WO 03/ 098284 PCT/ CHO3/ 00306 -1 Bright and Wiite Optical Film Generally,
the present invention relates to optical filns and coatings. Mre

speci f i cawiby3/opd284 present invention relates to a filmor @®@catGHIG/O®bI Ng as
a diffuse 5 reflector or a diffuser. Diffusers and diffuse reflectors are
enpl oyed for various applications where |ight froma |light source is to be
used efficiently. Such applications are-for exanple reflective displays,
proj ection screens, reflectors of lighting equipnment, 10 etc. In
particular, diffuse reflectgrs,are ul~ for, ey ovi ng the perfornmance of
reflective displays, especigﬁﬂgfﬁﬁgg E tal F pl ays (LCDs). Paraneters
to be inproved are primarily brightness, angle of view of nmaxi num
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efficient white paper-like ref|lective displays requires diffuse reflectors
having a benssticalisihe gressné invealipn [iates to solllar ¢-eaatipd ac B%ﬁér?dé'ﬁt’se, ,
refl egt anc = WhH appearance and a high gain in brightness. 20
v%iteﬁess'%g%&$g§rgggﬁ%ﬁg be characterized by conparison with a "standard
white". As standard white often BaSO4 or spectralon is used. In order to
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(Y, %o V) &ic(1.33, 0.314, 0.330). The gain in brightness (the brightness
enhancemantes can al so be characterized by conparison with a standard white
such as BaSO4 or spectralon. It can be 30 defined as the ratio of the
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15 poor contrast hampered by glare. The realization of efficient white paper-like

reflective displays requires diffuse reflectors having a broad viewing zone, low
glare, polarization independent reflectance, paper-white appearance and a high

gain in brightness.

20 Whiteness can for example be characterized by comparison with a "standard
white". As standard white ofien BaSO4 or spectralon is used. In order to com-
pare the color of different reflectors, measurements of their color coordinates
are made, for instance the color coordinates based on the CIE 1931 standard
under irradiation by the CIE standard daylight illuminant D65, and these color

25 coordinates are then compared with the corresponding color coordinates of
BaS04. The CIE coordinates of BaSO4 are (Y, x, y) =(1.33, 0.314, 0.330).

The gain in brightness (the brightness enhancement) can also be characterized
by comparison with a standard white such as BaSO4 or spectralon. It can be

30 defined as the ratio of the reflectance from the reflector in question and the
reflectance from a standard white under the same illumination and viewing
conditions. For instance, from the CIE coordinates the gain may be defined as
the ratio Y/Y, of the luminance Y of the reflector in question and the luminance
Y, of BaSOq4.



WO 03/ 098284 PCT/ CHO3/ 00306 -2 Conventional reflective LCDs, for exanple,
use netallic reflectors which are brightest at the glare angle. However,
to avoi d wermBoees84 mage degradati on due to specul ar refl e®CirarHodoefobect i on
at the glare angle) fromthe reflector and fromb5 the display surface, a
viewer wll read the display in a tilted position such that an offset from
the glare angl e having nmaxi mumrefl ectd.-on occurs. As a consequence,
contrast and brightness degrade and col ors desaturate. To renedy these

probl ens, hol ographic reflectors have been devel oped which 10 inprove

bri ghtness and contrast by deflecting the display inmage fromthe glare

angl e. ThegR@RtibedIdeféetveCECDS] fordétdrbisle, die antiallie refibtiors erschwiatd
asynmetric, mechanically machi ned t opol ogi es, . such as gl az‘g?cho mcro

slanted rdriobtashies the pigfie @eele. slawevendo Pt sYilIssiMage N ?j‘r‘ﬁ‘ tations,
such as rggty 'e%lﬁp or 2 d@n SFeﬂeMﬁc?rWat fh@sdﬂfaﬁe' & d@@éfr@ﬁ‘n‘ BBtResSoPHRY fidhe Vi sible

spectral ran pear ance on the wavel eRgt h and
vi ewi 6g artge el;spdwrmlrfacel awletvmrtvwéreﬁdath@ lasplmaat"@dam&ytwrwuqh Ab@mt 1ight,

conpl exity br| C t Qe S,aLo0sts, or
non i n-si tcifP bpﬁ?'@abﬁ% ?;i};r [1 Ilg ;He ‘rhgct or sm”ﬁ} \%g@a@g ‘g‘?oé\nﬁ o
i nf or mat i advnsBhgenck, sohieasttanddrightreisewegeads anyl e@lo@():leaauubw.l on si nusoi dal

relief diffraction grating with a period A and a height h. It is well
known that |ight of wavelength 2, which is incident on such a grating
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areas, costs, or non in-situ applicability of the reflectors.

By way of background information, Fig.1 schematically shows a single-
20 modulation sinusoidal relief diffraction grating with a period A and a height h. it
is well known that light of wavelength A which is incident on such a grating
structure at an angle 6; with respect to the grating normal will be diffracted,
perpendicularly to the groove direction, into several beams or orders (m)
making an angle 8m with the surface normal. The diffracted orders (m=0, 1,
25 +2, etc.) obey the grating equation mAf = sin(6j) - sin(6m) where f=1/A is the
grooves frequency or density. For a particular wavelength &, all values of
diffraction order m for which |mA/A <2 correspond to physically realizable
diffraction orders. Therefore, only a finite number of diffraction orders can
propagate, for example those shown in Fig. 1 where R is the zero order (m=0)
30 or specular reflection along 6i=6g, R1 is the first order diffraction (m=1) along

81, and Ry is the second order (m=2) along 2.



