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Uniaxially rubbed polymer orientation layers such as e.g.
polyimide are conventionally used to orient liquid crystal
molecules in liquid crystal displays (LCD). The rubbing direction

15 determines the orientation direction and during the rubbing
process a tilt angle is produced on the polymer surface.

When a liquid crystal is placed in contact with such a

surface the liquid crystal molecules are disposed not parallel to

20 the surface but at an inclination thereto - i.e., the tilt angle is
transferred to the liquid crystal. The size of the tilt angle is
determined by rubbing parameters, e.g. feed rate and pressure,
and by the chemical structure of the polymer. For example, there

_are many structurally different polyimides which when subjected

25 to identical preparation and rubbing parameters lead to
‘completely different tilt angles. Tilt angles between 10 and 150,
depending upon type, are necessary for the preparation of liquid
crystal displays. The larger tilt angles are required more
particularly for supertwisted nematic (STN) LCDs in order to avoid

30 the incidence of so-called finger print textures. In twisted
nematic (TN) and thin film transistor (TFT)-TN-LCDs the tilt angle
defines the rotational and the tilt direction so that reverse twist
and reverse tilt phenomena are inhibited. Reverse twist in the
"off" state leads to zones with a wrong direction of twist, a

35 phenomenon which is perceptible optically as a spotty appearance |

of the display whereas reverse tilt, which occurs more particularly
when the LCDs are actuated, causes a very disturbing optical
effect due to the liquid crystals tilting in different directions.
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film transistors below, besides attracting additional dust to the
15 surface. Another serious disadvantage is that when a large area is
rubbed the orientation direction cannot be varied locally. There is
therefore no practical way of enhancing the viewing angle

dependency of TN LCDs.

20 Recently orientation layers have become known wherein the
orientation direction can be determined by exposure with linearly
polarised light. The problems inherent in rubbing can therefore
be avoided. The additional possibility of zonewise differentiation
of orientation directions opens up completely new possibilities for

%5 optimising the properties of liquid crystal displays, for example,
the viewing angle dependency of TN LCDs.

US-A 4 974 941 describes a process based on a guest-host

system wherein a preferred direction is induced in response to

30 exposure with linearly polarised light of an appropriate
wavelength by the cis-trans-isomerisation of dyes. Liquid
crystals in contact with a surface thus exposed are oriented in
accordance with this preferred direction. This orientation process
is reversible - i.e., by further exposure of the layer to light of a

% second polarisation direction the orientation direction already
written in can be rotated again. Since this re-orientation process
can be repeated as often as required and needs high light



electrostatic charge on-the polyner layer possibly resulting, for

exanple, in the case of TFT-TN LCDs, in the destruction of thin film
transi stors bel ow, besides attracting %ddl tional dust to the 15 surface.
Anot her serious disadvantage is that when a large area is r ubbed t he
orientati onmllermtles,nOI:mntaﬂ:lOIb layersean| this/hasis arerless suitablerforense e no
practi cal ? nhanC| ng the view ng angle dependency of TN LCDs. 20
Recently orTentation |ayers have becone known wherein the ori entation
direction can be determ ned by exposure with linearly pol ari sed |ight.
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required angseéeids LDy driehtation layers of this kind are of use in the
preparation of other optical elements such as non-absorptive
15 colour filters, linear and cholesteric polarising filters, optical delay
layers and so on.

More particularly for use in LCDs, and as previously stated,
the orientation layer must transfer the tilt angle as well as the
20 orientation direction. However, endeavours to induce a tilt angle
in photostructurable orientation layers have so far proved
unsatisfactory. The only process known so far has been described
in Hashimoto, T. et al in SID 95 DIGEST, 877 (1995) wherein a
combination of two consecutive exposures in different conditions
25 can produce a tilt angle. The first exposure is carried out with a
vertical incidence of light whereas in the second exposure the
incident of light is grazing, the direction of polarisation of the light
having to be turned through 900 relative to the first exposure.
The orientation direction of the polyvinyl cinnamate
80 photopolymer used is perpendicular to the polarisation direction
of the incident UV light. Consequently, only the orientation
direction is determined in the first exposure and for reasons of
symmetry no preferred direction for the tilt angle can be given.
In the second exposure with inclined incidence of light and a 90°
35 offset polarisation direction an orientation is built up
- perpendicularly to the previous orientation, something which of
course reduces the orientability of the first direction. A tilt angle
arises because of the asymmetrical decrease of the orientation



3 » intensities, orientation layers on this basis are Iess suitable for

use in LCDs. In contrasf to this reversible orientation
process, in the case 5 of the photostfucturable orientation |ayers
described in US-A 5 389 698 an irreversible anisotropi¢c polymer network
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perpendicularly orienting, whereas PPN materials which in the
same conditions produce an orientation parallel to the polarisation
direction of the UV light will be called parallel orienting.

20 It is the object of the invention to devise a simple process
and appropriate photostructurable materials such that during the
exposure a defined long-term-stable tilt angle combined with any .
required azimuthal angle can be programmed.

25 To this end, according to the invention, a PPN material
orienting parallel to the polarisation direction of the exposing light
is so exposed that the direction of incidence of the light is not
parallel to the normal to the surface of the photo-orientable layer.
A distinctive feature of orientation layers prepared by this

30 method is that the tilt angle varies locally.

To produce a tilt angle on the surface of a PPN material an
asymmetry relative to the normal to such surface must be built
up. This might be effected, for example, during the preparation of

35 the layer, by programming a preferred direction in the apphcatlon
of the layer. In this case, however, the advantage of the
photostructurability of the PPN layer would be lost since, as with
rubbing, the tilt angle direction would turn out to be consistent



30 photopol yner used is perpendicular to the polarisation direction of

the incident U light Consequently, onky the orientation direction is
determned in the first exposure and f&r reasons of symetry no
preferred direction for the tilt angle can be given. In the second
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ol a1 sat o di r SUEESISRELY 1 AL ARO%6H BossipIE B fificels HirhdiE by,
property w lihclimechekpdstiee dnrBPNematerials for which, unlike the known
PPN materials, the orientation direction is parallel to, and not
15 perpendicular to, the polarisation direction of the exposing
linearly polarised UV light. The polarisation direction of the light
in the exposure of the layer was disposed in the plane described
by the normal to the surface and by the direction of the incident
light. Since in the case of inclined exposure the electrical field
20 vector of the light is at an inclination to the surface, the photo
cross-linking also occurs preferably at an inclination to the
surface, with the surprising result on the polymer surface of a
preferred orientation direction other than in the plane of the
surface. The magnitude of the tilt angle can be controlled by
25 various physical parameters such as the angle of incidence and
the exposure time.

