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The invention is concerned with the manufacture of an . 
anisotropic layer of cross-linked liquid crystalline monomers 

s (LCP) in contact with an orientating layer on a single substrate 
and with optical components having a layered structure 
comprising· an orientating layer, a LCP layer and at least one 
additional orientating layer over the LCP layer on a single 
substrate and their preferred use. 
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Anisotropic transparent or coloured cross-linked polymer 
layers with three-dimensional orientation of the optical axis, 
either unifomi: or preset at individual places, are of great interest 
in many sectors of display technology, integrated optics etc. 

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 

2 s 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 usu~y 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. IQ, 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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monomer layer in a cell with a voltage applied to the cell plates 
and then irI'adiating in a partial region through a mask. By so 
doing, cross-linking is initiated in the irradiated region only. 
Subsequently, the direction of the external field is changed and 

s the monomer regions which have not yet been cross-linked are 
re-orientated with respect to the new field direction. Thereupon, 
the latter region is also illuminated and thus cross-linked. Clearly, 
this method cannot yield an orientating structure with high local 
resolution, since the radical cross-linking reaction,, owing to the 

1 o shading of the mask, does not have sharp boundaries. Further, 
this method is invariably limited to the use of sandwich cells for 
orientating the layer structure in an electric field. 

Recently, there have become known methods which permit 
1 s 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 

2 s a cell. 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 productio11 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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is described. Further, it is mentioned that one of the two glass 
plates can be removed after the polymerization step in order to 
thereby obtain a single glass substrate coated with LC polymer. 
This orientated substrate can, moreover, be provided with a poly-

s imide layer having a new direction of orientation (by rubbing). 
After again assembling the thus-prepared polymer substrate in a 
second orientated. sandwich cell, filling this cell with a further 
monomer layer and subsequent conventional photopolymerization 
the optical pitch differences of the two differently oriented LC 

1 o polymer layers in the cell are added or subtracted. Since the 
rubbing of the polyimide layers on the cell surfaces is a macro­
scopic process, no orientation pattern can be produced with this 
process, the cells being uniformly orientated over the entire 
surface. Further, it is extremely time consuming and expensive 

1 s 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. 

25 

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. 

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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purpose, neither a further orientating counter-substrate of a 
sandwich cell is required nor are magnetic fields or electric fields 
necessary for the orientation. This is in contrast to EP-A-39~_,263, 
where magnetic fiekt orientation of dichroic dyes in a single LC 

s monomer layer for the manufacture of a polarizing film is 
indicated as being preferred and is actually exemplified as the 
sole process (field-free orientation is, indeed, claimed, but not 
demonstrated). Furthermore, it has surprisingly been found that 
the orientation of these monomer layers on a singl_e substrate is 

1 o not influenced or destroyed by subsequent polymerization or 
photo-cross linking. Thus, it is _for the first time possible to 
manufacture on single LCP-orientated substrate surfaces in a 
simple sequential manner solid films consisting of several 
orientated liquid crystalline polymer layers. Further, additional 

1 s 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 inveI}tion provides and opens up new possibilities for 
2 s 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 linkeq liquid crystalline monomer and 
subsequently cross-linking the monomer. For the manufacture of 
more complex layer structures, additional orientating and liquid 

3 s 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 
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applied between individual LCP layers under the following 
orientating layers. 

The optical component according to the invention is 
s characterized in that at least one of the orientating layers is a 

layer of a photo-orientating polymer network (PPN) or has a local 
varying orientating pattern. 

Preferably, use is made of monomer mixture.s which have 
1 o nematic, cholesteric, ferroelectric or non-linear optical (NLO) 

activity at room temperature. . 

The second and other LCP layers can also be applied 
directly, i.e. without intermediate PPN layers, to the first LCP 

1 s layer and subsequently cross-linked. Thereby, the monomers in 
the second and subsequent layers take over the prefe~ed 
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 

2 s 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. 

