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either unifornt or preset at individual places, are of great interest
in many sectors of display technology, integrated optics etc.

15
For some years, substances having this property in principle

have become known, namely certain cross-linkable liquid crystal-
line diacrylates and diepoxides. These substances as monomers,
i.e. before cross-linking, can be orientated in the liquid crystalline

20 phase in 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

25 that the wall forces acting on the two sides of the monomer layer,
or the applied fields, preserve the preset orientation during the
cross-linking process. These external mechanical, electrical or
magnetic forces prevent the thermodynamic orientation relaxation
inherent in liquid crystals and counteract the de-orientating

30 forces of conventional cross-linking processes. In the absence of
these external forces a de-orientation or a re-orientation of the
liquid crystals usually takes place. The re-orientation from planar
to perpendicular at the interface to the atmosphere opposite the
substrate surface has been shown in the case of single substrates

35 e.g. by Hikmet and de Witz in J. Appl. Phy. 70, 1265-1269 (1991).

Layer structures of liquid crystalline polymers are known
e.g. from EP-A-331 233. They are manufactured by orientating a
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Recently, there have become known methods which permit
15 the production of orientating layers with locally variable orien-
tating properties. Thus, e.g., the orientation of dichroic dye
molecules incorporated in the polymer with the aid of photo-
lithographic methods is described in USA-4,974,941.

20 The orientability and photo-structurability of a liquid
crystalline monomer layer in a sandwich cell, the two surfaces of
which have been photo-orientated by the laser orientation process
described in USA 4,974,941, has also recently become known.
This process is also limited to orientation of the monomer layer in

25 acell. The orientation impressed by the cell surfaces is frozen by
subsequent conventional photopolymerization of the liquid
crystalline monomer layer in the cell. In order to obtain a coated
single substrate, the cell must be dismantled after the
polymerization (P.J. Shannon, W.M. Gibbons, S.T. Sun, Nature 368,

30 532 (1994)).

The production of optical strongly anisotropic layers
consisting of orientated liquid crystal polymers in cells is also
known from Research Disclosure No..337, May 1992, Emsworth,

35 GB, pages 410-411. There, the manufacture of such layers by
placing the liquid crystal monomer in the cell, orientating by
means of the two cell walls via rubbed polyimide surfaces of the
cell and subsequent conventional photopolymerization in the cell
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surface. Further, it is extremely time consuming and expensive
15 for the manufacturer of cells having precise plate separations for
the realization of uniform optical pitch differences (in the ten
nanometre range). Where, moreover, optical retarder layers are
required on a single substrate, this is limited as in the case of
Shannon et al. to dismantling of the cell also according to this
20 publication. In so doing, the retarder layer must not be damaged.
This complicated manufacturing process is hardly likely to be
realizable practically, especially in the case of large substrate
areas as are required for high-information computers and TV-
LCDs.
25
Layer structures comprising a film of cross-linked liquid
crystalline monomers in contact with an orientating layer of a
photo-orientable polymer network (PPN) are described in
unpublished Swiss Patent Application No. 488/93. The manu-
30 facture of these layer structures is effected by planar orientation
of the liquid crystalline monomers by interaction with the PPN
layer and fixing the orientation in a subsequent cross-linking step.
Cross-linked liquid crystalline monomers are also referred to as
LCPs (liquid crystal polymers) in the following text.
35
It has now surprisingly been found that liquid crystalline
monomer layers can also be applied to and cross-linked on single
substrate surfaces which already contain a LCP layer. For this
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simple equen manner soli s consisting of several
orientated liquid crystalline polymer layers. Further, additional

15 layers having different optical and/or electrical functions can be
integrated in these complex hybrid layers. This offers for the first
time the possibility of realizing not only known but also novel
optical components such as polarization-interference filters,
optical retarders, polarizers, etc. on single substrates by means of

20 LCPs and to combine and to integrate these components in hybrid
layers. Further, additional functional layers such as orientating
layers for liquid crystals can be integrated in the hybrid layers.

The invention provides and opens up new possibilities for
25 optical and electro-optical components and devices using layer
structures of the aforementioned kind.

The manufacture in accordance with the invention of an

anisotropic layer of cross-linked liquid crystalline monomers

30 (LCP) in contact with an orientating layer comprises applying an
orientating layer on a single substrate and applying to this a layer
of a non-cross linked liquid crystalline monomer and
subsequently cross-linking the monomer. For the manufacture of
more complex layer structures, additional orientating and liquid

35 crystal layers can be applied in further steps and these layers can
be cross-linked. Moreover, if desired, optically isotropic de-
coupling layers or electrically conducting layers can be inserted or



areas as are requi red for high-information conputers and TV- LCDs 25 Layer

structures conprising a filmof cross-linked Iiquid crystalline nononers in .

contact with an orientating |ayer of a phot%-or]j ent abl e pol yner network
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The second and other LCP layers can also be applied
directly, i.e. without intermediate PPN layers, to the first LCP
15 layer and subsequently cross-linked. Thereby, the monomers in
the second and subsequent layers take over the preferred
orientation of the first or respective underlying LCP layers.

It will be appreciated that the PPN and LCP layers need not
20 cover the entire surface of the substrate, but can cover all or part
of the surface in individual and varying manner.

These multi-layer structures are used in optical and electro-
optical devices, particularly in the manufacture of liquid crystal
25 cells in which the various LCP layers serve different optical and
orientating purposes. They are also used in integrated optical
devices, e.g. in strip waveguides, Mach-Zender interferometers
and frequency-doubling waveguide arrangements. Finally, these

layer structures can be used as a safeguard against counterfeiting
30 and copying.

Embodiments of the invention will be described hereinafter
with reference to the accompanying simplified diagrammatic
drawings in which: -

35

Fig. 1 shows a layer structure of an optical component according to
the invention; :



.indicated as being preferred and is actually exenplified as the sole
precess (field-free orientation is, indeed, clained,- - but- not denopnstrated).
Furthernore, it has surprisingly been foung that the orientation of these
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subsequent pol yHigi 2 shows alaysretouctureofl ambptigal Tomponent withant he fir st
tinme possible t qdiiohatldyf&;on single LCP-orientated substrate surfaces in
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such as orientating layers for liquid crys{al s can be integrated in the
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monormers 30 (LCP) in contact with an orientating |ayer conprises applying
an orientating |Egep shows asupestwisted namtamfs‘gwbhymg aystahidisplayayer of
a non-cross |inkedl Wittih Jayér Strathireeadtorairs @ PFig, 3;
1S '
Fig. 7 shows a diagram of the directions of the nematic director,
the optical retarder layer and the polarizers in the cell according

to Fig. 6, and

20 Fig. 8 shows an alternative liquid crystal cell with a layer
structure according to Fig. 2, but with an additional ITO layer.

Fig. 1 is a diagrammatic section through a layer structure in

one embodiment of the invention, showing a substrate 1 of

25 transparent or reflecting material such as glass, polymer, metal,
paper etc. A layer 2 of a photo-orientated polymer network is
disposed on the substrate and either covers the entire substrate
uniformly or has varying local planar orientation. The layer can
be made, for example, of cinnamic acid derivatives which are

30 described in Swiss Patent Applications Nos. 2244/91 and
2246/91.

