W01129148 PCT/ CHOO 00562 1 Topol ogically Structured Pol ymer Coating This

I nvention relates to the production of topologically structured pol yner
films or VWO&RMPs. These may find application as opti céﬂCqum%"sg’r coat i ngs
and nore particularly as 5 orientation |ayers, optical retardation |ayers,
anti-reflective coatings, and optical diffusers. The coatings typically '
exhi bit sub-mcron profiles such as pores, grooves, channels or stripes. A
known i sotropic topol.ogically structured polynmer coating is taught by

Wal heimet al in 10 Science 283 (22 Januar 11999 520-2. A binary pol yner
bl end (of polystyrene and po@%&ﬁé‘%ﬁ-@@%l ved in
tetrahydrofirran) is allowed to demx to a controlled extent during spin
coating onto smoot h spbstrate. .expgsi ng t coated substrate to
ol Ohaane. Thi i s vh i irodea, B8 epPetally, SREUSE MRS EEA \ng of
PMVA is obt edatingd. Thése tnag Gad appljcation adeptica dilrhs @ Godigs/amd ymargpdriialaipber i al s
and the m xi..ng..tines, 15 bu l.ong-r an rder..or tterni. of the
t opol ogi cal g%@%ﬁgﬂ%gﬁn%@%ﬁ%w%% a:?{{-r_%ﬁ?cgvmﬁnégs,bagﬁag%qaféﬁ? ™t 0 have a
nore ver sat i The toalingsaypicaligtexhibit svb-inivrdnoprofilzasoh as podeg grgpoes ichdnbels yr t 0
géner ate not slﬁnésy | sotropi c topol ogical structure but al so anisotropic

g )

t opol ogi cal Pcture with the capability to pattern said structure.
Moreover this filmor 20 coating should exhibit high physical and chemi cal

tability, i Is itigcal: 1 th
Germ xi ng 4 1 b B REESA Yl B G polyhll Ly s o BERG MMM WA, 17
exanpl e, 1&s Seienont283 i(Sh Janugre r1g99i R0Fond bivay eclymer blewt (il rolistyreanend i on
layers) for bar]gm tﬂylﬁét){fc}ﬁa{édi@é%grleé igtedhy@ bR s abwal t8Wemix®h ASbntrofied

techni cal applications becone so feaSible such as the praoduction of |ow

ef fective refremt dring spdostineaptr asupetnubstats. din opesiedbs papedadiatrtnds, or of
optically di tjdisherse, | PbEH SelecBfdly dlskifves PoRStehd, ANpdtbusOfatiszabt PMRMAK SOt T Opi C
coatings (especially,of |i qwg cr _statl, polymers) .l eading to _novel optical -
conponent s. Byaiged rﬁ“iﬂ%‘!"&%‘l’ & FAdiHed YpY?Bﬂ‘lﬁtb%Pﬁtéﬁ‘%dé\"o@%’ﬂng%ﬁi ngs are
possi bl e15 30 biiGe Wrdirkige bﬂeﬁdaPatWthewmgM@@m@e SR bB asbodd cafiteat i ng a
topologically structured polynmer filmor coating conprises mxing at |east

two materials, applying the m xture to a substrate and renoving at | east
one of the mitwsildbe désirable @x asdel emomdyvetistilo @il of @bafiapt with for example, the

possibility to generate not 6n1y 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 some
cases as bistable orientation layers) for liquid crystals and liquid crystal displays. Other
25  technical 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 anisotropic coatings (especially of Tiquid crystal polymers)
lcédiﬁg to novel optical components. By using photo-alignment, photo-patterned grooved
coatings are possible.
30
According to the present invention, a method of creating a topologically structured
polymer film or coating comprises 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



WO 01/29148 PCT/ CS00/ 00562 2 inactive towards the ot her mat er i aI)
characterized in that the one material is not cross- fgﬁ% at | east
one ot her YRMHIE| is that other material bei ng cross-1inked after
application to the substrate and before uge of the solvent. 5 A wide

vari ety of substrates can be used, such as glass, plastics, netals,

sem conductors or paper. The cross linking is preferably effect ed by
exposure to light such as W light, which may be polarized, and
contributes jnfuide GRARls thePbthdrihateria, &Qx‘ict&ﬁﬂeﬂxpfhatctﬁ@t)ﬁé“ﬂateﬂaq iPhRhabl y. the

cross-|linkable material conprises nol ecul es r od- (calamtic)
shape.  Advalkabje god piyleast j9pe ethersmateriah jig Hhab oﬂm e:a%al b&ﬁ& qqﬁ%hnked after

non- cr oss- | i feRBkien ¥RkeNbsihte RRMRforE 18 BE Bédonithy UCt Ures that are similar,
i.e. with a good conmpatibility regarding mscibility. Mre preferably, the
cross-linkable material is liquid crystalline, and in such a case the 15
non-crosss | i gkadd @ﬁazbefuba}ateh Sandale%&dpiueﬁ £ gdad, YlabiRs, QeHRdN, SendiéonBhibtots or
crystalline). Fromthe mixture it will be understood that a honpgeneous

t ranspar ent PRI may be fornmed and exposed to light, preferably UV light.
During this process, the crossl I nkabl e material is progressively being
crosslinked,, _and t crossll rial and. t n ro I nkabl e
mter al - denti P § ek rhlr P BY pihemitg e e Lot SR ey
crosslinked bapodarized, addscontebmssada ydotl latabilisek the filov or coatingent  (or evapor at ed
upon heaging the layers) to create pores. In this way, it will be seen
that |ayers/films/coatings having structures (holes, grooves, etc) on a
sub- m cr onet Brefdrabiyy thie cmmldamatbiwl olmpaisesaublecdSs dfhaaodilike-(calavstic) Ishapk.abl e

material may , ﬁ%%l&agéoﬂs@ e nﬂ?ﬁa af qsﬁte &E&P&?hﬁi&ﬁl @éﬁbarﬁé(ve contain

an additive suc 'di chr ol c e Cross mat eri al
may be mai nehemical strugtuees thak pxesind TSteaWéh dsmd@nmawsymm»gmmw

"I ent at |
\%: gﬂ ?ra %;Be%%o%&g ool hnkﬁﬁié‘ﬂﬂleﬁalqy hf’flﬁd H@Qﬁfxﬁei/ 'aﬁlgm% lfﬁ‘E&L 'rﬂfén ayer,

lented | ayer such an azo I nea
pol yneri ¥&d peoteisdinksblematerighin almrw‘grablme&gfeﬁmc diavip P@?talhm nmuch 30 nore
versatile than a nechanically produced orientation |ayer. The fornmation of

t opol ogi cal structures is based on the control of the dem xing (nanophase
separation) &Fom {5 REhECH vEH By W%@%@%h@ﬂ?@“@&?ﬁ?ﬂﬁ@ar@tw us phase

during WO 01kefhdd SndSpdseliQVNighe) Peeterably UV light. During this process, the crosslinkable
material is progressively being crosslinked, and the crosslinked material and the non-
20  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 scon that layers/films/coatings having
structures (holes, grooves, etc) on a sub-micrometer length scale can be obtained.

25  The non-cross-linkable material 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 lineatly polymerized photopolymer, such being cheaper, simpler and much

30  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 a homogeneous phase during



3 crosslinking. A decisive advantage of this process is that size, shape
and distribution of the topological structures can be ad Us over a w de
range byWRWRM¢& | e choice of the experinental paranet ¢h are in
particular the kind of solvent(s), the rsatio of the mxture t he
concentration in the solvent, and intensity and duration, wavel ength, angl e
of 5 incidence and state of polarization of |ight. Particul arly, if the
chemi cal structures of the crosslinking and the non-crosslinking materials

are sinil aaosﬁﬂﬁngsmee@elaum géoﬁhi& brdedsedd thal &@ﬂﬁs@m%ﬁmh&&wf%é yewe' !

m xed solution can be achi eve whi ch additionally ensures that th

crossl i nki #polosiselestactuzes cans be pdjusied pves g wide ganes dyyi & P‘H@blemhf“ﬁ? ehéhe

possi bi | i t ¥xgefmBatAOm Rt dmdmrar@ﬁmaﬁ:am i 1@iidoft S3Redt@Y, B 1D oPkme1ano- por es
is the use, instead of gqne, g’&‘i‘tl east two so|vents (Soll and So12) when

prepari ng FHW&%W@“WP&W" and dptepsityand fusatipn, wavelength, apgle eyt for the

non- cr ossl iixtkdRbde@ndBtite bf golarizitidn bBlight. poor sol vent for the cross-1inked
material, e.g. hexane or ethanol, and Soll is a good solvent for the

cross-linked material (nmay be a good or poor solvent for the non-cross-
| i nkabl e W%ﬂzbﬁl&h)),,lf&heg chearhdsayls&edtms of rthel brioSsliflting AAE thel hoﬂ-&osaﬁﬁa‘l@ able in a

first step t ssol.v cro nd t.he non-crosslinkable materi al

in Solt andm%&‘q S ag ¥ grcf‘? ﬁ@ﬁgﬁ ‘?%8" ﬁoadg‘gjt &m0k u@@?’ Fdﬁ?‘gre i xed

and hom)gersolnmh canale athiewed, &)bh &iditioeallyrepbuzesathitthe @0sshdingcpreddss is thee i sci bl e

W th eqP Qt he&useo@dgmg{rgferred enbodi nent the present invention provides a
o]

nmet hod f50r icate a dul ated (al nost periodic) topology. For this, the
m xture, preferably conprising a liquid crystalline material, would be

oriented. TN AL ﬁ?&tﬁﬂ%‘?@eﬂiﬁﬁﬂe%é mmroﬁmg&fe&ga;d'tﬂafo%a&o %fﬁémgﬁgeggs and | ead

to the formation o oves (or channel ripes
di stributi dhe ussf i °§P@R9\P§§' leagfriwp esolyaity £301¥ pushSel2) whemprepasing dhe m

dependi ng GfxhuRe whériyabfihdtaide smfsaarge&%ﬁveﬁﬁmhe ﬁoi.aaasam&rﬁe mhbmsnd

irradiation tine, tenperature, ). pri nci pl e, }/rret od to orient the
mi xt ur d5cart BRoT seluat for fhorges-Tiokyd) ‘69’1’% & IRERARY oF benol, and Seld iz €osth
al i gnment  abivasl] o€ @8 terdss-Rikied nﬁfe)iﬁlt (@lay 58 tacobd bor pd%arsblw&w k@rmynwsabl e are

orientation. ers de b i entation ods al | |n
T hemr Ty oS B Sar Yot Sa Biapid § PRl it e BREHE ol
phot o- pol ynfheé bﬁgsdixﬂcbeB)d the nantradslinkable amaeerisl, in Sallsand lSol2y\wespestivho Theror | ent ed

DOl yITer et UOLkS hiehdsorRHR e BhBF bnd ARESAEC TS HASSS Xr@%se%e%a%%y%

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 orientation 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 varied 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 liquid crystal material. Particularly suitable are
orientation layers made by photo-orientation 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



4 | ayers can be easily applied also to non-planar surfaces. Such nethods
are for instance disclosed in US Patents 4974941 G bbons et at, 5838407
Chi gri nov woeadsand 5602661 Schadt et al. An other po3&TEER062\0y| d be
to use a mxture that itself contains a photo- orientable conponent.

