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two materi abspo RBPIHHge@rdener pateinififof the fopological structure can be imposed on it.

1t would be desirable to have a more versatile film or coating, with for example, the
possibility to generate not only isotropic topological structure but also anisotropic
topological structure with the capability to pattern said structure. Moreover this film or
20  coating should exhibit high physical and chemical stability, and properties which are not

critically dependant upon the demixing time or solvent.

Such films or coatings could then be used, for example, as orientation layers (in sorne
cases as bistable orientation layers) for liquid crystals and liquid crystal displays. Other
25  techmical applications become also feasible such as the production of low effective
refractive index layers usable as antireflective coatings, or of optically diffusive layers, and
the production of optically amisotropic coatings (especially of liquid crystal polymers)
leading to novel optical components. By using photo-alignment, photo-patterned grooved

coatings are possible.
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According to the present invention, a method of creating a topologically structured
polymer film or coating compris2s mixing at least two materials, applying the mixture to a

substrate and removing at least one of the materials (for example, by using a solvent
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From the mixtre it will be understood that a homogeneous transparent film may be
formed and exposed to light, preferably UV light. During this process, the crosslinkable
material is progressively being crosslinked, and the crosslinked material and the non-
crosslinkable material demix gradually. After crosslinking has finished, the non-
crosslinked material is removed with a selective solvent (or evaporated upon heating the
layers) to create pores. In this way, it will be seen that layers/films/coatings having

structures (holes, grooves, etc) on a sub-micrometer length scale can be obtained.

The non-cross-linkable matenal may contain a surfactant. The crosslinkable material may
contain an additive such as a dichroic dye. Usefully. the cross-linkable material may be
maintained in an oriented state during crosslinking, the orientation being imposed for
example by an underlying orientation layer, which may be a photo-oriented layer such as
an azo dye or linearly polymerized photopolymer, such being cheaper, simpler and much

more versatile than a mechanically produced orientation layer.

The formation of topological structures is based on the control of the demixing (nanophase

separation) of two molecularly mixed components forming 2 homogeneous phase during
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20  selected to be miscible with each other.

In a preferred embodiment the present invention provides a method to fabricate a
modulated (almost periodic) topology. For this, the mixture, preferably comprising a liquid
crystalline material, would be oriented. The onentation would induce elongation of the
25 pores and lead to the formation of grooves (or channels, stripes, etc). Size and distribution
of the “grooves” can be vanied from a few nm to few pm depending on the preparation

parameters (such as mixture, light irradiation time, temperature ...).

In principle, any method to orient the mixture can be used, such as employing a layer that
30  induces an alignment of adjacent hquid crystal material. Particularly suitable are
orientation layers made by photc-onentation methods (usually using linearly polarized
light), and especially well suited are linearly photo-polymerized (LPP) orientation layers,

also known as photo-oriented polymer networks (PPN), among other things because these
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In the method according to the invention the two materials may be dissolved in respective

solvents before mixing, the solvents being mutually miscible but each being a poor solvent

for the other solute.

20 The cross-linkable material may be present in a proportion of 1/10 to 30 parts, preferably

1/4 10 4 parts, by weight per part of non-cross-linkable material, the latter being destined
for dissolution out of the finished coating.

The invention extends to a topologically structured polymer film or coating which has been
25 created by a method as set forth above. In such a film or coating the structure may
comprise hollows at least 99% of which are smaller than 1000 nm, preferably smaller than
500 nm, and more preferably smaller than 200 nm in at least one direction parallel to the
coating plane. It will be understood that the hollows may arise from dissolving out the
non-cross-linked material from the coating. The average distance between adjacent
30 hollows is typically less than 500 nm. and the hollows may be elongated, which may be
understood to be a result of orientation in the cross-linked material. In most applications,

the coating, and in many also the substrate, are optically transparent.
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The invention also provides an optical retarder comprising such a film or coating on a

substrate, as explained by way of example later.

The invention extends to a topologically structured polymer film or coating which acts as
20  an optical diffuser. In this case, the holes or grooves as a rule have dimensions in the crder

of the wavelength of light.

The invention also extends to the superimposition of two or more layers, preferably in the

form of a stack or multilayer.

The invention also provides an optical component, howsoever made, comprising a
substrate bearing a transparent liquid crystal polymer layer which is al'rgned at from 0° to
60° (preferably at 90° for the most interesting competition between two stable alignments)
to the grooves and which has hollows within its thickness spaced on average less than 500
30 nm apart, 99% of said hollows being less than 500 nm across and being at least twice as

long as they are across. Parallel alignment (i.e. “0°”) is possible, for example for high

anchoring energy applications.
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Some applications of the invention will be described by way of illustration.

Antirefiective coatings for the visible spectral region are required whenever light reflection
20 of a surface is to be reduced or avoided. An example is the undesirable reflection of the
glass of a display device. The basic principle of such coatings can be understood in terms
of destructive interference between light reflected from air-film and film-substrate
interfaces. Glass or plastic substrates, for example, require 2 coating film with a low

effective refractive index negr = 1.2. However, because of a lack of suitable Jow-refractive-

[ (&}
1Lh

index materials, this requirement cannot be realized with homogeneous single-layer

coatings, and therefore multilayer coatings are usually used.

As an alternative to muitilayers, it is known that porous films can be used to reduce
reflections at optical wavelengths. (Many others have studied this so-called “moth-eye”
30 effect.) To a first approximation, provided the pore size is less than Ag/4 (hg is the
wavelength 1n the free space), the layer will appear as a continuous film with an effective

refractive index given by an average over the film. Therefore, the challenge is to maximize

the volume fraction of the pores in order to obtain very Jow nefy. It is the grading of the
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| ower. Therefore the reflection coefficient off glasses can bee Iclently
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narrow ng shape_of t res/holl o cf Figure 3¢ described.in,nore
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15 pores/hollows (cf Figure 3¢ described in more detail later), because such “‘gradient

hollows™ have the effect that the refractive index changes continuously over the depth of
the hollows, which in turn makes effective antireflection possible over a broad spectral

region with only one layer.

20 Furthermore, if layers having an elongated, grooved structure according to a special
embodiment of the invention as described above are used, the elongated structure also
affects the effective refractive index and makes it direction-dependent. Such layers can

therefore also be used as antireflection layers that are sensitive to the angle of incidence.

25 Onientation javers: It is known that grooved surfaces can produce uniform and paraliel

alignment of liquid crystals due to anisotropic surface interactions. It is believed that this 1s
because the periodic topology of mechanically grooved substrates minimises the elastic
deformation energy of the liquid crystals by forcing the director to align along the grooves.
Grooves are tradittionally produced by rubbing (glasses plates, polymer layers, ..),
30 unidirectional polishing, tangential evaporation, tangential ion-beam etching of oxides, or
formation of a grating on the substrate. Although mechanical alignment is relatively

simple, the techmques used to produce the grooves are, however, difficult to implement,

involve expensive equipment, and are relatively slow. Furthermore, brushing (rubbing)
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For this, anchoring competition between two (or more) superposed layers is used. One is a
topologically structured film or coating according to the present invention, which tends to
impart a liquid crystal alignment through its topology (nano-grooves) by mechanisms
20 described above. The other 1s 2 photo-oriented orientation layer, preferably a linearly
polymerized photopolymer (LPP) film, on top of the topologically structured film or
coating, inducing a competing liquid crystal alignment in a direction different from the
anchonng direction of the topologically structured film or coating, for instance

perpendicular to it.

Depending on the thicknesses of the two superposed layers, the size of the “grooves” (A.
Acfr and A, see Fig. 4) and the light irradiation direction, it is possible to find a range of

parameters which gives rise to bistable anchoring,

30 Use as optical retarders: It is known that for a layer with modulated surface profile, suck as
linear gratings or porous films with an inclined colummar structure formed in vapour

deposition processes at an oblique angle, the apparent dielectric constant (also called the

relative permittivity} as a function of depth will be different for light polanized parallel or
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Use as optical diffusers: Optical films with different refractive indices along certam film

axes may have a substantial diffuse component to their reflective and transmissive
properties. Known examples are stretched polymers filled with inorganic inclusions not

small compared to the wavelength of light, stretched polymer dispersed liquid crystals

20 (PDLCs) or polymer blends. The mismatch in the refractive index along a particular axis

: has the effect that incident light polarized along that axis will be substantially scattered. In
contrast, incident light polarized along an axis in which the refractive indices are matched

will be transmitted or reflected with a lesser degree of scattering.

