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LI QUI D CRYSTAL CELLS FOR | NTEGRATED OPTI CAL COVPONENTS The%9”007’]
Fnvention relates to an optical conmponent” conprising one or two substrat&@m
one or nore orientation layers on each substrate and one or nore

ani sotropic filns of cross-linked liquid crystalline nononers or oligoners
with locally different orientation of the liquid cryst BAN#EI/ASDn the
_substrate or betwe The invention also relates to the
production and use Ani sotropi c transparent or

col oured pol yner n tmorkREBV§? wi t hfhi ghl y-resol ved preset

t hr ee- di nensi onal orientation of the optical axis are of great inportance

' dispLay t echigl Yer s Yolieed Phh Sp Al SSRHSHERL Smp L
one or two substrates, one or more orientation layers on each
substrate and one or more anisotropic films of cross-linked liquid
crystalline monomers or oligomers with locally different
orientation of the liquid crystal molecules on the substrate or

10 between the substrates. The invention also relates to the
production and use of such components.

Anisotropic transparent or coloured polymer network layers
with highly-resolved preset three-dimensional orientation of the
15 optical axis are of great importance in display technology,
integrated optics and prevention of forgery.

EP-A-545 234 discloses liquid crystal cells with fine _
structures comprising regions with defined different orientation
20 and consequently different refractive indices. Refractive index
patterns of this kind in a liquid crystal are produced by micro-
mechanically generating a line structure on the surface of the
orientation layer bounding the liquid crystal using a stylus
moving in correspondence with the scanning pen of a scanning
25 force microscope (scanning probe or atomic force microscope
[AFM]). Depending on the préessure exerted by the stylus the lines
can consist of relatively pronounced grooves or only of strings of
uniformly aligned molecules. In the following description the
term "scratching" is used for the process of producing a line
30 structure by means of a stylus. Ina cell of plates structured in
" this manner the pattern on the orientation layer constitutes an
orientation pattern which is transferred to the liquid crystal.
Optically non-linear liquid crystalline or optionally frozen-in
optical waveguide structures are important applications.
35 :
EP-A-611 981 discloses materials and methods of stabilising
orientation structures in monomeric liquid crystals by cross-
linking. The orientation structures in the liquid crystal are
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EP- A 545 234 discloses liquid crystal cells with fine structures conprising
regions with defined different orientation and consequently different
refractive indices. Refractive index r%\tterns of this kind inaliquid
crystal are produced by micro- mechanically generating a line structure on

t he surfacdnducedebyroriensation layers afoaphokp-onientagable pojymer using a

styl us novi r e t [ ng force
m >c/roscope r{%dr;rnl Pl?rqgggggggat%m$ %&ﬁf%r@t%ap% §ﬁJlgreelpegdl ng on
the pressumt@emﬂwemramd@ Kotachemicalle withpelaris tis thevel y
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~discloses materials and nmethods of stabi |ISI ng orientation structures in

mononeric liquid crystals by cross- linking. The arientation structures in
the 1iqgldd crystEuropean Patent Application No 689 084 describes optical

components having a layer structure of a number of PPN

orientation layers and anisotropic layers of cross-linked liquid

crystalline monomers, all subject to the limitations of the PPN

method, i.e. limited resolution, only slightly variable direction of
15~ director and limited control of tilt angle.

The not-yet published Swiss Patent Application No. 2036/95 -
describes the production and use of optical components for use as
masks, e.g. for transferring a polarisation pattern to a

20 polarisation-sensitive layer.

European Patent Application No. 689 065 describes the
optical PPN components with a layer structure and the production
thereof, the components being particularly suitable for use agamst

25 forgery.

It has now been found that the use of cross-linkable liquid
crystals together with micromechanically scratched orientation
layers can result in structures having much better or even

30 completely new properties.