Exanpl es of this kind of orientation net héd can for instance be 5 found in
the international Application PCT/1899/01001 (ROLIC) filed 3 June 1999.
Useful nultilayer structures (especially in the field of bistable
alignment) can be ohtained if the first |ayer agcording to the invention
has an al i gngﬂp’efso‘iﬂ‘Bl 5P Iapglﬁdtfisf’d‘? 8°‘%Tﬁ?‘@ﬁ"¥'§’°esp§‘§gé?e§l?a§/arﬁlf9’gﬂga"°ﬁot

paral l el to tdiglosdd arusPitedts 49749416GiBbRS Bt 1] F8384DTNCEHigInbalket 41p4nd5B0ZEE1 10
parall el is ppssjhb or .incr ed ancharin .the orientati.on gnd the

B onirent. pr SRERA A § AR BHPOEORY grriiingp &Y rtutg RSAHE P s s Cases,
t he al i gnmentoriamable cansinemkExamplel of this kind 6Doribntatiypemethad/caacfor instuee beby
linearly pol ati zed Lght ., .T WV A1 | ) | QN n adj ust ed
such t hat I%t hgélgﬁdéﬁgﬂguy'ﬁ‘gn%&méé?ph%a%%%@?’P@hﬁ@éﬁg@% ‘f%ﬁf {Sﬁ “orientation
are conpetitive with each other. 15 In the nethod according to the

are comet | _ In the met ! o
mxing, the oSSR EheiPeRBof) R dRor b AREEI T BUREMS VO

g a poor sol vent
for the ot herif $ulfistdayepaecTidingde Seosnventivindios en alipned fopdloghal/sttycturerwhienis i n a

proportion of t : / . r . .ght per
part of non-c?%%%@?iaﬁ%%glgﬁg} %ﬁ%%{t}lﬁ%ﬁégt#ﬁ rgslsﬁn est?nr?ggﬂm@c%g
di ssol uti¥h oraraligkis pprsible far Bprsesed anghiring). thetvaientafiparsnd tha abigomentaseferbly

t opol ogi cal | yhedsl dd GibhtraRgtePR! AESthek.| ML c£0Q M MighhtintihdNARSHARRR of e Cr €at ed
by a nethod as set torth above. In su a filmor coati n}g@t he structure may
g

ch
conpri se hol | ¥fenddayer mayche imposddy lipgarly polarized Ueishte The i\, Heht Jlymingtien ¢spef er abl y
smal | er than pidfhsteiuch Bt (KB behSin ferca Howm BeBighMent bitPFor? B ofditdtion ae | east
one direction parallel to tghe coating plane. It will be understood that
the hol | ows nERPPsFEveavitheaothet sol ving out the non-cross-Ilinked materi al
fromthe ppating. The average di stance between adjacent 30 hollows is
typically les han, 500 . and 1he _holl ows may. be el qngated, which may be
ihferatond ¢ obite Benatberitine Bihe BRUT br Nam ARl ary b S R Ral 1
nost appl i cat sodvests beforeaniging tthe syl vemsiskingmmunaily miskible butracishebgtarpadresplvaite
optically trags %roﬁl@rts'olu\{P 01/ 29148 PCT/ CHOO/ 00562

oy

20  The cross-linkable material may be present in a proportion of 1/10 to 30 parts, preferably
1/4 to 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 nom, 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.



5 Preferably the substrate already has an aligned structure, achieved for .
exanple b enpl oying a |layer that induces an alignnent of acent liquid
crystal 002948  Particularly suitable are orientat |W’?%‘§9é#?5§2 made by
photo-orientation nethods (usually usingslinearly polarized light), and
especially well suited are linearly photo-polynerized (LPP) 5 orientati on
| ayers. Also the aligned structure could alternatively be achi eved by

rubbi ng, brushing or other nechani cal neans The said coating is applied

hereto i ke BT Bl el 63 APMIRES Yracic el I L8y

alignment, or wherein this angle is d| erent ren
coating, opFIPINHERJAYE QE@I‘%"%% an glignipgt qu)@mtlhewd siystel rpmmi d'e%lc'daﬂy

topol ogi calshﬂabktdrysﬁmﬁdn ery fRle by bROIQ6richARSd MEhGR (EsualfH
conpri si ng, coat i nE9 a rra? e*lba V\ll.flﬂ ch, has ol(lasows andgr /1 or topol ogi cal

s
structure, PGEHF“QC 1ght), ;and Eypepially: weH esuited g dinearly EX'QS%'E@V!HM‘! EB® hol | ows

and/or str Lbe.‘emﬁtﬁm 1@%& sose hxg%&i mﬁ&&m&u&m&ay v laBitVel By RibBRENCE Of
anot her mate s t.hen J;EWDVG 15 The .invention aI SO0 provides an

optical ret? ’é‘g%‘lﬁﬁ"ﬁﬂ afigal ueans The seid eogfing ispmplied ghegrto with angriepiatione . as

expl ai ned b;ym&a:)napﬁe ﬁXﬁdﬁDbEtdSm"M mﬂh@m&uemtwmxe&ﬁﬁﬂﬁ& ik QifferdnPRO! Ogi cal |y
structured dot? %ﬁ kg’m or: ¢ L acts as 20 an optical diffuser.
In this cad®IeiRasS c%qtn%rogbqyg %{ée‘ﬁls?ul e have dimensions in the order
of the wavel ength of light. The invention also extends to the

super i Rosi A e | n.t he mof a stack
or mul {TIB I ay’lfahr H‘f@&ﬁ] fogﬁ?! g tL%froes%é'pl% gﬁ%‘é °r%%(’)pt$lg’af’ & MRt |
howsoever bﬁ@atecmmmﬂﬁlstg,mj the ceatibgta a!abnaieldmhnlgpsehotlmmdmremldgwth d

crystal  pol el dfkethl Huhonaa@ads Sosinfl) Ul hiudCinf rsm%?b' y at 90

for the nost Interestin nmpetition between two S I ghiren to the
gr ooves and“mecﬁ‘}"}hﬁscoﬁglhﬂﬁ/ﬁlsm from the R@en%oémmfmdedndnwmﬁbﬂrage | ess
than 500 3QemiReapart, 99% of said hollows being | ess than 500 nm across and
being at least twice as long as they are across. Parallel alignnent (i.e.
"00") ils possi bl e, for exanple for high anchoring energy applications. WO
-.01129148 Pitle GhriealidtOfi&2provides 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 order
of the wavelength of light.

The invention also extends to the superimposition of two or more layers, prefcrably in the
form of a stack or multilayer.
25
The invention also provides an optical component, howsoever made, comprising a
substrate bearing a transparent liquid crystal polymer layer which is aligned at from 0° to
90° (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.



6 The invention extends to an assenbly conprising a |ayer of alignable
nol ecul es in contact wth a coating or optical conponent as set forth
above, thWmu2ed8l es being aligned thereby. 5 The i nvAGHGHIPL her
extends to an antireflectively coated object conprising a coating or
conponent as set forth above and to a Ii(fui d crystal cell wherein the
liquid crystal nolecules can adopt one of at least two different stable

alignnments in contact with a wall of the cell, the cell wall conprising a
coating or onent as set forth above, 1q The a;jnv ntion further extends
to an opti caeHVEHionyxEudsiican assgmbly spmpgising 2 layerofialjgnabls molgeulesyn coptagt,

conpri sing awifhi  Roatihg @ Bplical) cafiposiit af Gett fortinlabore, th uidldeales ey alighed | nvent i on
al so provi diﬁ ei)l enents for protection against forgery and copying. 15 Sone
appl i cati ons™ Bt he invention will be described by way of illustration.
Antireflective coatino for the visible spectral region are required

whenever _light .refl ection f usface i s .be reduced or,. avoi ded. An
exanpl e iss ?ﬁ‘g ‘%"ﬁﬁ%"gf‘%“ﬁf gx[%lg? E’eag?’f]%ﬁﬁ%cﬁve?%‘@at%&ﬂgcg c?f?prﬁméias"ﬁzftg? %evi ce.
The basi c prdomponehie ao et Sorth atwea tand ¢rs a dgnidbarystah dell sheenl the ligeid neystabf
destructive | . e I A£Gl LL-fRlm,

1T subst r dpabeles BSA6R o UIER:  Atkreh bR Bl MRt BN,

requi re a cohe éefigthé edllwallicomprisinigewoatiog Proompenentrae fet forthigbayei ndex neff=_ 1. 2.

However, because of a lack of suitable lowrefractive 25 i ndex materi al s,

this requirenent cannot be realized with honogeneous single-|ayer
coat i ngs0 ankhetineantion fusthen gxtenfsatpean ordigali disgley slewcey prefirably adiguid castahn

alternative donMiohipti@¥ S fim drlodtifg 43OMEHH e, POrous films can be used to
reduce reflections at optical wavel engths. (Many ot hers have studied this

so-called "noth-eye" 30 effect.) To a first approximtion, provided the
pore size i SpiB&motd)dR Dhtio@lsd providies SRMEE REtJRotbdBod Rgaidst eRp&Pase) . the

| ayer will appear as a continuous filmw th an effective re?racti ve i ndex
gi ven by an ®98P&ge over the film Therefore, the challenge is to maxinize
the vol urse fraction of the pores in order to obtain very low neff It is the
gradi ng of the WO 01/29148 PCT/ CHOO/ 00562 7 apparent refractive index that
gives rise to the reduction in.the reflection coefficient. Based

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

Antireflective 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 a coating film with a low
effective refractive index n.g= 1.2. However, because of a lack of suitable low-refractive-
25  index materials, this requirement cannot be realized with homogeneous single-layer

coatings, and therefore multilayer coatings are usually used.

As an alternative to multilayers, 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 A¢/4 (Ag is the
wavelength in 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 low nes It is the grading of the



on this idea different approaches have been devel oped including sol -gel

nmet hod, surfaces patterned with sub-mcronetre grati osition of
sub-mi cr¥O9NM& | es and the use of pol ymer bl ends. rﬁﬁrécﬁdﬁi@g% i on

provi des a nethod to produce nano-porous crosslinked filnms using a sinple .
process applicable to planar and especially also to non-planar surfaces.
This process is based on the control of the phase separation of

nol ecul arly m xed conpounds on the nanonetre |ength scale. Dependi ng on

the prepar gid.Qbt RE4AIEHBEShat $iveSrise I AR Feddtfbn Yttt PRiedidn bodfdid®Bagdy POres can

be accommodat ed. Using ellipsonetric measurements we found that the

ef fective Pefhinides ‘%‘gefF‘ﬁ(?éR""E% I‘Faj’e beendavelpped insluding s0l-251 weshose syrfcesst ed and
decreased gwhed With dubdmiRfort &@g@%&ftﬂnbhﬁbfnﬁ%Qﬁlbl%ﬂ%fugéGf' ent of f

gl asses can be efficiently re uced urther advantage is the usually from
top to bot pelmerenthuous| y narrow ng shape of the 15 porest hol | ows (cf
Fi gure &c described in m)re detail later), because such "gradi ent hol | ows"

have the effect that t r ef tive i ndex changes. i nuousl er t he
Ganth of  ThE mHG1o0s proviags f BRbA o R RS RSB En e e oes p B
possi bl e O‘pﬁi’cesa applizatsle s plabdrahd espegalnalsui fohnonsplanarosuefades )y Hiis przaesFtsrt her nor e,
I f layers havin n el o ed r oov accaording to a eci al
embodi ment 2% {lﬁgh’ a{’?asgese%afa%ﬁ‘e(?% E?/mlﬁara’F & se°8m1’$c’{ﬁ‘ s &t gat ed
structure ahmmetraidmgthtseali Repafling ot itheprapahtieonciaranmeters, siee slsapel amelobsne t
directi I .
ant v e Doo Can o pores S sod kBl RnEd Vo MpEocfte Aoyl GE Rt
Ori ent at i orthd qucetn@reﬁaptt\{esnd@n@grf) afisaeh lgersopr elsashn adjsted andedscrpsetidaye uni for m
and parall el C rface

P Ei 12%{ io&eﬁﬁg%ref&fetlll gﬁégﬁontc{ﬁffz&i?lg%ﬂgﬂﬁseg Qanaog'e&f&eﬁ egv.ll

I nteractions eve cause the perlodic topol ogy of
mechani cal 'y grooved substrates mnimses the elastic defornatlon energy .

of the liqu AT | b ki gr ooves.
Grooves ar eA?eréa‘1 |at§|£%¥1§ffuhé uceg{ﬁgmcuo tcgﬂhggmggs?es p ate 11[f%%"lyrrer
| ayer s,15. . .poreshollawgi ¢f rFeeW %mé?sclpmi. iBHNerg, dﬁtﬂa}n bsgause, 6 r A __
tangential joRpwianve @k eﬁéd@%a%eeeﬂa&%mm ch&gésr&aﬁrﬁ&lsgfovar @ a&ﬂumef on the
substrate. Although mechanical, al i gnnent %ﬂS rel atiyvel ér %% %P

t echni ques %%B?}IW”’G Whiet e Thakey HEEE o | pe

I npl enent, repiby @itk GnlpdiRasEr.Ve equi pnent, and are reI atively slow.