One possible way of preparing PPN material based
orientation layers having a large tilt angle is first to induce a tilt
s angle in a PPN layer by inclined exposure and then, as described
in EP-A-611 981, to apply a layer of cross-linkable liquid crystals.
Orientation and tilt direction are transferred from the PPN layer
to the liquid crystals and fixed by the subsequent cross-linking.
Appropriate choice of the cross-linkable liquid crystal molecules
3 enables mixtures to be developed which tend to takeupa
perpendicular orientation on the boundary surface between the
liquid crystal and air. However, liquid crystal inclination does not
vary over thickness in very thin layers whereas in relatively thick



perpendicularly orienting, whereas PPN materials which in the sane
condi tions produce an orientation parallel to the polarisation
direction of the UV light will be called parallel orienting. 20 It is

t he object of the invention to devise a sinple process and, appropri ate
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orientation, has the main effect of opening up completely new
ways of optimising liquid crystal displays. For example, adjacent
15 zones measuring a few mm can be produced which have different
azimuthal orientation directions and defined tilt angles.

According to the invention, the direction of the tilt angle can

be altered from zone to zone. The magnitude of the tilt angle can

20 even be varied locally by exposure from different directions. For
instance, the optics of adjacent pixels in LCDs can be varied by
variation of the orientation and the tilt angle or the optics of a
single pixel can be varied by the pixel being subdivided into
subpixels each having a different orientation direction and/or tilt

25 angle direction. The multidomain LCDs which then become
possible greatly enhance the viewing angle dependency. In the
case of the multidomain LCDs which are described in Yang, K. H. in
IDRC 91 DIGEST, 1991, 68 and which are based on two rubbings of
a polyimide layer, the same is coated with photoresist after the

3 first rubbing, a pattern is exposed therefrom photolithographicaily
and rubbing is then effected in a second direction. In contrast to
this elaborate and unreliable procedure the photo-orientation of
PPN layers has fewer and also contact-free working steps, so that
output is much higher.

As in the case 6f TN-LCDs the viewing angle dependency of
STN-LCDs can be enhanced by subdividing each pixel into two or
more subpixels, the azimuthal orientation direction on the two



photostructurability is therefore to introduce the asymetry during the

exposure of the layer. This can be effected by exposing ~the PPN | ayer
to an inclined incidence of |ight. Howdver, the 5 orientation direction of
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ransterre cr;rrgtrgl displays cannot be produced in multidomain STN-LCDs by

the conventional application of retarder films on the outsides of
the glass plates since the optical axis of the retarder must be at a

20 defined angle to the orientation direction of the liquid crystal.
The optical axis of the retarder must therefore be adjusted for
each subpixel in accordance with the particular liquid crystal
orientation concerned. Instead, structured retarders such as
described in EP-A 94101684.2 are suitable, so that layer

25  structures consisting of retarder and orientation layer can be built
up in accordance with EP-A 95108817.8. Also, a PPN layer has
written into it an orientation pattern whose local orientation .
coincides with the required direction of the optical axis concerned.
There is then applied to the PPN layer an LCP layer which has the

3 required optical delay and in which the optical axis varies locally
in accordance with the orientation pattern of the PPN layer below.
To avoid parallaxes the structured retarder layer inside the LCDs
must be disposed between the glass plate and the LC orientation
layer.

In addition to the orientation of liquid crys'tals in LCDs,
defined tilt angles are very useful for preparing domain-free
layers from cross-linked liquid crystals (LCP) such as are |



to t.he liquid crystals and fixed by the subsequent cross-1inking.
*Appropriate choice of the cross-linkable liquid crystal nolecules 35
enabl es mixtures to be devel oped which8tend to take up a per pendi cul ar
orientation on the boundary surface between the liquid crystal and air.
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I nvention, the direction of the tilt angle can
Safety elements based on PPN-oriented LCP layers such as
described in the still unpublished European patent applications
15 Nos. 95 108817.8 and 95 108866.5 can be further refined by an
additional feature by the production of a defined tilt angle. Data
in the form of text, patterns or images can be written into PPN-
LCP hybrid layers by different azimuthal orientation. Read-out
using one or two polarisers can be based either on the
20 birefringency of the LCP layer or the anisotropy of dichroic dyes
oriented in the LCP layer.

- If in accordance with the invention a defined tilt angle

which is taken over by the LCP layer and possibly even increased

25 is programmed in the exposure of the PPN layer, an asymmetric
tilt effect is also produced. Since the LCP molecules are at an
inclination to the surface, the rotation of such a layer around an
axis which is disposed in the layer plane and which is
perpendicular to the orientation direction of the LCP molecules

30 (optical axis), causes the angle between the optical axis and the
viewing direction to be reduced or increased in accordance with
the direction of rotation. Since in this case the birefringency of
birefringent layers is reduced or increased, the result in the case
of layers having optical delays of up to approximately 300 nm is

% an asymmetrical light/dark effect, while in the case of greater
optical delay the two possible direction of rotation produce
different colours.



be altered fromzone to zone. The magnitude of the tilt angle can 20 even

be varied locally by exposure fromdifferent directions. For  instance,
the optics of adjacent pixels in LCDs dhn be varied by variation of the
orientation and the tilt angle or the optics of a singl e pixel can be
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has an even @ pverrthai Gnﬁﬂlfrlﬁhtmssaﬂn coleyrrd.e., the pattern
represented is inverted. It is of course possible to provide local
variation in a layer of both the directions of the azimuthal
15 orientation and also of the tilt angle. In this case zones having the
same azimuthal orientation differ from one another in the
direction of the tilt angle. When such a layer is viewed
perpendicularly, a pattern written in by different azimuthal
orientation is observed. When the layer is tilted a second pattern
2 is superimposed upon the first pattern and can also be inverted
by tilting in the opposite direction. Complex unequivocally -
verifiable security elements which are very difficult to counterfeit
can be produced in this way.

2 Exemplified embodiments of the invention will be described
hereinafter with reference to the accompanying drawings
wherein:

Fig.1isa dlagrammatlc representation of the exposure ofa
30 PPN layer;

Fig. 2 is a diagrammatic representation of an LC layer having
a tilt angle pattern;

3% Fig. 3 shows conoscopic images of a cell having a tilt angle
induced in accordance with the invention without and with
voltage applied to the electrodes, and



optieal behaviour than in the case of TN-LCDs. The multiple 5 rubbing of

polyimde layers is of little use for nultidomain STN LCDs since it
is alnost inpossible to expunge in a dBcond r ubbi ng the tilt angle
produced in the first rubbing while sinultaneously produci ng an

e_xaclt l'y equal ti|Rigadgsleows atramsmissionaturve of aH S'lI'N céld hmglhhgaa tilei ng
sinmpler to r . .arly suitable as
orientationQﬁ%@%ﬁgdﬁﬁgéﬁﬁg#%gﬁéﬁﬁcéﬁﬂﬂhtﬁgqé*ééhgbhce because of the .
structuring using photonmasks each subpi xel is exposed only once and so
the tilt anghedy qqrp,@g% ?ﬂ[ﬂn | Qﬁ.“q?ﬁg The col our
conpensati on necgégary r co ourogél B?E?tf’l qui ed]ilzlgllsltaglerdi spl ays cannot

be produéeq in nultidomain STN-LCDs by the conventional application of
retarder filT®inducee it angds bsf inclinéd expoaesePhotGRliTIgES thee opti cal

axi s of the.retarder be at.a 20 ef i fed. angl e.to the orientation
direction ofmtvﬁgqqreuﬁngﬁgr%tgqﬁ capa,lﬁlg (?prn)?p@é’r WA €R¥Stal$ ar der nust
t her ef ore bepamdlledttedtie polarisation ditgution of thecimident&Vilight s
particul ar |J.gujs r' el {20 At s R £ uct ured
retarders Stfc:e%ualge&' yﬁ’%@ rlsﬁggéﬁé@ggg%m&g%@% y: I@g so that
| ayer 230 stpropentysarsthe following pbosopolymers arseshimthefollowing an be
bui | t ugﬁ&ﬁngﬁ&grdance wi th EP-A 95108817.8. Also, a PPN | ayer has

n o

witten into It rientation pattern whose |ocal orientation
coincides with the required direction of the optical axis concerned.