According to the invention, the component referred to
hereinbefore is characterized in that the surfaces of the
orientation layers adjacent the liquid crystal layers have

35 orientation patterns with a defined parallel or fan-like line
structure in locally hmlted regions, the average spacing between
the lines not being greater than the thickness of the liquid crystal



2 " induced by orientation |layers of a photo-orientatable polyner
network ("PPN | ayers”). To this end, in a first step the desired

pattern i s generated photochemically Wdth polarised light in the PPN
orientation |ayer and in a second step is transferred to a 5 liquid crystal
| ayer depodayer amtktherarglespeétweenmeighbourifgNines beinga)t giréatari qui d

crystal st &p&hu?@ I's then stabilised by cross- |l inking. A cross-Ilinked
liquid crystal Tayer of this kind wll herei nafter be called LCP
(liquid crystal polynmer) for short. 10 Eur opean Patent Application

No. 689 084 desqhafierQpiuchires, fof @ TallfBe Prodhee@ insiHiyct ure of a

number of PPN orlentatlgge@igrs angta I SO ri) I ¢ |ayers of. cross-Iinked
, |tpn¢i1

liquid 5 WAYsHhCODREANOIR rogessedn & hepreferred c he peN
net hod, i. ¢liréttibhetheasielatriglerof the melecules vande ebtrolledcindn of

altered, and the preferred direction can vary continuously locally.
The present component needs only one substrate, in contrast to
the liquid crystal cells described in EP-A-545 234. Three-

10 dimensional structures (multiple layers) can also be constructed.

Embodiments of the invention will now be described with
reference to the accompanying drawings in which:

15 Fig. 1 is a diagrammatic sectional representation of an
embodiment of the component according to the invention;

Fig. 2 is a diagrammatic sectional representation of another
embodiment;
20
Fig. 3 is a diagrammatic top view of another embodiment;

Fig. 4 shows an arrangement for producing components
according to the invention, and - ' :

Fig. 5 shows variant ways of guiding the stylus.

As shown in Fig. 1, an orientation layer 2 is disposed on a
substrate 1 (e.g. glass). The layer preferably consists of polyimide
30 and is applied preferably by spin coating in a manner known to a
person skilled in the art. In a first step the orientation layer is
rubbed in a conventional manner parallel to the y-direction
shown in the drawing. The purpose, as is known, is to obtain
substantially uniform orientation of an adjacent liquid crystal
35 layer parallel to the direction of rubbing. Next, a desired
orientation pattern is scratched by a micromechanical stylus. The
method of controlling a stylus is known from the technique of
- scanning probe microscopy. The stylus moves parallel to the



15 director and limited control of tilt angle. The not - yet

" publi shed Swi ss Patent Application No. 2036/95 descri bes the production
- and use of optical conponents for us# as masks, e.g. for transferring a
pol ari sation pattern to a 20 pol ari sati on-sensitive |ayer.
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10 Next, the liquid crystal layer is stabilized by chemical or -
photochemical cross-linking. If individual parts of the layer do
not need to be fixed, in the case of photochemical cross-linking,
illumination can be through a suitable mask in the last-mentioned
step. In this example, therefore, the finished LCP layer comprises

15 regions 7 in which the liquid crystal molecules are oriented
parallel to the directiony of rubbing, and regions 6 in which the
molecules are oriented parallel to the direction x of rubbing.

The stylus can also be controlled so as to control and

20 modulate the tilt angle of the liquid crystal molecules. As is
known, liquid crystal molecules are not necessarily parallel to the
surface, but are tilted from the plane through an angle depending
on the polymer in the orientation layer. The direction of rubbing
or scratching decides whether they tilt through a positive or-

25 - negative angle to the x direction. -How this can be used according
to the invention is shown in Fig. 5; the scratching movement can
occur always in the same direction, when a) the stylus is raised
when returning or b) during the return each previously written
track is overwritten. In the latter case the feed in the y direction

30 must be synchronised accordingly. These two scratching methods
~ result in the maximum polymer-specific tilt angle. The scratching
pattern shown in c¢) results in a zero tilt angle, whereas pattern d)
or e) results in values lower than the possible maximum. The tilt
angle can therefore be controlled and modulated through choice of
35 the method of scratching.