Furt hernore, brushing (rubbing) W91/29149 PCT/ C$00100562 8
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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  Orientation lavers: It is known that grooved surfaces can produce uniform and parallel
alignment of liquid crystals due to anisotropic surface interactions. It is believed that this is
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 traditionally 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 techniques used to produce the grooves are, however, difficult to implement,

involve expensive equipment, and are relatively slow. Furthermore, brushing (rubbing)




processes have several inherent disadvantages such as the generation of
dust particles and static surface charges. Another |imtation is that
mechani cawalizgidrent is a | arge-scale process and t hePETEHPSE adapted to
generate |l ocal variations (patterns) of the surface director, certainly
not on the pixel scale. 5 Filns or coatings of crosslinked Iayers made
according to the invention, oriented as described above, show oriented
grooves and therefore nay be used as orientation Iayers for an adj acent

liquid crystal na erl |e ed t he a ef.fect .on |liquid
crystals i FCauSe "Ifemﬁo?% ‘g’ e‘s%"f1 %yg g d e sinilar
in effect tcntz&xcbnﬁacheharg&OAmth&ﬂmmnms Ithayerechahlcﬂaﬁg@mmbllage-mmori nw.

The inventi o r k m I

orientation é%%%&ﬁ t an £%F€§i§%%%%]§ossé§gg%‘?tﬂﬁﬁpéfwbsm¥°alfferent

orientaticn1du&ﬂmemmmmhsmwmndﬂmaméamb tinme. Such an orientation |ayer may for
i nstance ;be used to generate 15 a bistable (or nultistable) liquid crystal

anchoring system For this, anchoring conpetition between two (or nore)
super posed | Eilpmsr o ¢ostings ef. cragliakeds lagers Mo hesgiding| t ythes inverdionr erignted [am or

coat | NG acCOidlle v DEmRHERENkrod ER eforo ) ok £ YRl JafBARE 211 U1 0

crystal alignment throug Its top g (nano-dgrooves) by mechani snms 20

descri bed abwadiacephliquist gystal F@teaalﬂhmb 194 tb%ﬁl@allweemf&mogmqway@ﬁwS
preferably aglchRedby he tﬁ(@ldé?%? eedosRBREOROLY Bt siokifdPin EffdeMo PBrubiR@ Of the

topol ogical ly structure coating, Inducing a conpeting liquid
crystal W g?ﬂFBﬁqulWe‘é direction different fromthe anchoring direction of
the topologically structured filmor coating, for instance perpendi cul ar

toit. 25 Dependin Knesse f thetvvos rpqs | a ers t he
i 76 of “the Mgl hiasis ehSing, e Byraion fudhemhost ke possils iEed Agent

i rradi ati on K a€oddntation lhyerﬂﬁtapaasgxﬁhepdtposﬁmt@ (roﬂmg&)differeﬂ&haimi‘oﬁr s which
gives rise t e_anchor r der, | t |s known
Phat for o | SrboAthewBE e L8 e R P B oot BE S R it ol | s
or por ouss fi & bistable (ohmaltistable)lliqme drystall anchodng systemict ure formed i n vapour
deposition processes at an oblique angle, the apparent dielectric constant

(also called the relative permttivity) as a function of depth will be
di f f er ent f oForithighnchprigdgeompetitiop betwedndvo (or mpE) SibérpSed ByRCEGI00A08 62

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 is a 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
anchoring direction of the topologically structured film or coating, for instance
perpendicular to it.

25
PDepending on the thicknesses of the two superposed layers, the size of the “grooves” (A,

Acfr and A, see Fig. 4) and the Tight 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, such as
linear gratings or porous films with an inclined columnar 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 polarized parallel or



9 perpendicular to the grating. Such filns can be birefringent and have

been pro‘gosed for construction of phase retardation g@l 'ch t he
ifgoe

present YAN¥ M0 provi des a nethod to produce topol o fuct ur ed
liquid 5 crystal polymer (LCP) layers, it also gives a new possibility to
make special optical retarders. For such nodul ated surface profile LCPs
there is, in addition to the intrinsic anisotropy of the LCP nateri al
(DnLCp), a geonetric contribution (On ves) to the apparent optical

ani sot r opy %ﬁwwﬁwm@gb&htm& i BPRAGERREt Ghe bRk tvek propted Rt

anisotropy). This wll nodity the overall apparent anisotropy of the LCP

| ayer (of t eonstorstionef phass reasdation Plidlst-el y t hi nk of Meff = "LCP + grooves").
Dependi ng on the volunme fraction of the grooves, it is possible to
increase i neff up to 50% or even nore. The m)di{i_%ggion to.the

pol ari zat i Sicgthe Prraent fnyerton Proyiles 4 gnethod fo, profiuc;topologicalty stgtureq ligpid

fabricadi ogyght ﬁmﬁﬁ&qtcppm&aemtaﬁo ikl adrfew PosEIIIG ©, mMRVRtidt Gplicalet C, where

in this way a ig‘gh A rg@p Yt;g ‘?Fgahi evq%&i Lﬁm?rhl ower, A‘?.naterf"al s. 15 Use as

optical di Feaat FOr eyohmodplafe spefach,PEaRIe e i i, AEERE 16 hq WinSES. ol ong

certain fi bikondpe of MKy LORVifatétiab (hif (A tal gdomeirit f cpEibaDAN@ASRL) ® theei r

reflective and transm ssive roperties. Known exanples_ are stretched

pol yners f aprageat \pticel japisptepRyi ©r jaErspendingly fhithe appgrent dislastziceepngtantt e

wavel engt h aﬁéoulo'gghnis SAll Rb&iade Pakalmparetit aRSSuopHof theLCP 1ayery@Rel sne20 (PDLCs)

or polymer blends. The mismatch in the refractive i%.aex alﬁg o articul ar
t

axis MAs cibappreximately Hhink jof dnefe ft ARLGMt Afetoeres ) SFPROB Pt €s will be
subst anti ald y. sc | 4, b ncréabte k& ol 99 oPleAhFE IRl ong an
axis in V\hiﬁlca%m?'h%ttfrleg%&avc?’l i\illels?n ."{?Z‘E u,élre rrat%rt}sepdo Wi Io bee transmtted or
refl ected whddificatidnemsthe mhbgieaion off the dtatsmittedgray 25 pSdiculady ¢f askapt dw :
enbodi ment s..of -t he i ' e I | | | Gt field.
The invent i%%br?c?)hrogvolfaggcgfop P%%‘?%gﬁ@s st rﬁ%’t‘ﬁé&gﬂag% y’%l?&ﬂnltﬁnig 3r9rlcoati ngs
wi t h = cont rhighl Amlxae belachienssi fomslowerchnrmdterialst i ve i ndi ces along certain film
axes. 'Iiépi cally, the topologically structured (LCP) |ayers possess a quite
| arge réfractive index msmatch of about 0.5 (i.e. the difference in
refractive Useds opticalodiffussesy Optirel flgisevsithliffegend ecfiastive dndioes aleme eeeingBimpol yner
mat rix). Thﬁéieﬁlﬁ%rﬁhqv:é”gﬁgxbgﬂaﬁgﬁp%ifﬁﬁé c&%?éngrﬁ POh&S rélectle OMY APanklisdivte OF der of

the wavel en a substantial diffuse reflection is attained. In
general , t hmorsitice Krjownhexamples gre isuptehsd ppkymes filled with dnorgeais indusiang pot

wavel engt hssnlaﬂ c%{nplxrg@ﬁ; the Qﬁvgb{gﬁp&ﬁ l@gfl\t,i dtrefdhddf pbimer 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 alohg 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
controllable dimensions and refractive indices along certain film axes. Typically, the
topologically structured (LCP) 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




WD 01129149 PCT/ CHOO/ 00562 10 reflection is desired. By suitably choosing
the val ues of paraneters such as the size (wth respect to wavel ength
wi t hi n t hewbiowegtdeand shape (interfacial geonetry or top8CHEHP/YF2t he hol es

or grooves, their volune fraction, the filmthickness, and consequently the
dégree of the refractive index msmatch, "a desired degree of diffuse
reflection and total transmssion 5 of light - in a defined direction - is

achi evabl e. Furthernore, the value of the refractive index m smatch. can

be additional] ont r.ol | by. yarying the birefringence .of the (LCP)

mat eri al usea’.eg{tfc °n|%§d stlfrefi%grs)r(‘rlomr @%‘B%Sgﬁgﬁg eevallﬁlc‘?s gtil?aéaﬁ'%%sasgdbgs ersf“f?e(g%bove)
such fil nms orrespectite wepsleagthl withinrtieeffim) &l sbapst(intkfadidl geanpdtiyoatopglvgpef thees, wit h
the addition Qi L rng | I t ni,pul at.e the
refractive i%g@%ﬁ%@ﬁ%g}}}%@%ﬁ%% ggtlmr%; ecssggég]ér)o\é\%ssequgcfm}c}fﬁ%: fl %eé" otegnd
specul ar r ef | thetefrattivaindex mismatoh, asiesined déemegl difiief refhestiondnd watal drambimission i on

and/ or view . CONe. e, " %i@g gr ooves
and/or t h§ paj thrgirh[rz_s?1 E) G?E)‘Mt]ﬁfemé‘ i st ?%gggt}%n of s%rg{a?gsgg?{’ﬁ%%%%g%gbe

i nfl uenced. ldeRopiehaieh e heyadditiensly controlled diyyamyingfthd birefringence of ther(f"Paccor di ng
to the inventign.which have optically diffusing properties, can be
utilized to nmake a variety of optical devices. Exanples are (polarizing)
diffusers and reflectors, as well as special configurations for the

| nprovenent O istfikéheRfidré FosEBIAGEorRht (b dtirBeddbyod) ahc_hdm_ﬁp&ra;xﬁinémame%yar ly

Wi th respect to 20 brl.g%t ness, Vview ;8 Characteristics, and parallax. The
films or WoatfoRiY theptifad Prrpedes, ¥ith theagditignal posgpility of pafferning. dbis allgwsitpser s

i nsi de vari ?y.rgm@m i refyqReSe indidmasnatch &@h&lﬁ@b(ﬂegfa?lfead%y&&t 6m<¥1ff§se-anar oPt
scattering filnms or -isotrqpic or.anisotr -, di sing r ectors for
il ect i ve |1 BETT arpeian aud tpmigsion sighe, 4 AttoR] Mg FEMON ndor PRV 3 o
particul arly ¢onefRukthdnfore] ctabaing theheomantof alst grodves #rdthn @R pateensghlsy e Or to
enhance the pal arization of .light. . Adyant ageously, they can al so be used
as el ectrodesé)‘f%%‘ftﬂ%ﬂ %7‘6&1%% bseé%.?“ei'—cﬁ thermore, because of their

topol ogi cll structure, they can be used as orienting layers for liquid
crystals or o | t rj fur . Jdcatl re

Ut et cat i ofrgosnah b nda bt ol bl Lol i AR Bhich '
securities, iopigallyt Jiffosumepropertiest loan bé¢ blized 40 rreake o warighr 9ff optichledevisan f or
I nst ance be ht??] f ' : | WA 30
providing a tli |pyn&(§| Bng(#og%%i%gdxﬁ%yg% 3%‘2%?%%’ %aﬂ?}y%‘ﬁ%?gg@g éiﬂ@ﬁ:&gg}f tern
even a sign oimpsevement 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 also 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 oriented. A further application are authentication elements
(e.g. to 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 & tilting effect to the observer, and with a specific pattern even a sign or picture

is possible.