There is then applied to the | ayer an LCP | ayer which has the 30
required optical delay and i ich the optical axis varies locally in
accordance with the orientati®n“pattern of the PPN | ayer bel ow. To
avoi d parallaxesfﬁﬂi truct retarder |ayer inside the LCDs must be
di sposed bet ween 't zélass and the LC orientation | ayer

o

20 PPN 4:

The PPN material in each case was dissolved in NMP to a
concentration of 5%. This solution was then used to apply a PPN
25 layer to a glass plate by spin coating at 2000 rpm. The layer was



35 In addition to the orientation of liquid crystals in LCDs,

defined tilt angles are very useful f preparing domai n-free | ayers
fromcross-linked liquid crystals (L such as are
8 described in EP-A-611 981 or in the still unpublished European

pat ent appl ithen drnied\far 2dsoupsat 130 borwa hemisbénsh aid for a furthter d
| ayers can Qﬁb§?’?§£ﬂ3ﬁbe : 9&&5(?} i on of optical delay | ayers,
[

pol ari si ng rence friters, Tinear polarisers and circular 5
pol arisers and so on. Optically biaxial |ayers can be produced by

st acki ng del ' i el ' orientati
and ti I'? angE?%uggégz a Juggggfjbf%gf?/rgg%gﬁwo?@u%é?gﬁlﬁ‘%gg eaclh Iayelr.on

Del ay | afers which are optically biaxial or whose optical axis is at an

el et o1 Lo 1 acaapie € ddayeraiofent pRompib e s ot e
Safety el emd P! Qng?m gé%?\f Brgt@nfgw?}_eé@a%re@ %lﬂawna’él iélg'aid’e&ﬁ E%&g in
the still uialflofstivell&yerpasexposed toprntically incidenlineaflyl 08817. 8 and
05 1085505 fStirie Wiheoh s 260 W/pvery HigH bRAGG R TRY L0e
or i magds caight half remmainedcovered durning thisraxposuge. sThe BPNf er ent
gg Lg‘ét Qf"t hg{d@ﬁ:&%ﬁk ﬁﬁé“i'heﬂttumed‘ﬂjlf@ugﬂqm AroumPafy 4%er s can be
perpendicular to the incident direction 3 and the right half of the
layer was exposed for three minutes to the polarised UV light. In
this inclined exposure the polarisation direction was chosen to be
15 in the plane formed by the perpendicular 4 to the plate and by
the incident direction of the UV light. The increased exposure
time of the inclined exposure took account of the reduced
effective incident lamp intensity due to rotation of the plate. An
approximately 1 mm thick layer of a nematic liquid crystal was
20 then applied to the exposed PPN layer by spin coating. When the
plate was then viewed under crossed polarisers, it was seen that
the liquid crystal had been oriented over the entire plate surface
parallel to the UV polarisation direction used. However, when
viewed under the polarisation microscope a large number of
2 domains of a size of some tens of mm could be seen in the left half
of the plate, whereas the right half was free from domains. When
the plate was arranged with the orientation direction at 4590 to the
cross polarisers, it was consistently light because of the
birefringency. When the plate was then tilted around an axis
30 perpendicularly to the orientation direction, about half the
domains of the left side of the plate became lighter (increased
birefringency) and the other half became darker (less |
birefringency). When the plate was tilted in the opposite
direction, the domains changed from light to dark and vice versa.
35 The asymmetrical change in birefringency when the plate was
tilted showed that the liquid crystal molecules had tilted
relatively to the plate surface. Since no direction had been
marked out in the exposure of the left half of the plate no



20 btrefringency of the LCP | ayer or the anisotropy of dichroic dyes
oriented in the LCP | ayer. f in accordance wth the invention a
defined tilt angle which is taken™@ver by the LCP | ayer and possibly
even increased 25 is programmed in the expgosure of the PPN | ayer, an

asymetri c preferred sHting of theliguis cayistd moleculeswas&e Bl ecul es are at
Z)r(]i S vvh: gﬁl IS cgggg%@%m&femé glgane an‘amvi\ﬁﬁzzh 'S e né(rjounfl ant
perpendi cul ar to
the orient aﬁmﬂ@rr@cm‘%‘ﬁwaﬁ HeP. nol ecul es 30 (optical axis), causes
t he angl e between the optical axis and the viewing direction to be
reduced or I ncre d ip acg n I on.
Since in®this cag&ﬁﬁpeﬁB Oj?fﬁéiﬁgtntbg plateb”&%%ﬁs%&ha It%e‘&gbié reduced
or increasegurface begaie hgh’dan inadre case of tilting in lome direqtion dutlel ays of
up to appro ffeg I
'h the Eﬁseﬁéﬁ%&%&é‘?@cﬁ& ﬁ?ﬁa@iﬁ%@bﬁﬁ% dr8Ctipte he irttinedy ' ©
rotation prmﬁsure hadftih@r re: pro uge in this zoneatllt angemthe
9 . y??é?éhaﬁ @ﬁaf’tﬁé qemt%ltrhélééﬁ!ésr\geﬁé tilged! ayer in

the ts"iIn |l ess greater absorption
%@Mt i on of contrast.

ere c JOﬂS
respect |19el yﬁonﬁlsﬁm Jb@l

Si nce in accordance V\nththelnventlonthe direction of 5 the tilt angle

can be vari Gl 06H ¢1¢ Tayeér With SR ahgiéPatiend O © O

D

A layer was prepared from the photopolymer PPN 2 in accordance

15 with Example 1. A chromium mask containing a checkered
pattern of squares of 3 mm side length was placed on the layer.
The PPN-coated plate together with the mask was placed at an
angle of +70° to the direction of incident light of a UV lamp and
exposed through the mask. As in Example 2 the polarisation

20 direction was disposed in the plane bounded by the perpendicular
to the plate and the UV incidence direction. The mask was then
removed and the PPN plate turned in the opposite direction so
that the normal to the plate and the UV incidence direction
formed an angle of -70@. The subsequent second exposure could

2% be made without a mask because of the photostability of the PPN
material.