-3 The grating can be enployed either in reflection or transm ssion and the
size can be selected to produce a high efficiency at sel ected wavel engt hs
and/ or dwbfoseesed orders (view ng angles). Drawbacks of sCmgiEs3fo®guency
gratings include the production of a narrow view ng zone and a wavel ength
dependent 5 reflectance or transmttance. This generally results in
reflectors having a colored appearange, which depends on the wavel ength
and view ng angle, or having a reflectance which dependent on the state of
i ble o av0|d nost

pol ari zati on of incident
of these B'hétgré‘r'r‘lw elgn%g %’ﬁ@%’iyfaij@'J"%'%Q'PEEQ{IPBE@”BE"?%?B itaQ Sizgy,

exanpl e, ihyl Hlf%@@ﬁlteeftoapr%ki[]gé @ higRBIRGENCY aﬁ@él@b@d Wé@ﬂéﬁ@lﬁseﬁwd/@f nor e
general severa roove silzes, exiSt in a single- layer, their values and

distri bu;[]I ddinactednomr%ld}/lewflgj asglashaDravackss pf édngl@ﬁr&qaen‘éy ig@tings (ni gher
ain, wider v n

?eflect and¥ Léci %% 'grlpgn%}%‘duced"a?@or a pga%tlﬁ%u?%@gs\gébé?ﬁq@%égéﬂggmggeﬂ]e

e eeal errt i Thoce oy b Seerar o acr

wavel engt REPGRTECRE: ‘(XE df?ﬁpp\ﬁﬁﬁpp@ﬁnggl? &@%&'q\'ﬁ?éégg{g Hégﬁé%fy t he
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equation is satisfied 20 by nore than one groove frequency or groove
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wavelengths which, when multiplied by successive integers m, satisfy the
condition for constructive interference. Similarly, for a particular set of values of
the wavelength and the viewing angles 6j and 6, the grating equation is satisfied
20 by more than one groove frequency or groove period. Successive diffraction
order may also overlap along the same viewing angle. It is clear from the
grating equation that the light of wavelength X incident in the first order (m=1)
will coincide with the light of wavelength A/2 diffracted in the second order
(m=2), etc. for all m satisfying the equation. If instead of a single frequency,
25 several frequencies (sizes) are present, the same holds by varying the groove
frequency, i.e. the light of wavelength A diffracted from a groove frequency 2f in
the first order (m=1) will coincide with the light from a groove frequency f
diffracted in the second order (m=2), etc., thereby increasing the gain in
brightness along that particular angle. Also, the existence of several frequencies
30 may enhance the viewing zone. For example, the light of wavelength A will be

diffracted in the first order (m=1) from a groove frequency f1 along the angle 61

and from a groove frequency f2 along the angle 62.



and froma groove frequency f2 along the angle 02. WO 03/098284

PCT/ CHO3/ 00306 -4 A neans to discuss and characterize surface scattering
and refl ewDioo9d284 t he bidirectional reflection distributipch/daHeaooioeon BRDF
(see e.g. John C. Stover in SPIE Vol. 1165, Scatter from opti cal
conponents (1989) p. 2-9). The BRDF, which relates the differenti al

illum nance of the surface with the rtafllected 5 differential |um nance, is
a multidirectional function that describes the angular and poI ari zation

dependence of the intensity, of light reflected d
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which can be viewed as a generalization of the grating equation for the first-
order diffraction from a grating with the spatial wavelength .A=1/f. Here, the
scattering angles © are measured relative to the surface normal (polar angles),

20 ¢s is measured relative to the plane of incidence (azimuthal angle), and fx and

fy are the frequencies of corrugations along the x and y axis, respectively.

If the surface corrugation is spatially isotropic, the PSD depends only on the
magnitude of the surface spatial frequency and is independent of its direction in

25 the plane of the surface (i.e. the azimuthal orientation ¢g). On the other hand, if

the surface corrugation contains periodic components, such as sinusoidal
grooves, the scattered light yields an angular distribution with a series of
discrete sharp diffraction peaks whose positions are given by the grating
equation. If the grooves length decreases, the sharpness weakens and the
30 diffraction peaks are enlarged along the grooves direction and more light is
scattered into azimuthal directions. Also, if the grooves are oriented perpen-

dicularly to the plane of incidence (¢s=0), diffraction orders occur along this



equation. If the grooves |ength decreases, the sharpness weakens and the 30
diffraction peaks are enlarged al ong the grooves direction and nore |ight
is scattwpedoiseo azi nuthal directions. Also, if the gro®CeLHBMGI ent ed
perpen- dicularly to the plane of incidence ((ps=0, diffraction orders
occur along this WO 03/098284 PCT/ CHO3/00306 -5 plane as indicated in Fig.
1. However, if the grooves are orientgd out of the plane of incidence ((ps
# 0), then light will be, at least, partly scattered out of plane.
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in the PCT Patent Application Publication 20 WO 01/29148 of Rolic AG in M
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15 wavelength dependence.

Recently, a new technology to generate corrugations at the surface of polymer
films has been described. It is now known as monomer-corrugation (MC) tech-
nology and is disclosed for example in the PCT Patent Application Publication
20 WO 01/29148 of Rolic AG, in M.lbn-Elhaj & M. Schadt, Nature Vol. 410,
p. 796-799 (2001) and in M. Ibn-Elhaj & M. Schadt, Asia Display / IDW '01
(Proceedings of the 21st International Display Research Conference),

p. 505-508, all of which are incorporated herein by reference.

25 The MC-technology is based on the coating of blends of crosslinkable and
non-crosslinkable materials — such as blends of liquid-crystalline pre-polymers
and monomeric liquid crystals, where only the pre-polymers are crosslinkable.
After coating, phase separation or demixing is progressively induced by
crosslinking the crosslinkable component(s), preferably via exposure to

30 ultraviolet radiation. Subsequent removal of the non-crosslinkable component(s)
leaves pores in the crosslinked, solid polymer thin-film. Size and shape of the
pores depend on MC-material design and film preparation. In addition to
topologically isotropic pores, anisotropic MC-topologies can be generated, e.g.