Since the cross-linked polymer is mechanically stable, the
above method can be repeatedly used with or without buffer



the 1Tines not being greater than the thickness of the liquid crystal

3 | ayer and the angl e between nei ghbouring |Iines being not greater
than 3[err]. _ Smal | er structdares, for exanple, can be produced in
this 5 - way, in contrast to the PPN process. In addition to the preferred
direction pol)emerllayeng.l dhifs istshowheiouFigs 2.abayers @it,r22) 23 and

al tered, 4 lr ect The
pr esent cgén}%gr?g nee légg}‘g lée%é: 358@ gail Aﬁrﬁﬁ% W?g ﬁ&gﬂ% l'iquid
cryst al ce¢IIO§Sdél§1S€ H&ds .ag@n ibhed 2vd nricremediranicadhs seratched.uct ur es
(multiple Aﬁié?héh\@? fibthe¥e] t%&iﬂﬁdagphed befor@i‘ﬁ%ﬂgrﬁﬁdOf the
|nvent|on MA now be’ descr%P éﬁ erengf %ﬁanylng
drawi ng® iSCTRkCRING, e.g. In order to | 1mprove the optical properties or

orientation properties. Spin-coating of the layer 24 and subse-

quent cross-linking results in a further orientation pattern 25, 26.

The method can be repeated as often as required, so that

structured, three-dimensional refmcﬁve index patterns are

10 obtained in the z direction also.

The invention is of use wherever static, i.e. non-switching,
refractive-index patterns with high resolution are needed. The
range of application also includes all areas where components

15 produced by the PPN process can be used. However, the invention
can also be used to obtain finer structures, continuous changes in
the direction of the director and additional control of the tilt angle,
thus opening completely new possibilities in addition to the

- already-known PPN applications.

Such possibilities include e.g. optical waveguide structures in
integrated optics, such as couplers, coupling-in structures (e.g.
- gratings), delay lines or polarisation-influencing structures. In
combination with active or NLO-active components, these optical

25 waveguide structures can also be used in simple manner as a
connecting network. Three-dimensional networks can in
particular be used for coupling between layers or interaction-free
crossings of optical waveguides. One example of the possibilities
of the invention is the 1809 optical waveguide bend in Fig. 3.

30 Light 31 is conveyed in a waveguide 33 and makes a 180° bend
as far as point 32. To produce a waveguide structure of this kind,
the direction of scratching must be continuously variable locally
both in the region 34 inside the bend and in the region 35 outside
the bend, i.e. in the waveguide 33 itself. - This is not possible with -

35 any of the previously-known processes.

Static refractive—index patterns can also be used to produce
high-resolution masks, e.g. for PPN illumination. The invention



15 ° Fig. 1 is a diagrammatic sectional representation of an

enbodi ment of the conponent according to the invention; ' Fig. 2
is a diagranmatic sectional representét i on of anot her enbodi ment; 20
Fig. 3 is a diagrammatic top view of another enbodi nent; Fig. 4

shows an atanriyewosed toproduteanagks evithrizigher resolationiangl t o t he
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polyimde 30 and i's applied preferably by spin coating in a manner known to
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the invention, diffraction effects can be used as an additional

security element, i.e. the refractive-index pattern operates as a

10 polarisation-dependent hologram. If three-dimensional structures
(volume holograms) are generated as described hereinbefore, a
great improvement can also be made in the scatter efficiency.

The invention is also very important in combination with

15 the PPN process. The large-area regions can be optically
structured by the PPN process, after which the micro-structures
can be applied by the method according to the invention. In that
case, for example, the orientation layer 2 shown in Fig. 1 or the
layer 22 shown in Fig. 2 will not consist of rubbed polymer layers

20 or the possible intermediate layer between 23 and 24 will not
consist of scratched polymer layers, but of photostructured
polymer networks in which the additional patterns are scratched
after cross-linking. The same applies to all the examples listed
hereinbefore.