I s possible. WD 01/29148 PCTI CHOO/ 00562 11 By controlling the anount of
orientation or by witing with laser light during the cross- |inking
process, VPMY2M} enti on provides al so a possibility to HeHEHWOIRJi c
structures, for instance optical gratipgs. In addition, conbinations of

| aser written periodic structures and alignnent produced (patterned)
structures are feasible. Advantageously, in this way new 5 topologically
ani sotropi c structured coatings can be made, having optical properties
conbi ni ng Ipgt & | Idaf: L POl f et - i.gh scattering

di rection %? tﬁ“ﬁ?&ft hr?gm? Efeiorgyﬁ%gélggﬁdi retg{ i‘gi%il eeﬁ}e;rﬁ]@s‘i]"g%g E%\Fé?sé'l

par anet er s ligkipg proeess (the invgntion prayigescaisor 3 possibitity to eutk¢ periodicrstraguret, foro bot h t he

magni t ude ainceldptical Grlings 1A adBHGH Béiibinak0hsST ids SVttt oatings
fabricated ysi rég LCPs vvigtsh pasitive élllli sot r opy (ar?ﬁ?%%?cﬁ a orcllg t he

grooves di phgnmeptprodiced (patterped) strugtures s feasiblo Advantagegnstydinr tistwayrnewar al | el to

the gro®vesopdiogRallyi isolrbopi® NHudturdd! Rodtigd eth bar hARX ol ﬁg{ug .. while the
conponent s gfd.tgﬁgyii Ci dei?]t | | H;{a i n tEe di recrtgiﬁg’nhperpgﬁr?(flﬁc ‘tfh“tso t he _
grooves w"?‘P‘”f“P%h%‘Rf‘F‘“W&H{;‘ﬂ fieen ‘wi th | ess disturbance. As a result,
t he unpol arized light will 15 be partially polarized after passing through

the film tinetion rati.o of such coatings can . have val ues of about 2 or

hi gher, an %b&ﬁfyhsf‘gﬁg?g g’ﬁdr'?{‘cﬂlébﬁes?eﬁ'i o8 gRAves diregtipn denspdsAn sexeiplust i ng t he
fil'm thi ckpeemetetsisechwas the aaisdtropy of thelL & osed {with redpedt BCbolli BOYRGnimaghdt he degr ee

of 1ndex ' C h .t use. of terjals with a well

def i neggbi E%Pf?ﬁgé%%@légﬁkﬁ %orpg‘{]%tgﬁglgeéi %@%’é‘%@mﬁc‘gﬁ%ﬁ?‘?ﬂ Bc%b%’ihpt ion axis
Wi t h r espepositie anisetrapy ddn)ealigneli alengt the prooR disyetian]jstiies the iclilentighi ®d and the

| engt h of e v t C Lng can als e e antj- reflective in one
di rection t<'§1}tr]fc1d 1%‘([5’%3 tpgﬁlﬁépﬁlr? gg%tc\)'ﬁ‘n%fe é‘?nrszrg?ﬁq%ﬁ".'e W%‘%ﬂ?@%mﬁ%%abn catio

of | ow | ossvhieltherdompensnisiof khelingdentlight i the divectiat iperpersiizhilat td e grooves ;

pol ari zat i NSt ' ith RiCHIRRE tiering.angd/ or polarizing

properti es%ﬁ%gﬁtfdt’fgﬁg?éﬁﬁnﬁf‘glv%% usl nﬁcﬁ'%% r%& eti'cp%néjf’@?'bnqlﬁgt ‘Y’@o or nore

ayer s 15 obs pHEtl RISt HiSHpITiE trovgh e fim ExGrctsn Ho o desb, coling b

mul til ayer faveOvahids ot asoit 2lor hRH&! sd VEPRigRK: RiRAord RBoER e hi%ﬁﬁ)?r ty :
(brightness, vij e\lm angl e, pol arization efficiency, etc.) the topol ogical
structure @fiuing elrlg’?é]i“c &34 e voluprtraction,gnd size gf the grooves,iand theidegres efov es '

di r ect i ons jidex ifafth SHd SRR rbull Sesuse Gbmbterial With bl 8EHRBA virdsigihgach ot her.

Addi ti onal h}{q/ atF - s?hro%ihs oeirﬂgar;1 ani sotropic - atntglﬂ;er ef Ivg,ct | on coating
may be used™t'S PRUEIRT AYGR I IPEHS sBromtion Axin ik respec 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 to 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,

| H



30 The topologically structured polyner filns or coatings accor di ng to the
i nvention can be over-coated, w thout destroying the topogra vmth

vari ous na¥@#¥28148 such as pol yners, | WD 01129148 PCT/CMW

netal s, dielectrics, etc. Furthernore, spgcial over-coatings can be used to
mani pul ate the topological or optical properties of the final coating.
Coatings covered with a netal |ayer, for exanple, can be used to fabricate
diffusing reflectors or reflection polarizers. CIher optical elenents,

h w f |, 0f I
Foasi bl e, 1 rinehly fetbbic end Pfenfit SpBA of ek fhah B Uend6 lipSERE ) OO \°
films or coampdgscaéawmeﬂlmeﬂesaﬁﬂmﬁmlsmngt Gomnts@owegl Wtdaambtal lgyer,r opi ¢ or
ani sotropi ¢ %9@9 %ﬁl béﬁJe{t'% Bb e it Hﬁ@#&tﬂ&trﬁﬂécﬁ&ﬁg&é&%ﬁﬁe getal s,

pre polyners, dielectrics, etc. ur pose deS|red
mat eri al (e. gmcdlelnments,mmh api UV filirss %t]dﬁ)‘*’ pelerizen mod mﬁ@eg palarizens, heoems 2y,
optional ly ;e%&? handl ed (e.g. heated, exposed to |ight, coated, etc.)
to achi eve speci per f or mances, and t hen separated fromthe under | yi ng
filmor coating. It is a further advantage of the filnms or coatings

accor di ng t ogf HRtHeNMBE bpﬂxetxﬁ\@ﬁn&lh% t&ﬁﬂ;gi*éﬁly shact@a filnks GQaheMs b4 v vari et y
of devices or substrates such astic, netal, dielectric etc.

and that it Pedgedomptede pake t“?i’hf"r aﬁw@pwt PeFpispirasts RelosicR Strcyes 9o

anot hglr For virlegs mhtéﬁdlbssfu&{aslrrfemls, FréPoHIners) @Wrshféledﬁﬁo@{% Bg tmes‘h}gcssq,ues ar e
suitabl e, using a orrTerc a av ransfer mas a su rate.
After trahsfe -yl H‘Ppﬁ@’ﬂgg ii?dn‘ﬁ’mt'g {ﬁ'éq FRIETR i"?ﬂ?naslfyt can
advant ageous kythee hamlhﬁt efgolﬁbateﬂ sxposede ks itight, Wloitmaﬂaj her achizterspadfic The
invention will now be cribe th reference to the 25
acconpanyi ng ‘Ef %Fiﬁ ?ﬂed%m%%fnger} ?ﬂg V\gégfor ce m croscope (AFM
i mges of three nano porous antl -ref lection LCP filnms being coatings
according to.t.he.i o r f Jve
refractive i gltdseiﬁ’étﬂﬁeag%fl eroef Q%ﬁ,%? %rcgslazég chﬁmg %%%%eﬁgl’[gﬂatlt%& cgﬂwavel engt h:
(a) 30 poses easily hoaed taaemta@eofcﬂmtoelsuh@frat@()@cm rpamndilmtxdameghtdwtcbmgo nm (b)
pores with ag, %x@{h%aﬁmdmns&ssﬁe@é raiflr B AR BndGb&He ©lamdRl. APmANd (C)

pores with an avera
transfer, for examplc known hot stamping techniques are suitable, using a commercially

available transfer film as a substrate.

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

coated on it's nunderside with another material.

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. These 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 a height of 90 nm, (b) pores with an
average diameter of 180 nm and a height of 120 nm, and (c) pores with an average
diameter of 100 nm and a height of 50 nm.
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Fig. 2 (a) shows the variation of the effective refractlve I N ne ff, as
a functiWAWPMhe wavel ength. The open circles cor r eSS ﬁ?ﬁe | ayer
from Exanple 3 (Fig. 1c) and the solid;gquares correspond to the | ayer
fromExanple | (Fig. la). Fig. 2(b) shows i ght transm ssion versus

wavel ength of an anti-reflective |ayer fromExanple 2 (Fig. Ib). The 5

gl ass substrate used was coated on one side with the anti-reflective layer.

The {1 Qur & (GMRISH LA vilahif] ke ol OO DL ad £HBE ofnd CP | ayer

wi t h al nost ron (since transm |on I'S achi eved for one
coat ed gl a&&vdbﬂtﬂl). Théopen c’irc(ea);orrespoad tethaiqyeefrofh Bxample 3nfFig. 1drand the cr oscope

i mge of t bt ai ned is a

cor f espond i SRBEL RO 1o e Bl BEET ek PXRIPLS. 20 s it) |

i ndi cat es tthesrmksmgmengs m\rebogthoﬁaminht-rhﬁe%mayqf@m Exmle\ﬂaﬂFweéb)oﬂe t he '

peri 0d 2 anfhd Ubetifl Gl dhOloatol n Hn@ W SwifiPhe D il 16ell Tl (figrd © AN AFM
Bharopr o LB

cross- Sect e of I'ay er a}é e trace indicated as a

bl ack |ine demofatrgtes 3( pjativaly lrrpagl-baud (aay-rqﬂgctvzesle riexer vithi alposty zan 4 CP- LPP

| ayer used é@e bl 6% Mﬁ,@ohgqeg%forsn@waﬂggﬁss ved LCP layer with
I rec

an aligning lon along the x axis, covered LPP | ayer with an
aligning direction along the y axis, wherein the LPP | ayer had partially

filled the i‘i g(aﬂﬁvﬁxseﬁﬂglercﬂfﬁﬂ%li:'ﬁb&mkbﬁis&kﬁe imbgenafAhe 46tained hamoAef f = 10
rim Fi ows a mxed allg&) nt observed getwe crossed ol ari sers

i
(from E%arrp&fﬂo"ﬁﬁ from, Exappleqt apd Fign $0} I5y7 SAZespmdng S ﬁ%‘bf" WO
di fferent ChphfeSthe AsubRSRRRMChdightds thelalignihgydirecionCdfthiel LFY Lalier. E‘hé vahm of t hese

col ours becom ng inver bet ween t hese t en t sanple is |
rotated by tespeqgdgh ‘E‘%g“"‘ gt 40 gaﬁtg'?ﬂ”est??ﬂm%&tﬂgﬂ‘al?% \é\%dﬁa‘b Me%P¥a0r di nary
(ne) ref raC&el:N&nal'Ml&@f&h@lﬁCR fager aldhg {hatave IndidantaExblagkiline ih Fig. 6@i).di ng to

wavel ength, as determi ned fromellipsonet ry measurenent, Fig. 5(b) shows a

conparison of the optical anisotropy (en = ne - no) of the nano- gr ooved
LCP | ayey f Figimt Bgpispl sehefnafis oyiesr efsn MEP-EPR lager usdd te cbbiy ewpoddiignpentCP | ayer

of 1Tgnt ¢ PAeTER-cEp et P AR A e MRS U e Wi Lprt *‘7 SR
squar es) anilPplayer with anedigningydirecthd alapgdhe xt axisa wherein thediPPJaygr hadpagtiaille coat ed
on one sidegpidf. Akp &%He's i felickd #Eir héEht FoMSA= 40 Bto ALAT Bn. 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 (no) 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 - no} 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.




WO 01129148 PC I CHOO 0662 14 Fig. 6 (a) is an optical m croscopy

phot ograph taken between crossed pol arisers of an opticall atterned
nano- gr ooWe0123M8| ayer from Exanple 8, with two aligni W Sbns at and
a2 in adjacent pixels of size |OXIOCO m fig. 6(b) is the corresponding
atomc force imge taken in region a2z, g 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 schemati c represent ation of an optically patterned (grooved) LCP

| ayer from tothel
axis) and a2 ﬁra aﬁgl I‘efiﬂ ngl e gﬁ)%g?a%hgiekgg%kg%o“ &ﬁg%r;s%

adj acent pi xep@caﬂspmtmeﬂmowﬁzaq?dweeﬁemﬁxme &meawoalagnmwm:m axes
(with Z the | h, k
hor mal ‘o hdh S4B aedP ok b 1 fop o3 Tig T i 62 Tipiiiog Wik |
axes, | and Yoreeiemge talemdin kegiondy, Zt@.ﬁ@;s thaemkenhrm@in)a,; aﬁdﬂﬁg.eﬁ(kglsﬁbv(sal)e defi ne
the illum nation dj rectlon with respect to the YZ plane. Fig. 7(b) shows
t Wo photgé)rabtﬂ 3¢ PEhEsep er‘f&"f"f?ém?/l ewi ng angl e dependence of the reflected
light froman optically patterned "grooved" LCP Iayer 15 prepared as

bl aced_ bet wedTE 2R it sbimale Pt ot ey Bl e F LS bR e | o'
i mage corr esExadple 1Q) mlhgwmﬁgﬁgdmudoﬂslao@aaﬂdhtdthet axispdndd ap (nodkingen togle €gi on

i ewi g angl &F 450U TRt b ey etch ApeaL vl of SIS YA R 1y
p?t ter n]edo" g Naboxacsly frhﬁPa:deapmth Z the MewhaxB)ypdeijklake theisehstrdl¢ Fimades (s;ﬁth]rkes pondi ng
atom c force n e _coa rom
Bl e 11 ¢ AR Gy PP S e e B bR o X Pt B RS 1 g
25 tExarrp:we 1 and/R khd Waks, |r?y&hvébﬁltm9n§e @ﬂatﬁcﬂggwamﬁﬂﬁdioﬂgtrécﬁorthﬁhkﬁp@ﬂti on A
mxure Xi pared_c |n|ngan
e e

non- phot ocr ost&pen ¢t @i aidda

corrpgnent denot I§b ]Eﬁ I\I/%I .. 2 and. )I’Vbrm gn23(1)re ) | inkabl e
oatryt ads mger & USHT in BBHRE T Su RIS CORTBHH P BEAIR VB CAPD,
is a non- crqﬁz&édwme&ahdxemmabmthecmied;theyfiglmhreamm(hmeﬁ1nw@®i:ba’ﬁeﬂd48

PCT/ CHOOr 005 qgregion a7, and those in the right picture to region aj.