After the exposure a cross-linkable nematic liquid crystal
mixture was dissolved in anisole and applied to the PPN layer by
30 spin coating. The mixture consisted mainly of molecules having
strongly polar cyano terminal groups tending to take up a position
perpendicular to the surface at the boundary layer with the air, so
that existing tilt angle is increased. The cross-linkability was
- produced by adding to the mixture 5% of the following diacrylate
% component:

T4 3O :



the first time to encrypt information without variation of the

azi muthal orientation and sol ely by the direction of the tilt angle.

In this case the information is not imially visible when vi ened

per pendi cul arly but appears only when the layer is tilted. In this 10 case

the appearance agai n depends upon the direction of rotation, ] for when
the layer is tilt S 0 S. change over
their different bﬂi h e@%e&ﬂ@@ ‘?‘S&ﬁ‘?%éﬁo“e% &hggé)j'f&g)rwlnat represent ed

i s inverted IRGACY @&Jps'@ peel by Liba. pThﬂ liguid caystal layegrwasion in a

| ayer of bOtt!héﬁ'@réssf-ﬁ‘iﬂ{éH‘b yheldf e ydguahﬁir dBoul IFHithi @3 @'fhé! S0 of
E):]?em !51% i gR%pr 1215]&&?92 &é@?\%@x nﬁ'n?lﬁénp directi oﬁzo;mt he tilt

angl e. Wien such a layer is viewed perpendi cularly, a pattherln witten
in by different |rrut or.i tatloni observed. Wien the layer is
tilted a second B seen S0 ISh qtim?mlﬂern and can

al so be i nvaystal molla;zuled hadgbemtdmnmu)%bmmcen hQ@)n

counter for 1 Sver Sl aE S A oo e fefé‘"ofﬁgarf i 10

enbodi met s Was rreogmisablecin perpendldulmr viewing. Wheni tleé layermds .
f t is a
i agr anmat i PP W%@g?on QPER #@%%osur et DeFhediquid rysullsae

i
Fig. 2is aaen 2 t‘? ansers,dmrafrmgemyewaaanamum atilt
angl e patterWherd%s shownﬁmhe%eim Fﬁ@fszcctﬁ 1a{té€was téd“ﬁldudﬁﬂ‘“ ng a
W t nt i on out an

tilt angle an a'ﬁ]sdf)%?penalcﬁlcariy > the onentatl 1rect10n, the

15 checkerboard pattern with light and dark zones became clearly
recognisable. When the plate was tilted in the opposite direction
as shown on the right of Fig. 2 the complementary checkerboard
pattern was obtained - i.e., the light and dark zones were changed
over. The appearance of the pattern despite consistent azimuthal

2 orientation of the liquid crystal molecules was due to the

~ differently directed tilt angles induced in the two inclined

exposures, the latter angles having been transferred from the PPN
material to the liquid crystal layer. In the tilting, the zones in
which the longitudinal axis of the liquid crystal (optical axis) was

2% atan inclination to the viewing direction became dark whereas
the zones whose optical axes had turned away from the viewing
direction became lighter, so that birefringency was increased.

To make the induced tilt angle clearly visible, the liquid
- % crystal mixture used in this example consisted largely of non-
cross-linkable highly polar molecules, and so the mechanical
stability of the cross-linked layer was not very high. Instead of
this, of course, a liquid crystal mixture consisting solely of cross-
linkable molecules can be used, so that a dense network and,

35 therefore, high mechanical and thermal stability can be achieved.
Tilt angle patterns of this kind having an asymmetrical viewing
angle dependency can be used, for example, as a security element
for credit cards, identity cards or the like.



voltage applied to the electrodes, and

10 Fig. 4 shows a trangpi ssion curve of an STN cell having a
tilt angl e i nduced in accordaﬁgg with the invention.

Exanpl e 1: Preparation of a photostructured PPN | ayer 5 To
induce a tilt angle by inclined exposure, according to the

i nvention a gqur To AN ddmainenting liquid crystals
parallel to the arisation direction of the incident UV light is

required. Exanples of appropriate PPN materials having this 10 property
~are the foll ow ng\ PPN Gpodated glasseplate hheidgITOelegtrodes wasxanpl es:

PPN'1' 5 exposed as in Edhipfe 3 with a checkerboard pattern. Half of the
zones were illuminated diagonally through a chromium mask in a
first exposure process at an angle of +700 while the remaining
zones were then exposed at an angle of -700. A cell with a plate
separation of 10 mm was constructed with this plate and a second

10 ITO glass plate having a rubbed polyimide orientation layer. The
rubbing direction of the polyimide layer was perpendicular to the
orientation direction of the PPN plate. The cell was then filled
with a liquid crystal mixture at a temperature slightly above the
clarification point of the mixture, then slowly cooled. Under

15 crossed polarisers a rotatory cell was identified which had a twist
of 900 and a rotatory direction alternating from zone to zone. A
tilt angle responsible for the alternately left-rotatory and right-
rotatory zone was therefore induced by the different radiation
direction in the exposure of the PPN layer. In TN-LCDs, _

20 subdividing the pixels into subpixels which differ from one
another by the direction of rotation as in this example can provide
so-called two-domain TN-LCDs which have a much improved
viewing angle dependency as compared with conventional TN-
LCDs.

If photostructured orientation layers are used on both sides
four-domain TN-LCDs can be produced which further improve the
viewing angle dependency. :

% Example 5: Measuremen_t_ of the tilt angle

Layers of PPN 1 were applied to two glass plates coated with
transparent ITO electrodes as in Example 1. Both layers were
then exposed over their entire surfaces with inclinedly incident

35 linearly polarised UV light. The polarisation direction was
disposed in the plane bounded by the perpendicular to the plate
and the direction of UV incidence. The two plates were then
assembled to form a parallel cell with a between-plates distance



.PPN 3: _ 20 PPN 4: The PPN nmaterial in each
case was dissolved in NWP to a concentration of 5% This solution

was then used to apply a PPN 25 Iayér to a glass plate by spin coatlng
at 2000 rpm The | ayer was

then dried o620 am,thespansiekeel]l evas fillact withennematcliquid fZL'IYSWJr 4
B‘r’g{jﬁcgt alfﬁﬁ&gngldtra éfifferature SHEHEY AbovetRE Wafififatfort Pointysf o
the mixture. After the cell had cooled slowly it changed over
consistently when a voltage was applied to the two electrodes. No
5 reverse tilt was observed. The tilt angle induced in the inclined
exposure had therefore been transferred to the liquid crystal
molecule in the cell. The tilt angle of the liquid crystals is then
measured optically by the crystal rotation method. A t11t angle of
0.60 was found.
10 :
Example 6: Effect of the angle of incidence on the tilt angle

Two glass plates were coated with PPN 4 as in Example 5.
In contrast to Example 5 the layers were exposed to UV light
15 incident at an angle of 700 to the normal to the surface. The
effective radiation time was the same as in Example S so that the
actual radiation time, which had to be corrected by the geometry
factor, was 88 minutes. The parallel cell formed by the two plates
was again filled with the liquid crystal mixture 7728 of ROLIC AG.
20 The tilt angle of the liquid crystal was 1.40 in this case.