25  Suitably adapted embodiments of the invention can be used also in this application field.
The invention provides topologically structured polymer films or coatings with
controliable dimensions and refractive indices along certain film axes. Typically, the
topologically structured (LCF) layers possess a quite large refractive index mismatch of
about 0.5 (i.e. the difference in refractive indices between the holes or grooves (air) and the

30  polymer matrix). Therefore, with dimensions of the holes or grooves in the order of the

wavelength of light, a substantial diffuse reflection is attained. In general, the size of the

structures should be less than several wavelengths in at least one direction if diffuse
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matrix). ThBEOglesedyith di mensions of the holes or grooves in the order of
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or coatings_and t he
Topologically structurcd polymer films or coatings according to the invention, which have

optically diffusing properties, can bé utilized to make a variety of optical devices.
Examples are (polanizing) diffusers and reflectors, as well as special configurations for the
improvement of the performance of liquid crystal displays, particularly with respect to
20 brightness, viewing characteristics, and parallax. The films or coatings can be used as —
isotropic or anisotropic — diffusers inside various display types, and as — isotropic or
anisotropic — front scattering films or — isotropic or anisotropic — diffusing reflectors for
reflective liquid crystal displays. As reflective polarizers, they are particularly useful to
increase the contrast, to reduce the glare, or to enhance the polarization of light.
25 - Advantageously, they can aleo be used as electrodes (optionally pixelwise). Furthermore,
because of their topological structure, they can be used as orienting layers for liquid
crystals or other materials to be onented. A further application are authentication elements
(e.g. 1o safeguard banknotes, credit cards, securities, identity cards and the like against
forgery). They can for instance be highly reflective only for certain viewing angles thus

30  providing a tilting effect to the observer, and with a specific pattern even a sign or picture

1s possible.




10 control the optical properties, with the additional possibility of
patterning. This allows to mani pulate the refractive index nisnatchégng2m4
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Furthernore, by tailoring the geonetry of tihe grooves and/or the patterns,
al so the distribution of scattered |light can be influenced. 15
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have values of about 2 or higher, and even higher extinction ratios can be achieved by
adjusting the film thickness, the volume fraction and size of the grooves, and the degree of
index match and mismatch through the use of materials with a well defined birefringence
and/or the use of dyes with specific absorption axis with respect to the groove’s direction.
20 By adjusting the period and the length of the grooves, the coating can also be made anti-
reflective in one direction and scattering in another direction. This enables the fabrication
of low loss polarizers with high extinction ratio useful for polarization-sensitive optical
elements. The scattering and/or polarizing properties can be further improved using the
superposition of two or more layers, for instance by coating a substrate on both sides, by
25 multilayers, or a stack of layers. Depending on the desired property (brightness, viewing
~ angle, polarization efficiency, etc.) the topological structure of each layer can be made
similar or not, with the grooves directions in the successive layers equal to or different
from each other. Additionally, an - isotropic or an anisotropic — anti-reflection coating
may be used o reach high values of transmission.
30

The topologically structured polymer films or coatings according to the invention can be

over-coated, without destroying the topography, with various materials such as polymers,
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Addi t i onal |Berfogmances. eg¢ fhspsepagatedafror theswndedysng film anedatingf | ect i on coati ng
may be used to reach high values of transm ssion. 30 The topol ogically
structured polyner filnms or coatings according to the invention can be
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mani pul at e d¢theand that it is also possible to transfer them from one substrate to another. For the
transfer, for example known hot stamping techniques are suitable, using a commercially

available mansfer film as a substrate.

20 After transferring a film or coating according to the invention, it can advantageously be

coated on it's underside with another matenal.

The invention will now be described by way of example with reference to the

25 accompanying drawings, in which:

Fig. 1 gives atomic force microscope (AFM) images of three nano-porous anti-reflection
LCP films being coatings according to the invention. Thess are transparent with low
effective refractive index and different pore size lower than the visible wavelength: (a)
30  pores with an average diameter of 200 nm and 2 height of 90 nm, (b) pores with an
average diameter of 180 nm and 2 height of 120 nm, and (¢) pores with an average

diameter of 100 nm and a height of 50 nm.
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open circles correspond to the |ayer from Exanple 3 (Fig. Ic) and the

15  Fig. 4 (a) is a schematic view of an LCP-LPP layer used to obtain a mixed alignment,
showing a grooved LCP layer with an aligning direction along the x axis, covered by an
LPP layer with an aligning direction along the y axis, wherein the LPP layer had partially
filled the LCP grooves and reduced their height from A= 40 nm to Asf = 10 nm. Fig. 4(b)
shows a mixed alignment observed between crossed polarisers (from Example 6), two

20 different regions being observed having two different colours corresponding to the two
anchoring directions, these colours becoming inverted between these two regions when the

sample is rotated by 45°.

Fig. 5 (a) is a plot of the ordinary (n,) and extraordinary (ne) refractive indices of the
25 layers from Example 7 according to wavelength, as determined from ellipsometry
measurement, Fig. 5(b) shows a comparison of the optical anisotropy (An = ne - ng) of the
nano-grooved LCP layer from Example 7 (squares) with that of a corresponding LCP layer
without grooves (circles), according to wavelength, and Fig. 5(c) is a plot of light
transmission versus viewing angle of s-polarized light (solid squares) and p-polarized light
30  (open triangles) of a glass slide coated on one side with an anti-reflective LCP layer from

Example 7.



solid squares correspond to the |layer fromExanple | (Fig. la). FLQ'@P@HM
shows light transm ssion versus wavel ength of an anti-reflective I'd

from Exagpl gi21461 9- 1b). The 5 glass substrate used was cpatefopbesgie side
with the anti-retflective layer. The figure denonstrates a relatively
broad-band anti-reflective LCP |layer with aléhmost zero % reflection (since
96 % transm ssion is achieved for one coated glass side). Fig. 3 (a) is an
exanple of an atom c force m croscope i mage of the obtained nano- 10
grooves from Exanple 4 and Fig. 3(b) is a corresponding sketch of the
nanogr ooved r ;. =alr, Ladi Gat.e iLagni ng.direction of
the LPP | ayg?'}.' @rﬁ%}lg/s:?nugg&g? %?ﬁgoggerp?%g{gb%ggg f}béa %P%‘%sg% B‘gmﬁ%s UrBoves
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along the trace,indicated,as bl ack . ]| in Fi.g. 3(a), 15 Fig..4 (a). is a
schematic vredPOP2&h2 J&E%ﬁﬁtﬁ?sagfle?lzﬁéé%‘qﬁ% "‘Bbtﬂdg'r‘?@ 1ithe Qomtspofiiag ftomic
showing a g Lo 0 RN I; O | | ! | S,
Cover od byt Fiage ke e L R L SRR, APRE SCP e
wher ei n 5t heintdPPace dpvech dtsperd iegiohyy filled the LCP grooves and reduced
their height fromA= 40 nmto Aeff = 10 nm Fig. 4(b) shows a m xed

al i gnnent observed between crossed polarisers (from Exanple 6), tw 20

di fferent rpg gns) ReischemdiRatpestnthtivh 00at YRicall§ halaRl (Sobwid) CPALyeesBANdI Ny
to the two _anchoring.directions, these colours becon ng inverted between

these two rEFERE \An¥ib rye aligning digechions ay (paralie! tthe 5 axig ad ax (makjng an apgll ot
f th di ° t E . t.] i fdy f.t 25

Cayers fronbirbmp HRABELSY (hadl s tachddb HEAL 36 thoGudd KEE DB grenl e

el | i psdiet r isbomasyfemerxes Fvigh Z5hdyieshous, addjnpathesmbstodte frimae apdsi(with k

i sot An = - fal - d.LCP | f .Exagple 7
(Squar eo) whend i e PR o1 B I e BEmess 2eesy £ HOLK BROARIL T 2ves,
(circles), ReLRRAL NGxED reB¥RVEINTE an @B foFdedine BleGlwhhaBodiflcd, WilhdBlpect

transm ssion versus view ng angle of s-polarized |ight (solid squares) and
p- pol ari zedtd ithht YBoPlanpekiz ¥(bantiows) twet phoigiapks dliystating dhe diayngrangki de

wth an ant .- ti LRl r Ty tarhed P 29148
PCT/ CHOO/ oogﬁ%ﬁ%ﬁgi %fv e el I@gqg%ﬁ oﬁS‘iH.’ cagf( ﬁéﬂégiﬁ% spé‘gﬁré’e@h?f‘%’ggﬁ’p E‘T&a@é‘%
bet weeriscr opsparepaisadesgéred iof Example 10, with a polarizer (polarization axis paralle} to Y)

placed between the substrate and the camera; the bright areas in the left image correspond

4

to region a3, and those in the right picture to region a;.

Fig. 8 (a) shows various photographs illustrating the illumination and viewing angle
20 dependence of the reflected light from an optically patterned “grooved™ LCP Jayer from
Example 11; Fig. 8(b) are corresponding atomic force microscopy images (10 x 10 pum

scan) of the coating from Example 11 taken in region a; {left) and that taken in region a»

{right).