The layer is orientated and simultaneously cross-linked by
selective irradiation with linear polarized UV light.
35 ,
Instead of the PPN layer, the layer 2 can also be a conven-
tional orientating layer, e.g. a polyimide layer rubbed in one
direction or a layer having an orientating effect and obtained by



subsequently cross-1inking the nmononer. For the manufacture of nore conpl ex
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surface of th® d@¥€Frate, but can cover all or part

The layer 2 is adjacent an anisotropic layer 3 of orientated
cross-linked liquid crystal monomers. The layer 3 has an
arrangement of molecules having an orientation determined by

15 the orientation of the underlying layer 2 or transferred therefrom
to the liquid crystal layer. The LCP layer 3 is photo cross-linked
by the action of light of suitable wavelength and retains the orien-
tation of molecules predetermined by the layer 2. The photo
cross-linking fixes the orientation of the LCP layer 3 so that it is

20 unaffected by extreme external influences such as light or high
temperatures. Even optical or thermal instabilities occurring in
the course of time in the PPN layer 2 will not adversely influence
the orientating properties of the LCP layer 3 after cross-linking.

25 The LCP layer 3 is adjacent another orientating layer which,
as before, is either a PPN layer or a conventional orientating layer
depending on whether locally varying orientation patterns or a
uniform orientation for an adjacent second LCP layer 5 according
to Fig. 2 is desired. The LCP layer 5 is produced in the same

30 manner and has the same properties as the layer 3, but the two
LCP layers are usually differently orientated.

Fig. 3 shows an embodiment of a component in which, as in
the previously described case, two LCP layers with respective
35 orientation layers are disposed on a substrate 1. In contrast to
the embodiment in Fig. 2, however, an optically isotropic or
weakly anisotropic de-coupling layer 6 is disposed between the
lower LCP layer 3 and the upper orientating layer 4 to prevent



of the surface in individual and varying manner. These mul ti-l ayer :
structures are used in optical and electro- optical devices, particularly
in the manufacture of liquid crystal 25 c8 Is in which the various LCP

llayers serve differ opt and orientating purposes. They are al so used
in integrated op{qecgﬁsmcg?‘eﬁ g 3thOoLientating jafuenss, whieh ivefider

interferonmeters mseraéspjeanmmm argtamierdaide, on the et lsybfidnal |y,

t hese | ayer strqu@fga sag[hd)@ &stl : J. QuLeR{&l ting 30
o s e e o R

whi ch: 35 Figs 1Slhﬁ©n@>mie$§&6xbbrmmmop1mpo@mewsmﬂi as pobgvient accor di ng
to the inventi OrdlcohobP(BVA) of a layer structure of an optical
conmponent with an additional [dyer; Fig. 3 shows an alternative |ayer _
structure with an additional de- 5 coupling layer; Fig. 4 shows anot her

| ayer structure wi thBigchshowsa layey structuretwhichy likedFigoBgodnsists ofis;

four layers superposed on a substrate 1, i.e. a first PPN layer 2, a

10 first LCP layer 3, an additional PPN layer and an additional LCP
layer. In contrast to the arrangement according to Fig. 2, how-
ever, the two upper layers have different local orientations. The
PPN layer has regions 7 with a first orientation and regions 8 with
a second orientation different from the first. Since the orientation

15 is transmitted to the LCP layer before cross-linking thereof, the
LCP layer has regions 9 with the first orientation and regions 10
with the second orientation.

Similarly, the layer structure shown in Fig. 5 corresponds to
20 that of Fig. 3, i.e. with a decoupling layer, except that the upper
PPN layer as before contains differently oriented regions 7 and 8
and the upper LCP layer contains regions 9 and 10 with
correspondingly different orientation.

25 When a layer structure shown in Figs. 1-5 and with two
individually oriented LCP layers is used to produce a liquid crystal
cell, the layer 3 can serve as a retarder and layer 5 or 9, 10 can
serve as the orientating layer for the liquid crystal. To obtain a
retarder effect, the optical path difference of the LCP layer 3 is

30 usually given a high value, i.e. above 100 nm.

Fig. 6 is a diagrammatic section through a liquid crystal cell
constructed using a layer structure of this kind. A liquid crystal
layer 15 lies between two glass plates 1 and 12 coated with a

35 number of layers on their surfaces facing the liquid crystal. The
plate 1 is firstly provided with an electrode layer 11, preferably
of indium tin oxide (ITO) for applying a voltage. In order to avoid
voltage drops across the polymer layers, the ITO layer 11 may



10 Fig, 5 shows anot her | ayer structure as in Fig. 4, but with an

addi tional -de-coupling layer; Fig. 6-shows a supertw.sted nematic (STN)
liquid crystal display cell with a'|layer s®ructure according to Fig. 3; 15
Fig. 7 shows a di,agram of the dir.ecgtions of the nematic director, the '
optical ret arderall%%F@ru‘éﬁw tfenﬁpﬁg}ﬁ GvaL e javesd eel0. htothen resnastsig. 6,
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substrate uniformy or has varyin pl'anar orientatron. The |ayer can
be made, for exanple, of cinnamc acid derivatives which are 30 descri bed
in Swiss Patent Applilhe otrer glass plawed1 2 is dikewigal 66Q0ed With hayi@0 i s

[ hear pol ar | ged oL ranayes 13 uaagm dthom Bricrtafioh el 1 RE ) an
al so be a coﬁéen- %%I&}Ofeﬂlﬁésfgwﬁ Awyer, e.g. a polyinide |ayer rubbed
in one direction or a layer having an orientating effect and obtained by
N In order to obtain an STN cell with an angle of rotation ¢ =
2409, the orientation directions of the PVA layer 14 and of the top
LCP layer 5 are at an angle of 60° to one another. The result, if
15 the liquid crystal has suitable chiral doping, is a twist of 240°C in
the liquid crystal 15. Fig. 7 shows the arrangement of polarizers
P1 and P2, the direction of the slow optical axis ce of the optical
retarder 3, and the wall orientation directions # and fi2 of the
liquid crystal layer 15 adjacent the two orientation layers 5 and
20 14, fiy and P; are on the retarder side.

This cell is opaque when no voltage is applied, but becomes
transparent when actuated with a suitable voltage. Because of the
incorporated retarder 3, the usual interference colours in STN cells

25 do not occur, i.e. the cell is white as regards optical visibility.

The retarder layer 3 can also consist of a liquid crystal
mixed with chiral dopants. An angle of twist between 0° and
360° can be obtained by varying the concentration of dopant. The

30 twisting can be levorotatory or dextrorotatory.