Example 7: Variation of tilt angle during exposure time

As in Example 6 two ITO-coated glass plates were coated

25 with PPN 4 and exposed diagonally at an angle of 700. However,
in this case the exposure time was 12 minutes and not 88
minutes. As in Examples 5 and 6 a parallel cell was constructed
from the two plates and filled with the liquid crystal mixture
7728 of ROLIC AG. It could be seen under crossed polarisers that

30 the liquid crystal no longer had a planar orientation; instead, the
conoscopic imaging (Fig. 3a) showed that the liquid crystal
molecules were substantially perpendicular to the orientation
layer. However, the fact that they were slightly inclined to the
normal to the surface was apparent from the difference from the

8 actually perpendicular (homeotropic) orientation produced after
the application of a voltage of 6 volts to the two ITO electrodes, so
that the conoscopic cross was shifted to the centre (Fig. 3b). The
subsequent measurement of the tilt angle showed that the



5 As in exanple 1 a layer 2 of the photopol yner PPN-1 was
‘prepared on a glass plate 1, whereaftgg, as shown in Fig. 1, the left
hal f of the |ayer was exposed to vertically incident linearly pol ari sed

light froma 20 . ver [ [ . [ r i ned
covered dur ?%gﬂ?ﬂ\%gg; ﬁ&% Pi;' Mﬁﬁﬁ%&s@%{%ﬁ#ﬁw@ \é?‘? %girélfa ucr?f:gd

t hrough 70[ 869 tetherplate saface. perpendicular to the incident direction
3 and the right half of the | ayer was exposed for three mnutes to the
polarised UV light. In this inclined exposure the polarisatio

di recti on wMariatennof thegadiation angleangeinradigdoptimpepapies,ineul ar 4

to the phal ¢i1Rahdl to be'dtfjushed toiny vtk etwider 08nd 900, The |
i ncreased exposure ti of the inclined exposure took account of the
reduced effective incident lanp intensity due to rotation of the plate.

An appr Ekommpit R: LPPwiiemted SYNrcell a nematic liquid crystal was 20
then applied to the exposed PPN | ayer by spin coating. \Wen the pl at e

was t hen viewed under crossed polarisers, it was seen that the liquid

crystal had been TwodTi@<¢oated glass plates weret eoated with PPNphand el to the
OV ool ari sat ; on :
pol b oab; o sl Alagcalty it 700 0L 60 Hites, THENGS st el 5o
tens of mm combined dhat 4 leftitotatory R400 STN eelliwas producegheddies t he

i ght half djﬁ% : mwed with th
E)Ir?ent a?i on [reéc(%ﬁjr%ég{g gg?wyra?% &lged byk?aggggttélwa??gg’;s, i,te Wls ©
consi st ent | ynixtye BZ@&J‘H@SCFTOP% wl éi.ﬁ%(Pﬁgéﬁég.t'momé: e was
then tilted dﬁf@magz@g%ﬁ@ou@mwicwmgmtmt@rthemémnm i on

u

1 ont er i ndragsmorint teXinges Wk 0pseied nehd yDifded Wit GpBIRT, o ™

g | ess biTled tragsmissionbanve lof theacell (Fig.i4) revealed asteppness of )
direction, & in n i i I 35 The
eyt o1 calVIRARTD £ 08 a8s KOs (B the Celf Gparatod P (HESTN

mode.

20 Orientation layers having a tilt angle sufficient for STN cells
can therefore be prepared by diagonal exposure of parallel
orienting PPN materials.



tilted showéd H’Mﬂﬂ" ”mum,':rystal mol ecul es had tilted relatively
to the plate di rect :},?n had been mar ked out in the
ha

exposure of the left f of *the pl at

12 preferredtlltlng of the liquid crystal nolecules was to be
expect ed, akdLsd IiMebe were domai ns which differed from one anot her in
their t||t dlrectlon Wien the right half of the plate vvas

observed, t urf ace, becane |j ghter f '
one directien bu& meﬂ'tﬂfi Q;rpﬁqg‘t“ﬁ@g:ﬁ%mg 'fe)irﬁl? pF? ?ﬁfergﬂﬁ ng -
direction. '(PPNi) vﬁ% a tilt anglesondté sdrfdvs, efharacperisedeia that aIEPNone a

tilt angle in

| ecul es
were ti I?ed% 9?’&'@#@ rﬁi&hgogt&}éeﬂﬁ %ﬁgﬁﬂég‘ag‘r‘%ﬁﬁ@g the® Exanpl e
3h LC I?yer exposing lightnigl so pxposed that the dinestiom of jnsjdence ofdhe he
phot opol yne rﬁdj ?r%a sk
cont ai ni ng gggﬁﬂgigi%bf‘gﬁiﬁﬂéﬁ‘?t ern o qut?r(gg@ls cﬁ?fé?%@@%ﬁ was
pl aced on t Bsientahle laYel'The PPN-coated plate together with the mask was
pl aced at an angl e of +70[err] to the direction of incident |light of a

W I anp and osed through.th sK. I n aml e 2 e | ari sati
20 dird8tidnm vvasA g?%@&‘i&cﬁ?gaﬁlg gpﬁélfaoﬁﬁ%%@egﬁs%p& Eﬁﬁﬁi%ﬁﬁl alr - O'?o
the plate apblakisation dérettion ligs it theplafieebonndedebytthenormal to |
the surface of the layer to be exposed and the direction of
incidence of the light.

15 3. An orientation layer for liquid crystals prepared by any of
the previous claims.

4, An orientation layer for liquid crystals prepared by one of
claims 1 and 2, characterised in that at least two zones having
20 different tilt angles exist.

5. An orientation layer for liquid crystals, characterised in that
a tilt angle is induced at least in one zone according to claim 1 or 2
whereas no defined tilt angle exists in at least one other zone.

6. An orientation layer for liquid crystals, prepared according
to claim 1 or 2, characterised in that at least two zones having
different tilt angles produced by irradiation from different
directions exist.

7.  An orientation layer for liquid crystals prepared according
to claim 1 or 2, characterised in that at least two zones having
different tilt angles produced by irradiation times which are
different from one another exist.