Example 1: Making a layer being a coating according to the invention

A mixture Mix1 was prepared containing an LCP pre-material (photocrosslinkable liquid
crystal pre-polymers) and a non-photocrosslinkabie nematic liquid crystal material. The
30 LCP components, denoted Monomer 1, Monomer 2 and Monomer 3 are crosslinkable
‘diacrylate monomers, and the non-crosslinkable component, denoted SCAPQO?2, 1s a non-

crosslinkable nematic liquid crystal monomer.



optically patterned nano-grooved LCP | aver from Exanple 8, wth two 1 APR 2004
aligning directions at and a2 in adjacent pixels of size 100x100 m Fig.
6(b) is woesigeisggespondi ng atomic force i mage taken in regpOfycagondsty. 6(d)
is that taken in region al and Fig. 6(c) shows the 5 interface between
these two regions Fig. 7 (a) is a schematit>representation of an optically
patterned (grooved) LCP layer from Exanple 10, with two aligning
directions al (parallel to the.i axis) and a? (making an angle of 45 with
respect to the i axis) in adjacent pixels as indi cat ed; XYZ represent the ]
0 | abor at otWorfonsera : axesﬁﬁﬁ\\nth Z the ] are thg substrate
frame axes (with k nor areyt eangles
between i and X axes, j and Y axes respectl\‘?ely t he
angle (a) define the |IIum nation dlrectlon ot ct\h’*r\e’spect to the YZ pl ane.
- Fig. 7(b) ows t}iyo phot ogr aphs |IIu ratjng the viewi ng angle dependence
I ght

of the ref EREY" £ by e Geved?\k | ayer 15
prepared as described in Exanpl e 10 ‘z%t arizer (polarizagion axis
parallel to Y) placed between the substrate nd the camera; the bright

areas in tRedogid 31 mage Errespond @ regi on , those in the right

picture to.region aj. 4@@ Pa i ating the
illum nation and vi ew ng angl e 20 depende of the refl ect ed Pight from
an optically patterned "grooved" LCP |ayer fr8m Exanple 11; Fig. 8(b) are
correspondbs@@Pinm c force n oscopy i mages (10 x 10 m scan) of the
coating from Exanple 1 regi gimay /(Teft) and that taken in region
a2 (right). 25 30 Exanple 1: Making a er being a coating according to
the invention A mxture Mx] was prepared containing an LCP pre-materi al
(photocrosslinkable liquid crystal pre-polyners) and a

non- phot ochasshi0kabt gopematic liquid crystal material. The LCP
conmponent s, denoted Mononer 1, Mononer 2 and Mononer 3 are crosslinkable

di acryl at e Shveier §2.6angiot Menerer-Icr ossl i nkabl e conponent, denoted 5CAPC2,
is a non- o DEBL |5 quid crystal nmononer. -1 APR 2004 WO

01/ 29148 PC'I"??:I%%J%)/ gggé’% ifer?

5 4.3 wt% = 3.8 mg of Monomer 3

9.3 wt% = 8.3 mg of SCAPO2
12.1 wt% = 10.8 mg of Ethanol
1.2 wt% = 1.1 mg of a photoinitiator (Irgacure {trade mark) 369 by CIBA), and

1.2 wt% = 1.1 mg of BHT (buty! hydroxy toluene) as an inhibitor.

i0
A 1.5 wt% solution of mixture Mix1 was made in ethyl acetate, then homogenized with
moderate stirring for 15 min using ultrasonic vibrations (with a Sonifier (trade mark) “W-

250" digital by BRANSON Ultrasonics Corporation), and filtered trough a 0.2 um filter.

15 The solution was then thinly spin coated at 1000 rpm onto glass plates. The plates were
warmed for 1 minute at 50 °C on a hotplate. The layers were then irradiated for 5 minutes
under nitrogen at room temperature by isotropic (not-polarized) light from a mercury lamp
at an intensity in the ultraviolet of 4.1 mW/cm® to crosslink the LCP monomers. The layers
were optically transparent. Finally, the layers were rinsed with ethy] acetate to remove the

20 non-crosslinked material. Afier this procedure, the layers were still transparent. The total
thickness of the resulting anti-reflection LCP layer was about 90 nm. Using contact-mode
Atomic-Force-Microscopy (AFM), the layers were found to contain nano-pores (Fig. 1-a).

The pores have an average diameter of about 200 nm and an average height of about



15 Mononer 1: Mononer 2: Mnoner 3: 5CAPQG2: 0 0 M x1 was nade from 58.9
W% = 52.6 ng of Mononmer 1 __13.0 wt% = 11.6 ng of Mononmer 2 5 4.3 \M-%ﬁpRzgm,'

3.8 ny rr-39.3 w%= 8.3 ng of 5CAPO2 121vvt%—

Et hanol O?d\ﬁl\?ﬁ@ = 1.1 ng of a photoinitiator (lrgacure (tra“gilgcﬁa 369 by
CBA), and 1.2 wt%= 1.1 ng of BHT (butyl hydroxy toluene) as an
inhibitor. 10 A 1.5 w % sol uti on of mxture M x) was nade in ethyl acetate,
t hen honogeni zed with noderate stirring for 15 mn using ultrasonic

vi brati ons (vvith a Sonifier (trade mark) "W 250" digital by BRANSON
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optically transparent. Finally, ayer vere rinsed wt

to renove tshwarg®). non-crosslinked material. After this procedure, the |ayers
were still transparent. The total thickness of the resulting
anti-reflection LCP | ayer was about 90 nm Using contact - node

At om c- For dexakhie dsCaping(thd-ddmpdnlst theyer s were found to contai n nano- pores
(Fig. I-a). The pores have an average di aneter of about 200 nm and an

aver age hei ght of about WD 01129148 16

A mixture Mix2 was made from:
10 29.6 wt% = 35.5 mg of Monomer 1
6.8 wt% = 8.1 mg of Monomer 2
2.2 wt% = 2.7 mg of Monomer 3
35.9 wt% = 43.1 mg of 5CAPO2
24.3 wt% = 29.1 mg of Ethanol
15 0.6 wt% = 0.68 mg of a photoinitiator (Irgacure (trade mark) 369 by CIBA), and
0.6 wt% = 0.68 mg of BHT (buty! hydroxy toluene) as an inhibitor.

A 7.8 wit% solution of the mixture Mix2 was made in ethyl acetate, then homogenized with
moderate stirring for 15 min using vltrasonic vibrations (with a Sonifier (trade mark) “W-
20 250 digital by BRANSON Ultrasonics Corporation), and filtered trough a 0.2 um fiiter.
The solution was then thinly spin coated at 3000 rpm onto glass plates. The layers were
then imradiated for 5 minutes under nitrogen at room temperature using isotropic (nom-
polarized) iight from a mercury lamp at an intensity in the ultraviolet of 4.5 mW/em® to
crosshink the LCP monomers. The layers were optically transparent. Finally, the jayers
a5 were rinsed with a solvent to remove the non cross-linked material. After this procedure,
the layers were still transparent. The total thickness of the resulting anti-refiection LCP
layer was about 120 nm. Using contact-mode AFM, the layers were found to contain nano-
pores. The pores have an average diameter of about 180 nm and an average height of about
120 nm (see Fig. 1-b). The transmission of the resulting nano-porous LCP laver was
30 evaluated, at optical wavelengths between 400 nm and 1000 nm, using 2 Variable Angle
Spectroscopic Ellipsometer (V. A. S. E. from J. A. Woolam Co., Inc. Research &
Instrumentation, Lincoln, NE USA). The results showed the high-performance anti-



= 1 APR 2004 PCT/CHOO 00562 90 nm The effective refractive index of th
resulting anti-reflection LCP | ayers was eval uated, at optical mvel‘éné?ﬂw@m
bet ween W8@imvorgand 1000 urn, using a Variable Angle Spe@®amcRayios62
Ellipsoneter (V. A S. E. fromJ. A WolamCo., Inc. Research &

| nstrunentation, Lincoln, NE USA). An exanple of the results is shown in

Fig. 2-a (solid 5 squares). Exanple 2: Varying the conponent ratio A

m xture M x2 was made from 10 29.6 wt% = 35.5 ng of Mononmer 1 6.8 wt% =
8.1 ng of Mononer 2 2.2 ww% = 2.7 ng of Mononer 3 3 5.9 wt% = 43.1 ng of

SCAPOZ 24 rgadhidh of 4% LOMlafrs BilanRed o] 2eflRcfonMnd widk G8vélheR rdion of the
phot oi ni ti ator1 %gacure _&)trade mar k) 369 by CIBA), and 0.6 w{% = 0.68 ng
3]

of BHT (butwaib tdg{/Figo?@éne) as an inhibitor. A 7.8 w%sol ution of the
m xture M x2 was nmade in ethyl acetate, then honpgenized with noderate
stirring for 15 mn using ultrasonic vibrations (wth a Sonifier (trade

mar k) "W 2Exabiple i pamivatyynegBRANSGMehtm@asoni cs Corporation), and filtered
troughsa 0.2 }imfilter. The solution was then thinly spin coated at 3000
rpmonto glass plates. The layers were then irradiated for 5 m nutes under
ni trogen ata mepdidMipBeraindde fied:ng i sotropi c (non- polarized) light froma
mercury |l a at an intensity in the ultraviolet of 4.5 mMNcnR to crosslink
the LCP noggﬁewg“ =Pre’ ‘I"&f@?‘é%f’@ optically transparent. Finally, the

layers 25 wef g1, eehgdfiNlobnPbvent to remove the non cross-1linked
material. After this procedure, the layers were still transparent. The

total thicKrewtat2.3 me efddepamand anti-reflection LCP |ayer was about 120
nrn. Uﬁj ng 1%%@/%L-M5%E%A§,B§ | ayers were found to contain nano- pores.