Fig. 8 (a) shows various photographs illustrating the iflumination and viewing angle
20  dependence of the reflected light from an opfically patterned “grooved” LCP layer from
Example 11; Fig. 8(b) are corresponding atomic force microscopy images (10 x 10 um

scan) of the coating from Example 11 taken in region a; (left) and that taken in region as
(right).

25
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-photocrosslinkable 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 SCAPOZ2, is a non-

crosslinkable nematic liquid crystal monomer.



1s Monomer 1. _//~ o~ b 0 Mnoner 2. Y o Mnoner 3: 00 a 5CAPQ2: ‘0
M x] was nade from 58.9 wt% = 52.6 ng of Mononer 1 13@0 n@ls:ﬁ 11.6 ng of
Monomer WOOR2M48 o5 = 3.8 ng of Mononmer 3 9.3 wt % = 8¢ ’ﬁ%ﬁ Zcapcp 12,1
wt% = 10.8 ng of Ethanol 1.2 wt% = 1.1 g of a photoinitiator (lrgacure
(trade mark) 369 by CIBA), and 1.2 wt% =1.1 ng of BHT (butyl hydroxy
toluene) as an inhibitor. 10 A 1.5 wt% solution of mxture Mx! was nade in
et hyl acetate, then honogeni zed with noderate stirring for 15 mn using

ul t rasoni ¢ Mdnbmad i:ons th a SonifRere(tra k) " 59" .digital by
BRANSON Ul t rasoni cs Co( 6’a\t/|\o’h~)f?'®6<ﬁ W/Mzﬁm filter. 15
The solution was then thinly spin coated 4000 rpmonto grass plates. The
plates were warned for 1 mnute at 50 C \/thBI ate. The |l ayers were
then irradigdgahefPr 5 g\émut es un Nbt r ogeq rogmtenpgrature by

i sotropic (not-polari z&re™NAINA at”an YMensity in the
ultraviolet of 4.1 mWcn2 to crosslink tRe& LCP nononers. The& |layers were

optically transparent. Finally, the_l ayers re rinsed with ethyl acetate
to renove tMREODE Hon- cxgkshi RkRde a %Mméﬂw e, the layers
were still transparent. TRe total hi & ?® ofthe resultiBg

anti-reflection LCP | ayer was about 90 nm %si ng cont act - node

At om c- For geallgpr oscopy (AEM ,—the |ayers were found to contain nano-pores
(Fig. 1-a). The pores%@‘e\g@cﬂmt er of about 200 nm and an
aver age hei ght of about _ °

Mix1 was made from:
58.9 wt% = 52.6 mg of Monomer 1
13.0 wt% = 11.6 mg of Monomer 2
5 4.3 wi% = 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 (butyl hydroxy toluene) as an inhibitor.

10
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 1pm 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 ethyl acetate to remove the

20  pon-crosslinked material. After 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




WD 91/ 29148 PCT/ CHOO Ob6Z 16 90 nm The effective refractive index of the
resulting anti-reflection LCP | ayers was evaluated, at optical wavel engths
bet ween 4090AM9%48d 1000 nm using a Variable Angle SpcREHGHUOHGPIE
Ellipsometer (V. A S. E. fromJ. A WolgmCo., Inc. Research &

I nstrunentation, Lincoln, NE USA). An ex le 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 Mononer 1 6.8 wiN o =

8.1 of Moponer .2 W% = 2.7 of Mononer 3 .35.9 Lo = 43.1 of
ScnPeD o4 205, The, eféphye refhctud ilep ot Tho oo oo TP gl ik 1 ™
phot oi ni t i at evalvated,gm optical WiveRogthstrtveen 360 yndCl BAKm, esirg a Varfablst Agle 0. 68 ny

of BHT (butyl, hydrox ol uene) i nhi bi.tqr. A 7.8 W% sol uti,og of the
i xtur e M x5 SREROR, BB O 0 20 1 W g K i, e ot P e o
stirring for hisumentatios iLirgoln) WE ¥¥SAhiAn exaroplevf thersesuitsiist shown BcHig. f2-esolid r ade
mar k) "W 203%%%;) digital by BRANSON U trasonics Corporation), and filtered
t rough af).z iTter. The solution was then thinly spin coated at 3000 rpm
onto glass plates. The layers were then irradiated for 5 m nutes under
ni trogen at b 8IREY gglﬂ,%i]glg ksotropic (non- polarized) light froma
mercury | arrpk?'a'éﬂg!ng'l natg%rﬁié?&tyol n thlltraa ultraviolet of 4.5 mMNem to crosslink
the LCP nononers. The layers were optically transparent. Finally, the
| ayers 25 wene,#iihiSift Wat Rade od: vent to renove the non cross-1|inked
material. After this procedure, the layers were still transparent. The
total thit@kne8e " 3RS mefMaPmE lanti-refl ection LCP |ayer was about 120
nm Using comptgaabs<BomgoFMondntez | ayers were found to contain nano- pores.
The pores have ap aver agg di amet er of about 180 nm and an average hei ght of
about 120 nhX("8&s £ BeoiMgIomerie t ransni ssion of the resulting nano- por ous
LCP | ayer wags8Wtmvwafiuasgstscapoppti cal wavel engt hs between 400 urn and 1000
run, using a ri gble Angl Spectroscopic Ellipsonmeter (V. A S. E. from
J. A Wol am%g.w,t%rﬁgtl ’?é@%‘ﬂ & Instrumentation, Lincoln, NE USA). The
resul ts gshowad wibie= héhg pr fhowinthne(Igature (trade mark) 369 by CIBA), and

' 0.6 wt% = 0.68 mg of BHT (buty! hydroxy toluene) as an inhibitor.

A 7.8 wt% 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 2507 digital by BRANSON Ultrasonics Corporation), and filtered trough a 0.2 pm filter.
The solution was then thinly spin coated at 3000 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/em® to
crosslink the LCP monomers. The layers were optically transparent. Finally, the layers
25  were rinscd 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-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 180 nm and an average height of about
120 nm (see Fig. 1-b). The transmission of the resulting nano-porous LCP layer was
30  evaluated, at optical wavelengths between 400 nm and 1000 nm, using a 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-



WO 01/ 29148 PCT/ CHOO 00562 17 reflection of the LCP layers with zero %
reflection in a wi de wavel ength region of the visible |light éscf Fig. 2-b).
Exanpl e OO, varying the conponent ratio 5 A mi xtRfr% s made
from 20.2 w% = 35.9 ng of Monorer | ;4.8 W% = 6.7 ng of Monormer 2 1.3
w%= 2.3 ng of Mononer 3 10 18.2 w% = 32.3 ng of 5CAPO2 55.3 wt% = 98.4
nmg of Ethanol 0.62 wt% =1.1 ng of a photoinitiator (lrgacure (trade mark)
369 by CIBA), and 0.62 wt%= 1.1 ng of BHT (butyl hydroxy toluene) as an

i nhi bitor. rJRcdbnortne'LEP %@kﬂtwl@.%ﬂf %! Rfleclbrk in4 Gid¥ vﬁ%el‘é@%’h PRAG drpst Nyl
acetate, then horm(genlzed W th derate stirring f mn at 50 C, and
filtered t KisBIRMUEIE(CHEIE 210k i | ter. The solution was then thinly spin coated
at 1000 rpmonto glass plates. The layers were then irradiated for 5

m nut es under nitrogen at m t enperature using isotropic (non-polarized)
light frodxampled: A ?“I"%‘(Wf}g&“"a’ﬁm“ﬁ?é?@lty inthe ultraviolet of 4.5

nmV cni. 5After this irradiation, 20 the LCP nononers had becone
cross-1linked. K The yers e opt ically transparent. Finally, the |ayers
vere rinsed" RNH B{"%W é‘tageé “to renove the non cross-1linked material .

Af ter thi smamMﬁmgbmbms were still transparent. The total

t hi ckness g! th égsul tﬁ\{ﬂ% rbtl-reflectlon LCP | ayer was about 120 mm.

Usi ng cont §¥iba ey Frayers were found to contain nano-pores. The
por es have law@veRagee afiMometner3 of about 100 nm and an 25 average hei ght of
about §8 m?s(ﬁﬁ%fﬁ%m oficape@npl e 4: Preparation of an LCP |ayer
according to i ivention on an orientation |ayer, teading to a nodul ated
profile "naidg-vliooWetingobpbioli cal structure 30 A 2 % sol ution of the
phot o-ori enj &g By ?H%Eblf néﬁn&ﬁiﬁat() {e%ﬁi %@!@V(ﬁbﬁgfaﬁ&’m G BA), which

is a linear ot o- riza %/) ‘opent anone was
thinly spi rpgba%dl&fngsﬁwTrwldw%% Hw)?ﬁaat“é%bm”Fhe pl ates were warmed .
for 10 mnutes at 180 C on a hotplate. The resulting layer had a thickness

of about 60 nm and was the
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 um 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 rinsed with ethyl acetate to remove the non cross-linked material.

After this procedure, the layers were still transparent. The total thickness 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



WO 01129148 PCTI CHOo/ 00562 18 irradiated for 30 seconds at room
tenperature with linearly polarized U light froma 200 Wnercury high
pressure | spandfae pol ariser was a filmpolari ser HNP' B RGI/CHON/EGS64 d. The
wavel ength of the light was further limted by a UV filter W95 (Schott)
and a bandpass filter U3 1 (Schott). Thel§ntensity of the UV |ight at the
plate was determned as 5 1 mWcnR. The thus prepared orientation |ayer
was then spin coated with the solution from Exanple 3 using the sane
experinental treatnment. The resulting |ayers were transparent before and

after rinsing imdisted: fop 3¢ secgrdstat rooms tomperafure) wifh finepsly polprized 485 light frogpbaut 120
nm Using 10 cRfi@mboit izh pledduted i Thi pilifelwash findpianek 1nipBwh Phiamtd. al | y
0

round pores nano-grooves r . -channel's). are forne e re elopgated in
e di Fact  on Be seraeasieh o il rsmwhsr Faftlnt &Y Al ERTH GRS e i s
case al so the Bilhcllges‘stfiharveﬁ SERUN Theinteaadyiophe O it dt tigPlate whsidetarntimd as

irradiated the LPP l,ayer). The grooves had an average period (1) of about
100 mu and3an IaWW/%e hei ght (A) of about 40 nm (cf Fig. 3). 15 Exanple 5:
Use of the grooved LCP | ayer of Exanple 4 as an orientation |ayer in an

LCD cell Wth the coated, sides facing |nwards, it | a rom Ex le 4
were assenbl edihels PepparhonipRiagonfayer s%ﬁsﬁmgmv\g@‘@%ﬁﬁ@a&%m@?xfﬁpﬁ%?a

pa[1 all el - fsi gedlsﬁ?lr?'m sl:inte lexyseciioad 'tslttrmmg:ht_e}mé refilting!l@y@(3o0dre ' traisya)r_ ent beforegang)| ?_ss
spheres o p i ckness ..as cer. ille iC
liquid crystal®¥ Xt 8613_ %8‘8@63 ?Wg?gﬁﬁl%ttwgﬁ}e%n%%r%?@rfezagﬁ é’%‘f‘ y above
the nematloc- i ®atactoymide AFMainwas foad that mswaddfignbstagtdlly ©und pares nehaegbgves ol ed.
Cbservati on of r cel. e ; hse t hat

chadfeif) 0 Rnfida.CFhls? al% bGAR G q&éﬁﬁeﬁgal 3 RChe R 2P

the liquid crys is urditornly orrented. Using a pol ar _
m croscope, t haieotaiieniayer (Wrictdisie 8is ¢se albn thhdirdsion ofdhe pdlarjzntionad Ualight nposed

on the nematic_Jx o) t?gly' h bl d¥od Balalab&l tO the
"grooves" di rectl o?’fw”?:'><arrp?gﬁ> : l\}aailii?ﬁghg%ﬁg%rs?ﬂ@?m%% IJor(l)e?&?at iaon | ayer
30 AT % sol ut 108mmoind eineversigoheight (A)of ot fOinprcifag.éki al JP 265 (from CIBA) in
cycl opent ne was thinly spin coated at 4000 rpmonto the coated side of

the plates from Exanple 4, i.e. o )
Example 5: Use of the grooved LCP layer of Example 4 as an orientation layer in an

LCD cell

With the coated sides facing inwards, two plates from Example 4 were assembled into a
20  TN-LCD cell with a twist angle of 90° (and a parallel-sided cell with a twist angle 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 slightly above the
nematic-isotropic transition temperature (89 °C), and slowly cooled.
Observation of the prépared cells between crossed polarisers showed that the liquid crystal
25  is uniformly oriented. Using a polarization microscope, the orientation direction which the
coated plates had imposed on the nematic mixture was established to be substantially
parallel to the “grooves™ direction.