After coating, phase separation or dem xing is progressively induced by
crosslinking the crosslinkable conponent(s), preferably via exposure to 30
ul travi ol WD osagk28t i on. Subsequent renoval of the non-cros®CrdEbloes0s
conponent (s) |leaves pores in the crosslinked, solid polyner thin-film

Si ze and shape of the pores depend on MC-material design and film
preparation. In addition to topologiéally isotropic pores, anisotropic
MC-t opol ogi es can be generated, e.g. WO 03/098284 PCT/ CHO03/ 00306 -6 on
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15 indicated as a white line.

It has also been described that in principle MC-topologies can be made, which
act as diffusers and — with a thin metal layer deposited on top of the diffuser —
as diffuse reflectors, and that such diffusers or diffuse reflectors may show
20 improved brightness enhancement. However, with diffusers and diffuse
reflectors having a good brightness, it is generally difficult to simultaneously
attain to a real white appearance comparable to standard-white over a broad

enough viewing zone, and this finding was also true for MC-films.

25 It would be desirable to have diffusers and diffuse reflectors that show a
substantially uniform and constant reflectance over a certain wavelength range.
Especially, it would be desirable to have diffusers and diffuse reflectors, which
show a significant brightness enhancement and the same time a whiteness that
is close to a standard-white such as BaSO4 or spectralon.

30
The inventors of the present invention have now succeeded in further
developing the MC-technology so that MC-topologies having particular

enhanced properties can be created.



Especially, it would be desirable to have diffusers and diffuse reflectors,
whi ch show a significant brightness enhancenent and the sane tine a

whi t enesswOhan98286 cl ose to a standard-white such as BaSOeCarCHpmeosal on.
30 The inventors of the present invention have now succeeded in further
devel opi ng the MC-technol ogy so that MC-topol ogi es having particul ar
enhanced properties can be created. Wp.03/098284 PCT/ CHO3/00306 -7
Accordingly, the present invention provides a diffuse reflector or

di ffuser formed of a nononer-corrugated filmor coating, 5 which, when
illumnated with CIE standard illum nant D65 under a selected direction

(for instapgsrdiHase the3PredbhtintéstRciroliethe surface normal), has the
property that within a desired angul ar range of observation of at | east
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difference i nglltnggdgfg rﬁgﬁ&g&_b&l}g}%&t(g@mﬁlbp@éﬁﬁgg, 'y) of said diffuse

refl ector or user and standard white Ba is not nore than 0. 05 and
the gain in bwhght ness conpared to standard white BaSO4 is not |ess than
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cr oas. |1 nkabl B PIapETARaT hENB,? AGSied FBHYR Tnds Bt ParTaRoB &t on of

the not CiOsstild Bég%bgéfmr?s&ér%ewiﬂﬁnFe’xf&fl@ff%lé/e di henfli 6f@rapnge in the CIE
chromaticity coordinates (x, y) is not nore than 0.025, in a nore
pref & red enbtui difierennst imthee Gllhaghromaticity sderdinedes Gusyof said difuse i n

bri ght nes Srefilésct(?roc;[r Jifﬁ?sser tapxa%f fsjca\ﬁ%ar@\%ﬂitg%ra%ofé it ?r(o% %’Ary 0 .@gtanlde ss than

ten.
the gain in brightness compared to standard white BaSO4 is not less than

two.

16 The monomer-corrugated film or coating is made by a method, which comprises
making a mixture of at least two materials of which one is cross-linkable and the
other is not cross-linkable, applying the mixture to a substrate, cross-linking at
least a substantial portion of the cross-linkable material, and removing at least a
substantial portion of the not cross-linkable material.

20
Preferably, the difference in the CIE chromaticity coordinates (x, y) is not more
than 0.025, in a more preferred embodiment not more than 0.01.

Advantageously, the gain in brightness is not less than five, and more

25 preferably not less than ten.

Preferably, the difference in the CIE chromaticity coordinates (x, y) and the gain
in brightness is as specified within a desired angular range of observation of at
least ten degrees, more preferably within a desired angular range of
30 observation of at least twenty degrees, and most preferably within a desired

angular range of observation of at least thirty degrees.



Preferably, the difference in the CIE chromaticity coordinates (x, y) and
the gain in brightness is as specified wthin a desired angul ar range of
observat iwp 00/098284 | east ten degrees, nore preferably w tirCa/GHodms306ed
angul ar range of 30 observation of at |east twenty degrees, and nost
preferably within a desired angular range of observation of at |east
thirty degrees. WO 03/098284 PCT/ CH03/800306 -8 Usefully, the structure of
t he nononer-corrugat ed filmor coating conprises a pre-selected

di stributi d/ ) ef th

G ot bot 1R, eogni e SR BARaRerEhafy el Tl Yroaing G dtisks 4 o

Im cr om;t Erpfe s&@@ﬁfggr@iﬁiéwzggﬂﬂ@f (brﬁé\:d butibd anti/ograrooe helg@tﬁt sPrethrablant iall é
i es et ween an nano ageou Wi e glesire

angul ar r dRyedighfibeire Qfagiasye prﬁr@o Sre?qbggrgﬁ&%q 5?&%&% 4]% 1fdjt he

diffuse r %Er%?ﬁé?érsorPr@féréHZeEhé istHDRIANbE Yrdove BBIgALS éabst@ﬁhalnd%@ndent
10 Usefully, the cross-I |l e material used to nmake the

nmonon&r - ¢ detwegtt 80 and U480 nanoowiglisng may be maintained in an oriented state
by laterally anisotropic aligning forces during crosslinking. 15 The
orientation may be inposed for exanple by an aligned substrate surface or
an under | yAdwgntzrgeenslguwummaym damremh amguwar alahge may beservaliast otlg i ent ed

moehani calFieopGua dangn esdtane IR IR A0S SIRlarfElE 4,
ot her possidpanzativn- ,mpleddbm to use a mxture that itself contains a

phot o- ori ent abl e conponent; 20 exanples of this kind of orientation nethod
can f/@r instance be found in the PCT Patent Application Publication WO