The pores have an average dianeter of about 180 rim and an average hei ght
of about B33 wt% =(%ckmBiofEthendd) . The transm ssion of the resulting

nano- por ou CP. ayer was 30 eval uated, at optic e hs, bet ween 400
o and 1000 S b L =i PraB Bl e uBf BER PERELIBL SR e "V A
S. E. fromol6e2 v W0l am EBHT (hng] hiReerrodend) as an inhibitor.

15 A 4.7 wt% solution of the mixture Mix3 was made in ethyl acetate, then homogenized with
moderate stirring for 30 min at 50 °C, and filtered through a 0.2 pm filter. The solution
was then thinly spin coated at 1000 rpm onto glass plates. The layers were then irradiated
for 5 minutes under nitrogen at room temperature using isotropic (non-polarized) light
from a mercury lamp at an intensity in the ultraviolet of 4.5 mW/cm®. After this irradiation,

20 the LCP monomers had become cross-linked. The layers were optically transparent.
Finally, the layers were ninsed with ethyl acetate to remove the non cross-linked material.
After this procedure, the layers were still transparent. The total thicknes-s of the resulting
anti-reflection LCP layer was about 120 nm. Using contact-mode AFM, the layers were
found to contain nano-pores. The pores have an average diameter of about 100 nm and an

25 average height of about 50 nm (see Fig. 1-c).

Example 4: Preparation of an LCP layer according to the invention on an orientation

layer, leading to a modulated profile “nano-grooved™ topological structure

30 A 2% solution of the photo-orienting material JP 265 {commercially available from
CIBA), which is a linearly photo-polymerizable polymer (LPP), in cyclopentanone was
thinly spin coated at 3000 rpm onto glass plates. The plates were warmed for 10 minutes at

180 °C on a hotplate. The resulting layer had a thickness of about 60 nm and was then



Instrunentation, Lincoln, NE USA). The results showed the hi gh-performance
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with zer ection in a wde wavel ength region of the , foskd ght
(cf Fig. ®. %ﬁigarrpl e 3. Again varying the conponent ratio y%,gh\%nq >? ture

M x3 was made from 20.2 wtA = 35.9 ng of Mpnoner 1 3.8 wt% = 6.7 ng of
Monomer 2 1.3 w% 2.3 ng of Mononer3 10 18.2 w% = 32.3 ng of 5CAPO2 55.3
W% = 98.4 ng of Ethanol 0.62 Mt% = 1.1 ng of a photoinitiator (lrgacure
(trade mark) 369 by CIBA), and 0.62 wt% = 1.1 ng of BHT (butyl hydroxy

tol ibitor. 15 A 4.7 w% t h t M
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ul traviol et mNcm . Aftér this. irradiation, LCP nonomers had
becone c¥ oss-hMHkmY. The | ayers were optically transpar ent. Finally, the

| ayers were rinsed wwth ethyl acetate to renove the non cross-I|inked
material. After this procedure, the layers were still transparent. The

total thic kﬂeﬁshmfpréﬂaeedrmrmntanm gayeawas themﬁ;hmcd;atahwiiﬁlﬂ:el sayeion i@ E:I:mqﬂc 120
run. Using contact-node AE
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| ayer according to the_invention on an orientation |ayer, leading to a

modul at 8 presnizriamedeABMyit 8% &pnd that gstrad e ?ubgwteﬁéltmp@dswﬁ BRNGLEEQAVES (%5n of
the phot o- or pephiie 2R k&ed) whizh26% LI6RSMERN & A MirdMh! PR (hdflying LPP

orientation layer (which is in this case also the direction of the polarization of UV light
which had irradiated the LPP layer). The grooves had an average period (1) of about
100 run and an average height (A} of about 40 nm (cf Fig. 3).
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Example 5: Use of the grooved LCP layer of Example 4 as an onentation layer in an
LCD cell

With the coated sides facing inwards, two plates from Example 4 were assembled into 2
20 TN-LCD cell with a twist angle of 90° (and a parallel-sided cell with a twist angie of 0°,

respectively), using glass spheres of 5 um thickness as spacer. The cell was filled with a

nematic liquid crystal mixture MLC 12000-00 (Merck) at a temperature siightly above the

nematic-isotropic transition temperature (89 °C), and slowly cooled.

Observation of the prépared cells between crossed polansers showed that the liquid crystal
25 is uniformly oriented. Using a polarization microscope, the orientation direction which the

coated ‘p}ates had imposed on the nematic mixture was established to be substantially

parallel to the “‘grooves™ direction.

Example 6: Making a hybrid (mixed) orientation layer

30
A 1 % solution of the photo-orienting LPP material JP 265 (from CIBA) in cyclopentanone
was thiniy spin coated at 4000 rpm onto the coated side of the plates from Example 4, 1.e.

on an LCP layer having a grooved topology with an average height (A) of the grooves of



CIBA), which is a linearly photo-polynerizable polynmer (LPP), in
tycl opentanone was thinly spin coated at 3000 rpmonto glass plat éQ_APRﬂ@m'
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Obser vat i onoefntingLiF, Bereres wig insregaipgslurntion o deadipiing Thesioge.sthe s wake
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3 seconds to 10 minutes. The direction of polanzatlon of light was laying in the pilane

15 perpendicular to the plates and to that of the “grooves” direction as sketched in Fig. 4-a.

With the coated sides facing inwards, the LCP-LPP coated plate was assembled into 2 TN-
LCD cell using as the second plate a plate that has been coated with a single orientation
layer of the photo-orienting material JP 265 (prepared according to the procedure given in

20 Example 4) and glass spheres of 5 pm thickness as spacers. The anchoring direction of the
second plate was fixed at an angle of 45° with respect to the direction of the grooves of the
first plate. The cell was filled with a nematic hqud crystal mixture MLC 12000-00
(Merck) at a tcmjaerature slightly above the nematic-isotropic transition temperature
{89 °C), and slowly cooled. '

Observation of the prepared celis between crossed polansers showed that the nematic
liquid crystal in the cell is uniformly oriented over all the different sections of the cell
corresponding to different UV irradiation time. Using a polarnzation microscope, it was
found that the orientation direction of the liquid crystal was parallel to the direction of the
30 grooves of the LCP-LPP coated plate in sections where the UV illumination time was short
(less than 25 seconds). For sections where the UV illumination time was long (longer than

5 min), the orientation direction of the hiquid crystal was established to be parallel to the
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pol ari zgi]i on of light was laying in the plane 15 perpendicular to the

pl at es d to that of the "grooves"” direction as sketched in Fig. 4-a. Wth

the coated Hxdadpld 2CI Makinp\ahdSpiiédie P t S1:a68S :

into a TN LCD cell using as thg sec{)é:]%&pdlegt éﬁgﬁp‘i@%}t gir?ﬁgtaﬂ\ﬁa}ggﬁeggg%ggt ed
with a singlPBISgiPRnt ati on |ayer of the photo-orienting material JP 265
(prepared according to the procedure given in 20 Exanple 4) and gl ass
spheres of 5 pmthickness as spacers. The anchoring direction of the
second pl at e mpgureiMixd veas readefiogl:e of 45 with respect to the direction of

the gr Ofves IQTO \Haﬁ"—" 36.2 mg of Monomer 1]
3.2 wt% = 6.8 mg of Monomer 2
1.1 wt% = 2.3 mg of Monomer 3
19.2 wt% = 40.8 mg of SCAPO2
58.5 wt% = 124.3 mg of Ethano}
20 0.5 wt% = 1.05 mg of a photoinitiator (Irgacure (trade mark) 369 by CIBA), and
0.5 wt% = 1.01 mg of BHT (butyl hydroxy toluene) as an inhibitor.

A 6.7 wt% solution of mixture Mix4 was made in ethy] acetate, then homogenized with

moderate stirnng for 30 min at 30 °C, and filtered trough 2 0.2 pm filter.

25
Example 4 was repeatéd using the above solution. The layers were transparent before and
after rinsing with the solvent. The total LCP film thickness is about 110 nm. AFM
investigations showed the formation of “nano-grooves™, which had an average period ()
of about 150 nm and an average height (A) of about 75 nm.