Example 6: Making a hybrid (mixed) orientation laycr

30
A 1 % solution of the photo-orienting LPP material JP 265 (from CIBA) in cyclopentanone
was thinly spin coated at 4000 rpm onto the coated side of the plates from Example 4, i.e.
on an LCP layer having a grooved topology with an average height (A) of the grooves of



on an LCP Iayer having a grooved topology with an average height (A) of the
grooves of WO 01/29148 PCTI CHOO/ 00562 19 about 40 nm After the coating,
AFM i nV&OwLRM48 on showed that the photo-orienting | ayRGT/CHAVOPSER oy or )
covered the LCP | ayer conpletely, as skgtched in Fig. 4-a, and that the
nano- grooves still existed. The result was an LCP-LPP | ayer whose grooves
had an average period (1L) of about 100 nm and an average effective height
(Aeff) of 10 mu. 5 The plates were warned to 180 C for 10 min, then

i rradi at ed%aﬁ ¢ 4098 A tn@msrc@énnmmmeﬁdgr&ﬂ%wemtm ;ﬁ,ﬁfé- %&aﬁqm froma 200

‘Wercury hirgh pressure | a I ser was I ser HNP' B by
Pol ar oi d. (LRR lama\)@\@rﬁgtthﬁleﬁ layes cpmglmelymkﬁﬁhed fireFig 4-amap43ﬂ1absye gangy . filter

WG295 ( chg}a&%s @tﬂﬂaaﬁtéaaﬁﬂpmt fwad sﬂcbxayplaafeswae;etgmmad m SR Ey of the

WV |ight ate was determned as . . I n order
dermnstratm’loh@v)afabgm1ﬁ@“@@ﬁ$@t4vﬂawffeﬁw\h@mwhtﬁ°ﬂbﬂ%ruperposed | ayers, we
used the fact that the aligning effect of the photo- orienting LPP

i ncreases with increasing duration of irradiation. Therefore, the |ayers
were subdThe plates weeovatingd & &30t°C fore 40 mim shencinmdiateth @t roomatgingereturef with a i xed

peri od of . iRy FARBLIOV EgHorl 6 Ry thh e Gy, ThEplkiELROR Of

pol ari zati o I n the plane end ar to the

pl at es andfilmopalsriser HNP ‘Briey Poéﬁf‘bé 'WaM‘Fl?f@ﬁ’tqfd]PF 163%“ meﬁxm&nmd bygUVi-a. Wth
the coat edﬁfééD%sta(géﬂaa) Adavmgépasst fiRr b@ﬁ kfcﬁoteomeqqtemt to? {HeAPY ﬂ%meatrbl ed

into a TN usi ng _as gcond plate a &éate hat has been coated

with allsi nte @laty wasdetermiid aﬁdy%wcalr lprfgdeﬁﬁmdanw fthe A SHAE SPMERLtgL 065

(prepared g&EnGhd 8ol RipbrP&ied 14966,00¢ Bsed ltheetacmm 2 dDeAp effect bf @3GPhGIOASS .
spheres of 5 mthlckness as, spacers.., The angFﬁeérectlon of the second

plate was Prgebee LEP inrreases vath “ﬂ”émﬁndf’ﬁ“?'bg atoy- Thegeforey e d9Y5H ¥ ¢ he
grooves of gibaRided intcﬁdtﬂa'htﬁtse:hoﬂiﬁ éach ehd irradisted fot h Ggedypetibtl & tinerradging frongjui d

crystal mxture I\/L rck a.te rature sll ht bove the
nemat i c-i soEFops C\deg?tﬁ' 8&' €t %@Pa@f&‘%"%y@%&% q{? '%XS a@ﬁl 25
Observgs i operpéndtchler tp ttepdatescind ©lthas ofthe {geomest dm@gerdaspbétdued sdiig 4showed t hat
the nematic liquid crystal inthe cell is uniformy oriented over all the

different sections of the cell corresponding to different UV irradiation
time. Usi niVith thotcated sides facinginwards e £P-LRP opated plate ganassanblad inthe TdF-i ent at i on

direction 9pOf u'sﬁxg e fhe GEXRA Plate\¥eatd bk Blen! Batbd @itk h SRgIE ioRBntitfont NE
layer of the photo-orienting material JP 265 (prepared according to the procedure given in
20  Example 4) and glass spheres of 5 um 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 liquid crystal mixture MLC 12000-00
(Merck) at a temperature slightly above the nematic-isotropic transition temperature
(89 °C), and slowly cooled.

25
Observation of the prepared cells between crossed polarisers 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 polarization 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 liquid crystal was established to be parallel to the
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to the direction of the grooves. (Qbservation
in rLsing merosco S d_ that for

0? t@e ?a ert fuggrpose& to ?’en%%?vﬁ%%g% r
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Et hanol 20 0. Sthek by zotatign thigualy anpanglecpf iR Thust e aligning competition.r i PR k) 369
by ClBA), and a4iQst&i, ¥n%e aseli19geherd® bRfabIBEIchédisloy ity @Yty tol uene) as an

i nhi bitor.

t hen honnd%nized wth

A 6.7 wt%solution of mxture M x4 was nmade in ethyl

acet at e,

noderate stirring for 30 mn at 50 C, and filtered

trough a 0.2 rBxhinpledt . MidkingX aiiTpticall reRRIaticdD b AvithS hrfificidliye hiphOvfect®d Ut i ON.

The | ayers were transpare
t ot al

LCP fil A% ness

nt before and after rinsing wwth the solvent. The

s about 110 nm. AFM investigations showed the

formati on of "nano-grooves", which had an average period (A)

17.0 wt% = 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

of a photoinitiator (Irgacure (trade mark) 369 by CIBA), and
of BHT (butyl hydroxy toluene) as an inhibitor.

A 6.7 wt% solution of mixture Mix4 was made in ethyl acetate, then homogenized with
moderate stirring for 30 min at 50 °C, and fiitered trough a 0.2 pm filter.

Example 4 was repeated using the above solution. The layers were transparent before and

the solvent. The total LCP film thickness is about 110 mm. AFM

investigations showed the formation of “nano-grooves”, which had an average period (A)

of about 150 nm and an average height (A) of about 75 nm.

A mixture Mix4 was made from:
15

58.5 wt% = 124.3 mg of Ethanol
20 05wt%=1.05mg

0.5 wt% = 1.0l mg
25

after rinsing with
30

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

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



of about 150 urn and an average height (A) of about 75 urn. 30 Using a tilt
conpensator and a pol ari zati on m croscope, the |layer was found to have an
opt i cWOHEMBdat i on of about 19 nm which correspon8STACHOUMSE f ect i ve |
optical anisotropy of WD 01/29148 - -3 PCT/ CHOO/ 00562 21 about 0.17. It
was al so established that the orient %ion of the optical axis all-over the :
| ayer was parallel to the orientation direction of the LPP |ayer. This
finding was further confirnmed with ellipsonetric nmeasurenents. Fig. 5 shows
an 5 ex . Fi 5-3. gl ves.-the ordinary (no)
and ext r%g'?‘!dﬂﬁ: %ﬁﬁtf §1§§ gﬁ#{émgﬁ%@gﬁ%&t@égﬁ\}}g?@ﬁg aﬁv“é‘l%ﬁ%ﬁ aYﬁr the | ayers
f r om t hewprpasaliglito the grienitasion giregtiorpofiihefiRPdeyer.i n squares t he correspondi ng
optical - anisotropy An = ne - no, and by way of conparison in circles the
optical anisotropy of a corresponding LCP |ayer w thout grooves. 10 In

addi t i onThirifigding was Sdgg conb vith, ellipsometrionmeaswrements; Figy Sashgive apf

S- Polr | 2yl lfthe fislsl haidbURE 5% ORAND RAAY (o Pihd Llina 8RR | aNG! e5)

of a glass slide coated on one side with an "anti-reflective L | ayer

accor di nrefiedive indicoy vsswp warcknath |of the layers fiomrthe pregnt e@pmple;dig. p-bgivaser ned ™ :
"nano- gr . : B2 O -Lan_ of of.0-Qr | ent | material -
(3P 265 PRgaes o ffieMiRling ohubu ol h 00 o ofd B bR, 3000 1 pm

ont o- gl asisclgsltixtoptical Fimtrppiadfesommpaending LORdaykowithbit grooved.es at”~ 180 C on a
hot pl ate. The resulting LPP | ayer had a thickness of about 60 run and was-
then irradiated, in a first step, via a photo mask (100 ni x 100 gm
squat®s) Inwddition, Fig rd spowelight fransimissign vrysusivaghit angigrof & pelaniaed dight ($olidt hi s
procedur g, hLectil; b Zaky on ' N+t ane

per pendi g‘l‘f'ltaiaér9 aftill(_l) &’tﬁﬁigh%fae{%%@?égﬁlgﬁjg&gi %ﬁ%’f%%gﬁﬁ% (I)dr? r;,é,g rswe?ttlz1 g‘h_c_i_ st ep,
after r onthrefleniveLCY jpyergrqosding to thepresemh exampltear pol ari zati on by 45 the mask
was renoved and the |layer irradiated for 30 seconds (aligning direction
a2). This results in a photo patterned LPP |ayer with two different

al i gni ngExample8; Qptically patiemed; ‘panogroomed LCElayer g wt 96 sol ution of mixture M x3
(seeifxanple 3)- -nmade in ethyl acetate, --- honpgenized with noderate
stirring f 30.mn. at. 50 C .and fi I t hr .a 0 2 pmfilter - was
thinly sp ﬁ&%g‘f‘%"fa? plfﬁbﬂ‘ef‘%%ﬂf%" %Jﬁgggm‘f‘oagg? l“e‘?yﬁ]é'ﬂm%P?"q “¥er. The

thinly spin coated at 3000 rpm onto glass plates. The plates were warmed for 10 minutes at -

180 °C on a hotplate. The resulting LPP layer had a thickness of about 60 nm and was then
irradiated, in a first step, via a photo mask (100 um 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 plat_es_ (aligning direction aj). In a second stép, after
rotation of the direction of the linear polarization by 45° the mask was removed and the
layer irradiated for 30 seconds (aligning direction ap). This results in a photo-patterned
LPP layer with two different aligning directions a; and ay. o

25
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 pm
filter — was thinly spin coated at 1000 rpm ofifo the photo-patterned LPP layer. The
obtained layers were inadiated 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 wete rinsed with a solvent to remove —




ohtained |ayers were irradiated for 5 nminutes under nitrogen at room
tenperature using 30 isotropic (non-polarized) light frag ury | anmp
at an inteWowgdah the ultraviolet of 4.5 nWcnR. After PFW@"&W? di ation,
the LCP-nononers had beconme cross-|inked. 5,3he’: | ayers were optically
transparent. Finally, the layers were-rinsed with a solvent to renove -- ~
F. k.. yl>p. tkt: I'r. W61129149 PCT/ C1100/ 00562 22 the non
cross-linked material. After this procedure, the layers were still

transparent. @Qmm&aﬁk{@&ms Ehlmsceﬁ&é%uayasaarclsﬁﬁ%fa&ss&ah

| ayer is abou nin arization mcroscope, it was est abI I shed
that the ori etetahthickpesséf th a@axeﬂmp%m%hmmtah@ltl_ -ayer was parall el
to the two aligning directions (al and a2) of the patterned LPP |ayer.