Example: Production of a cdmponent accdrdi_ng to
the invention

The following diacrylate components were used as Cross-
30 linkable monomers:



ori éntation pattern is scratched by a nicronechanical stylus. The

et hod of controlling a stylus is known fromthe techni que of scanni ng
probe mcroscopy. The stylus noves pafallel to the
4 x-axi s and produces a fine structure on the surface, diagram

matically indicat
liquid crystal
Spi n- coat i(WMgnomen 1 o
beconmes orienteqfparallel to the origin
the scratched region 4 parallel to the diré
orientation pattern can be witten in wt single stylus or by a
nunber of styluses in parallel. 10 ext, the liquid crystal layer is
stabilized by chem cal or photochenical cross i nki ng. If individual

parts of the |ayergdo not toe fixed e case of
phot ochem cal cro%s- I i RQO n Qan 0 suift abl e
mask in t heMopeeer2 n¥d

o]

4~i N t@e dravmdwg a suitabl

of scratching. The
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These components were used to develop a super-coolable
nematic mixture MLCP with a particularly low melting-point
5 (about 35°C), permitting preparation at room temperature. The
proportion of monomers 1, 2, 3 in the mixture was 80:15:5. 2% of
the Ciba-Geigy photo-initiator IRGACURE 369 was also added to
the mixture.

10 A polyimide layer about 100 nm thick was applied in known
- manner by spin-coating to test plates of ITO (indium-tin oxide)-
coated glass. The layer was rubbed in a conventional rubbing

apparatus. Next, grating structures having a variable grating
constant and at an angle of 450 to the original direction of rubbing
15 were scratched with a piezoelectrically driven stylus. This is
shown diagrammatically in Fig. 4; the coated sample 41 is secured
to a table mechanically moved in the direction 45 (v = 3.6 mm/s).
The stylus 43 was secured to a small bar 44 and could be moved
piezoelectrically in both directions 46 and 47. A constant
20 frequency of 240 Hz was applied in the direction 46, corres-
ponding to an average spacing of 7.5 nm between scratched lines,
the line length being 10 um. The grating period was produced by
periodic interruption of the modulation. Alternatively the stylus
could be periodically raised and lowered in direction 47.



step. In this exanpl é, therefore, the finished LCP-layer conprises 15

‘regions 7 in which the liquid crystal_ nolecules are oriented paral | el
to the direction y of rubbing, and régions 6 in which the nol ecul es are
oriented parallel to the direction x of rubbing The stylus can
al so be cont r ofThelLEPR layearowasHhen amnh@bbm&pim—mﬁh%tl | t angl e of the
liquid cr tﬁfg’#’ s are not
necessarl )( ﬁara ?uk%i gﬁeé ﬁtgggﬁ?@m%uil‘%ﬁé‘ﬁ'te rom-t k& ane

t hrough a %@'H&H@ Ehméﬁsi’l?ec CPRCGANAHRRQn | ayer. The
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\(I:\zgn ot 3<rlmkechhma5@cum(fﬂgeaﬁcatam@ r%lmmutesm.er‘l‘lae ctbss-ﬁnl%eﬁ l.s rfur Zgg .
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synchr oni $be atorsiciforge mitneseopedAd™Mht &ni tlil@ pelamsation result in the
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results in a zero ereas pa te resulis in
val uestd omﬁofumnt mmpécm (kendown t@l grating Rﬁf@‘P@S (an%J 4Uerefore be

control | echradi. @Dl Steipst 42 dndige dohad differenitlysifeerted dotbié chi ng.
refraction from the rest of the sample. Observation under the
AFM showed gratings with a period of 240 nm. These
measurements show that extremely fine refractive-index patterns
15 can be generated in anisotropic cross-linked polymers.