99/ 64924 ofisdfohy E—rl|ﬁf<z%lél9rl1é/[erlélh%e@rt@$ﬁal{é MeahbgorfBt-esriradaté$ @int 0 nake
t he rmnorrer corrugat eg I'mor coating conprises nolecules of a rod-1ike

(cal amiti oyr soating. nidyr be malr]balée(érlabaly orieméed saie- by AxtaRlly ARIBRYFORIS i s
civan agebaRestUirg bR S AT e Cheanpl oot ul tabl &
materials are well known to those skilled in the art. Exam
15 The orientation may be imposed for example by an aligned substrate surface or
an underlying orientation layer, which inter alia may be a photo-oriented layer
such as an azo dye or linearly polymerized photopolymer or a mechanically
produced orientation layer such as a rubbed polyimide. An other possibility
would be to use a mixture that itself contains a photo-orientable component;
20 exémples of this kind of orientation method can for instance be found in the

PCT Patent Application Publication WO 99/64924 of Rolic AG.

Preferably, the cross-linkable material used to make the monomer-corrugated
film or coating comprises molecules of a rod-like (calamitic) shape. More
25 preferably, the cross-linkable material is liquid crystalline, and in such a case

the non-cross-linkable material advantageously may also be liquid crystalline.

Examples of suitable materials are well known to those skilled in the art. Exam-
ples of such materials and methods of making and using the materials can be

30 found in, for example, European Patent Application Publication EP-0331233,
PCT Patent Application Publications WO0-95/24454, WO-00/04110,
WO0-00/07975, WO-00/48985, WO-00/55110 and WO-00/63154, and U.S.
Patent US-5,567,349.



pl es of such materials and nethods of nmaking and using the materials can be
30 found in, for exanple, European Patent Application Publication

EP- 03312380 03@gbsfat ent Application Publications WO 95/ 24264/CHM0@0604110,
WO- 00/ 07975, WO 00/ 48985, WD 00/ 55110 and WO 00/ 63154, and U.S. Patent
US-5, 567, 349. WD 03/098284 PCT/ CHO3/ 00306 -9 The present invention is
believed to be applicable to displays9such as reflective or transflective
di splays, in particular quuid crystal displays, but also projection

screens, flectors of [ j tc. 5
Thus, thetr%ﬁ\%ﬁ??rgﬁmf%nrt'?ﬂg? Es%&ﬁ% trlllb?)@ |cgjl?épdé|%§g%ué£y ewlggt,?vee

pref er abl yr &rankilétive dtgmeysalnn @e&mumy Ilqoﬂn@ystal dgpmydj biitualso pedjeetidtror or

di ffuser as set faorth users and reflectors according to the

i nvent i on S&feeNeaisiBriers 8 %PQ@HF'W" oRicel %Q{EmuP{C@EJOB? ef | ected inci dent
light into a desired off-specular view ng cone whose shape is defined by
t he groove topology. The sizes gboth grooves period and hei ght t he
vertigal pihobi the afventien dothargantertss iaanvrpticabdisplayi qle\m%tmp%m@ s and

vol ume fragh ‘ggg.iy%gqn(g 180 HhBAsig % UM HRERSSr difusERhdgetifsih 0

control f transmtted and l ected light and to
achi eve aabbBedeS| red state of polarization and whi teness. It is a further
advant age of diffusers and diffuse reflectors according to the invention
that they can be nade in a single-layer coating process. 20 The above

summary ofpifihgerprfReEifletivve att@dingstontie inneetivthedret capide to lnedim hhe
di scl osed enbodi nent or everrﬁéqrrplngﬁgnt atign . of the invention

i nverifi on rafgpnited pprefleciempl R BoBesiiad eibiTRpetdRs Y'@&‘)"W%FOQ%e

fol | ow ng \,dascdy '|Q'aeﬁf\ed’5§/‘tl%'§ro@‘?@@<§bdl@@} Thefsi bbﬂVQr@blv@@peﬂod
connectlon wth the ac- drawi ngs, in which: 25 Flﬂ lis a

schemat i ¢ and h@igh&thh@n\/&ﬁﬁca‘i p§¢ ﬂ@IO the é@fd&ﬁi@n&%%%u aaithejf disfriytioadioni ng
some diffract M&gﬂ{edﬁgétlo%%gﬁ cBengwkgtgﬁhﬁa QB@tNA@gprSBé‘%t 'lP@an e Gsed tS an

atomc fortE roscope I na m croneters
control the spatial dlstrlbutlon of transmitted and reflected light and to achieve a

15 desired state of polarization and whiteness.

It is a further advantage of diffusers and diffuse reflectors according to the

invention that they can be made in a single-layer coating process.

20 The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the invention. The invention
may be more completely understood in consideration of the following
description of various embodiments of the invention in connection with the ac-

companying drawings, in which:

25
Fig. 1 is a schematic illustration of a single frequency sinusoidal grating
showing some diffracted orders according to the grating equation;
Fig. 2 is an atomic force microscope image (30x30 micrometers) showing
an example of a topologically structured film made by monomer
30 corrugation technology;

Fig. 3 gives the AFM cross-sectional profile of the grooved structure shown
in Fig. 2 along the trace indicated as a white line;