Fig. 6 shows an exanple of the obtained resul ts cont act - node AFM
the |ayers wesieg # pelprération mistosepn it wassealisksd ﬁlearlawgwﬁ Rithe pptical axis

di rectionsg E £ B0 EcPdayel Was ,ﬁ%@%@ﬁe SRuaEAy d&&ﬁangoa?cm&azmﬂﬁ flerRET 20

period X of about 150 'nm and an avera t A about 70

Exanmpl e 9: MakPhbpyernFig.@hows an exprmple of tﬂg@%&réaesulﬁoﬁw&@p@%m@mm dhee

| eading to any, ani,sRlHeRI6 Hthh Ysab-gAotdsX hivk m%l@lmema by, inl5 52. 6
wt % of I\/bnorre}y%QQ 9 wt % of Mono mergi(es 3 vf/o of - Mbnoner 32. wt % of

5CAPQ2 0.7 wt demientasqlpdmst Bhergrodves lpve gn a\gaigﬂp@m(! tlroédbmmi#@nnsw IMAvEREA) | and

2007wt%of t}.ﬁ\%‘ Mroxytoluene) as an inhibitor. A 16 W%
sol ution of mx x75 was nmade in a mxture of 9 parts buthyl acetate
and 1 pai@ et hanol t hen honogeni zed with noderate stirring for 5 mn

using ultr aso@-‘kﬁngle 9: Making an LCP film with a “grooved” topological structure leading to an
anisotropic diffuser

A mixture Mix5 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 buthy} acetate and

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

vibrations (with a Sonifier (trade mark) “W-250" digital by BRANSON Ulirasonics
25  Corporation), and filtered trough a 0.2 pm 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 1 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 lamp 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



vibrations (with a Sonifier (trade mark) "W250" digital by BRANSON
Utrasonics 25 Corporation), and filtered trough a 0.2 Enn filter. The

sol uti oWa#MB9ken thinly spin coated at 800 rpm onto BETCHRV/YFRcnt ati on

| ayer (of about 60 nmthickness) prepaied usi ng the photo-orienting
material JP 265. The plates were warrrec?for | mnute at 50 C on a

hot pl ate. The | ayers were then irradiated for 2 30 m nutes under nitrogen
at roomtenperature by isotropic (non-polarized) light froma nercury |anp
at an intensity..i ul s ' f aéns2 cross-1i.nk e LCP
NDNONET S. el?iééwg’;egr@ﬁ\;\%g i {élg%gﬁrgacﬁ {ng&t ‘f\ghrqsftp‘g%gétﬁn.% t&%%‘?(’lv?, (o} ?P@mfeg‘?er s were

ri nsed wi tdre fomnkda rwbiichtare elongated int the divestion phthe uhderlideg LRR ogertaion laflee t ot al

t hi ckness ' /g‘—p 5 ayer is
about 400 ?%%‘%g%%‘}n 8ﬁ%ﬁ“ﬁﬁ%&é‘gﬁounﬁﬁ?@g%@@%m
channel s) 70ms Therlayers, wenk pptivally diffasinghgtaertain iviewingengles with raspecofo thhe :
under | y ng | ation layer. The grooves had an average period (A)
of abo)l]é)t ﬁg%m&géﬁg&tén average height (A) of about 70 nm The |ayers were
optically diffusing at certain viewing angles with respect to the 5
grooves di m&agﬂissig,h&eﬂ&aaﬁm s rboétrngé Wa€ Lalilated Jat Bhticil fehigdh | gp9S Vas
eval uated at optica vvav.ele‘gfh of 550 nmu, using a Variable Angle
Spect r os coPi0mE| ysings® néarigble (Angle Spestrogeopie (Eliigsgmetzr. (VW81 Bnfram. J. Aat vari ous
Vi ewi ng ango8Rmeh ) af EAGRS tvidving RBIGT FAl GSspelit 116 Ghd gﬂmv&hﬁma%n! FiaRsSM ssion
of the coatings reaches val ues of about 90 % for the crossed transm ssion
(i . e. 10 aegnsgen,ef hecoatinegs sraghes Malpey of ehoptif®a for the cmsped tiapsgpission (ke LCP
:cayer h|oer pemiaﬂnﬁf;blaﬁaeas&e_amﬂdimdcﬂmmio@@m; chﬁykdmdémm%hﬁbﬁut 50 % .
or the parall.el transm.ssion, (i.e. transm ssi.on neasuyred with the
orientati o?lfreﬁ'??‘b‘l,ftpf’%ﬁz%fhgﬁthémf_éﬂg“ﬁ Sa?yé °’B§rp§'1"ﬁ‘éll ”t‘%“ﬁs}ﬁ’é%’cﬁ' frnsmisgian of
pol ari zed miesshied .withhthe driematidnsdigectidinr efgje diOPelayér qrasalleldphe diedgion @F t he )
reflecting ear.gnce,. 15 to the | r. .The exti iop ratio of such |ayers
can reach 9@5&3‘2{@’?}' S'Bl&ﬁrf‘pa?? Mo ¥ ‘ﬁ%&'fﬂal dﬁ?aef?&eﬁfje %ﬁeo[ﬁﬁ?cgy fRPEBUE er ned '
ani sot ropi ® thié layanskhe extinRtion ratix oftshahiayefs carhweaghlvelues-ofabomh2.i ng materi al JP 265
I n cycl opentanon was thinly spin 20 coated at 3000 rpmonto gl ass pl ates.
The plates were warnmed for 10 minutes at 180 C on a hotplate. The
resul ti ng Exsmple 18:5¥aking pp entigdlypatgmedispisetropis diffiser| t was then irradiated, in
a first step, via a photo nask (see Fig. 7-b, the smallest square

corresponds to 2000 .imx 2000 m) with linearly polarized UV-light for 4
mnutes. | A2 :g)lu@\p@eggﬁ,péotpﬁgenﬁng 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 polarization of light lay in the planc 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 irradiated for 30 seconds
(aligning direction az). This results in a photo-patterned LPP layer with two different

aligning direction a; and aj.

30  Then, the solution of mixture MixS (see Example 9) was thinly spin coated at 800 rpm -
onto the photo-patterned LP? 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




direction of polarization of light lay in the plant perpendicular to the
plates (aligning 25 direction aj, see Fig. 7-a). In as after
rotati on o™Wa¥&9Brection of linear polarization by 45, AERSK was
renoved and the |ayer irradiated for 30 segpnds (aligning direction a2).
This results in a photo-patterned LPP |layer with two different aligning
direction al and a2. 30 Then, the solution of mxture M xS (see Exanple 9)
was thinly spin coated at 800 rpm onto the photo-patterned LPP | ayer. The

obt ai ned | ayengoldReR Had lbaféinetcﬂﬁs-ﬁﬂ{efli.am lﬁbi;fseﬁerel _ ﬁm];euy ﬁixisp@@ﬁmiﬁilly,_rmsﬁ]
tenperature using isotro non-pol ari ze i ght fraom.a ner | anp
at an intensi t?ﬁ%wﬁé‘”ﬁg‘{ P”é\‘f’ Bf RO VRO .msié‘fc’)]fffi ‘PﬂF’é"iiuﬁ/eaf??%ti on,
the LCP i s WO §ilkmSlof the Réslitibgkefltdtich bEP la&éhmmmemﬁmhaﬁhgtmﬁtaﬁmméasml i nked.
The | ayers were ticall transpa ent. Ejn ers re.rinsed
with ethanol tte W&retfﬁ ﬁ8ﬁ° R S B9 eﬁk‘%’g‘ Wétdé# %{'Itdl %nstIB\t‘% %3t°7ﬂtckness
of the resuyl tl}ﬁﬁhlg’ﬁfﬂnﬁdsbd bﬁﬂmh@ﬁedtﬁp&ﬂayaﬁ%goﬁveﬂ%cmaverdgsnpag)doufrabmt node
AFM  the layers were found Q Y r

directions in S{Oﬁ Raees ?5%}5%8 S atsn7 Oln%pgg eﬁﬁve\é\%%gongr?g’% %’%‘?Stﬁ’wle%yer

The grooves hagst theadcent aixels hevei tord ddferabmmtau@ﬂljremmasmﬁdmavm@gb ofiei ght

of about 70 nu tical e e

adj acent pi xel ®° %Wofedby:}i{??erewggﬁlén% l'E“ltftoa‘rlléo %e?ttlﬁ%ngﬁ&ﬁ‘# gL@%f“‘f/v\/lgt h an
angl e of 450 aﬁfemmmmvrtmsnmmwénah\ﬂsmdmm eravicwing angle witlstsspsbidoed t hat
adj acent flection (or transm ssion), which also
depend on evm ng'%ang Jlér{e(ﬁ@rﬁégszgct to 10 the grooves direction (see Fig.
7). Xxanule 11: Making an optically patterned diffusing reflector Athin

al um ni um (AI )k AR o pSQANPRRREL S TSI etias: evaporated onto an
optically ﬁ%%% oovepd f%aP | ayer \g!r%)épar ed according to Exanple
10. After evaporatl on, AFM i nvestigations showed that the evaporated

al um ni um | ayeg tﬁiﬁ%}uﬁﬁmﬁﬁ@d taba (bfBout! S0 Yy thicieeR) ﬁ&seévyporawctmtmtoph&aygr ooves
still existed (see Fig b)._The result wag an ledg um nodul at ed
coating w th gpaismed €P°"§ﬁ1\ (B [ efePrpRIFed geqrding to angw&m T B8 an
aver age hei ght agis ﬁb&ﬂganm showedTiher ¢ emmstea AluARue pér tas x6veped Ay BCP WO

o oy o by Comploaly, Shd S5l 1 hoctl SiP Gt ec¥lg 0. Gt A2 o PO

LCP/aluminium modulated coating with grooves of an average period (A) of about 1.0 pm

and an average height of about 70 nm. The grooves in adjacent pixels have two different
20  orientation directions shifted with an angle of 45° as imposed by the double UV-
illumination. 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.



illum nation. Optical investigations of the coating showed that the
adj acent pixels reflect light in a different way depending on illum nati on'
and viveQPM¥148ngl es. Typical exanples are shown in %’C}@W&S% 01/29148 - |
PCT/ CHOO' 00562 25 CLAIMS 1. A nethogsof creating a topologically
structured -polynmer filmor coating, - conprising mxing at |east two
materials, applying the mxture to a substraté and renoving 5 at | east one
of the materials, characterized in that at | east one material is not
cross-li%ﬁ%{dg and the other material is, that other material being

nke

cross-1i after application to the substrate and before use of the
solvent. - - 2. A nmethod according to Caim1, wherein the cross-1linking
i s effecyed by RYRGS LUfecmmgoa teSpoldptily %Heéanaﬁpu\/me Gith, oMVebitiagmBY be .

pol ari zed. --- .. A method according to Claiml1 or 2, wherein the

cross-| i mrams&mmsa&mbw@é% applying the|maixtugsito 4 sybsiipts adgemayifige. - - - 15 4.
A net hod aaress%ﬁu dT%etrﬁat&Mé &faﬁ@@ﬁheﬂﬁx tGhtat m.st Wilﬁﬁ&édll {s6t Gés9Fifikdblenkabl e

materi a iquid cr sta i ne. @ according to any preceding
daim \me4 erpﬂeqaén%ﬁf Br 8‘%%04“?’6'?@%1“ beﬂfﬁa‘ereﬁsrhakedl after ppplicgtiop fo dhey) | i ne. 20
6. A net heetrae e Kfdtgude@f bk adlvenh, Wherein t he non-eross-1inkable nmateri al

is nematic liquid crystalline. 7. A nethod according to any preceding
Claim wherein the non-cross-linkable 25 material contains a surfactant.

8. A method aaoﬂanﬂd‘ugcdrﬁngmwmnenadlbm@tﬁabmﬁnkihgiseﬁmédw eposmee 1 i nkabl e
mat er,i al i mai nt aine i . state during crosslinking. 30 9. A
met hd aéﬁﬁﬂﬁf‘h%afg"’&’-’g% eré)?mg%he orientation is inposed by an '
under |l ying orientation Iayer. 12 IN 1 1 11Tt C WD 01/29148

PCT/ CHOO/ 30 056% method according to Claim 1 or 2, wherein the cross-linkable material comprises

molecules of a rod-like shape. R

15 4. A method according to any preceding Claim, wherein the cross-linkable matéxial is
liquid crystalline.