Since the cross-linked polymer is mechanically stable, the above net hod
can be repeatedly used with or w thout buffer pol ymer | ayers.
This is shown in Fig. 2. Layers 21, 29 23 correspond to layers 1, 2, 3
in Fig. 1. After the |layer 23 has been cross-linked it is again rubbed
and m cromechani cal ly scratched. Chaimsnatively, further layers can be
appl i ed before rubbing and 5 scratching, e.g. in order to inprove the
optical properties or_ the orientation properties. Spin-coating of the

| ayer 24 ahd supgboptical cQImPOBERLCOMPrising 2 Substrate, one eF gapre

Ceur s oy “Jgkaitrion iayesband ond, Mg bpie myekedr asosts o) o
patterns aﬁ@kﬁfmgn@a' ﬁ%ﬂh}% IDORPMEES OF 034%9}?131’8 Mthalocaﬁe i nvention
is of use diffeernt crietation of theliguidtatystal molecules, wherein the

surfaces of the orientation layers adjacent the liquid crystal layers

have orientation patterns with a defined parallel or fan-like line

structure in locally limited regions, the average spacing between

10 the lines being not greater than the thickness of the liquid crystal
layer and the angle between neighbouring lines being not greate
than 30°. _ '

2.  An optical component comprising a cell consisting of two

15 spaced-apart substrates, one or more orientation layers on each
substrate and one or more anisotropic layers of cross-linked liquid
crystalline monomers or oligomers disposed between the layers
and with locally different orientation of the liquid crystal
molecules, wherein the surfaces of the orientation layers adjacent

20 the liquid crystal layers have orientation patterns with a defined
parallel or fan-like line structure in locally limited regions, the

average spacing between the lines being not greater than the

thickness of the liquid crystal layer and the angle between
neighbouring lines being not greater than 3°, |

25
3. An optical component according to one of claims 1-2,
wherein the orientation layers consist of photo-structured
polymer networks.

30 4. An optical component according to one of claims 1-2,
wherein the line structure consists of micromechanically produced
groove-like structural elements.

5.  An optical component according to one of claims 1-2,

35 wherein at least one layer of cross-linked liquid crystal molecules
comprises a mixture of monomers or oligomers which before
cross-linking were liquid crystalline during at least the period of

: * c L N S *



refractive-index patterns with high resolution are needed. The range of
application also includes all areas where conponents 15 produced by the PPN
process can be used. However, the i nkBnt i on can al so be used to obtain
finer structures, continuous changes in the direction of the director
and addi t i pretessingrafnd wverha temperaiyire intervahof atdeasndoCanptheel y new

possi bi | it} ' '@ﬂpb ' he al ready- known PPN applications. 20
%ﬁgﬁ ?Iés | n%?ﬁtgeéﬁé}?%

Such possi optical wavegui de structures in
i ntegrated optics, such as couplers, coupling-in structures (e.qg.

gratings), pdel ap triethedoof peodiickis i optical edehpénsht ‘é&t@iﬁm% 'tg

conbi nation with acgti,ve or O act,ive conponents, these optiga
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8. A method according to claim 7, wherein one of the two
15 substrates is removed after cross-linking in a cell.

9. A method according to claim 5, wherein at least one layer of
cross-linked liquid crystal molecules consists of a mixture of
monomers or oligomers which before cross-linking are liquid

20 crystalline during at least the period of processing and over a
temperature interval of at least 1°C in the range from 0°C to 60°C.

10. The use of an optical component according to any one of
claims 1 to 5 as a mask for producing a defined light polarisation
25 pattern, i.e. a light beam with locally variable polarisation.

11. The use of an optical component according to any one of
claims 1 to 5 for the photo-induced production of orientation
patterns in polarisation-sensitive photo-layers.

12. The use of an optical componelit according to any one of
claims 1 to 5 as an optical waveguide or optical waveguide
network. |

35 13. The use of an optical component according to any one of
claims 1 to 5 as a security element in identity cards or documents.