8.  An orientation layer for liquid crystals prepared according
claims 1 and 2, characterised in that the azimuthal direction of the
orientation varies locally.

is Sheet Has Been Replaced-

T



renmoved an urned in the opposite direction so t hat the
normal to Em u lﬁ WV i nci depge direction formed an angl e of
-70[err]- ) cond exposdre could 25 be nade wi thout a mask

because of the photostability of the PPN mat eri al . After the
exposure a cross-linkable nematic liquid crystal m xture was dissol ved

in ani sol e ond apgd beibrmdie PR fay tiqund &fystilt eomptisiag cFogsm Xt ur e

cooups. enahkat Hald e°”w&@fd#ﬂ%hm%érpéﬁdhﬁnafElasysﬁl@u;ﬁ}ﬁ'?s%é' at

the boundar Yigifidecrys tallmd)nomers were applied wxaRENorientaton! layer

I ncr ease The cro t th t
56 of 116 { DYEBRERG %499??@3 10 $utL cloip PO A RSk ik, e mture
13 The m xture also contalned 2% of the photo-initiator

| RGACURE 36 ltey! S t hen
cross-1li nkegﬂg % ﬁg) exposag lg.g@? a%&‘ém nu to @Zﬁ;‘?ﬂ %Ot ropi c
light of a charackenised ifqghat the tiltan ¢1orb§h¢@m*£a§% layer
cross-pol ar g a'iffei'éﬁt ft6m tha4ikt angle of the photo-oriented PPN layer

10 below.

11. Use of orientation layers according to any of claims 3 to 10
for orienting liquid crystals in liquid crystal displays.

15 12. Use of orientation layers having locally differing azimuthal
orientations and/or tilt angles according to any of claims 3 - 10
for the preparation of multidomain TN-LCDs having enhanced
viewing angle dependency.

20 13. Use of orientation layers with locally different azimuthal
orientation and/or tilt angle according to any of claims 3 to 10 for
the production of multi-domain STN-LCDs with improved viewing
angle dependency.

2% 14. Use of orientation layers having locally differing azimuthal
orientations and/or tilt angles according to any of claims 3 to 10
in layered structures for the preparation of film-compensated
multidomain STN-LCDs, the layered structure containing a
structured delay layer which according to the orientation pattern

30 of the orientation layer has locally different directions of the
optical axis.

15. Use of orientation layers according to any of claims 3 to 10
for the orientation of liquid crystals in coloured STN-LCDs,

% characterised in that the orientation directions for at least two of
the colour subpixels red, green and blue are different from one
another. |



cryst al NI“IIM'IHI“M“HMI‘: ori ent ed consistently in one direction over

he entire areat shown on the left ,f Fig. 2, no pattern 10 was
recognl sable in perpend| cul ar vi eW| ng-“When the | ayer was p05| tioned
with the orlentatlon glrectlon of the liquid crystals at n | e of
45[err] to dige pdlise ok erientgtion laygenagcording mwofclams shown in

:)g(rapgﬁgfgﬁl gér thg OItaﬁIelt%g?ﬁl@fﬁ g?;acﬁr?’bgiﬂ?olﬂré?l@rfg SYﬁéE%Dr%board pattern
B hTighe shatacerisedds SRACTHE Bist for af leastua A BECOlR " e bl ot o
was tilted sabpigelypred; grech aexd biae is acﬁussédwammsl}ebyl ght of Fig. 2

and 82?&’522&@?%%?@@5‘5@?@% eny, PG ERALIRRAAR Brectiofss o dedpite

consi stent azi rrut hal orientation of the liqui-d crystal nolecules was

expoSur 65, %ei{fg"ﬁ%?hﬁ‘“ G Mpels abediingRo %ﬁfﬁ o‘né‘#gpﬁ@d nelined

'y
mat er i al tofonethle dqmm&ﬁsa%onemanon @ tqr@ssTlmkalgle iqatidgres

exposures,

whi ch the | gpehbygéRal axis of the liquid crystal (optical aX|s) was 25 at
an inclinatlon to t e viewi ng direction becane dark whereas t he zones
whose opfical axes had turned away from the view ng directi on becane

Ilght e& tsFtlf&at Mhyﬁﬁdpa scombl stingrefandorientation laye'EOp repgréde i
I hduce | cl § | e use In
this exanpl &c gQﬂg‘i@g §aq_r§?( !I gr‘?’ot idaﬂa%gj‘%pﬁﬁﬁgﬁxﬁ%fﬁ(y ol ar '
mol ecul es, ahe smdtmaemaauem er, charaatérised infthatethe dmedtlorkerf | ayer

t ! t
Sons o ' YORIHRIAHUS 3 el omeicl s A PR Jcbeh BRI,
dense ndswoby Hhe izecuone@’ré anglerafcthe PPN ommmmﬁayer.ab. lity can

be achi eved. T|It angl e patterns of this kind having an asymretri cal

Vi ewi ng gl e dependency can be, used, for as .a securi

doment 1807 & Bt Gaiér Steording Woilatim 15 RBaragterised 16 that’
the LCP layer contains dichroic dyes.

20 20. A hybrid layer, characterised in that at least two hybrid
layers according to one of claims 18 or 19 or at least one such
hybrid layer and an orientation lajrer in accordance with any of
claims 3 to 10 are disposed one above another.

25 21. An optically biaxial layer structure comprising a hybrid
layer according to claim 20, characterised in that at least one zone
exists in which the azimuthal orientations or the tilt angles of the
optical axes of at least two layers disposed one above another
differ from one another.

22. A counterfeit-resistant optical component consisting of a
layered structure according to any of claims 18 - 21.

23. A counterfeit-resistant optical component consisting of a

8 layered structure according to any of claims 18 to 21,
characterised in that at least two zones exist which differ from
one another in tilt angle direction but have the same azimuthal
orientation direction as one another.



~ LCD domai ns A PPN 3 coated gl ass
"pI ate ha\él 'lH s was 5 exa‘gsed as in Exanple 3 with a
checker:b of the ones were illum nated diagonally

t hrough a chrom um rrask in a first exposure process at an angle of
+70[ err] whil e the remai ni ng zones were then exposed at an angl e of

-70[err]. Axge Pajé tb aBPRSI8 4ot 2y Wi th
this plate and a secon? §_guqt§1§§§aﬁ: 3 i ng rubbed pol yi m de
ori ent at i onasQpkcalrde aye¥bi ng direction of the polyimnide | ayer was
per pendi cul ar to the orientation direction of the PPN plate. The cell

was then filled h a l JIdCI’ taI n1 t% % lightly
above thg 23| Qqqg)\tky (Lg %’!X §W§§ %g Under
15 crossed pglgptical delay dnyemgomemloumaeonmensau@u i SN liquidh ¢ wi st

of 90[err] r direction alternating fromzone to zone. A

tilt angle ?&ﬁ@s@#&%’%’r the alternately left-rotatory and right-
rotatory zone was therefore induced by the different radiation

direct h § i viding th
o ;gfs'fgtg@gbgl@gaf Iclﬁadlh?%r?'ﬁ cb?&lﬁﬁ%tbrtliﬂn@ioramesu i vi ding the

romon ot her t he direction of
" rot at i od0as RIgPATALL 915{9%‘9%5 Ct‘é@%iﬂ? 9%3%% n TN-LCDs
whi ch have a nuch |rrproved vi ewi ng angl e dependency as conpared with

conventi onaly AN 5se of ered structures according to any of claims 18 to 21

for the preparation of polarisation interference filters.