5. A method according to any prcceding Claim, wherein the non-cross-linkable
material is liquid crystalline. )

20
6. A method according to Claim 5, wherein the non-cross-linkable material is nematic

liquid crystalline.

7. A method according to any preceding Claim, wherein the non-cross-linkable
25  material contains a surfactant. T

8. A method according to any preceding Claim, wherein the cross-linkable material is -

maintained in an oriented state during crosslinking. -

30 9. A method according to Claim 8, wherein the orientation is imposed by an

underlying orientation layer.

_'__,__.__————.——————’_"_/
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26. 10. A nethod according to Claim9, wherein the underlying orientation

| ayer is a photo-oriented | ayer such as an azo dye or linearly polynerized
phot opol ynavo oxk2d148A nmet hod according to aim8, 9 or 1RCHERIMBIN t he
substrate already has an 5 aligned struc#gre, and the said filmor coating
is applied thereto with an orientation whi may be at fromO to 90 to
that alignnment, or wherein this angle is different in different parts of
the filmor coating, optionally pixelw se. 12 A nmet hod according to any of

Clainms 8 to 11, wherein_ the cross l.in nnent elnduced by
linearly pol al% zed Wehed geeprdinggo Claipg %h r‘ﬁg‘?‘i@‘“g “5?1‘9“ d Ag Caim

wherein the tm@totaieﬁnedlayeismesmcuzsaﬁdoradearmpmm@ﬁaiphmpamaents bef ore
m xi ng, the solvents being nmutually m scible but each being a poor solvent
for the other solute. 15 14. A nethod according to any preceding Caim
wherein the crpssA nsiliad he@ordhigas iChdimi % 9 @r 195 @hérein nhel subdfitet dreddy Juarans by

O ai'm 14, SancHEPR YREE BALH I EHD s RRLF et b TR s il 13 )°
parts by wei ghby peat fmaarm“ tmDO"nor&mtalmnmeﬂt; asrksdbtem thintanglé &ldiffet@it lnﬂdlfferplttod
according to an tixggﬁn 'Qg?“%g’%k’ £§w the renoval of said one of the

materials is a so ‘& fowards the other material. 25 17.
A topologically struct ured pol yrrer f| | mor coating which has been created

by a method Cor oli QcRn oe:ﬁl?ddf r@algs 63' 5 111 8yherint AP R REIifdAg Ynd

structured poly m or coating on a_substrafe, conprising a material
whi ch hasltol almeranwmﬁuchdwckwgwe@lm@@m(dtgme charact.erized in that the
material 30 is crosslinked. 19. Afilmor coating according to C aim 18,

wherein the crosslinked material is a |jquid crystal polymer. 'ajlll
it111 111t 11t 13:11)A wotlod/aeeordipe MCIRCRFOsdEgsEipim, ovhersn the o) patgrialy @it j ng

according to @@kl ibreSfecth@  soNEI Wifdte inbng) Bhel SOWEntE b OmtBANy UBIsdbIE but

each being a poor solvent for the other solute.

15
14. A method according to any preceding Claim, wherein the cross-linkable material is
present in 1/10 to 30 parts by weight per part of non-cross-linkable material.

15. A method according to Claim 14, wherein the cross-linkable material is present in
20  1/4 to 4 parts by weight per part of non-cross-linkable material.

16. A method according to any preceding Claim, wherein the removal of said one of

the materials is by using a solvent inactive towards the other material.

25 17. A topologically structured polymer film or coating which has been created by a

method according to any preceding Claim.

18. A topologically structured polymer film or coating on a substrate, comprising a
material which has hollows and/or topological structure, characterized in that the material
30  is crosslinked.

19. A film or coating according to Claim 18, wherein the crosslinked material is a
liquid crystal polymer. /

A



are such as could have arisen fromthe presence of another material which
was then rempved. 5 21. Afilmor coating according to any of Cainms 18 to
20, wWheVe@P2M#%e cross-linked nmterial has orientati dfET/SB00062 | m of
coating according to Caim21l, whereingthe orientation of the cross-1linked
10 material is different in different parts of the filmor coating. 23. A
filmor coating according to any of Clains 17 to 22, wherein the structure
conprises hollows at |east 99% of which are snmaller than 1000 nmin at

| east one direction parallel to the filmor coating plane. 15 24. Afilm
or coating according to any of Cliat ms_17 to 22, wherein the structure
conpr i sesZhol |4dfikm ofcopting apcorimg to Clajp 18 pr 19, Eh%'%me@f’"‘{"ﬁa?ﬁd/muﬁhﬁel n at |east
one dir eClhreQiich RAEsld Bhvet @iséthRothi théTpREen6® 8t hrftgheP hiaftBal WRick Fvas Ahchi | M OF
coating according to any of Clainms 17 to 22, wherein the structure

conpri ses™fows at | east 99% of which are snmaller than 200 nmin at |east
one digection parallel"to the filmor coating pl ane. 26. Afilmor coating

bet woen a8} acehimr Pl eeorinede st S50 Th > 26, Mt I SRk ng

accor di ngmiaterigirgs afen@lien. ns 18 to 26, wherein the hol I ovvs are elongated. 30
28. Afilmor coating according to any of Clains 18 to 27, wherein the

hol | ows are of continuously narrow ng shape fromtop to bottom 17
1(111111 P21 | | A fikm oricbatinghbcotding]to Flmmﬂl@@imlﬁe PEhtatiy GORODEEHnked8 29. A
filmog copletds AfERhidh Bgkeleht qugef{.ﬁlnq* / to 28, wherein the filmor
coating 1is optically transparen 30. Afl or coating according to Claim
29, wherein the filmor coating |s optically 5 birefiingent.

23.. A film or coating according to any of Claims 17 to 22, wherein the structure

comprises hollows at least 99% of which are smaller than 1000 nm in at least one direction
parallel to the film or coating plane.

15
24. A film or coating according to any of Claims 17 to 22, wherein the structure
comprises hollows at least 99% of which are smaller than 500 nm in at least one direction

parallel to the film or coating plane.

20 25. A film or coating according to any of Claims 17 to 22, wherein the structure
comprises hollows at least 99% of which are smaller than 200 nm in at least one direction

parallel to the film or coating plane.

26. A film or coating according to any of Claims 18 to 25, wherein the average distance
25  between adjacent hollows is less than 500 nm.

27. A film or coating according to any of Claims 18 to 26, wherein the hollows are

elongated.

30 28. A film or coating according to any of Claims 18 to 27, wherein the hollows are of

continuously narrowing shape from top to bottom.
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31. Afilmor coating according to Claim30 wherein the filmor coating is
optically birefringent such that the effective optical anisotropy is
| ar ger t haMOOHMEni sotropy of the filmor coating rratef‘i?'ﬁPHng 10 32. A
filmor coating according to C ai m 30, whgéein the filmor coating is
optically birefringent such that the effé&Ctive no of the filmor coating
is lower than no of the filmor coating material used. 15 33. Afilmor
coating according to any of Clains 17 to 28, wherein the filmor coating

acts as an opj.Jcal diffuser. 34. A fil . caat i ccordi to ai m 33,
wherein the f¥I'm é‘rfﬂ?o"éf? B8 aepding Lo @Hﬁgmg@rt% ¥ Wit‘gﬁaﬁg‘ﬁrfc? €r. 20
3S. A fil m oris cpitiyteangpaeatt di ng to any of Clainms 17 to 28, wherein the film
or coating acts as a polarizer. 36. Afilmor coating according to any of
Clainms 17 to 35, wherein the filmor coating 25 is over-coated with an
addi ti onal | afer. A3ffim ok chatingnacordingatd iIGiima8 cwhakim the tfibm G coating BIptecali$4,
wher ei n ttge fl%ixleﬁlngént.coati ng is at |least partly covered by a reflective

s a

| ayer that ac a diffusing reflector. 30 38. Afilmor coating
according to Claim37, wherein the reflective layer acts as an anisotropic

di ffusing refsectar bt Sddelth 1dididyldbldlede; / 00562
%0 36 Ay %oigﬁ]#g&g%%g#‘gﬁ n tcj;fs’ll511 aimar ’%\?"%’A %%iﬁrﬁ.‘é?ﬁﬂé’%‘w
reflective | dyeefringent syabithat theceffeotiye optical anisetreny indaraer thayy the apisrtiopy 8f thg t wo or

nmore filmns Orﬁlﬁgﬁud&g€m§@ggh§éﬁ.ﬂg to any of 5 Clains 17 to 39. 41. Afilm
or coating according to any of Clains 17 to 39 or a stack according to

Cl ai m 40,1%herein the substrate is optically transparent. 10 42. An opti cal
conponent (sugh agy filkh &Htbitinglacdortdiny 19T1im0|Whdrsh B9 ffim S bsdkih@is@ph&ayi ng a

;[ { Snfs 5?:2 te In E) nl) ll) I’n%en(% rstcitﬂglt thg %l’f&hrr\?er nol o?'¥heerﬁlx%l" gor;tirllgsis olwlmgt?lgndnoac}f tlgedfﬁgeorr] ding on

coating material used.

15 33, A film or coating according to any of Claims 17 to 28, wherein the film or coating
acts as an optical diffuser.

34. A film or coating according to Claim 33, wherein the film or coating acts as an
anisotropic optical diffuser.

20
35. A film or coating according to any of Claims 17 to 28, wherein the film or coating

acts as a polarizer.

36. A film or coating according to any of Claims 17 to 35, wherein the film or coating

25  is over-coated with an additional layer.

37. A film or coating according to Claims 33 or 34, wherein the film or coating is at
least partly covered by a reflective layer that acts as a diffusing reflector.

30 38, A film or coating according to Claim 37, wherein the reflective layer acts as an
anisotropic diffusing reflector.
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fromO to 90 to an underlying orientation and which has hollows within its

t hi ckness spaced on average | ess than 500 nm apart, 9 .0 hol | ows
bei ng | WO 500 nm across and being at |east tw grgﬁé@q@%g?as they are

across. 15 43. An assenbly conprising ajsbayer of alignable nolecules in .
contact with a filmor coating according to any of Clains 17 to 3.9 or an
optical conponent according to Claim 42, the nol ecul es being aligned
thereby. 20 44. An antireflectively coated object conprising a filmor

coating accRr di ROk acchiifis s Clim! ¥ 32380 whrinOBE irdiRbtive QBRPREN
according to aim42. 45 A liquid crystal cell wherein the |1quid crystal
mol ecul es cagelBdopt one of at least two different stable alignments in
contact with a wall of the cell, the cell wall conprising a 25 filmor
coating according to any of Cainps 17 to 39 _or an optical ,conponept
according t49- arystagk oxapaltilpyer somprsing Ao M?f&&ﬁﬂ%ﬂ'% ?a&‘é‘iﬂhﬂ%mc?ﬂ?’rﬁfi sing a
filmor scoaghing 126w ding to any of Clains 17 to 39 or a stack according
to Claim40 or an optical conponent according to Claim42. 30 47. An

el ement for protection against forgery and/or copying, characterized by a
film or co@ting ARCer chafifig haxomding tofanCbAChEMST toB93& stack atadikg accor di ng

t0 O ai m 400 b 1 L1 Lo bl bk b bt b

10 42.  Anoptical 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 orientation 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 least twice as long as they are across.

15 '

43.  An assembly comprising a layer of alighable molecules in contact with a film or
coating according to any of Claims 17 to 39 or an optical component according to Claim

42, the molecules being aligned thereby.

20 44.  An antireflectively coated object comprising a film or coating according to any of

Claims 17 to 32 or an optical component according to Claim 42.

45. A liquid crystal cell wherein the liquid crystal molccules can adopt one of at Jeast
two different stable alignments in contact with a wall of the cell, the cell wall comprising a
25  film or coating according to any of Claims 17 to 39 or an optical component according to

any of Claim 42.

46.  An optical display device comprising a film or coating according to any of Claims

17 to 39 or a stack according to Claim 40 or an optical component according to Claim 42.
30

47.  An element for protection against forgery and/or copying, characterized by a film

or coating according to any of Claims 17 to 39 or a stack according to Claim 40.
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