Twisted retarders of this kind are particularly suitable for
colour compensation of STN display cells. Preferably retarder
layers with large optical path differences of Aned ~ 900 nm are

35 used for this purpose. When a twisted optical retarder is used in
the STN cell of Fig. 6, the following conditions must be met:



7 oblique sputtering with [err]. In this case, the orientating |layer wll -
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unaffected by extreme external influences such as |ight or high
tenperatures. Even optical or thernal instabilities occurring in the course

of time in tH® PPN | alBe optigal paghdiffevence of theppiisat cetardenis equat tag
properties of theheGBticay patl? diffeeéncs 6f shé ligluid¢rystal layer 15.

Alternatively, a helically twisted retarder can be
constructed if a multi-layer system of alternate successive
15 orientation layers and LCP layers, optionally with interposition of
de-coupling layers, is so constructed that the planar optical axes of
the layers vary in azimuth, resulting in a helical structure.

—— Layers with high twist, serving as cholesteric optical filters,

20 are obtained by increasing the concentration of chiral dopants in
twisted retarder layers. Owing to the thermal stability of the
layers, these filters can be used at temperatures far above 100°C,
The wavelength of selective reflection of these cholesteric filters
can be varied by varying the chiral dopants. The bandwidth of

25 selective reflection of the filter combination can be varied by
superposing at least two cholesteric layers, each with different
selective reflection.

Retarder or orientation layers with an integrated linear
30 polarizer, or absorptive optical filters, can be obtained by adding
dichroic dyes, which are oriented by the liquid crystal molecules
in the LCP layer.

Other details are given in the following Examples.
35



25 ., The LCP layer 3 is adjacent another orientating |ayer which, as
before, is either a PPN | ayer or a conventional orientating |ayer dependi ng
on whether locally varying orientation patterns or a uniformorientation
for an adjacent second LCP layer 5 according to Fig. 2 is desired. The LCP
| ayer 5 is produced in the sane 30 manne¥ample das the sane properties as
the layer 3, but the two LCP |layers are usually differently orientated.

Fig. 3 shows an enbodp#eds ' .o.which, as in the previously
descri bed case, two E%ga?g§§$§?&?fﬁp?gggga ?&e 35 orientation |ayers are

di sposed on a substrate 1. In contrast to the enbodinent in Fig. 2,

however, an opti cal | yThe®Phopiatenial eanlkdomprise @.g.cqinaadsiccmigidertv ayer 6
s disposed bet wagigelhgn! @) pldstRb chiRfl AeliBPRlas PRI | aver 4

to prevent 8 the L | ayer ﬁé# g an orien I ng i nflTuence, which it
of course al so Cbllgelhg}%gs%o\{gtg 8 S d ayer, on the upper hybrid layers 4,
5 and consequently on a liquid crystal disposed above the layer 5. The

~de-coupling layer 6 can be nmade, for e @, of 5 silisan or=yes [err] or

i sotropi c polyners SPkElpm@ﬁ pol yvi nyl al (P\@) ¢ , TCN shows a
| ayer structure which,”like Fig. 2, co @-u\f_ Uper posed on a
substrate 1,.hje. a first PPN layer 2, a° M 0

A glass plate was spin-coated with a 5% solution of the PPN
material in NMP at 2000 rpm for 1 minute. The layer was then
dried at 1300°C for 2 hours on a heating bench and for a further 4
hours at 130°C in vacuo. The layer was then illuminated with the

15 linear polarized light from a 200 W Hg very high pressure lamp at
room temperature for 5 minutes. The layer could then be used as
an orientating layer for liquid crystals. However, the thermal
stability of the orientation capacity is too low for many appli-
cations. For example the orientation capacity disappeared e.g.

20 after 15 minutes at 120°C,

X, le 2

. Mixture of cross-linkable LC monomers for the
-25 LCP layers

The following diacrylate components were used as cross-
linkable LC monomers in the Examples:



10 first LCP layer 3, an additional PPN |ayer and an additi onal LCP | ayer.
"In,contrast to the arrangement -according to Fig. 2, how ever, the two
upper layers have different |ocal orientatiigons. The PPN | ayer has regions. 7
with a first orientation and regions 8 with a second orientation different
fromthe first. Since t transnmtt o the LCP |ay
before cross-1i nMond: t hegs sThha i @v» S ¥ o
orientation and regi ons010 with the second oriMatfation. Similarly, the ©

| ayer structure shown in Fig. 5 corresponds to 2o Fig. 3, i.e.
with a decoupling |ayer, except that the upper F®N | ayer as before contains
differently oriented regions 7 and 8 and t he upper LCP | ayer. contains
regions 9 and 10 with cogrespondingly different orientation. 25 When

a layer structure shown ¢ n Flgs 15@@1% |y oriented CP
| ayers is used tp{omzodu ry a Ve a
retarder and |ayer 5 or99, 10 can serve as the™s

entatlng | ayer for t he
liquid crystal. To obtain a retarder effect, the 8Htical path difference of
the LCP layer 3 is 30 wusually given a high value, i.e. above 100 nm Fig.
6 is a diagrammatic section through a liquid crystal cell constructed using

a |layer structure of thi klnd A I|qU| crygtal Iayer | i es between y
gl-ass plates 1 apghnb2 c r ' Ba_ég
facing the liquid cryst The plate 1 fif p ovid®d with an 0

el ectrode |ayer 11, pref er abl y of indiumtin OXI  (ITO for applying a
voltage. In order to avoid

These components were used to develop a super-coolable
nematic mixture Mycp having a particularly low melting point (Tm
§ = 359C), such that the LCP layer could be prepared at room
temperature. '

The diacrylate monomers were present in the mixture in the

following proportions:
10
Monl1l 80%
Mon2 15%
Mon3 5%

15 2% of Ciba-Geigy IRGACURE 369 photoinitiator was added to the
mixture.

The Mjcp mixture was then dissolved in anisole. The thick-
ness of the LCP layer can be adjusted over a wide range by vary-
20 ing the concentration of Mjcp in anisole.

For photo-induced cross-linking of the LC monomers, the
layers, after orientation, were irradiated with isotropic light from
a 150 W xenon lamp for about 30 minutes, thus fixing the
25 orientation.



vol tage drops across the polyner layers, the I TO |l ayer 11 may 9 :
alternatively be applied over the layer 3 or 6. I.n other respects the |ayer
structure has the configuration showmn in FBg. 3, i.e. two PPN-LCP
conbinations 2, 3 and 4, 5 with an-alternately interposed de-coupling |ayer
6. The LCP layer 3 serves as a retarder, 5 whereas the LCP layer 5 orients
the liquid crystal 15. The substrate cdixample e provided with a reflective
| ayer. The other glass plate 12 is |ikewi se coated with an I TO el ectrode

| ayer 13 under neath oti,entation, | ayer 14, e.g. of 10, unidirectionally
ground PVA. In ordera&] &itﬁ’%rpr]fsfﬂ¥%%¢¢rmq Qriegtionslaysrat i on [err]
= [err], the'drientation directions of the PVA |ayer 14 and of the top LCP
| ayer 5 are at an an ARak b : ks t he
li.quid crystal h@&lqs:?l% ?g@??%ﬁ%%ﬁ%&g% . %Eﬁ?@% %@?kbﬁi?%%e
liquid crystal LEhEfer S miges AhdO% solisianal Mice 51 anisdle €35 e 1] and
[err], the direcdépositedd biyecesitrifuging onltoahiedllumiriated layer. ofpincal ret ar der
3, and the wall ' ' r}ﬁﬂ, t 4 s nef lilﬂ.]%w].