30

Using a tilt compensator and a polarization microscope, the layer was found to have an

optical retardanon of about 19 nm, which corresponds to an effective optical anisotropy of



first plate. The cell was filled with a nematic |iquid crystal m xture MLC

12000-00 (Merck) at a tenperature slightly above the nenatic-isot ro.pl%pR 7004
transitiwpoiospgrature (89 C), and slowy cool ed. 25 Oosespathsinesd: t he

prepared cells between crossed pol arisers showed that the nematic Iliquid
crystal in the cell is uniformy oriented pver all the different sections
of the cell <corresponding to different UV irradiation tinme. Using a

pol ari zation m croscope, it was found that the orientation direction of
the liquid crystal was parallel to the direction of the 30 grooves of the

LCP-LPP coapstt ¢l Alifutllaseehidiafd a"Ee bkl dtall Q0L 4} 5. yas, sport

(less than 25 seconds). sections ere the ; e‘l?qnﬁ%li%ésﬁ

| ong (| ongevastpaeatie]l © the efjentatior doedtiontodthiedrPPdiayeect i on of the liquid crystal
was established to be parallel to the WO 01/29148 20 -1 APR 2004

PCT/ CHOO/ 09562 orientation direction of the LPP | ayer superposed to the

grooved LCRhisafiedingi was firfier cafined atittoiliporidtee lmicdiirén&hd/ tig! 5 WASws an
perpendj cul ar to ‘%h&‘ di rclect Lon °§f t he grooves. Qbservation under

Cross- p%)l aExABPIE ofthR Jesplts gbiemed; Rig- i F 88 cBp OrdiRmvao) 1 exterdinasy (ds 5
where the | el L at i ' ' ti bet seconds
and 5 i nut Sy R P S g e R k5P P e T 25 o
di fferent cobquars the eerresporgiingloriiyal ddysotropyath Ag.t RE 268 by wdytofWampRedaiikl e to
pass fromone colour (orientation) to the other by rotation through an
angl e of 45ichehihe opiRd 2RispHINYRY 2corpwepding hCPilayepwitheytisyoovaslj ust ed, can be
used to generate bistable anchoring of liquid crystals. 10 Exanple 7:

Maki ng an optical retardation |ayer with artificially high effective

ani sot Fopy Imaddisienyriag.\i-x shamesstight tensiissman verdis Viev) anglé/p fs-B@a2zedyighf (shdioner

13.2w% ?ql.@m-gs) THd %tpd}ﬁ{}m%h&opérl' &ia}ﬁ\él?{g) of % g:?asggliég e ¥RAU RS ne2ide with an

anti-reflective LCP layer according to the present example.

Example 8: Optically patterned “nano-grooved” LCP layer
15
A 2 % solution of a photo-orienting material (JP 265 from CIBA) in cyclopentanone was
thinly spin coated at 3000 rpm onto glass plates. The plates were warmed for 10 minutes at
180 °C on a hotplate. The resuiting LPP layer had a thickness of about 60 nm and was then
irradiated, 1n a first step, via a photo mask (100 pm x 100 pm squares) with linearly
20 polarized UV-light for 4 minutes. In this procedure the direction of polarization of light lay
in the plane perpendicular to the plates (aligning direction a)). In a second step, afier
rotation of the direction of the linear polarization by 43°, the mask was removed and the
layer irradiated for 30 seconds (aligning direction a»). This results in a photo-patterned

LPP layer with two different aligning directions aj and a».

Then, a 3.8 wt% solution of mixture Mix3 (see Example 3) —made in ethyl acetate,
homogenized with moderate stirring for 30 min at 50 °C, and filtered through a 0.2 um
filter — was thinly spin coated at 1000 rpm onto the photo-patterned LPP layer. The
obtained layers were nradiated for 5 minutes under nitrogen at room temperature using
30 isotropic (non-polarized) light from a mercury lamp at an intensity in the ultraviolet of
4.5 mW/cm®. After this irradiation, the LCP monomers had become cross-linked. The

layers were optically transparent. Finally, the layers were rinsed with a solvent to remove



19.2 wt% = 40.8 ng of 5CAPO2 58.5 wt% = 124.3 ng of Ethanol 20 O. i % %:
1.05 ng of a photoinitiator (lrgacure (trade mark) 369 by G BA), PRI
w % = 1. Q& $iehopds BHT (butyl hydroxy tol uene) as an inhibitgfrcfiofnnseit %
soI ution of mxture M x4 was made in ethyl acetate, then honogenized with
noderate stirring for 30 mn at 50 C, and f2¢ltered trough a 0.2 gmfilter.

25 Exanple 4 was repeated using the above solution. The |ayers were
transparent before and after rinsing with the solvent. The total LCP fllm
thi ckness is about I] O nm AFM investigations showed the formation of
"nano- gr oov out .50 nm n
average hei glﬁtm? @%ngﬁggté&%yﬁin?& %@%"ré&&hré ham I%gef:sg& rgnsélj;t TPBHE Q'g’rﬁe

pol ari zat i otetakitls eknesgfdhe Eﬁétma%r-raﬂastlmﬂuﬁﬁﬂaym thaheat H00 napt i cal
retardation of about 19 nm which corresponds to an effective optical

ani sotropy of WD 01129148 21 - 1 APR 2004 PCT/CHOO/ 00562 about 0.17. It

was al so eSUabglaSﬂMzhﬂ‘mi nﬂdmcape e e dsoibligied R 1RPskhBoR g SheddticVRss t he
| ayer gtfa{l} to the or ﬂﬁlon irection _of the LPP |ayer. This

fi ndi ng>was laé’ﬁrn‘P’Psrm M9 HEas Frectonsdau regrant of theipgiterseds hows
an 5 exanpigp K g{gﬁ s the o di na 0) and
extraordi nary ?JX% IF?%f()fsg%l ve | ncélgggm\sgirﬁgﬁlseé\r/\egeg% \(&qghmggc 'ﬁ'gd? Aégé’g’ef) rom
the presentiapsrampsire foumdgo cBntginginage-graomess qlaugethe mhgnng) direqjpand; ngpdap; incal
ani sotropy An = n, and by way of conparison in circles the opti-cal
ani sot r opy 't‘f*]a"‘&mc%ﬂ“?‘&p AYVE GBvE éﬂlé\‘c’%ﬂetpﬁﬁﬂ‘? *ffabows! S0mn ppd gel @veragsn,
Fig. 5-c shpushild sfibold ANGAI Ssion versus view angle of s-polarized |i ght
(solid_ squares) and p-polarized light (open triangles) of a glass slide
coated!8n one side with an anti-reflective LCP |ayer according to the

present  exagply1eaMibiing an QR Bth WnPALEEAEH (ofd MR LoONEY ledaThe hayer 15

anisotropic diffuser

A mixture Mix$ was made from:
15 52.6 wt% of Monomer 1

9.9 wt% of Monomer 2

3.3 wt% of Monomer 3

32.8 wt% of SCAPO2

0.7 wt% of a photoinitiator (Irgacure {trade mark)} 369 by CIBA), and
20 0.7 wt% of BHT (buty] hydroxy toluene) as an inhibitor.

A 16 wt% solution of mixture (Mix5) was made in a mixture of 9 parts buthyl acetate and

1 part ethanol, then homogenized with moderate stirring for 5 min using ultrasonic

vibrations (with 2 Sonifier (trade mark) “W-250" digital by BRANSON Ultrasonics
25  Corporation), and filtered trough a 0.2 um filter. '

The solution was then thinly spin coated at 800 rpm onto an LPP orientation layer (of
about 60 nm thickness) prepared using the photo-orienting material JP 265. The plates
were warmed for ] minute at 50 °C on a hotplate. The layers were then irradiated for 2
30 minutes under nitrogen at room temperature by isotropic (non-polarized) light from a
mercury Jamp at an intensity in the ultraviolet of 4.5 mW/cm® to cross-link the LCP
monomers. The layers were optically transparent. Finally, the layers were rinsed with

ethanol to remove the non cross-linked material. The total thickness of the resulting LCP



l. A2 %solution of a photo-orienting material (JP 265 from CIBA) in

cycl opentanone was thinly spin coated at 3000 rpmonto gl ass -pl ates. The
pl at es d for 10 mnutes at 180 C on a hotplate._The_ resw 1 APR2004
LPP Iaygﬁigﬁ hi ckness of about 60 nm and was then irrB3dF&tK00564 o
first step, via a photo mask (100 pm x 100 »,gm squares) with linearly 20
polarized UV-light for 4 mnutes. In this procedure the direction of

pol ari zation of light lay in the plane perpendicular to the plates
(aligning direction al). In a second step, after rotation of the direction
of the Iine%j rp,oI gri zation by 45, the mask was renoved and the |ayer
irradi ated P¥F SEWREANNIR (AInEgtorigt-ofe AN i wgs) fourrhthat gregvest (o Fhanaels)

phot o- pat t egR@SmddPRniAYRE elhblled Mhéidi&&{o%rﬁftﬁ%?ag | PEe gL and
a,). 25 Then, a 3.8 wt%'soleutlgon of m xture M x3 sé@gﬁkﬁgﬁé&%&fla}%ﬁe&e in
et hyl acet alke Zopvanbgeé an eufage pehohtidef abaut $00 nmi angd af @verdgt height 64) &QbGut and
filtered through 2 pm filter - .was thinly spin coated at 1000 rpmonto
t he phot o- pgq)?%‘r E@%?fﬁﬁﬁ ‘ivgf/@P%’cﬁﬁedlf%%?%FE%M’&WWE‘W&Si"i“FlhEﬁS%?"éEP r 5
m nut es sundgbovestdiregim. at room tenperature using 30 isotropic