Fig. 4a is a graph of the grooves frequency distribution of an example of a
diffuse reflector according to the invention (Example 1), represented



an exanple of a topologically structured fil mmade by nononmer 30
corrugation technology; Fig. 3 gives the AFM cross-sectional profile of the
grooved swpuwsiemes shown in Fig. 2 along the trace indi cared/@m3aomhite
line; Fig. 4a is a graph of the grooves frequency distribution of an
exanple of a diffuse reflector according to the invention (Exanple 1),
represented WO 03/098284 PCT/ CHO3/ 0Q3f}6- -10 as averaged one-di nensi onal

power spectral density function 1 D-PSD(t); Fig. 4b is a graph of the
refl ectance versus view ng a

for le 1 nillu under -30
with respect to t3fe Aaesd ggg:pgne%onazngoypapﬁp%ﬁrag hde a}ﬂrﬁ fony
dependence of theimgidmetance for Exanple 1 when illum nated under -30 and
viewed at different viewing angles from5 to 25; Fig. 5a is raph of the
grooves f Figdéneyisdk Graphefitba reflegiance tVﬁé‘iUSeX'QWﬁ]Qean@? f&rcﬁ g Treflector

according to the ‘}"Hgﬁmhhﬁﬂatg%?ag#%Pzg@%fgécgma%en | |gr aph of the

refl ectance versus Vi ew n ‘um nat ed under -30
Wi th 5 espéd. 4co tibeangraphl of fiegwabelengtha dgpepdersle phéheaeliédage faependence

of the reflectance for wWhen il Lum up: - | ewed at
different viewi ng xampiee Ex\@?r%ne'g”?laa% S %@t %gdi ¥'%§;68r %gﬁﬁ@%e%e
grooves frequencyyidiviig angktd POmE° ty@ﬂs°anot her exarrpl e of a di ffuse
reflector accordlngtothe i nvention %‘B %ﬁ_lls a ph of
the vi ew fig-&fgl eisvigrant %frfhsfgr%\@ng&?qu rd@f’f“ R § GE%%‘ 3 when
111 um nated Underofé”glfms@?eﬂ&ﬁ&%co]?d?n% RethRaAvEHtIoN (Ex8mpiea)shows at omi ¢
force m croscope I mages (30x30 mcroneters) of three 2 further exanpl es

of diféfusdig.eitl ecisonsgrapbmfdihegreflectanse i vereus vigwing eralepfassExampled . Fi g.
£ 5 granh o hEnSLARNERLBRr RNyl Rsbbtiib dRofthalSXATD ©f 2 10 O

Fig. 7c is a grap He'7e Iectance versus view ng angl e for Exanples 4
Fig. 5¢  is a graph of the wavelength dependence of the reﬂectance for

Example 2 when illuminated under -30° and viewed at different
viewing angles from 5° to 25°, ‘ -
156 Fig. 6a is a graph of the grooves frequency distribution of yet another
example of a diffuse reflector according to the invention (Example 3);
Fig. 6b  is a graph of the viewing angle variation of the gain in reflectance for
Example 3 when illuminated under -30° with respect to the normal,
Fig. 7a ~ shows atomic force microscope images (30x30 micrometers) of three
20 further examples of diffuse reflectors according to the invention
(Examples 4 to 6);
Fig. 7b  is a graph of the grooves frequency distributions of Examples 4 to 6;
Fig. 7c  is a graph of the reflectance versus viewing angle for Examples 4
to 6 when illuminated under -30° with respect to the normal;
25 Fig. 8a is a graph of the grooves frequency distribution of yet two further
examples of diffuse reflectors according to the invention (Examples 7
and 8);
Fig. 8b is a graph of the grooves height distributions of Examples 7 and 8;
and
30 Fig. 8¢ is a graph of the reflectance versus viewing angle for Examples 7

and 8 when illuminated under -30° with respect to the normal.

The inventors have found that the MC-technology allows the preparation of

diffusers and diffuse reflectors Aaccording to the invention having suitable



to 6 when illumnated under -30 with respect to the normal; 25 Fig. 8a is a
graph of the grooves frequency distribution of yet two further exanples of
di ffuse rwDloao9sass according to the invention (Exanples 7PCamaio8po30ki g. 8b
is a graph of the grooves height distributions of Exanples 7 and 8, and 30
Fig. 8c is a graph of the reflectance versus view ng angle for Exanples 7

and 8 when illum nated under -30 wthqyespect to the nornmal. The inventors
have found that the MC-technol ogy all ows the preparation of diffusers and
diffuse reflectors according to the i n ention agaw sui .t abl.e. WD, 03/ 098284
PCT/ CHO3/ Omlcallaaﬁeatﬁiﬁegghaﬂonﬁaﬂ'aﬂé BrRrepgr ‘BHtP PMeterSt AWing &far ati on

par amet ef Sydde [ haldifon BRESES SEACE DR, BE0SAEY Ea»ryl@xmaob@,ssmmgutably
N

varying the cros ener gy, 0ogi es ‘havin rooves of di fferent
vol ume fr &neidn I\é@ tmlpge§ hmwrfg‘ GIOONES gaf &@weﬁbwlémea actips gpwell as

di stri but 'rﬂoff%[ﬁﬁg%g %%Hbg\égg&egﬁ VRlibutinS Can b}:’?#lﬁm&i Movivp! 66 es

havi ng si veé "peri o utlons but erent groove hei ght
di st r 5but i suitablend Oviplpolvgidsr bating samitaregracys eedoll elisteutignsesutodiffeieoh

corrugated coatjn re.those Siti everal grooves

si zes, \/\thfﬂoY?abe'gét gﬁfé‘lbf‘ ?n@a%a&(gp@gsfu%?aﬁg Fedggreﬁygql the size of each
10 groove (i) is defined by a frequency (fi) and hei ght (hi), then the
range of existing frequencies and heig as their cgl atl onshi p can

be adj ust dekamples 6hEHE FOFIPRIRE coatmgs(,e}reigow Wit h ﬁgsuaﬁgpégen oove of
frequency go&é’sr si&d, v%ch %a?l%’@@aﬂéﬂl{/ brétad e didorddied| tiee sizee¥ kadef i ned

angl e according to the grati'ng equation. The values of hi and fi and their
di st fbbut | @neve 4 ibedefiiedsbed ér@@herlcaf {hagnd ihgight dhadErem e \xa'm &hgt h

range, the view one is n gfrom
t he t opol th'Wgrfreg’d’(ﬁnFleér?ng"a' ¥é’\’/ﬁrh%§1§ﬁée|awﬁ rﬁﬁ)géﬁ‘ﬁgeaco@j Ied
accordi ng ¢gntidNmgothat crR@s-lidkingt hrodesd. NBadtelgeddveeo fregoéncyf fizer csed)raﬂer

specul ar and scattered light can also 20 be controlled by tuni ;% t he range

and di strigrooves) will s¢adtesdigbttintpaa iwell definaseangle aserydingdp theserwabiee, by
adj usting LOeARPeRL JAldLof Al Ardhd"MairAstibafSALBAS Ye adjusted such

15 that, in a predefined wavelength range, the viewing zone is markedly enhanced.

due to the scattering from the topology.