crystal |ayer 1{%??%%&% e,?%%p?@e%@g??ﬁ'nq;naé%&yéngn%bg% ji/ ?err]
and [err] aré® iayeét‘élﬁaspe&ta@ %?-Ec%f"an%%gé‘aE}lfec%FPoﬁoo oltage is
appl i ed, but becpolsizatiorns pfitkeUVitightadftet erbsstlimkingsitie BGPdayert hade.
Betause of the j thickness of 2.2 ym. |

If the coated glass plate is disposed under crossed polarizers
15 so that the polarizers are parallel or at right angles to the
direction of polarization during illumination of the PPN layer, the
plate is dark. If, however, the plate is rotated through 4590 in the
plate plane, the plate becomes light, i.e. it has double refraction.
The optical delay is about 300 nm.
20
An isotropic SiOx de-coupling layer 50 nm thick was
deposited by sputtering on to the hybrid layer with an optical
delay of 300 nm. A PPN layer was then constructed on the de-
coupling layer as described in Example 1. The PPN layer was
25 divided into two regions illuminated in different directions of
polarizatdon, the direction of polarization of the light in one half
being parallel to and in the other half at right angles to the optical
axis of the underlying retarder layer. One half was covered
during illumination of the other half, The result was two regions
30 with directions of planar orientation at right angles to one
another,

A 5% solution of My cp in anisole was prepared. The solution
was deposited by centrifuging on to the locally variously illumin-
35 ated PPN layer. Spin parameter: 2 minutes at 2000 rpm. In order
to optimise the orientation of the LC monomers, the coated
substrate was then heated to just above the clearing point (T¢ =



i ncorporated retarder 3, the usual interference colours in STN cells 25 do
‘not, occur, i.e. the cell is white as regards optical visibility. The

- retarder layer 3 can also consist of a liqugd crystal mnmixed with chiral
dopants. An angle of tw st between [err] and [err] .can be obtained by '
varying the conc&TPCa iThre Byettopamtherneolesl aud) dOC inato 8dewedegreest ory or

dextrorotatory. E@l&hﬂﬂercﬂéﬁ"iﬁlﬁ (Fmﬁf and thefl pHofbchdIRicalBrshlirsked.abl e

for -col our conpensation of ST splay cells. Preferably“retarder |ayers
~with large optical path differences of [err] 900 nmare 3 5 used for this
pur pose. Wen a twi st Bothdphiyhrid subatrase and asecond groarsirRVéecoagd Fig. 6,

E E: 1(‘) Olt : g\éwl n?eﬂ?ﬁb&tﬁ@é aﬂ!ifseﬁetd@nstreucs%%% iC celif RAds@itseelPis ﬁnédtwrutlndof
e oh Tayer 1, dﬁé&l@iﬂgﬁ Faﬁavft&ﬁ 2 bl TR C@J&f‘i‘%‘%ﬁﬁa{#bel g
the same as that osfe half ahomageneoss planamasrangsment PEHE axi s
SL |t2§ ?gt { ﬁ‘g" O: If{.@frﬂﬂéeul@ﬁ m'&esd@ﬂrm NThieltgy’ lbnatswbs@fatetsgrves gnagar% i ?Bt
Thg optical path O%ﬁ%#‘g%égd%ﬁ%bﬁgfﬁéﬁééﬁ' %&%ﬁﬁégﬁ%éﬁéﬁg he opti cal
path different® erienationlayerfoysheliquidarysgl. The optical axis of

retarder can be different from the direction in which the LC

molecules are _oriented.

The multilayer layer is thermally and optically stable, as a
15 result of the two cross-linked LCP layers. In place of the SiOx
layer, isotropic decoupling layers of nylon were made. To this
end, 0.1% nylon was dissolved in trifluoroethanol and deposited
by spin-coating on to the first LCP layer.

20 Example 4

STN cell compensated in situ and with uniaxial
retarder

25
A PPN layer was applied to an ITO-coated glass plate and

irradiated with linear-polarised light. Next, a 53% solution of
MLcp in anisole was deposited by centrifugation and cross-linked
(spin parameter: 2 minutes at 2000 rpm). The optical delay of

30 this retarder layer was 530 nm. As in Example 3, a second PPN
layer was applied, de-coupled from the retarder by an isotropic
SiO2 layer. The direction of the polarizer for illuminating the
second PPN layer was rotated through 759 relatively to the
direction of polarization of illumination of PPN1. A thin LCP layer

35 was deposited on the PPN2 layer after illumination, as in Example
3.



Al ternati vel y, a helically twsted retarder can be constructed if a

mul ti-layer system of alternate successive 15 orientation |ayers.and LCP

| ayers, optionally with interposition of dg-coupling |ayers, is so-
constructed that theaf)l_anar optical axes of the layers vary in azimuth,
resulting in a helicdlhi§substrate anchgeecond; nubbed RVAJTO glassisud-as

chol esE er It c opt } sttfdrl]t,efwéf@n&edgte c,oifs@n,i&%ﬁ% n@f’ctélb’\«ﬁﬂfé‘iﬁﬁté‘geﬁdlfaﬁor% oft ]
concentration of ychir 1N sted.retarder |a . ng to the
thermal stabili t‘} "o$ "ﬁ‘r_eq‘lﬁ%;%’:?,rldt?&%vﬁsl %PQS%‘gﬁ.Oﬁb?}éiééaé’%enper atures
far above [err] . Detwednaits direptionof subbing endrtbel direcdon of anieriation of

chol esteric f§l t@eshybfidayeawari2800y ane fanshfissibh! diref88a90F théhtvo

var e by supor RIBrEER {ahled ke aRuubdas i %@272?%%?&#%2253 ent

Y

sel ective ref| eciibemrervasfigst doped wishwathisal dapant seiasttosebiainsydéped

l'inear 30 pol artazRy of OIS B pitcky. TMis adiknird Was poutad iheo thé LO&dl.by
addi ng dichroic dyes, which are oriented by the liquid crystal nolecules in
the LCP layer. OQther details are given in the:fol]ow ng Exanples. 35

Exanpl e 1 Prd8uct i on Aflongaanp:eltage is applied to the cell, it appears dark.

If, however, a sufficient voltage is applied, the cell changes from
black to white. The normal interference colours in STN cells are
thus compensated by the retarder layer, avoiding the need for an
externally applied compensation foil.