35 

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

Fig. 1 shows a layer structure of an optical component according to 
the invention; 
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Fig. 2 shows a layer structure of an optical component with an 
additional layer; 

Fig. 3 shows an alternative layer structure with an additional de­
s coupling layer; 

Fig. 4 shows another layer structure with locally varying 
orientation of component regions; 

. 
1 o Fig. 5 shows another layer structure as in Fig. 4, but with an 

15 

additional de-coupling layer; 

Fig. 6 shows a·supertwisted nematic (STN) liquid crystal display 
cell with a layer structure according to Fig. 3; 

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 dnnamic acid derivatives which are 

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

35 

The layer is orientated and simultaneously cross-linked by 
selective irradiation with linear polarized W light. 

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 
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oblique sputtering with SiOx. In this case, the orientating layer 
will usually have uniform orientation over the entire substrate 
surface. In applications where uniform orientation over the entire 
surface is desired, this mechanical alternative may be less 

s expensive to manufacture than a PPN layer. 

The PPN layer 2 can, in tum, be applied to a conventionally 
orientated layer previously deposited on the substrate 1, e.g. an 
obliquely sputtered SiOx layer or a uniformly rubb~d polymer 

1 o layer. 

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

1 s 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. 

2 s 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 

3 s 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 
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the LCP1ayer 3 eXerting an ·orientating influence, which it of 
course also can have as a retarder layer, on the upper hybrid 
layers 4, ·s and consequently on a liquid crystal disposed above 
the layer S. The de-coupling layer 6 can be made, for example, of 

s silicon oxides (SiO,V or isotropic polymers such as polyvinyl 
alcohol (PVA) or nylon. 

Fig. 4 shows a layer structure which, like Fig. 2, consists of 
four layers superposed on a substrate 1, i.e. a first PPN layer 2, a 

1 o 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 

1 s 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. 

zs 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 diag~atic section through a liquid crystal cell 
constructed using a layer structure of this kind. A liquid crystal 
layer 15 lies between two glass plates 1and12 coated with a 

3 s 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 
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alternatively be applied over the layer 3 or 6. In other respects 
the layer structure has the configuration shown in Fig. 3, i.e. two 
PPN-LCP combinations 2, 3 and 4, S with an alternately interposed 
de-coupling layer 6. The LCP layer 3 serves as a retarder, 

s whereas the LCP layer S orients the liquid crystal 15. The 
substrate can also be provided with a reflective layer. 

The other glass plate 12 is likewise coated with an ITO 
electrode layer 13 underneath an orientation layer. 14, e.g. of 

1 o unidirectionally ground PVA. 

In order to obtain an STN cell with an angle of rotation cp = 

240°, 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 

1 s the liquid crystal has suitable chiral doping, is a twist of. 24ooc 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 A, and Az of the 
liquid crystal layer 15 adjacent the two orientation layers 5 and 

20 14. A, and P1 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 
3 600 can be obtained by varying the concentration of dopant. The 

30 twisting can be levorotatory or dextrorotatory. 

Twisted retarqers of this kind are particularly suitable for 
colour compensation of STN display cells. Preferably retarder · 
layers with large optical path differences of fill•d R$ 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: 
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The sense of rotation of the optical retarder is opposite to 
the sense of rotation of the liquid crystal layer 15, the angle of 
rotation (q>) of the optical retarder being the same as that of the 
liqliid ·crystal layer. 

The slow optical axis of the optical retarder, on the side 
facing the liquid crystal, is at right angles to the orientation 
direction Al of the liquid crystal 15, and 

. 
1 o - The optical path difference of the optical retarder is equal to 

the optical path difference of the liquid crystal layer 15. 

Alternatively, a helically twisted retarder can be 
constructed if a multi-layer system of alternate successive 

1 s 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 1oooc. 
The wavelength of selective reflection of these cholesteric filters 
can be varied by varying the chiral dopants. The bandwidth of 

2 s 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 



11 

Example 1 

Production of a PPN layer. 

s The PPN material can comprise e.g. cinnamic acid deriv-

10 

atives. In the Examples, the chosen material was a PPN with a 
high glass point (Tg = 133oc). 

Polymer: CN 

A glass f>,late 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 13ooc for 2 hours on a heating bench and for a further 4 
hours at 13ooc in vacuo. The layer was then illuminated with the 

1 s 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 120oC. 