mww



35 “"any of the previously-known processes. Static

‘refractive-index patterns can al so be used to produce hi gh-resol uti on
masks, e.g. for PPN illum nation. Thd L nvention '
6 can be used to produce masks with higher resolution and

conpl exi t y 1dnanThe ube gftan optical gromponenttacoordingdoi iy one of  Swi ss
Pat ent Appklaﬁi‘ﬁé (intd\lg.a%gﬁlgéﬁ"?_.reﬂ‘sac%?%feln n€ refractive-index patterns

are al so of greaf I npor In ing forgery of identity cards
-and docunents of all Kkinds. OmM ng to the high resolution of the
scratched patterns according to “the&% nvention, diffraction effects can
be used as an additi onal security elenent, i-.e. the refractive-index
pattern operates as a 10 pol ari sati on-dependent hol ogram |If

t hree-di nensional structures - (volume hol ograns) are generated as

descri bed herei nbefore, a-
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gredt inprovenent can also be nade in the scatter efficiency. The
invention is also very inportant in conbination with 15 the PPN process.
The | arge-area regions can be opticalRy structured by the PPN process,
after which the mcro-structures can be applied by the nmethod accordi ng
to the invention. In that case, for exanple, the orRAM 47Q0dy139er 2
shown in Fig. 1 or the | ayer 22 shown in Fig. 2 will not consist of
rubbed pol yner |ayers 20 or the possible internediate | ayer between 23 and
24 will not consi st of scratchedlstrgaer | ayers, but of photostructured
pol ymer networks in which the additional patterns are scratched after
cross-linking. The same applies to all the exag&}es listed

her ei nb&f ore. 28N optical compeReRnt (IBPrisescd sybsirale®oeeH: according to
the invent t@ﬁs1st1ng of twd 8patedlapardsubaaresioné SFPRtEe! Sriveiatvied as
cross- 30 i I)Elerasbon the Substrates and one or more anisotropic layers of

cross-linked liquid crystalline monomers or oligomers with locally

different orientation of the liquid crystal molecules. The surfaces

10 of the orientation layers adjacent the liquid crystalline layers

have orientation patterns with a defined parallel or fan-like line

structure in locally limited regions. The average spacing between

the lines is not greater than the thickness of the liquid crystal

layer and the angle between neighbouring lines is not greater

15 than 3°.
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These conponents were used to devel op a super-cool abl e nemati c m xture
M.CP with a particularly low nelting-point 5 (about 35 err]C), permtting

preparation at roomtenperature. The proportion of nononers 1, 2, 3 in
the m xture was 80:15:5. 2% of t he G ba-Gei gy photo-initiator | RGACURE
369 was also added to  the mxture. 10 A polyimde | ayer about 100
nm thi ck was applied in known manner by spin-coating to test plates of
| TO (i ndiumtin oxide)- coat ed=s=szs===Fha | ayer was rubbed in a
conventional rubbing 31-a-p~pe|§tuso00l‘(kg>(}0[}0w '/ skruct ures having a

vari abl e grating const ant and E==m==mmK€/oN @Sf’grr] to the ori g| naI
direction of rubbing 15 were scrat ched V\ﬂ\ \ Z 0ef-eetteadr-y—eH-+
stylus. This is shown di agranmati caB#y in W 4 Eﬂl&%fgdﬁéarﬁﬁ N1
is secured to a table nechanically noved e difecti REPLACER = 3.6
nm s) . The stylus 43 was secured.to a sn# gr 44andg cour d be rmved
pi ezoel ectrically in bot h directi co=s83 .//A constant 20 frequency of
240 Hz was applied in ‘,"31(\\)' pondi ng to an average
spaci ng of 7.5 nm bet en scrat chesstassy= =% he i ne | engt h being 10
[err]m The grating period was produced by [ periodic interruption of the

nodul ation. Alternatively the stylus -

5 Fig. 3
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coJI d be periodically raised and I'owere‘d'i n direction 47. 25 401 ovt-J

-8 The LCP | ayer was then applied:by spin-coating (par arret ﬁ%@
2 minutes at 2000 rpm). The layer thickness could be varied within ée
limts via choice of the concentratieniof MLCP in the anisole sol vent.