15
Example 5
Hybrid layer ds twisted retarder
20 The Mjcp mixture was doped with 0.16% of a levorotatory

chiral dopant with a high twisting power [helical twisting power
(HTP) = 0.26 ym-']. The doped mixture was then dissolved to a
40% in anisole and centrifugally applied to an illuminated PPN
layer (2 minutes at 2000 rpm). After cross-linking, the thickness

25 of the LCP layer was about 2.2 ym. When the coated plate is
observed under crossed polarizers, the direction of transmission
on the substrate side being parallel to the direction of polarization
of the light illuminating the PPN, the layer does not appear dark
as would be the case with a linear retarder. However, the layer is

30 darkest when the analyzer is rotated through 30°. Accordingly,
the plane of polarization of the linear polarized light is rotated
through 300 in transit through the retarder, corresponding to the
twist in the LCP layer. '

35 The twist can be adjusted between 0° and 360° by varying
the concentration of the chiral dopant. A dextrorotatory chiral
dopant can be used instead of a levorotatory dopant. These



5 .The PPN material can conprise e.g. cinnamc acid deriv- atives. In-
t he Exanpl es, the chosen material was a PPN with a high glass point (Tg =
[err]0. O Polyner: - [Jerr] 1 0 AgJlass plate was spin-coated wth
a 5% solution of the PPN material in NMP at 2000 rpmfor 1 mnute. The

|l ayer was then dfwistedrelasders ave abschofiintevestae.pefor cajobe rompenisation a
further 4 hours ef STHrdis layysyacuo. The |ayer was ‘then illumnated with the.
1 5 linear polarized Iigﬁt “froma 200 WHg very high pressure |anp at room
tenperature for 5 mnutes. The | ayer could then be used as an orientating
layer for liquid crystals. However, theExampigb stability of the

orientation cgpacity is too low for many appli- cations. For exanple the
orientation capacity @mgappaa 0 ter. 15 mnutes at. Jetr]. Exanple
2 Mxture of cross-| |srﬁ;§b?§ﬁLé8§bﬁ%ﬂr§?€quL sfféllféﬁ Mt‘ilamﬁéﬁfirs The

foll ow ng di acryF%E%r‘i@ﬁponents were used as cross- |linkable LC nononers in
t he Exanpl es: 12 : '

Instead of a linear retarder, the first PPN-LCP layer

10 combination can be a twisted retarder, thus further increasing the
contrast. Consequently, the Mjcp mixture for the first LCP layer
was doped with a dextrorotatory chiral dopant. The spin
parameters were so chosen that the optical delay of the LCP layer
was equal to that of the liquid crystal 15 in Fig. 6. The pitch of

15 the LCP layer could then be adjusted via the concentration of
dopant such that the angle of rotation of the retarder was equal to
the angle of rotation of the liquid crystal. The orientation layer
above the twisted retarder was illuminated such that its direction
of orientation was at right angles to the slow axis of the retarder

20 on the side facing the orientating layer. In a similar manner to
Example 4, this substrate was used to construct an STN cell and
filled with a levorotatory liquid crystal.

Example 7
25

Hybrid iayers with locally different colours

A 50% solution of M cp in anisole was applied by centri-

30 fugation at room temperature on to a PPN layer irradiated with
linear polarized light, and was cross-linked. The resulting optical
retarder had a delay of 470 nm. Under cross-polarizers, the plate
was orange-coloured. As in Example 3, a 50 nm thick isotropic
de-coupling layer of SiOxwas deposited by sputtering, followed by

35 asecond PPN layer. Layer PPN2 was then divided into three
regions, which were illuminated with different directions of
polarization. The directions of polarization were parallel in region
1, perpendicular in region 2 and 459 to the direction of



[err] These conponents were used to devel op a super-cool able nematic

m xture [err] having a particularly low nelting point (Tm5 [err] [err]),
such that the LCP |ayer could be prepared gt roomtenperature. The
diacrylate nmonomers were present in the mixture in the fol'l owing
proportions: 10 Belrizaion obthe illeminatios of BRN1 n region & Durikg gy | RGACURE
369 phot oi ni ti at mmamﬂm_&@ht@i@hxhér&heﬂ‘cgibﬂsr\befé ghvéredias then

di ssolved in anisole. The thick- ness of the L l'ayer can be adjusted over
a w de range by vary- 20 ing the concentration of [err] in anisole. For
phot o-i nduced cr oss- | AB%gobition of Miepiasisole was appled byarentri-

ori entation, \serfugihgash abeHewhiuR-illevhireited FINI laydroah@ ckols-hkedon | anp

For about 30 m niheseshitii Lok 1fet BEd%h OpeAl Bbld) of and'S 12 LS 3

If the hybrid layer was dis_posed under cross-polarizers in
such a manner that the direction of polarization of PPN1 illumin-
10 ation lay at 459 to the polarizers, three colours were recognised: -

Region and [hm] Colour
1 610 Blue
2 330 Yellow
3 470 Orange

The optical delays of the two LCP layers are added in region
1 and subtracted in region 2.
15 '

Other colours can be produced by applying further PPN-LCP
combinations in an analogous manner to each of these three
colours. The illumination of the individual layers can also be
effected by varying the polarization directions with angles
20 between 0° and 90° compared with the first illumination.

Thereby, Lyot/Oehman or golc interference filters can also be

realized, the transmission range of which being adjustable by the

number of layers, their thickness and the direction of their optical

axes. The transmission range can be variously adjusted pixel-wise
25 Dby the structuring.

Example 8

Cholesteric LCP layer for optical filters/polarizers
30 (circular polarizers)

The M cp mixture was doped with 12% of the chiral levo-
rotatory dopant in Example 5. The resulting cholesteric mixture



“Conbi ngtion of retarder and orientation |ayer 5 A PPN-coated gl ass .plate
‘was irradiated with polarized W light for 5 mnutes. A 4096 sol ution of
[err] in anisole was deposited by centrifugng on to the illuninated |ayer.
Spi-n paraneter. 2 nminutes at 2000 rpm. The resulting cross-linkable 10 LCP
| ayer was orient hadd pttChcmfoamnc%QAmh. tThe dopedtmixture was dissekadto of

Eg(rar]uv II:‘g'mle /g\]:)g?g%gi?‘g%?glér@e Istixarfcfgﬁﬁffo a@wléqSﬁ%m%dstlS SO
t

that the pol ari z®t
pol ari zati on dur aated as amhc&esmmﬁluenMPa wlszeaye reflegted wavelength | f

however, the gl apgabs: 580auRd THE NHdth bEthe reflebionBbaids Wad RO e plate

beconmes light, i.e. it has double refraction. The optical delay is about
300 nm 20 An isotropic [err] de-coupling Ia¥er 50 nmthick was deposited
by sputtering on to the hybrid layer w Examplef:ical delay of 300 nm A PPN
| ayer was t'hen constructed on the de- coupling |ayer as described in

Exanple 1. The PPN | a b Vi | n i illumnated in

different directions é&éﬁfﬂ i?a‘f:’%xgggré‘ Eﬁ}%%fléﬂigﬁ?i%ci ari zation of the
light in one Half being parallel to and in the other half at right angles
to the optical axis o0pyfbfaheleFdiydy@ withathtefollowidig steierdret f was covered

during illumnation of the other half. The result was two regions
NH, O
O * -

15 were added to the Mjcp mixture. This mixture was dissolved to
30% in anisole, centrifugally applied to a PPN layer illuminated
with linear polarized light and cross-linked. If a polarizer was
held with its transmission direction parallel or perpendicular to
the direction of polarization of the PPN illumination, the white

20 light was transmitted in one case, but at right angles thereto the
layer was coloured depending on the absorption spectrum of the
dye. The dichroic ratio was 8:1. If in place of this a black mixture
of dichroic dye molecules is used, the hybrid layer serves as a
wide-band polarizer. As a result of the local irradiation of the

25 PPN layer with different directions of, linear polarizing layers can
be produced with azimuthally varying directions of polarization.
These can be used in LC displays, e.g. in conjunction with the

structured retarders and orientating layers in the Examples
hereinbefore.



