
substance (i) i s/(Donprd Bqsid 2eysydl ahenopder brage-poBinter Hkling cross-lidicible Fl‘bups;

m xture according to any preceding claim further conprising chira
nol ecul és. A m xture according to any preceding claim

13n
further conprisi dy ] : JA, re according to:
any preceding cl glg?n %ﬁh‘ggﬂéﬁﬁ%‘? ?@Fﬁg‘%%ﬂ%@%ﬂﬁpmyﬁ& nol ecul es.
2. A mixture according to Claim 1, wherein the cross-linkable liquid crysfal
substance (i) is present in an amount of 100 parts, and the photo-orientable

10 substance (i1) is present in an amount of at least 0.1 part.

3. A mixture according to Claim 2, wherein the photo-orientable substance (ii) is

present in an amount of at least 1 parts.

15 4. A mixture according to Claim 2, wherein the photo-orientable substance (ii) is

present in an amount of at Jeast 10 part.

5. A mixture according to any of Claims 1 to 4, wherein the photo-orientable

substance (ii) comprises molecules showing a cis-trans-isomerism.

20
6. A mixture according to Claim 5, wherein the photo-orientable substance (ii)
comprises azo dyes.
7. A mixture according to any of Claims 1 to 4, wherein the photo-orientable
25 substance (ii) comprises a linearly photo-polymerisable monomer or oligomer or
polymer. '
8. A mixture according to any one of Claims 1 to 7, wherein the cross—liﬁkable

liquid crystal substance (I) has a nematic phase.

-14 -



15. A’ xt urwoae/een2dli ng to any preceding claim further conpriBCTIB99/01001
fluorescent 20 nol ecul es. 16. A m xture according to i
any preceding claim dissolved in a solvent. 17. A presensitised

filmprecursor, conprising a substrate carrying a Iayer of a 25

m xture according to any of CIaJmH A substrate
havi ng an el ectrically conducti ll nmlmwm‘l”" ar r| es a |l ayer of a
m xture according to any of Clairfs £ té 16.

- 15 - WO 99/ 64924 . :
PCT/ 1 B99/ 01001 An optical conponent corrpri sing an at

I I I
of Oalms 1 (5 15 K ikl 5@%’8&1“%%% of Claims 1t Ty b g o 3uﬁ%bfe°lm¥
19, wherein the | ayﬂtalls&bﬂalme((ﬁNHayacﬁolestencphase ani sot r opi C

An optical conponent according to Claim 19 or 20, wherein the |ayer |s
polymerised with a preferred orientation direction. 10 22. An opti cal

conponents acqggr di n I red 0,
with | oca % I ycl\?ar yl'?lg pr“% err e%ﬁ% X\Q‘?X 8¥ ilrg&c/ i "(‘)’h et {ngrg?ossslggable lﬂﬂnd_
optical conponent mﬂrsdbmm&ql)maﬁnﬁlmpﬁﬁelo 22, wherein the | ayer

1. A mixture according to any preceding cldim, wherein the cross-linkable liquid

crystal substance (i) is/comprises acrylate or diacrylate.

10
12. A mixture according to any preceding clalm, further comprising chiral
molecules.
13. A mixture according to any preceding claim, further comprising dye molecules.
15 .
14. - A mixture according to any preceding claim, further comprising dichroic
molecules.
15. A mixture according to any preceding claim, further comprising fluorescent
20 molecules.
16. A mixture according to any preceding claim, dissolved in a solvent.
17. A presensitised film precursor, comprising a substrate carrying a layer of a
25 mixture according to any of Claims 1 to 16.

18. A substrate having an electrically conductive surface which carries a layer of a

mixture according to any of Claims 1 to 16.
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has the funciyeg ,@524an orientation |ayer. 15 24. An opPCEAB99/01001
conponent according to any of Cains 19 to 2Z, wherei n the | ayer )

has the function of a retarder or an op “H‘“““ﬁ “ pol ari zer or a
pol arised |ight emtter. lm i cal conponent

according to any of Claims 19 to 22, wherei i the Yayer _ has the
function of an orientation layer as well as a retarder or an optical filter
or -~ a polarizer, or a polarised light emtter, 26. A

met hod of making an at |east partly polynerised, optically anisotropic
| ayer 25 19. An oftical rbmiponent acompridingy ah @t deast qfartl§l polymetised lafer of a

conpri sing expaqsi the mxture to linearly
pol ari sed |ight Wﬁm“}?ﬁ?‘?‘ﬂ‘}ﬁtﬁl%"fcm‘“@ to 185, such

conditions that the polynerisation or cross-linking of

substance (i) is essentially inhibited, whereby at |east sone of the

nmol ecul es 020t he Anubpticah cemponent aceordingt tv- Cldimnt % dwhexeik the layer is optically
-16- WO 99/,64924

PCT/ | B9§/ 01001 anisotropic. (b)  allowing substance (i) to
adopt the inposed orientation(s) and exposi ng
the mxture to light, whereby at |east sone of t he

mol ecul es ofl.t heAﬂubgﬂi@hmnm'o)lCMr ecqot;hygn;m €laimot9 mro2®;- whered the layer 27.

A nmet hod accordin to O"dﬁ?‘"@’ gfv\/n ei.n dur (lggtep(a) the mxture is
: . C M)g gIre onentatl “z‘g ec

nai nt ai ned in |tB %% net hod according to
Claim26 or 27, wherein during step (a) the mxture is exposed

to light of di fferent directions ofdpol arisation in different parts. 10
29.  Af op22cal AsompisAlerampangat angording: tohClrimcdlo whierein the laysr isfpobima¢nisgd26

to 28. with locally varying preferred orientation directions.

23.  An optical component according to any of Claims 19 to 22, wherein the layer
has the function of an orientation layer.'
15
24.  An optical component according to any of Claims 19 to 22, wherein the layer
has the function of a retarder or an optical filter or a polarizer or a polarised light

emitter.

20 25. An optical compdnent according to any of Claims 19 to 22, wherein the layer
has the function of an orientation layer as well as a retarder or an optical filter or

a polarizer, or a polarised light emitter.

26. A method of making an at least partly polymerised, optically anisotropic layer
25 of a mixture according to any of Claims 1 to 16, comprising
(a) exposing the mixture to linearly polarised light while maintaining
such conditions that the polymerisation or cross-linking of
substance (1) is essentially inhibited, whereby at least some of the

molecules of the substance (ii) are photo-oriented; and
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(b)  allowing substance (i) to adopt the imposed orientation(s) and
exposing the mixture to light, whereby at least some of the
molecules of the substance (i) are polymerised or cross-linked.

5 27. A method according to Claim 26, wherein during step (a) the mixture is
maintained in its isotropic phase.

28. A method according to Claim 26 or 27, wherein during step (a) the mixture is
exposed to light of different directions of polarisation in different parts.

10
29.  An optical component made by a method accofding to any of Claims 26 to 28.
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