In addition to the viewing zone, which can be controlled according to the grating
equation, the relative amount of zero order specular and scattered-light can also
20 be controlled by tuning the range and distribution of the aspect ratio (defined as
h/A). For instance, by adjusting the aspect ratio the glare can be drastically
reduced and more light can be redirected into off-specular directions resulting in

a strong brightness enhancement at off-specular angles.

25 Some examples illustrating diffuse reflectors or diffusers, respectively,

according to the invention will now be described.

For all examples, a mixture of photocrosslinkable and non-crosslinkable liquid
crystal monomers was used. The chemical structure of the compounds is
30 shown below. Compounds A, B and C are crosslinkable diacrylate monomers
(pre-polymers), and Compound D, which is also named 5CAPOZ2, is a non-

crosslinkable nematic liquid crystal monomer.



reduced and nore |light can be redirected into off-specul ar directions
resulting in a strong brightness enhancenent at off-specul ar angles. 25
Sone exampbDeg/opd2Bustrating di ffuse reflectors or diffuser #CTrREEPOCIbVE Y,
according to the invention will now be described. For all exanples, a

m xture of photocrosslinkable and non-crosslinkable liquid crystal
nmononmers was used. The chem cal struetigre of the conpounds is 30 shown
bel ow. Conpounds A, B and C are crossl i nkabl e di acryl ate nononers

(pre-polyners), and Co\rrﬁg)und D, whi is, aI SO 51a SCAP02 i's a non-
crossllnk icy UJ\/\QF/}QS/ MO0 3)-098284 P CNO3/ 00306
- 12- aé)d'ﬁ%‘g@EHAA o' D Compound B:o 0% 0 5
Corrpound C " Ci Corrpound D \ ~ 0 The pewas-prepared from40 w %

of Conpound A, 7.5 wt%of 10 Conpound B, 2°5 wt % of Conpound C, 49 wt % of
Conpound D, 0.5 wt% of a photoinitiator (lrgacure (trade mark) 369 by
ClBA), and 0.5 w % of BHT (butyl hydroxy t ol ueone) as an i nhi bltor From

the above ni xture MW@@—M Bu—@(— H%) and a
15 15 wt%én YNBPYERB( M st uti on- 2) r‘r@j n abuthyl acet atoe / et hanol

m xture (19 parts / 1 part). The solutions were honpbgeni zed with noderate
stirring for 5 mnutes using ultrasonic vibrations (with a Sonifier (trade

mar k)
(o] 0 0
5  Compound C: \)J\O/\/\/\/O—©—40 _Q)—@‘O/\N\/O\n/\
(0]
Cl

Compound D:_ MO—\—QO/_

The mixture was prepared from 40wt% of Compound A, 7.5wt% of
10 Compound B, 2.5 wt% of Compound C, 49 wt% of Compound D, 0.5 wt% of a
photoinitiator (Irgacure (trade mark) 369 by CIBA), and 0.5 wt% of BHT (buty!

hydroxy toluene) as an inhibitor.

From the above mixture, two solutions, a 22 wt% solution (MC-Solution-1) and a
15 15 wt% solution (MC-Solution-2), were made in a buthyl acetate / ethanol
mixture (19 parts / 1 part). The solutions were homogenized with moderate
stirring for 5 minutes using ultrasonic vibrations (with a Sonifier (irade mark)
“W-250" digital by BRANSON Ultrasonics Corporation), and filtered trough a

0.2 micrometer filter.

20
For the preparation of the topologically structured films, MC-Solution-1 or
MC-Solution-2 was coated on an orientation layer. In the examples, orientation
layers made by contact-free linear photo-polymerization (LPP) technology were
used. Specifically, a 2 % solution of a photo-orienting material, JP 265,
25 commercially available from Vantico, which is a linearly photo-polymerizable

polymer, in cyclopentanon 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 hanometers. The layer was then irradiated for



"W 250" digital by BRANSON U trasonics Corporation), and filtered trough a
0.2 mcroneter filter. 20 For the preparation of the topologically

struct ur eaofozlopses4 MC- Sol ution-1 or MC- Sol ution-2 was coatPed/GHI3amo06
orientation layer. In the exanples, orientation |ayers nade by
contact-free |linear photo-polynerization (LPP) technol ogy were used.
Specifically, a 2 %solution of a phot®-orienting material, JP 265, 25
comercially available fromVantico, which is a linearly

phot o- pol yneri zahl e, pol yner, in cygcl apent anan .wa LNl y spi ed at
3000 rpm %’rqtsc?cﬁf‘g%@t &F%[Pé%f.npeﬁ%‘i\éfep‘@? gge rB&aﬂ?@le@?‘qr@ a% e§ at 180 C
on a hot pladeuryThigh! SedblirenBmg. apey intedsity bhirek WAS sighf ankiepl® wasnonet ers.