30 with directions of planar orientation at right angle 0_one another. A
5%solution of [err] in anisole was prepared, The sol ut-m
centrifuging on to the locally variously iqd umn- 35 at'eﬂmm '
parameter: 2 mnutes at 2000 rpm In order to optimse t mmﬂmr
the LC nononers, the coated substrate wagldinen heated to just dbowe shes
clearing point (Tc = 14 [err]. The layer was then cooled at [err] to a

few degrees bel ow the, cl earing. pojnt and the hot ochem cal |y crqss-|inked.
|f this hybrid substrate amegh@éc&ﬁd%&rm? gefianyasi ICAB¥CHr e
urs]ed to lconstrucbf_emﬂs@mké‘ d lipuddtdrystadliheimohoherd (LCPH ia domya d:tiwmwlsltal »
the result isga:  Sitkath r n cell an
a honopgeneous 5pI %ir%ﬂ.a@arr e‘r?é’y%fat%g%&%n%ﬁﬁg‘be&r,‘é@ﬁﬁﬁ Eéehdtg ﬁéfr}ghal f. The
hybrid substr at ePEERYEP g 8 singlesubstrale anherieptating Aa¥er aBAPBN ¢ he
other hand as antiis applyingailayet af arndmicrosselihkediliuwidystystallifiee opti cal
axis of the ret aﬁﬁgﬂ ' N L]ﬁ?kl ' j ' ich the LC
nol ecul es are ori entoerg.épﬁgg %hulﬁ‘{eﬁayeljf:%gesr [ s%gfranal | ydrgﬁic‘fmopt ically

stable, as a 1 5 result of the two cross-linked LCP |ayers. In place of the
[err] layer, li0sotropi2. dedoppbeess dcapedingfo nidinnlywiherehra fufftharhi s

. orientating layer is subsequently applied to the LCP layer.
3. A f)'rocess according to claim 2, wherein a further layer
of a non-cross linked liquid crystalline monomer is applied to the
15 second orientating layer and the monomer is subsequently cross-
linked.

4.  An optical component having a layer structure
comprising an orientating layer, a LCP layer and at least one
20 additional orientating layer above the LCP layer on a single
substrate, wherein at least one of the orientating layers consists of
a photo-orientating polymer network (PPN).

5. An optdcal component according to claim 4, wherein at
25 least one of the orientating layers has a locally varying orientation
pattern. '

6.  An optical component according to claim 4 or 5,
wherein an additional anisotropic layer of oriented cross-linked
"~ 30 liquid crystal monomers is arranged above the additional
orientation layer.

7.  Anoptical component according to any one of claims
4-6, wherein the additional orientating layer has a surface
35 orientation structure produced by rubbing or oblique sputtering.



“end, Q.1% nylon was dissolved in trifluoroethanol and de " .

spin-coating on to the first LCP |ayer. 20 _ ?m’"m ”'"” m’( Ir”’ '

4 STN cell conpensated in situ and with urg axial ret arder "25°A PPN | ayer = -

was applied to an I TO coated glass plate and irradi ated with o

| i near-pol arised |ight. I\hxopmaBewmnmtcaccofdmtq any one ebclaimas

38883' tﬁ;i b¥hceat7 wwfa@lfs&gr 1@~°ct§eﬁkbﬁ$s 19@&6{7&1@{ be@w@éﬂuzs at
rpm. e cal de 0 S r_wWas in

Exanple 3, a segtgé'n!:o gﬂé’?é @9 G“%‘S &Yﬁ iétygfder by

an isotropic SiQ2 layer. The di rectlon of t he pol ari zer for i1l um nating

the second PREN Iayergwas Aﬂ)b@t‘ﬁg] BRssHed fl dafrh§ 4981 ecti on
of pol ari zatlong\&l‘ ' Eﬁn natlon E P'N} teéﬁg:brﬂﬁigf ¥‘ﬁ?b%rﬁwa deposi ted
on the PPN2 |ay Qpigo‘ilp bstrat e
and a second, rmmamwlaym m\essonlybpamwﬁ&e swbstratsd to construct an LC

U

cell with-a pI ate separation of d =57 err]. The second pl ate was di sposed
so that the angle be en,its. ection of rubb n of
orientation of the‘rlﬁ’; rA‘Jt’i CRH%P %an(]:‘acc?ﬁ g)gfeohfgﬁ“l&gt i ons of
the two 10 9, wherein the first cross-linked liquid crystal monomer layer is

. an othcal retarder.
11. An ‘optical component according to claim 10, wherein a
number of liquid crystal monomer layers are constructed as
15 optical retarders.

12. An optical component according to claim 7,
characterized in that the first cross-linked liquid crystal monomer
layer is constructed as a twisted optical retarder, the LCP layer

20 consisting of a cholesteric liquid crystal material.

13. An optical component according to any one of claims
4-12, wherein one or more of the LCP layers consist of a highly
twisted cholesteric liquid crystal material so as to act as optical
25 filters or circular polarizers in certain light wavelength ranges.

14. An optical component according to any one of claims -
4-13, wherein absorptive colour filter layers are present.

30 15. An optical component according to any of
claims 4-14, wherein one LCP layer is ferroelectric.

16. An optical component according to any of claims 4-15,
wherein one LCP layer has non-linear optical activity.
35 _ '
17. An optical component according to any of claims 4-15,
wherein the second cross-linked liquid crystal monomer layer or
the second PPN layer is constructed as an orientating layer.