15 28. Use of an optical component according to claim 22 or 23 for
securing against counterfeiting and copying.

29. Use of an optical component according to claim 22 or 23 in
identity cards.

30. Use of an optical component according to claim 22 or 23 in
credit cards.



25 - | f photostructured orientation |ayers are used on both sides
four-domain TN-LCDs can be produced V\i:l ch further inprove the Vi ew ng
angl e dependency. 30 Exanple 5: Mea tement of the tilt angle

Layers of PPN 1 were applied to two glass plates coated with

transparent | TO el ectrodes as in Exanple 1. Both |ayer sThueslmetHasBe‘emR«Eplaced
exposed over their entire surfaces with inclinedly inci d

pol arised W/ light. The polarisation direction was ﬂ L

pl ane bounded by the perpendicular to,the plate and t e f W

i nci dence. The two plates were then AbSYaCL i ed to forma paraIIeI cell
with a bgtween-pl ates distance 15

Mixture Bt ot omoenipdon %ﬁﬁ#ﬁ&?ﬁ%@?ﬁﬁ@%ﬁ%ﬂ%ﬁ&#@ the

m xture. Aflayershhaying amdd@sm@azimuth prigntagion direction and4 st ent ly
wh | t

obggr 3e\éo Tﬁgﬁt#iﬁieaﬂg gggﬂgﬁyﬁfﬁ@aﬁﬁig ?’ggén &ﬁggexgggé?ﬁ%fféﬁ er ef ore
been transf @he@ptmad asemh@topo ymers onienting: paraliel to the tilt

angl e ofgt h¢jred aiquq) ﬁgm t hen measured optically by the crystal
rotation nethod. Atilt angle of 0.6[err] was found. 10




Exampl e 6: Effect of the angle of incidence on the tilt angle

Two gl ass plates were coated with PPN 4 as in Exanple 5. In contrast to
Exanple 5 the |layers were exposed to W light 15 incident at an angle of
70[err] to the normal to the surface. The effective radiation tine was
the sane as in Exanple 5 so that the actual radiation tinme, which had.
to be corrected by the geonetry factor, was 88 mnutes. The parall el
cell fornmed by the two plates "was again filled with the liquid crystal
m xture 7728 of ROLIC AG 20 The tilt angle of the liquid crystal was
1.4[err] in this case. Example 7: Variation of tilt angle during
exposure tine As in Exanple 6 two I TO coated gl ass plates were
coated 25 with PPN 4 and exposed diagonally at an angle of 70[err].

However, in this case the exppsure tinme was 12 m nutes and not 88
mnutes. As in Exanples 5 and 6 @fparallel cell was constructed from
the two plates and filled with the,liquid crystal m xture 7728 of ROLIC
AG It could be seen under crossefl polarisers that 30 t liquid crystal no
| onger had a planar orientation;“fhstead, the : coXpscopi c inmaging (Fig.
3a) showed that the liquid crystal nmol ecul e substantially .

perpendi cular to the orientation N | ayer. Hoig¥er, the fact that they

were slightly inclined to ‘VﬁOCQ\xN?CQQQ‘ﬁf?%fﬁ?@@(fﬁse was apparent from
the difference fromthe 35[ actuarty perpendreurar (hofreot r opi ¢)

orientation produced after the application of a vbltage of 6 volts to
the two I TO el ectrodes, so that the conoscopic cross was shifted to
tHe centre (Fig. 3b). The subsequent neasurenent of the tilt angle

Fig.1

showed t hat the

Sheet Has Been Replaced

HII\I“ TN




16 -~ | ongi tudi nal axis of the liquid crystal nolecules was at an angle

“of 86[err] to the plate surface. Variation of the radiation angle
and irradiation time enables the 5 tilt angle to be adjusted to .any val ue
between O[err] and 90. Exanpl e 8: LPP oriented STN cell , Two

| TO-coated gl ass plates wer e coated with PPN 4 and 10 e
- 70[err] for 6f
| eft-rotatory
was adj usted
of the left-r
the cell. No

[ agonal | y at

wer e as

appl i ed. bf t he Fi €

st eepness of Thi ks hoysd leccl | Blerates in
the STN | ay el ’ fficient
for STN cells epare

par al | el :

Fig. 3
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17 - CLAI M5 . 1. A nmet hod for produci ng a photo-ori ent edfspsrisner:
nef work (PPN) - havi ng a characteristic of inparting atilt angle to
liquid-crystal materi al adj acent to it, characterised in that a
photo-orientable material that is - prienting parallel to the

pol arisation direction of light to which 1t is exposed i s exposed to

light such thaledditsd dedlie@ir e FRNF Sirdd enk | BIN-LAYERSS not
~parallel.to t ' l e materi al

' to produce a photo-oriented polynmer network. 10 2. A nmet hod accordi ng
to claim1, characterised in that the pol ari sation direction lies in
-~ the plane bounded by the normal to the surface of the layer to be

- exposed sand t he Thednviemtian relatesrtic asanethod afhprodyning a phoso- An

exposeds edmventio : |
dlains °”°ﬁ%¥1%d&ﬁggﬁ‘§ﬁl§( AHEOR Ipie; GORACT He AP (PEN) Bl ) O e

S
of O ai any ¥lesired azimuthalQrientatian direction a_agltyatul& anglepmats ng 20
different t ﬁffa@t@ghﬁa ﬁybﬁentationflaye{ﬁpg'égﬁ?@ﬁ%y thid M&thd@Tori qui d

. crystals, characterised in that

R d t,l t i
zone accor dPREDUNE mPReMericaAnd pQAS(BPéQg m&@F'F)Sﬁ\%' W&ﬁ&h@fgii sltg ioze'

at | easfg ongs@t her zone. 25 6. An orientation layer for liquid
crystals, prepared according to claim1 or 2, characterised in that at
| east two zones having different tilt angles produced by irradiation

fromdifferent Uniaxially rubbed polymer orientation layers such as e.g.
polyimide are conventionally used to orient liquid crystal
molecules in liquid crystal displays (LCD). The rubbing direction

15 determines the orientation direction and during the rubbing
process a tilt angle is produced on the polymer surface.