The | ayer was then irradi ated_for WD 03/098284 PCT/ [/ 0030 -13 30
seconds atdeFQmeQCbﬁfbérrHWP@%m}_ o, dirpelioly P@pﬂéT'%ﬁtiof‘e‘Eﬁ@ I'eiyg'ﬁttﬁfar%’i‘ﬁea 200 W

mercury hi éﬁoﬁ‘én%i’tﬁtﬁé‘ tesihe intensity of the W light at the plate was
determ ne E% 1 cnt. ‘EIS'%e direction of polarization of light lay in the

pl ane5 perpendicular to the plates. 5 The specific conposition of the

m xt ure/ sal, ution.an Clf.d . i I { on of
corres pongh?gsﬁ?qnﬁ% gg%ﬁ@g@? ﬁndgsthlg n@%@g&bg@ a%:@oeﬂ?éoggééc}g? @) gfﬁg}%tr%héct ure,

whi ch showsetihia that gregechtioni sfabdreegpoading filorsmat icoatings imcluneiangufface i nst ance
a controlled variation in oove, peri.pd,. groove hgight 10 .groqve shape,
groove or it@pRIgECEh SEP@.‘”%X&FW’ Esﬁcp itge e'i?%r%]?g ?lﬂlﬁ?g% RN égfmé%@ﬂ sanpl e
of a diffysquainh! e iitad&s or oridlika vdirtiod Snigreevd ipefiod, Tgrodekendifist, sanpl e,
the MC-Solution-1 described above was thinly spin coated at 6000 rpm onto

an LP® or i@aeR shapa, gjravenisniation 816 t he above nentioned nmanner. The | ayer
was then irradiated for 1 mnute under nitrogen at room 20 tenperature by
isotropic (non-polarized) light froma nercury lanp at an intensity in the
ul travi ol EXAMPOET! MW cn2 to crosslink the crosslinkable liquid

This example illustrates a first sample of a diffuse reflector according to the

15 invention.

To make the sample, the MC-Solution-1 described above was thinly spin coated
at 6000 rpm onto an LPP orientation layer prepared in the above mentioned
manner. The layer was then irradiated for 1 minute under nitrogen at room

20 temperature by isotropic (non-polarized) light from a mercury lamp at an

intensity in the ultraviolet of 0.7 mW/cm2 to crosslink the crosslinkable liquid
crystal monomers. After that, the layer was rinsed with ethanol to remove the
noh-crosslinked material, and annealed at 50 °C for about 5 minutes to remove
residual solvent. Using contact-mode AFM, it was found that grooves (or
25 channéls) are formed, which were elongated in the direction of the underlying
orientation layer. Finally, a thin silver layer of about 100 nanometers thickness
was evaporated onto the grooved layer. AFM investigations showed that the
evaporated metallic layer has covered the grooved layer completely, and that
the grooves still existed.
30
The grooves frequency distribution of the sample — represented in the form of
the averaged one-dimensional power spectral density function PSD(f) - is

shown in Fig. 4a. The PSD function is the square of the Fourier transform of the



crystal nononers. After that, the layer was rinsed with ethanol to renove
the non-crosslinked material, and annealed at 50 C for about 5 mnutes to
renove rweiodiogd2ssol vent. Usi ng contact-node AFM it was fPomraioBlosdosgr ooves
(or 25 channels) are fornmed, which were elongated in the direction of the
underlying orientation layer. Finally, a thin silver layer of about 100
nanomet ers thickness was evaporated phto the grooved |ayer. AFM

i nvestigations showed that the evaporated netallic |ayer has covered the

grooved | ayer conpl et el nd .that . th i i
gr ooves fISH"qf%l‘"é?\BSrfT#'& L?%Wq?%ﬂ'o&%nttﬁg 'ﬁﬁﬁéﬁ?cggg’s‘?%@'r E&%'ﬁﬁé%tfﬁgr%’ﬁbgje;rgsm of
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. . e uncti on i
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e 1 ntroduct or art). i , -
arcove. 11 dtiieema gert o8 by bel e 0 T ORI B6% e i e R el Ty,
theresis ajaahRndit

?ééMér@dsdfor@@bou’m.Brmmtteabdnﬁs‘lO wint h the main part
frombetween about 0.1 m1 to about 0.66 m1, i.e. a 5 distribution of

groove periods fromabout 1.5 p.mto about 10 m Fig. 4b illustrates the

corr eSponqﬂ'@%SfﬁﬁtPa%é RSk Eéﬁéﬁ% fy sd:aitt'SFiné B%aégﬁ%, m.ﬁ. segliswindepgiience of

b
the refl ectance omthe sanple whén illuninated wt P-pol arijzed
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t he groov dj rection),li oy [ d - 30
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Furthernore, it is apparent fromthe P- and S$-polarize asurenent s that
wi thin a rlybadisoaitsringaprgBlevridup signifsaet shase of 8q @ﬁéﬁ% red into viewing
pol ari zat i i 0. r i
dependencegﬁé§%§R§é%Fg:t gﬁ@?(fgf %ﬁ \Aﬂ;fy of %onﬁ‘;%r%@ﬁ)’\ﬁhé Neflgg R T
15 standard white BaSOy4 is also indicated. Furthermore, it is apparent from the P-

and S-polarized measurements that within a relatively large viewing zone the

reflectance is polarization-independent.

The graph of Fig. 4c shows the wavelength dependence of the reflectance from
20 the sample when illuminated with non-polarized light at -30° and viewed at
different viewing angles. These results demonstrate that within a relatively large
viewing zone the reflectance is substantially wavelength-independent, i.e. has a
white appearance. More precisely, CIE coordinates determined from these
curves, using a D65 illuminant, were (Y, X, y) = (2.41, 0.308, 0.321) at -5°, (3.6,
25 0.32, 0.329) at 0°, (5.64, 0.332, 0.344) at 5°, (9.94, 0.326, 0.35) at 10°, (13.4,
0.296, 0.328) at 15° and (11.13, 0.316, 0.323) at 25°, whereas the CIE
coordinates (Yo, Xo, Yo) of standard white BaSO4 are (1.33, 0.314, 0.330).