-.'-pol arizers required were adjusted as in Fig. 7. Allqwm
was fi rst doped with a chiral dopant so as to obtain a :d/! ”i’ Wl’ﬁ

(p = pitch). This mxture was poured intozhe LC cell.

no voltage is applied to the cell, it appears dark. If; homever
sufficient voltage is applied, the cell changes from bI ack to whi te The
nor mel, in}erference cr.oun bp uéii\i&ﬁbbﬁeﬁ"t;ﬁck&t?r?q@ radaibis 4E7,
retarder |ayer n e hee ext er na sa |on
foil. 15 Exanple g‘%ﬁgﬂé 53}'89 ?\,hagt h‘é@% yemﬁﬂngl?@p

m xture was dopeds i gat as absorptive bpmabﬁitemsymdmraas limgampoldrizers. h| gh
twi sting poweg [ helical tvm sting power (HTP) 0.26 [err]]. The doped

m xture was then dis % i n _ani oleadcentrlfu lied to
an illumnated PPN | er %éiﬁpﬁﬁelggorgpo arcms fpé?nlépag éﬁﬁ’éﬁg t he
t hi ckness 25 of #iS8,1whereinat least aneliCPRlaydrararisiststafia chessclinked pI ate is
observed under crfgatlePolaf inthicmet ﬁﬁxahfeewmaan@fmérrﬁaﬁaiﬁi@me i§ he

substrate side | the di e} L.on the |ight
i 1'lum nating thte)ﬁbﬁ%i%?&g“lql@? 358{;&6@#80%@ éﬁwﬂgb@et he case
with a linealOr eD%San-I@ﬁélﬁdr the | ayer is 30 darkest when the anal yzer
1s rotated through [err]. Accordl ngl y the plane of polarization of the

rotarder . cortes onciaty ARG, ebrdnk Socbreipd i 15.iHEHiA '

he temperature range is from 15°C to 50°C.

U

15 21. Use of an optical component according to any one of
claims 4-19, wherein one LCP layer acts as a retarder and the
other acts as an orientation layer.

22. Use of an optical component according to any one of
20 claims 4-19 in transmittive and reflective liquid crystal displays.

23. Use of an optical component according to claim 21,
wherein the liquid crystal display is a rotation cell.

25 24. Use of an optical component according to claim 21,
wherein the liquid crystal display is an STN cell.

25. Use of an optical component according to claim 21,
wherein the liquid crystal display is a ferro
30 electric cell.

26. Use of an optical component according to claim 21,
wherein the liquid crystal cell contains an actwe matrix substrate
which is addressable.

35

27. Use of an optical component according to any of claims
4-19 in optical and integrated optical devices.



35 . The twi st can be adjusted between [err] and [err va ng the
concentration of the chiral dopant. A dextrorotatory Chlb n ’aﬂ ,ﬂﬂg’ﬂf
used instead of a levorotatory dopant. Thege 16 tw st

al so of interest e.g. for colour conpensation of STN di spI ays rrp eb 5

STN cel | conpensat ed 4& siUse ofrah eptibal cempetene aacorting otz on‘éaf l'i near

hue further | nopaeieng piio" AL “a%?lﬁ%oﬁﬁseque%ﬁ‘@?ﬁ@ﬁ&?%ﬂﬁ an b

the first LCP | ay&tHas uuped with a dextrorotatory chiral dopant. -The spin
paraneters were so chosen that the optical delay of the LCP |ayer was equal
to that of thg liquid crystal 15 in Fig. GxxThe pitch of 15 the LCP | ayer
could then be adjusted via the concentration of dopant such that the angle
of rotation of the retarder was equal to the angle of rotation of the

quui d crystal. The orientation | ayer above the tw sted retarder was

illum nated such that its direction of orientation was at right angles to
the slow axis of the retarder 20 on the side facing the orlentatlng | ayer.
In a simlar manner to _




‘Exanpl e 4, this substrate was used to construct an STN cell and filled with
a kevorotatory liquid crystal. Exanple 7 25 Hybrid layers with locally

di fferent colours A 50% sol uti on of M.CP izg ani sol e was applied by centri -
30 fugation at roomtenperature on to a PPN |ayer irradiated with |inear

pol arized light, and was cross-linked. The resulting opRAMH®7OdYABder had a
deI ay of 470 nm Under cross-polarizers, the plate was orange-col oured. As
inExanple 3, a 50 nmthick isotropic de- coupling layer of [err] was
dep05|ted by sputtering, followed by 35 a second PPN | ayeg=
then divided into three regions, which were illuninated t'IPHlﬂlsHFéifemS BEEN

directions of polarization. The direct ML pol ari zati o wer REFAAGHED| inj
region 1, perpendicular in region 2 an to the directromo 7

pol arization of the illumnation of PPN1 in region 3. During illum nation
- of each region the other regions were covered. A 30% solution of [err] in

N AL i A AL G e
[err] = 140 nm Kpnsisging,of aa origntingday Haer layer in@dacbMail zers in
5 the orienting layer and comprising a cross-linked liquid

- crystalline monomer, at least one additional orienting layer on
top of the L.c. layer and preferably one additional cross-lined L.c.
monomer. The layers have different functions, such as orienting
or retarder functions. At least one of the orienting layers is a

10 PPN layer or has locally varying orienting pattern.
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such a-manner that the direction of polarization of PPNL illunmin- 10 ation
lay at [err] to the polarizers, three colours were recogni sed. Region

And [ nnj Col our 1 610 -Blue & 3 - I

3 . 470 Orange The optical del-gfs_of the t\/\ojl._&ﬁlsf %ﬁgﬁ%ﬁgﬁlj
added in regio ' i 743 O her col duss—ean—he |
produced by ap '9g@s in an anal ogous manner to
each of these & of the individual |ayers can

al so be effect '1ectiEE i t40 angl es 20

bet ween [err] t illum g\:o . Ther eby,
Lyot / Cehman or n also be realized, the

transm ssi on range of which being adjustable_by the nunber of layers, their
t hi ckness and the direction of their opticalYaxes. The transm ssion range
can be variously adjusted pixel-wse 25 by the &tructuring. Exanple 8

Chol est eri ¢ LCEroweimistrtiirsirirrirantpal/Ar i zers 30 (circul ar
pol ari zers) WW/MW(///W %o of the chiral |evo-

rotatory dopan B O OOOIIIINNeRest eri ¢ mi xt ure
A AIIIHTTITRIIMN

Fig. 2
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18 hadva pitch of about 36q nm The1goped m xture was dissolved to 40%in
ani‘sol e, applied centrif aa?Iy to g r illumnated with |inear

pol ari zed 1§ e i

chol esteric

r

t ed wavel engt-h—b—at—=fer¥
nm The wid 70 nm ExaaneTQEDNﬁﬁﬂbﬂisﬁﬁﬁ
| ls ?¥ 3 L tS J ‘?Z : ! (\'\\'\\'\«:\'\'\\\\\\i\\\\\\\\\\\\ﬁ\ &\'f\:\l\;:\ [] O‘![‘?] o d %/ Z ' \rM] th E\ t] SIREB_TTﬁ'Fg:ﬁEn g

mi xture was kg (¥ Zentrifugally applied to a PPN

| ayer illu fight and cross-linked. If a

pol ari zer di ipction parallel or

per pendi cul Zion of the PPN illum nation, the
white 20 |i ¢h But at right angles thereto the
| ayer was c@k on spectrum of the dye. The

di chroic ra/23/°7§/</%??727?%?531331 4?7'

ol ecul es i RAERIINMRNRTRIMRTRN R
result of t

directions
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be produced with azinuthally varying directions of polari ' can

i asedAwtfeﬂﬁ%H%ET

be-used in LC displays, e.g. in conjunction with the stru

andéorientating |layers in the Exanpl_és her ei nbef ore. 19 d ains

method for the mapufacture of an anisotropic layer of cro statenQeﬁ FEEujggﬁ
crystalline nore —contact with 5 an orientati FerreT