When a liquid crystal is placed in contact with such a

surface the liquid crystal molecules are disposed not parallel to

20 the surface but at an inclination thereto - i.e., the tilt angle is
transferred to the liquid crystal. The size of the tilt angle is
determined by rubbing parameters, e.g. feed rate and pressure,
and by the chemical structure of the polymer. For example, there
are many structurally different polyimides which when subjected

25 to identical preparation and rubbing parameters lead to |
completely different tilt angles. Tilt angles between 10 and 156,
depending upon type, are necessary for the preparation of liquid
crystal displays. The larger tilt angles are required more
particularly for supertwisted nematic (STN) LCDs in order to avoid

30 - the incidence of so-called finger print textures. In twisted
nematic (TN) and thin film transistor (TFT)-TN-LCDs the tilt angle
defines the rotational and the tilt direction so that reverse twist
and reverse tilt phenomena are inhibited. Reverse twist in the
"off" state leads to zones with a wrong direction of twist, a

35 phenomenon which is perceptible optically as a spotty appearance
of the display whereas reverse tilt, which occurs more particularly
when the LCDs are actuated, causes a very disturbing optical
effect due to the liguidsgisstal T 1S,

I Description : . REPLACEMENT SHEFT
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directions exist. 30 7. An orientation layer. for liguid.crystals

prepared accordi ng toclaim1 or 2, "'-charadtﬁﬁsﬁﬁFTMWBEE?h | east two
zones havi ng different tilt angl es producdd by REPENJEB" ion {imes which
care different fromone another exist. 35 : Ar—ortremtation | ayer
~for liquid crystals prepared accor di il clains 1 and 2, characterised in
that the azi miphgbeg RBLES' 9N, ¥Rk mhﬁea"y .
9. An orienta € -y Sta i 6 | i nked
liquid crystals (LCP), characterr sed in that the str Il unli nked l'iquid
crystal nononers were applied to a PPN orientation |ayer 5 prepared
according to one of clains 1 or 2 and cross-I|inked. 10. A hybrid
orientation |layer according to clai m&bstractcharacterised in that the tilt
angl e ongthe surface of the LCP Iayer S different fromthe tilt angle

of the photo-oriented PPN |a Use .of,,orjentatiqn
| ayers accor di ngaIBeB ign @K’&Fﬁ\@ G}'npélofﬁ-enc °¥cn°lm%ﬁle Cf&ﬁYSJ rystal s

~in liquid clypéry hdvhpg axsy desired azimuthal orientation d1rect10n and a:
tilt angle are produced by irradiating art an angle differing from
the normal to the surface photopolymers orienting parallel to

10 linearly polarised light.

Fig 1 & 2
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15 15. Use of orientation layers having locally differing azi nmut hal

orientations and/or tilt angles according to any of clains 3 - 10 for
the preparation of nultidomain TN-LCDs havi ng enhanced vi ewi ng angl e
~dependency. 20 13. Use of orientation layers with locally different
azi nut hal orientation and/or tilt_afpglLe according to any of clains 3 to
10 for the production of multi-domarm STN-LCDs with inproved view ng
angl e dependency. 25 14. Use of orientation |ayers having locally '
di ffering azinut hal orientations and/or tilt angles according to any of
claims 3 to 10 in layered structures for the preparation of
~fil mconpensated . mul tidomain STN-LCDs, the |ayered structure containing
a structured delay |ayer which according to the orientation pattern 30
of the orientation layer has locally different directions of the
optical axis. 15. Use of orjjentation |ayers according to any of clains
3 to 10 for the orientationziz liquid crystals in col oured STN-LCDs, 35
characterised in that the orien ion directions for at | east two of

rom one
rding to any of

t he col our subpixels red, green and blue are differept
anot her . 16. Use of Oftentation |ayérs ac
clains 3 - 10 S

\ §
S(\N&C\i}FC\\ﬁfV\\OCC<\§O§\\
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for-the orientation of liquid crystals in col oured STN-LCDs,
characterised in that the twist for at least two of the col our _
subpi xel s red, green and blue is adjusted variously by 5 correspondi ngly
~different azinuthal orientation directions. 17. Use of orientation
| ayers according to any of clains 3 ta 30_ for the domain-free
~orientation of cross-linkable |iquid crystal nononers. 10 18. A
~hybrid layer consisting of an orientation |ayer prepared according to
any of claims 3 to 10 and an LCD | ayer oriented by the said orientation
| ayer, characterised in that the direction of the inclination of the
optical axis in the LCP Iayer is determ ned 15 by the dlrectlon of the
~tilt angle of the PPN Q A
“to claim 18,
: dyes. .20 20
- layers accord
- layer and an
are di sposed
~structure co
- characterised
~orientations (
| ayers di spos¢
counterfeit-rg
structure accg
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A counterfeit-resistant optical conponent consi Stl ng of a 35 layered

ructure according to any of clains-18-t0.21

dire
anot

ut have the sanme azi nut ha orientation direction as one
24. Use of |ayefed structures according to any of

easmones SEARCHREPORT f mmﬁonmgﬁwﬁﬂl&r intilt angle

cl
st

ﬂTEXTlgptn@ABSTm'pptlcal delay layers. 5 25. Use of |ayered

uctu-es—accob-d lnn to—amveof claipne-18 21 -V -3 nnj'lr\:\J del ay L:\\lnrc
y et

f ol
hy
un
ac
i nt
cl

29

col our corrpensat ion in STN |iquid crystal di spI ays. 26 Use of
brid | ayers according to claim19 for the 10 preparation of structured or

st ructured |in RO@SSF(DRQ'}ESIERATIN ANGLESINPEN-BAVERSUr es

cording to any of ‘clains 18 to 21 for the preparation of polarisation
erference filters. 15 28. Use of an optical corrponent according to

il m 213[ O é oduc gt tilf Es H D Sicnfed s&gcturally
an?s%h‘%%ilb pi ygmer n %ﬁﬁccq g;l Pe1“ to e po ar??aﬁ%g c!hrectxon of the
illuminating light so that the d1rect1on of m_cxdence (o) of the light is not parallel to the surface
normal of the photo-orientable layer. The polarisation direction lies in the plane described by
the surface normal of the layer being illuminated and the direction of incidence of the
illuminating light.
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detity 20 30. Use o
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CLAIMS

1. A method for producing a photo-oriented polymer network (PPN)
having a characteristic of imparting a tilt angle to liquid crystal material
adjacent to it, characterised in that a photo-orientable material that is
orienting parallel to the polarisation direction of light to which it is
exposed is exposed to light such that the direction of incidence of the light
is not parallel to the normal to the surface of the photo-orientable material
to produce a photo-oriented polymer network.

10 2. Amethod according to claim 1, characterised in that the
polarisation direction lies in the plane bounded by the normal to
the surface of the layer to be exposed and the direction of
incidence of the light.

15 3. An orientation layer for liquid crystals prepared by any of
the previous claims.

4. An orientation layer for liquid crystals prepared by one- of
claims 1-and 2, characterised in that at least two zones having
20 different tilt angles exist.

5. An orientation layer for liquid crystals, characterised in that
a tilt angle is induced at least in one zone according to claim 1 or 2
whereas no defined tilt angle exists in at least one other zone.

U 6.  An orientation layer for liquid crystals, prepared according
to claim 1 or 2, characterised in that at least two zones having
different tilt angles produced by irradiation from different
directions exist.

7. An orientation layer for liquid crystals prepared according
to claim 1 or 2, characterised in that at least two zones having
different tilt angles produced by irradiation times which are
different from one another exist.

8.  An orientation layer for liquid crystals prepared according
claims 1 and 2, characterised in that the azimuthal direction of the
orientation varies locally.
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