(non-polarized) light froma nmercury lanp at an intensity in the
ultraviolet of 4.5 mWcml. After this irradiation, the LCP nononers had

become crosphd irhkGfssiolGedBYRY)SoRER BRidgs %Asyevtafxﬁ{ég 8%%%9{:/% \gﬁlx)%%bé%fsoft he

| ayers were_rinsed with a solvent to renove - 1 APR
PCT/ CHO0J00B8ue2 uging o ovar@blss 4ngle nkeagtraseopici Blipsosheter (VhASS. (i otedul.e4. t he

| ayers wer | ra -ent . al..thj the resultin
anti-refl emginahtgg')l gf/g%];(ﬁ'g ‘élggﬁ? Ti%ésﬂ#}:&ﬂg?ﬂ%??ﬁ@% T8 i9GRHR e r cope,
it was 1@st afpirissiissintdfighie ¢coatingsreazhesatalwm o6 &bduh 80 &jpfor dal crassedstrarsmidsioh lge. LCP

| ayer was parallel to the.t lignin Lrecti and a2?) .of the
patterned LPPTLor measired é’\i\@ﬁﬁﬁ%‘gﬁﬁ‘?‘@ﬂgﬁsﬁ@“ﬁﬁﬂ%&yﬁ *Pfé'ﬁg”fdlféllﬂrf%t.heUsi ng
cont act - NDOdiredEdh of fidarided Yighty, a8 mBovt GO férahe paakiRdl Frandhasiaondl © O SmistoaNg
the aligning directi onﬁ, al and 82’ in fag?j cent squares. The grooves have
an aver age PEFIEY Wththe, 956pE Y0 IReRtQR Llatke ager mdlghto meofiregsenof 70

nm 10 polarized light). This imparts a strong directional dependence of the reflecting appearance

LA

15 to the layer. The extinction ratio of such layers can reach values of about 2.
Example 10: Making an optically patterned anisotropic diffuser

A 2 % solution of the photo-orienting material JP 265 in cyclopentanon was thinly spin
20 coated. at 3000 rpm onto glass plates. The plates were warmed for 10 minutes at 180 °C on
a hotplate. The resulting layer had a thickness of about 60 nm. It was then irradiated, in a
first step, via a photo mask (see Fig. 7-b, the smallest square corresponds to
2000 pm x 2000 pum) with linearly polarized UV-light for 4 minutes. In this procedure the
direction of polanization of light lay in the plane perpendicular to the plates (aligning
25 direction aj, see Fig. 7-a). In a second step, after rotation of the direction of linear
polarization by 45°, the mask was removed and the layer imradiated for 30 seconds
(aligning direction ajs). This results in a phote-patterned LPP layer with two different

aligning direction aj and aj.

30 Then, the solution of mixture Mix5 (see Example 9) was thinly spin coated at 800 mpm
onto the photo-patterned LPP layer. The obtained layers were irradiated for 2 minutes
under nitrogen at room temperature using isotropic (non-polarized) light from a mercury

lamp at an intensity in the ultraviolet of 4.5 mW/cm®. After this irradiation, the LCP



Exarrpl e 90 Making an LCP filmw th a "grooved" topol ogical structure ‘ ,
| eading to an anisotropic diffuser A mxture Mx5 was nmade from 1515%RAN; *

W % of Mypgigehotks 9. 9 W % of Mononer 2 3.3 wt % of Mononer %ﬁﬁﬂﬁu\ﬁ@‘%of
5CAPQ2 0.7 wm% of a photoinitiator (lrgacure (trade mark) g y (?IBA), and

20 0.7 wt % of BHT (butyl hydroxy toluene) ag4an inhibitor. A 16 wt%
solution of mxture (Mx5) was nade in a mxture of 9 parts buthyl acetate
and 1 part ethanol, then honopgenized with noderate stirring for 5 mn
using ultrasonic vibrations (with a Sonifier (trade mark) "W250" digital

by BRANSON Unbh&s€8iHa8 bedSn&£RFRetiakdd0 Mh ' ’ a, 0.2 . pm
filter. The sol ution Wase then thinly spien]%%]twglc}é gét&g% “%g%%%%%%&ﬂﬁ
orientation 1a¥§Ferwersfrinsg outth sthanpinie memRYre §8 npn epes-ditkers nngertaheThe total
phot o- ori ent jhg, ' : S. .er rmed for 1 mnute at 50
C on a hotpl ate. %’tﬁgqegglse#tsﬁlgargrﬁeecﬁgﬁg‘rﬁ rr%&egrd‘f’ 2 &E?dgﬁn;ﬁ%g FTRRtE00E AdM
nitrogen at thedacrewpsriatnd & byntiis Oproopes Witloiwgaliardn? @dkctong i tle’ RfAcant

mercury kanp_.af,.ap.int ity in e ultrayiolet of 4.5 mMVMcnR to cross-1ink
The LCh > moreings &8 shisER By e blambalop el b mopustapsss an evermaanaariog of hest

| ayers were 900nsedndvin dveraiehaipht of boieMHR. DBECA VGl B8Ss! df et -
The t ot al t.hl'bgtk géajaof the, resul ti rbg%LCP VO 81/ 29125 833 Sﬁ%%gg@ggaAPR
is°a

2004 | ayer SO PRI, Pagitwg deifrenicanenistien Armations okiied withcntangle of
grooves (O £5aRapsded B e RLHE LV Whila@sL 1LLONGRLRY thl) HiPEAI SRR 00 of
t he underlyi n% LPP qrientation | ayer. The grooves had an averade peri od
(X) of aboutdiBersnt isHedion (antransissipa).uhighalse Appentl oaboewing Afgie with rEdpectltayer s

were opgcalhy ool dsUsieroPeLBiAl N Viewi ng angles wWith respect to the 5
grooves direct iglg)'r?. The'3 trﬁ{ﬁgmﬁésﬁon (reflectivity) of such coatings was

eval uated at optical wavel ength of 550 run, using a Variable Angle

Spect roscopi fxaﬂlﬁllz Rp0 'ﬁ:gk%g e(nVOpti%aHySpan%i'neB I&%si]n'g reflector

A thin aluminium (Al) layer {of about 80 nm thickness) was evaporated onto an optically

15 patterned “grooved” LCP layer prepared according to Example 10. After evaporation,
AFM investigations showed that the evaporated aluminium layer has covered the LCP
~layer completely, and that the grooves still existed (see Fig. 8-b). The result was an
LCP/aluminivm modulated coating with grooves of an average period (1) of about 1.0 pm

and an average height of about 70 nm. The grooves in adjacent pixelé have two different

20  orientation directions shified with an angle of 45° as imposed by the double UV-
iljumination. Optical investigations of the coating showed that the adjacent pixels reflect

light in a different way depending on illumination and viewing angles. Typical examples

are shown in Fig. 8-a.