Example 2 

Mixture of cross-linkable LC monomers for the 
· 2.s LCP layers 

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



Monl: 

Mon2: 

Mon3: 

12 

/I ·~oo~ \ 

0>ro~
0~o-Q-o~0~o-<o 

CHs 

(I ~00~ ' 
o}-o~o~o-Q-o~o~o-<o 

Cl 

These components were used to develop a super-coolable 
nematic mixture MtcP having a particularly low melting point (Tm 

s ~ 3SoC), such that the LCP_layer could be prepared at room 

10 

temperature. · 

The diacrylate monomers were present in the mixture in the 
following proportions: 

Mon 1 80% 
Mon2 15% 
Mon3 5% 

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

The MLCP 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 MtcP 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 

. 2 s orientation. 
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Example 3 

Combination of retarder and orientation layer 

A PPN-coated glass plate was irradiated with polarized UV 
light for S minutes. A 40% solution of MLcP in anisole was 
deposited by centrifuging on to the illuminated layer. Spin 
parameter: 2 minutes at 2000 rpm. The resulting .cross-linkable 

1 o LCP layer was orientated in accordance with the direction of 
polarization of the UV light. After cross-linking the LCP layer had 
a thickness of 2.2 µIll. 

If the coated glass plate is disposed under crossed polarizers 
1 s 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 450 in the 
plate plane, the plate becomes light, i.e. it has double refraction. 
The optical delay is about 300 run. 

20 

An isotropic SiOx de-coupling layer SO run thick was 
deposited by sputtering on to the hybrid layer with an optical 
delay of 300 run. A PPN layer was then constructed on the de­
coupling layer as described in Example 1. The PPN layer was 

2 s divided into two regions illuminated in different directions of 
polarization, 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 ofMtcP in anisole was prepared. The solution 
was deposited by centrifuging on to the locally variously illumin-

3 s 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 (Tc = 
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67°C). The layer was then cooled at o.1oc/min to a few degrees 
below the clearing point and then photochemically cross-linked. 

If this hybrid substrate· and a second ground PVA-coated 
s substrate are used to construct an LC cell and the cell is filled with 

a liquid crystal, the result is a twisted cell (TN) configuration in 

one half of the cell and a homogeneous planar arrangement of the 
LC molecules in the other half. The hybrid substrate serves on the 
one hand as an optical retarder and on the other ~d as an 

1 o orientation layer for the liquid crystal. The optical axis of the 
retarder can be different from the direction in which the LC 
molecules are oriented. 

The multilayer layer is thermally and optically stable, as a 
1 s 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 

25 

Example 4 

STN cell compensated in situ and with uniaxial 
retarder 

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 
Si02 layer. The dire:ction of the polarizer for illuminating the 
second PPN layer was rotated through 7 5 o relatively to the 
direction of polarization of illumination of PPNl. A thin LCP layer 

3 s was deposited on the PPN2 layer after illumination, as in Example 
3. 
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This substrate and a second, rubbed PVA-ITO glass sub­
strate were used to construct an LC cell with a plate separation of 
d = S µm. The second plate was disposed. so that the angle 
between its direction of rubbing and the direction of orientation of 

s the hybrid layer was 2400. The transmission directions of the two 
polarizers required were adjusted as in Fig. 7. A liquid crystal 
mixture was first doped with a_ chiral dopant so as to obtain a dip 
ratio of 0.51 (p = pitch). This mixture was poured into the LC cell. 

1 o As long as no voltage is applied to the cell, it appears dark. 

15 

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

Examples 

Hybrid layer as twisted retarder 

20 The MLCP mixture was doped with 0.16% of a levorotatory 
chiral dopant with a high twisting power [helical twisting power 
(HTP) = 0.26 µrn-1]. The doped mixture was then dissolved to a 
40% in anisole and centrifugally applied to an illummated PPN 
layer (2 minutes at 2000 rpm). After cross-linking, the thickness 

25 of the LCP layer was about 2.2 µm. 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 30° in transit through the retarder, corresponding to the 
twist in the LCP layer. 

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



5 

16 

twisted retarders are also of interest e.g. for colour compensation 
of STN displays. 