A concentration of 5% yielded a | ayer 5 thickness of e.g. about 65 nm
Next, the |RNRFIYeSRPIPAD-GEOSS FOR INTEURATED GPELEAL HooMpoNERTDD, - 30

m nut es) 1||c cross=Hrnked strouctures WeTe TTIVeEStTgated T a

pol ari sati on. m croscope and in the atomc force mcroscope (AFM. In

t he pol ari sation m-croscope the gratings were clearly visible down to
the limt of 10 resolution of the mcroscope (i.e. down to grating periods
of 720 nm, i.e. the strips 42 in Fig. 4 had a differently oriented

doubl e ' r eMirciniventionwalates &5 amo ptital campenefiseomgrisinginder the
o 4. POt B B DB yers CRLBAER o ohow
substrate and one or more anisotropic films of cross-linked liquid
crystalline monomers or oligomers with locally different
orientation of the liquid crystal molecules on the substrate or
between the substrates. The invention also relates to the
production and use of such components.

- Anisotropic transparent or coloured polymer network layers
with highly-resolved preset three-dimensional orientation of the
optical axis are of great importance in display technology, -
integrated optics and prevention of forgery.

EP-A-545 234 discloses liquid crystal cells with fine
structures comprising regions with defined different orientation
and consequently different refractive indices. Refractive index
patterns of this kind in a liquid crystal are produced by micro-

4661834 9T |

mechanically generating a line structure on the surface of the

1338 INTNEDVday

orientation layer bounding the liquid crystal using a stylus
moving in correspondence with the scanning pen of a scanning
force microscope (scanning probe or atomic force microscope
[AFM]). Depending on the pressure exerted by the stylus the lines
can consist of relatively pronounced grogves or. only of strings of
uniformly aligned molecules. In the following description the
term "scfatéhing" is used for the process of producing a line
structure by means of a stylus. In a cell of plates structured in
this manner the pattern on the orientation layer constitutes an
orientation pattern which is transferred to the liquid crystal.
Optically non-linear liquid crystalline or optionally frozen-in
optical waveguide structures are important applications.

EP-A-611 981 discloses materials and methods of stabilising
orientation structures in monomeric liquid crystals by cross-
linking. The orientation structures in the liquid crystal are




15 can be generated in anisotropic cross-linked pol ymers.

-9 _ . “Clains. 1. An optical conponent
conprising a substrate, one or nore orientation | ayers and one or nore
ani sotropic layers of cross- 5 |Inked1|IQUId crystalline nononers or
oligonmers with locally different"ertentation of the liquid crystal

nol ecul es o acent the
liquid cry¢'[1'vf ﬁ%&éﬁ’i‘k"erm %éﬁ(?@“%i'ééﬁm lb* eF ﬁ)éﬁﬂé@%ﬁd\jﬁgﬁggd par al | el
or fan-like I|'ine structure in locally limted regions, the average
spaci ng between 10 the lines bei ngABQtrHreat er than the thickness of the
liquid crystal | ayer and the dangre-pet ween nei ghbouring |ines bei:ng not

greater than 3[err].
: An optical component compr1ses a substrate or cell

consisting of two spaced-apart substrates, one or more orientation
layers on the substrates and one or more anisotropic layers of _
cross-linked liquid crystalline monomers or oligomers with locally
different orientation of the liquid crystal molecules. The surfaces
of the orientation layers adjacent the liquid crystalline layers
have orientation patterns with a defined parallel or fan-like line
structure in locally limited regions. The average spacing between

- the lines is not greater than the thickness of the liquid crystal
layer and the angle between neighbouring lines is not greater

than 39. .
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2. An optical conponent conprising a cell consisting of two 15
‘spaced-apart substrates, one or nore orientation |ayers on each