Wol am Co.) at various viewing angles with respect to the grooves
~direction. The 10 transm ssion of the coatings reaches val ues of about 90 -%
for the crossed transmssion (i.e. transm ssion neasured with the _ PR J004
orientation direction of the LCP |ayer r%ger pendi cul ar to the di rectil)re‘ 812
pol ari zed light), and about 50 % for t parallel transm ssion (i.e

transm ssion neasured with the orientation direction of the LCP | ayer
parallel tqQ _the direction of polarized light). This inmparts a strong

di recti onaM¥hatdsclaimed isit the reflecting appearance 15 to the layer. The
extinction ratio of such layers can reach val ues of about 2. Exanple 10:
Making an optically patterned anisotropic diffuser A 2 %solution of the

phot o-ori entl er i JP.265 in ¢ycl gpentanon_was thinly spin 20 coated
at 3000 rpm o??omn%&‘ atlpPﬁaEEg arfiep %E’ ferdurgd rppdymeo filmo oniceaties at 1
80 C on a hot Bbgaglﬁsmyﬁ?ix llééspﬂVdﬁxﬁﬁﬂgaﬁgﬁﬂﬁgthgﬁéE{ [90 a f}tﬁt 60 r| m It

was then irradi inac-Ttirst step, via b, the

smal | est squaremevdng aslmstCMetufthéﬁﬁ&nMSg(cMeriﬁ):dM tHat hi 88 ohY nmérmr zed
edure the direction of polarization of

UV-Irght for 4 mpnutes t hi 0

light”lay in thB® tpfrﬁﬁseI%bB‘eﬁréff ‘éﬁﬂt@aﬁeﬁ@ 151 Hhab othen magriah deing @D$Sect| on
| Fi t di

i hear . polar | ooty ohe SrRERRRELoSHERYD Bl hnd BB RGO oy FOSRER, 21 e

for 30 secondmatgrgli gning direction a2). This results in a photo patterned
LPP layer with two different aligning direction al and a,?. 30 Then, the
solution of mxture M x5 (see Exanple 9) was thinly spin coated at 800 rpm
onto the photo-patterned LPP | ayer. The obtained |ayers were irradiated for
2 minute? undemdhéd Q@esrdale E@Qﬂaﬁneffp%l?éréiﬁeﬂﬂsh&gcrb&%&%@ fhaterial is
(non-pol arized) light froma nercur anp at an intensity in the

ul t rVvi ol et ofeaevsd Wihenpreforphly seleetive sphmmrmwnpommm@Mhtng 2004 WO
41t 29148 PCT/ CAoonDai ; 2 24 nmononers had becone cross-1inked. The | ayers
were optically transparent. Finally, the Ilayers were rinsed with ethanol
to renove the non cross-linked material. The total thickness of the

resul tind refpewethod d:@ﬁdixrgymr Claﬁnalbcmlz Wherefr the debdsHhkaisagfediaidey AFM
the | ayers were fou 1 rooves" with two different directions in
the adjacent BHFPXEI % . t?"‘ﬁg lb&tt‘ﬂ@cbmaé’rbﬁd’m%e@-ayer. The grooves have
an average period of about

15 4 A method according to any preceding Claim, wherein the cross-linkable material

comprises molecules of a rod-like shape.

5. A method according to any preceding Claim, wherein the cross-linkable material -
18 liquid crystalline,
20
6. A method according to any preceding Claim, wherein the non-cross-linkable
material is liquid crystallige.
7. A method according to Claim 6, wherein the non-cross-linkable material is
25 nematic liquid crystalline,
8. A method acdording to any preceding Claim, wherein the non-créss—linkable



900 run and an average height of about 70 rim Optical investigations of
*the layers showed that the adjacent pixels have two different ori enIt ﬂPR P4
directions shifted with an angle of 45 as inposed by the double
W-illumnation. It also showed that a 'gacent pi xel s have different
reflection (or transm ssion), which al depend on viewi ng angle with
respect to 10 the grooves direction (see Fig. 7). Exanple 11: Mking an
optically patterned diffusing reflector A thin alumnium (A) layer (of
about 80 nmthickness) was evaporated onto an optically 15 patterned

"grooved" LCP htstefial RbRAS wo 'pli ng to Exanple 10. After evaporation,
AFM i nvesti gati ons showed t hat "evaporated alum nium | ayer has covered

the LCP layer conpletely, and that the grooves still existed (see Fig.
8-b). The result was an LCP/ al um ni um nodul ated coating with grooves of an
average pgriod (X of abo 1.0 dim and an average height of about 70 nm

The grooves i r?Pc‘ﬁ tg 2RA peeceding Qldife wbtein e fds-ThREHIOMatlid,fCt | ONS

shifted with ajgrgﬁg}a@néaf géibythe Qubl e UV- illum nation.
ptical investigations of ﬁgﬁgfgg?‘%ie WIRS\ERFSEERE.t he adj acent pi xel s

reflegt light-in a different way depending on illum nation and vi ew ng
angl es. Typical exanples are shown in Fig. 8-a. 25 Wuat is clained is: -1

APR 2004 1} Aﬂe of creatin toqool ogically structured polyner filmor
coating, conpri SI ng n?f"?fﬁfl%tt Wﬂeﬂlﬁafvrsenmplmnmpob&ﬂebgnaﬁ ure to

a substrate anﬂldeﬂ?ﬁig\ﬂm:ﬁta%‘bnhg@_ﬁt one of the materials, characterised in
that at | east one material 5 1S not cross-I|inkable and the ot her materi al

is, that other material being cross- linked after application to the
substrate and before renoval of not cross-linked material. 2. A method

accordi ngjto cross-|inked material is |IDrenoved
with a prefer g%l%éﬁéaq X\{bﬁé}gg é%t(ﬁ [57 Whﬁeléﬁﬁﬁéﬁ‘éﬁf yeong egintativedeyergs a3. A

met h8d accor diphgid-ori€ited biydr wich 3s aVey ef fected by
exposure to |ight such a?yuv Ilg%t m‘ﬁ'gﬁrﬁ&yﬁﬁﬁéﬁgé’ﬁ&%‘m ™A net hod

according to any preceding Caim wherein the cross-linkable nmateri al
12. A method according to Claim 9, 10 or 11, wherein the substrate already has an
aligned structure, and the said film or coating is applied thereto with an
orientation which may be at from 0° to 90° to that alignment, or wherein this
15 angle is different in different parts of the film or coating; optionally pixelwise.

13. A method according to any of Claims 9 to 12, wherein the cross-linking and
alignment are induced by linearly polarized UV light.

2 i i .
0 14, A method according to any preceding Claim, wherein the two materials are

dissolved in respective solvents before mixing, the solvents being mutually
miscible but each being a poor solvent for the other sojute.

1s. . . .
A method according to any preceding Claim, wherein the cross-linkable material

25 - - ’ .
1s present in 1 /10 to 30 parts by weight per part of non-cross-linksble material.



conpri ses nol ecul es of a rod-like shape. 5. A nmethod according to any
preceding Caim .wherein the cross-linkable material is liquid

crystalline. 20 6. A nethod according to any preceding Claim wherein hqu 2004
non-cross-linkable material is liquid.grystalline. 7. A nethod according

to claim6, wherein the non-cross-1Ii nk&%l e material is 25 nematic liquid
crystalline. A nethod according to any preceding Claim wherein the
non-cross-linkable -1 APR 2004 26 material contains a surfactant. 9. A

met hod according to any preceding Caim wherein the cross-1Iinkable

material 14,s nai [ n state durin ossl i nkj ng 5 10. A
met hod accor di ngm%%b%%g?dﬁ@&g Q(&\ﬁfgé@ Lft %é%{lrgﬁ gﬂ“’i%? malsHakis pegseah

under | yi ng orinit/ate épmaypwmghtpﬁpﬁﬁtﬂggn_%%gqmmcﬁﬁmgla_}au m 10, wherein
the underlying orientation layer is a 10 photo-orient ayer such as an

azo dye or linearly polynerized photopolyner. 12. A nethod according to
CGaim9, 10 or 11, wherein the substrate already has an aligned structure,

and the sigi.d fAlfemed sQatd; eret,o with an orientation V\hlch
may be at from 011l to 90 t%gth ?1 ?I gn (?ﬁum, ‘@mﬂé‘?’ﬁmﬁhﬁéol@daw

di ffefent in dhe fraterias oy nsingt sovent hhdtiVeWwHaa HeNWher @REL2RAl | Y pi er W' S€.
13. A nmethod according to any of Clains 9 to 12, wherein the cross-1|inking

and alignnent are i nduced by linearly polari zed WV light. 20 14- A nethod
according to any preceding Claim wherein the two materials are dissolved

in respeqgs) ve&@dp(,%g, ol - ent ng, nut ual | m sci bl e
but each bei ng a poor soI vent %801%%1?[% {ﬁﬁo?g%% "Z’“glg ceﬁe‘i’%@/‘aﬁéordi ng

to any precedFlFth@d%ﬂcmdmmwrmmpred&é]ngrﬂisml i nkabl e material 25 is present

in 1l /10 to 30 parts by weight per part of non-cross=linkable material.

10 19. A topologically structured polymer film or coating on a substrate, comnprising a
material which has hollows and/or topological structure, characterized in that the

material is cross-linked.

A film or coating according to Claim 19, wherein the cross-linked material is a
liquid crystal polymer,

A film or coating according to Claim 19 or 20, wherein the hollows and/or

Structure are such as could have arisen from the presence of another material
which was then removed.