singl e substrate, which nethod com prises applying to a single subst rate
an orient at i ng The énventiomis ﬂoncemeguwglathamamufaat\meﬁanss | i nked

| d
o U pr ot acdéﬁcﬂﬁﬁf&éf?f&? paed aaLid GYRH ﬁ%?. O e Tayer s
subseqdianti&2 ﬁﬁlC@ﬁm@Wh aoroTigRdAting a)lﬂ'p@@o%&sn Siﬂbﬁﬁ‘@teo claim 2,

wher ei - a drdl igh, 4PtieAl ebnipoRRNES mﬁg%@&ews&ﬁd&bal | i'ne monomer s

applied to the 1.5 second orlientatl nd_the nononer is subsequently
cross- |i fiQ2HP I‘L§ &/ Qi Eq'uggﬁﬁbf nft AR e conpri si ng

an orient zadahmdmbonmfamg evdrthe E@Ptla afcﬁﬂaasmlgﬂeonal

Fééi?té‘tn'er%ﬁﬁéf%??%ﬁa%ﬂﬁa s 5,8 of © Srere vherein &

Anisotropic transparent or coloured cross-linked polymer
layers with three-dimensional orientation of the optical axis,
either uniform or preset at individual places, are of great interest
in many sectors of display technology, integrated optics etc.

1S5 :
For some years, substances having this property in principle
have become known, namely certain cross-linkable liquid crystal-
line diacrylates and diepoxides. These substances as monomers,
i.e. before cross-linking, can be orientated in the liquid crystalline
20 phase in 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
25 that the wall forces acting on the two sides of the monomer layer,
or the applied fields, preserve the preset orientation during the
cross-linking process. These external mechanical, electrical or
magnetic forces prevent the thermodynamic orientation relaxation
inherent in liquid crystals and counteract the de-orientating
30 forces of conventional cross-linking processes. In the absence of
these external forces a de-orientation or a re-orientation of the
liquid crystals usually takes place. The re-orientation from planar
to perpendicular at the interface to the atmosphere opposite the
substrate surface has been shown in the case of single substrates
35 e.g. by Hikmet and de Witz in J. Appl. Phy. 70, 1265-1269 (1991).

Layer structures of liquid crystalline polymers are known
e.g. from EP-A-331 233. They are manufactured by orientating a



a photoyorientating polymer network (PPN). 5. An optlcal conponent
according to claim4, wherein at 25 | east one of the oriprtattnagtaye S S
a ldcally varying orientation pattern. 6. An optical co rr*rnCEMENﬁSHEET
to claim4 or 5 wherein an additional anisotropic |ayer of ori g 6
cross-linked 30 liquid crystal nmononers is arranged abovg éFgLF Bh@?
orientation layer. 7. An optical conponent, according ta -1y
4-6, wherein the additional orientating |aye+r J&s a surface 35 orlentatlon
structure produced by rubbing or oblique spu i ng. 8. An optical '

conponent accor§&$s§§§§§§g§s&§§£§§g§§§§§§gﬁk , rein_an | sotropic

- pl - ’ ."1 a
?ﬁeczﬁﬁllPgngﬁy4%”%4@%%%%%éé¢%ééawcz%%%%%%% & opt cal conponent accor di ng
to any of clai \\\1\\‘\\&\\\&\\\ MR- ;’ ahd/ or e .C$SS'I i nked
liquid crystal ¥ of the sustrate. 10. An
optical conponeR #ims 10 4-9, wherein the first
cross-linked liquid crystal nmononmer |ayer isgan optical retarder. 11. An

-----------------
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OrHe—4O

optical conponent according to claim 10, -reh@ a nunber of liquid crystal
nononer | ayers are constructed as _
A 7
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15 optical retarders. 12. An optical conponent according t Lm 7 :
characterized in that the first cross-linked liquid crystg RE?HR@EMEE?%%EET
is constructed as a twisted optical retarder, the LCP | aydf 20 cgqflstirgb

of a cholesteric liquid crystal material. 13. An opti cal ﬁ peencdtd FEB 1996

according to any one of claiygs 4-1243whereidlone or nore Gf=thelCB T VEY S
consist of a highly tw sted chol esteric | i d crystal material so as to
act as optica ' 'garizers in certain |ight

wavel ength ra qnt according to any one of clains
4-13, wherein§ rysare present. 30 15. An
optical conporh 3 §-14, wherein one LCP |ayer is
ferroelectric.f ording to any of clains 4-15,
activity. 35 17. An optical
conponent accd erein the second cross-1|inked
l'iquid crystalg 3 PN | ayer is constructed as an
orientating |a donpénent according to any of

SO
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as to act as absorptive optical filters and/or as linear polarizers. 19. An
opticdl conponent according to any onggof claims 4-18, wherein at |easi _gne
LCP | ayer consists of a cross-linked nonomer or a nonot R 1
the nononeric state is liquid crystalline between [err] Eﬁﬂlfé“ﬁém%hb% T apt
during the 10 processing period. 20. An optical conpon [l EﬁB
claim 19, wherein the tenperature range is from [err] {LO_Lefi] b
21. Use of an optical conponent according to any one of clains 4- 19,
wherei n one LCP | ayer gmtiearmeo@rdngivgr der and the other acts as an
orientation layer. 22. Use of an optrcal conponent according to any one of
20 clainms 4-19 in transmittive andAbgftaggtive liquid crystal displays. 23.
Use of an optical conponent according to claim21l, wherein the liquid
crystal display is a rotation cell. 24. Use of an optical conponent
according to claim 21, wherein the I|qU|d crystal dlsplay is an STN cel

crystal disgl ‘gﬁ Heaf condf ﬁ%%'“r %.’%“%i‘f@l% rein the liauid
conponent fancmam aﬂﬁrom:ﬁ?@ ¢ g@ﬂl cont ai ns
an actige i bﬁérﬁ!ﬁgtla?é? aMd @bmpri%ﬁdg esepddslinked?liquide of an opti cal
conponent acc?zrlﬂiﬂ'eq mOSndm atcleas%ne additional orienting layer on

top of the l.c. layer and preferably one additional cross-lined L.c.

monomer. The layers have different functions, such as orienting

or retarder functions. At least one of the orienting layers is a

10 PPN layer or has locally varying orienting pattern.
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4-19 in optical and integrated optical devices. 22 28. Use of an opti cal

conponent according to any one of clains 4-19 for safeguard —
counterfeiting and copying in transm ssion. %ﬂ%méNTSHEET _

OPTICAL COMPONENT (LG cevermicnnin VY

‘Abstract

~ Optical component having a hybrid layer structure conéisting of an orienting layer (2), a-
further layer (3) in contact with the orienting layer (2) and comprising a cross-linked liquid
crystalline monomer, at least one additional orienting layer (4) on top of the 1.c. layer (3) and
preferably one additional cross-linked liquid crystalline monomer (5). The layers have
different functions, such as orienting or retarder functions. At least one of the orienting layers
is a PPN layer or has locally varying orienting pattern.

Fig.2