Substrate and one or nore anisotropic |ayers of cross-linked |iquid
crystalline nononers or oligoners disposed between the Iayers and with
locally different orientation of the_liquid crystal nmolre
the surfaces of the orientation |ayers—adjacent 20 the Ii
| ayers have orientation patterns with a defined paral | gl
line structure inlocally Iimted regions, the - averag{g sp
the |ines being not greater than the - t hi ckness of the|lijq
| ayer and the angl e between nei ghbouring |Iines being G
3[err]. 25 3. An optical conponent according to onefof cl ai ms
wherein the orientation | ayers consi st of photo-structured
networks. 30 4. An optical cgnponent according to one of clalns 1-2,
wherein the line struct@re cons¥sts of m cromechanically produced
groove-like structural élenent#. 5. An optical conponent according
to one of clains : ast §ne | ayer of cross-linked Iiquid
crystal nol ecul e D




conprises a mxture of nmononmers or oligoners which befoye 5=

Gt =411 ng

‘were |iquid crystalline during at |east the period of REPLACEMEJN? SHEP{
10 processi ng and over a tenperature interval of at [east I[err[JCl}in

t he range fromO[err]C to 60[err]C 6. A nethpdi os pr ' an
optical conponent according to 5 any,one of clainms 1-5,}whiCh process
conpri ses mcronmechanically o&ﬁelng of a fine strjuckture—on—the
surface of an orientation Iayer then applying a | ayer of liquid
crystalline oligoners or

mononers and subsequently CTOSS-TTNKINg tNe
liquid crystal [|ayer.

7. AEﬁﬁfﬁﬁf? ding_to claimé6, wherehn t he
direction of the '*lopbhe)b afl g 1 altl 46, iaéﬁgégndlng on the orientation of
the scratched - I7hes. T;::::;TZTZ\\
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.8~ A nethod accordlng to cIa|n17 mhereln one of the two 15 S“Qﬁﬁ Bpggwls
removed affer cross-linking in a CeII - 9. A net hod accor

claimb5, wherein at |east one | ayer of cross-linked |iquid crystal ?OSJ
nol ecul es consists of a m xture of 12nononers or ol igoners which before
cross-linking are liquid 20 crystalline during at |east the period of
processi ng and over a tenperature interval of at least 1[err]Cin the
range fromO[err]C to 60[err]C. 10. The use of an optical conponent
accordi ng t 0IQUIP OR¥STAf. CELLSCFGR HNTEGRATEDD ORTICALNTAGMPANBNTSI oduci ng a defi ned
‘light polarisation 25 pattern, i.e. a light beamwth locally variable

pol ari sati on. 11. The use of an optical conponent according to any one
of claimse 1 to 5 for the photo-induced production of orientation

patterns in polarisation-sensitive Mayer s. 30 12. The use of .an
optical conponent according to any one o claims 1 to 5 as an opti cal
wavegui de or optical wavegui de net wor k. -

5 ~ An optical component comprises a substrate or cell
consisting of two spaced-apart substrates, one or more orientation
layers on the substrates and one or more anisotropic layers of
cross-linked liquid crystalline monomers or oligomers with locally
different orientation of the liquid crystal molecules. The surfaces

10 of the orientation layers adjacent the liquid crystalline layers
have orientation patterns with a defined parallel or fan-like line
structure in locally limited regions. The average spacing between

“the lines is not greater than the thickness of the liquid crystal
layer and the angle between neighbouring lines is not greater

15 than 30,
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35°13. The use of an opti cal corrpdn'ént according to any one of clains 1
to 5 as a security el ement in identity:.cards or docunents. .14, The

?‘?Sh '@n 0Pt A EoRRR ]@fﬂEﬁﬁﬁ"—f" HosiGecio, 9BE1009-F" & T

TEXT OF THE ABSTRACT

LIQUID CRYSTAL CELLS FOR INTERGRATED OPTICAL COMPONENTS

An optical component comprises a substrate or cell consisting of two spaced apart substrates,
one or more orientation layers (2) on the substrates (1) and one or more anisotropic layers (3)
of cross-linked liquid crystalline monomers or oligomers with locally different orientation of
the liquid crystal molecules. The surfaces of the orientation layers (2) adjacent the liquid
crystalline layers have orientation patterns (4) with a defined parallel or fan-line line structure -
in locally limited regions. The average spacing between the lines is not greater than the
thickness of the liquid crystal layer and the angle between neighbouring lines is not greater
than 3°.
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