A. film or coating according to any of Claims 19 to 21, wherein the cross-linked
material has orientation.

A film or coating according to Claim 22, wherein the orientation of the cross-
linked material is different in different parts of the film or coating,




27 16. A nethod according to Caim 15, wherein the cross-1linkable material
~is present in 1l /4 to 4 parts by weight per part of non-cross-Ii nka.bl'ehPR 2004
material. 17. A nmethod according to any preceding Claim wherein the

renoval of said one of 5 the materi al S is by using a solvent inactive
towards the other material. IS A topol (§gi cally structured polymer filmor
coating which has been created by a nethod according to any precedi ng
Claim 10 19. A topologically structured polyner filmor coating on a
substrate, conprising a material which has hollows and/or topol ogical
‘'structur e4, chag athe b : j.al Jos. crpss-li.nked., 20. Afilm
or coating accor di _n(E]’f f:gﬂaigg?én%ﬂ%né %ﬁ%ﬁ%@ls&%@séﬁi@%QRﬁﬁ? sfrpelie s o

15 1iquid cryswomprises pabows 2l leads 99% mf orhiclpadel 260IRE BRLNNNG 40 iTaRld19 or
20, wherein the hollows and/or structure are such as could, have arisen
from the preseWESUSFIHBIRNS tdhedilmagr copingplaves t hen renoved. 20 22. A
filmor coating according to any of Clains 19 to 21, wherein the
cross-linked naterial has orientation. 23. Afilmor coating according to
Claim?22, wherein the orientation of the cross- 25 |inked material is

di f f ef en#di n o ffiler encoatingt zcafiinge inyl of ClainedBito®3, whtrdPRh2 00428 24. A

filmor coati accordi to,any_of ims 18 to 23, wherein the structure
conpri ses hol {Eg&g_”a‘fs ﬁoelg’gfs @é@%ﬂ%?%ﬂﬂ%ﬁﬂ%@ewallﬁethama@m in@blrastionei n at

| east  one di keetfalipaaliald ele At &NRahd flufiy. COALing plane. S 25, A filmor
coating according to any of Clains 18t , Wherein the structure

conprises hollows at |east 99% of which are smaller than 500 nmin at | east
one direction parallel to the filmor coaling plane. 26. Afilmor coating

accordinggto & f Ls 18 t.o 23, whergein the structure 10 conprises
hol | ows at” | egg%ﬁhgg%%%tﬁsiagﬁmg% tgnaéllyl‘g;&ﬁﬂﬁ?‘l 1§(5@ zﬂm“ithﬁr‘%ﬁ‘ HegEictyRe
10 comprises hollows et least 99% of which are smaller than 200 nm in at least one

direction paralle] to the film or coating plane.

27. A film or coating according to any of Claims 19 to 26, wherein the average
distance between adjacent hollows is less than 500 nm.

15
28. A film or coating according to any of Claims 19 to 27, wherem the hollows are
elongated,
29. A film or coating according to any of Claims 19 1o 28, wherein the hollows are
20 of continuously narrowing shape from top to bottom.
30. A film or coating according to any of Claims 18 to 29, wherein the film or
coating is optically transparent,
25 31. A film or coating according to Claim 30, wherein the film or coating is optically

birefringent.




direction parallel to the filmor coating plane. 27. Afilmor coating
raccording to any of Clainms 19 to 26, wherein the average distance betWWAPR?2004
adj acent hollows is less than 500 nm 15 28. Afilmor coating according to
any of Clains 19 to 27, wherein the holzgows are elongated, 29. Afilmor
coating according to any of Clains 19 t'6 28, wherein the hollows are 20 of
continuously narrowi ng shape fromtop to bottom 30. A filmor coating
according to any of Clains 18 to 29, wherein the filmor <coating is
optically transparent. 25 31. Afilmor coating according to C aim 30,

wherein tBe. filAfpg &Qﬁﬁﬁ-l{r%ga ' i cad | bi.refringent. - 1 APR 2004 29 32,
A filmor coat i@pugﬁ%ccordi g ‘J‘tcgr"%?%“ﬁﬂx\%é’ﬂ}ﬁfﬁnme&m Pheeating aaoptglly s
optically bir@uchmgent sedchbthake tdfRcefd eptibye ' .anisotr i s

| ar ger than th%msa%ieﬁotfr é"ﬁ of the film (_)S&)coat f’ﬁgaﬂ#&@er‘?g?‘*%%e@g&d‘%& A
filmor coating accordt ﬁg B0 f spaiing materirdiesdn the filmor coating is
optically birefringent such that the effective no of the filmor coating

is lower than no of the filmor coating material used. 34. Afilmor
coating to any of Clainms 18 to 29, wherein the filmor to

accordin
coat i gy aﬁ-s. a$ Bln gpesatial acidrlingeo ClaH. 31AvitetdR e MRAL g&ﬁﬁg&o%ﬁcgl to
Cl ai m 34, V\hergﬁgﬁ&gﬂg tfi | rr}_b%r coating acts as an anisotroprtc optic
di ffuser. 15 361 RAETILFUH heh he %CHEEE?@fﬂ@F filn anyoatingGh dower théh bpoR9,
wherein the fith@filin orceating@arGhsy@3 @ polarizer. 37. Afilmor coating
according to any of Clains 18 to 36, wherein the filmor coating is

over-coated with an additional layer. 20 38. Afilm or coating according
to Clainms 34 or 36, wherein the filmor coating is at

34. A film or coating according to any of Claims 18 to 29, wherein the film or
10 coating acts as an optical diffuser.

35. A film or coating according to Claim 34, wherein the film or coating acts as an
anisotropic optical diffuser.

15 36, A film or coating according to any of Claims 18 to 29, wherein the film or
coating acls as a polarizer.

37. A film or coating according to any of Claims 18 to 36, wherein the film or
coating is over-coated with an additional layer,
20
38. A film or coating according to Claims 34 or 36, wherein the film of coating is at
least partly covered by a reflective layer that acts as a diffusing reflector.
39,

A film or coating according to Claim 38, wherein the reflective layer acts as an
25 anisotropic diffusing reflecior.




| east partly covered by a reflective layer that acts as a diffusing
~reflector. 39. Afilmor coating according to Caim 38, wherein the _ R 004
reflective |ayer acts as an 25 anisotropic diffusing reflector. 1 klﬁg

. 2004 ' 30 40. Afilmor coating according to Claim38 or 39, wherein the
reflective layer is netallic. 41. A sBlck or multil ayer conprising two or
nmore films or coatings according to any s of Clains 18 to 40. 42. Afilm
or coating according to any of Clains 18 to 40 or 'a stack according to
Claim4l, wherei n the substrate is optically transparent. 10 43. An opti cal
'corrponent (such as an optical retarder) conprising a substrate bearing a
transpar &t | ¥y &8 & Sreting ageprgingrto] Glgiox 3Riirc, inheadin geerbllattiedepsnidi ng  on
its functlon) @m0 to 90 to an underlying orientation and which has

hol lows within its thickness spaced on average | ess than 500 nmapart:, 99%
of said hollows being | ess than 500 nm across and being at |east tw ce as
long as 15 they are across. 44. An assenbly conprising a | ayer of
alignablg nol %ul s in ?ntact with a filmor_ coating according to any of
dainms 18 SIBEK SR INER FORBTYBA B onmony filmper doetifsacavidBiptthany

ol ecdll es be| Bgcqagﬂngrquoh@er eby.. 20 45. An antireflectively coated object
conprising a filmor coating accordl ng to any of Clains 18 to 33 or an
optical conponent according to Claim43. 46. Aliquid crystal cell wherein
the liquid crystal nolecules can adopt one of at 25 |east two di fferent

stabl e ajﬁ' gn n}L]F in contact with a wall of the cell, the cell wall
%am?* I o, cHpLing,aF0 %é%amapﬁel@@sésﬁowoow CtarkacepPrdng ¢ 40 or

conpri si
an optical CM@ﬂ%}M&Qﬂgs&ﬁe ﬂ@t PR 2004 31 47. An optical
di spl ay device conprising a ' m or c atl g ac%or ing to any of

10 43.  An optical component (such as an optical retarder) comprising a substrate
bearing a transparent liquid crystal polymer layer which is aligned at {depending
on its function) from 0° to 90° to an underlying orjentation and which has
hollows within its thickness spaced on average less than 500 nm apart, 99% of |

said hollows being less than 500 nm across and being at Jeast twice as long as

15 they are across.

44.  An assembly comprising a layer of alignable molecules in contact with a film or
coating according to any of Claims 18 to 40 or an optical component according

to Claimn 43 the molecules being aligned thereby.

20

45.  An antireflectively costed object comprising a film or coating according to any

of Claims 18 to 33 or an optical component according to Claim 43.

46. A liguid crystal cell wherein the liquid crystal molecules can adopt one of at
25 least two different stable alignments in contact with a wall of the cell, the cell
wall comprising a film or coating according to any of Claims 18 to 40 or an

optical component according to Claim 43,



Clains |

10

S to 40 or a stack according to Claim4l or an optical conpaMenpR 2004
according to Caim43. 5 48. An elenent for protection against forgery
and/ or copying, characterized by a filmor coating according to any of
Clainms 18 to 40 or a stack according tg)l Claim4l. 10

47.

48.

An optical display device comprising a film or coating according to any of
Claims 18 to 40 or a stack according to Claim 41 or an optical oompdnent

according to Claim 43.

An element for protection against forgery and/or copying, characterized by a
film or coating according to any of Claims 18 to 40 or a stack according to
Claim 41. '