Example 6 

STN cell compensated in situ and with twisted 
retarder 

Instead of a linear retarder, the first PPN-LC? layer 
1 o combination can be a twisted retarder, thus further increasing the 

contrast. Consequently, the MtcP 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 

1 s 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 layers with locally different colours 

A 50% solution of MLcP 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 4 70 run. Under cross-polarizers, the plate 
was orange-coloured. As in Example 3, a SO nm thick isotropic 
de-coupling layer of SiOx was deposited by sputtering, followed by 

35 a second 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 450 to the direction of 
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polarization of the illumination of PPNl in region 3. During 
illumination of each region the other regions were covered. 

A 30% solution of MtcP ill anisole was applied by centri­
s fuging on to the thus-illuminated PPN2 layer and cross-linked. 

The resulting LCP layer had an optical delay of md = 140 nm. 

If the hybrid layer was disposed under cross-polarizers in 
such a manner that the direction of polarization o( PPNl illumin-

1 o ation lay at 450 to the polarizers, three colours were recognised: · 

15 

Re ion 

1 
2 
3 

~nd [nm] 

610 
330 
470 

Colour 

Blue 
Yellow 
Orange 

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

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 oo and 900 compared with the first illumination. 

Thereby, Lyot/Oehman or ~olc 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 by the structuring. 

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

The MtcP mixture was doped with 12% of the chiral levo­
rotatory dopant in Example 5. The resulting cholesteric mixture 
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had a pitch of about 360 nm. The doped mixture was dissolved to 
40% in anisole, applied centrifugally to a PPN layer illuminated 
With linear polarized light and cross-linked. The resulting layer 
acted as a cholesteric filter with a selective reflected wavelength 

s of A.o == 580 nm. The width of the reflection bands was 70 nm. 

Example 9 

Dichroic LCP layers as linear polarizer~ 
10 

2% of a dichroic dye witll: the following structure: 

1 s were added to the MLcP 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 

2 s 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 
herein before. 
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1. A method for the manufacture of an anisotropic layer 
of cross-linked liquid crystalline monomers (LCP) in contact with 

s an orientating layer on a single substrate, which method com­
prises applying to a single substrate an orientating layer and on 
this applying a layer of a non-cross linked liquid crystalline 
monomer and subsequently cross-linking the monomer. 

1 o 2. A process according to claim 1, wherein a further 
orientating layer is subsequently applied to the LCP layer. 

3. A process according to claim 2, wherein a further layer 
of a non-cross linked liquid crystalline monomer is applied to the 

1 s 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 optical component according to claim 4, wherein at 
2 s 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 

· 3 o liquid crystal monomers is arranged above the additional 
orientation layer. 

7. An optical component according to any one of claims 
4-6, wherein the additional orientating layer has a surface 

3 s orientation structure produced by rubbing or oblique sputtering. 
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8. An optical component according to any one of claims 
4-7 wherein an isotropic de-coupling layer is provided between 
the lower liquid crystal layer and the additional orientation layer. 

s 9. An optical component according to any of claims 4-8, 
wherein the orientating and/ or the cross-linked liquid crystal 
~onomer layers cover only part of the substrate . 

. .. 

10. An optical component according to any.one of claims 
1 o 4-9, wherein the first cross-linked liquid crystal monomer layer is 

an optical retarder. 

11. An 'optical component according to claim 10, wherein a 
number of liquid crystal monomer layers are constructed as 

1 s 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 

2 s 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 

35 

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. 

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. 

. . 
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18. An optical component acc;ording to any of claims 4-17, 

wherein one or more LCP layers contain dichroic dye molecules, so 
as to act as absorptive optical filters and/ or as linear polarizers. 

19. An optical component according to any one of claims 
4-18, wherein at least one LCP layer consists of a cross-linked 
monomer or a monomer mixture which in the monomeric state is 
liquid crystalline between 1soc and ao0c, at least.during the 

1 o processing period. 

20. An_ optical component according to claim 19, wherein 
the temperature range is from 1 soc to sooc. 

1 s 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 
2 o claims 4-19 in transm.ittive 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 

3 o electric cell. 

35 

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

27. Use of an optical component according to any of claims 
4-19 in optical and integrated optical devices. 
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28. Use of an optical component according to any one of 
claims 4-19 for safeguarding against counterfeiting and copying in 
transmission. 

*** 