If one defines the deviation from standard white as (Ax, Ay), wherein AX = X—Xg

30 and Ay = y—yo, a comparison of the data given demonstrates that the deviation
is small, namely (Ax, Ay) = (-0.006, -0.009) at ~5°, (0.006, -0.001) at 0°, (0.018,
0.014) at 5°, (0.012, 0.020) at 10°, (-0.018, -0.002) at 15° and (0.002, -0.007) at
25°.



20 the sanple when illum nated with non-polarized Ilight at -30 and vi ewed
at different view ng angles. These results denonstrate that within a

rel ati velwoloangg2s4 vi ewi ng zone the refl ectance i s substantPcaldie3/00306

wavel engt h-i ndependent, i.e. has a white appearance. Mre precisely, CE
coordi nates determned fromthese curves, using a D65 illumnant, were (Y,
X, y) = (2.41, 0.308, 0.321) at -5, {86, 25 0.32, 0.329) at 0, (5.64,
0.332, 0.344) at 5, (9.94, 0.326, 0.35) at 10, (13.4, 0.296, 0.328) at 15
and (11.13, 0.316, 0.323) at 25, whereas the CIE coordinates (Yo, X0, yo)
of standard white BaSO4 are (1.33, 0.314, 0.330). If one defines the

devi ati on|d pQdmnieh dﬂ@?flﬁhwf@gt RoASFigOth (’cjlﬁ&)ﬂfc thbtﬁhelm;gﬁmetssxs zlgmflﬁénﬁgnd Ay =
y-yo, a conparison of the data g| ven enonstrates .t eviation 1is
Lol T “namBhgngecompsred fo-g0aa Wotods dnessie (6 Bsbray etgaty o,
(0.018, a @ctQ/éSJom rl883a)shatvslén and
(0.002, gq@%%lnéﬁcératﬁwvl\g%%gpgogéggag}in énég re@p F% In addition, it is
al so &| earenhancarment. of26Yard.at at hat, 2t7f*ﬂea1b9|ag‘ﬂw2ﬂe9§;§ 1§4Z|aéﬁpf’| 0508 By
enhanced «andard white. As a measure for the brightness gain,
the lum ng??gg%ggg%%g@ 0 can be taken, and a respective conpari son shows an
5 enhancenent of Y/ Yo = 1.81 at -5, 2.71 at 0, 4.24 at 5, 7.47 at 100,

10. 08 at 5 anpd 27 at_ 25. s, t diffu has a
white appé’i\“ﬁnﬂ‘@ &HP%GH r‘?f?cgqréggaml? ﬁ@as?‘taa E‘E?(f%&ﬁgfai}%gfv% %%3&8\/\# l e

si mul t aneqyshy stEdHr@iwHiRgohBaBORNIER simkManesssiy wedintiring &bty beghtng angl e
zone. EXAWPLE 2 The preparation of Exanple 2 is simlar to Exanple 1,
excepd t hatess DyemMTbemdYiPwinglan®& zekdv spi n coated at 2000 rpm The
resulting grooves frequency distributionis showm in Fig. 5a. It has its

main part from between about 0.1 pm1 to about 1.3 m1, i.e. the groove
periods | iEXAMPLEY2in the range fromabout 0.8 pmto about 10 pm Fig. 5b
illustrates the corresponding scattering properties when illum nated under

-30 with respect to the normal, 20 and it can be seen that the nost part of
the Iight i apRipXitiHRt by Bxanpk 2 is similar to Example 1, except that

15 MC-Solution-1 was now spin coated at 2000 rpm. The resulting grooves
frequency distribution is shown in Fig. 5a. It has its main part from between
about 0.1 pm-1 to about 1.3 um-1, i.e. the groove periods lie mainly in the range
from about 0.8 um to about 10 pm. Fig. 5b illustrates the corresponding
scattering properties when illuminated under -30° with respect to the normal,

20 and it can be seen that the most part of the light is approximately evenly
scattered into viewing angles between 10° and 60°. Furthermore, it is apparent
from the P- and S-polarized measurements that the reflectance is almost
perfectly polarization-independent. The difference in the reflectance of P- and
S-polarized light and unpolarized light within the entire viewing zone is less than

25 4 %. The graph of Fig. 5¢ shows the wavelength dependence of the reflectance
from the sample when illuminated with non-polarized light at -30° and viewed at
different viewing angles. Also in this case the reflectance is substantially
wavelength-independent, i.e. has a white appearance. CIE coordinates
determined from these curves, using a D65 illuminant, are (Y, X, y) = (2.6,

30 0.303, 0.322) at -5°, (3.6, 0.304, 0.324) at 0°, (5.3, 0.307, 0.327) at 5°, (7.7,
0.316, 0.331) at 10°, (12.0, 0.339, 0.35) at 15° and (21.3, 0.313, 0.324) at 25°.



scattered into view ng angles between 10 and 60. Furthernore, it is
apparent fromthe P- and S-polarized neasurenents that the reflectance is
al nrost  pwofoaoed2g4 pol ari zati on-i ndependent. The di ff er enc@CirrcHOAM0306
reflectance of P- and S-polarized light and unpolarized light within the
entire viewing zone is less than 25 4 % The graph of Fig. 5c shows the
wavel engt h dependence of the reflectapge fromthe sanple when illum nated
mth non- EOl ari zed Ihi ghtf?t -30 and viewed at different view ng angles.
so in this case the reflectance is substantia vele t h-i ndependent,
i.e. has qufﬁslt?@n%tb@)e\@‘%@r heedeyatien rfEﬁ’t“ésSta’HJé‘irér \A?F’e 8?51 lAPfgfepcur ves,
using a u e X, 6 08¢:)) 2 5 (3.6,
0. 304, ODgg)ZSh 61(9@%?%{ 35| ?30\6710 00 ggg aﬁ@ 0(3@0)9 33;%3? X%gtl))z at (10
(12.0, O. 3)35])1)03’[3’8) 40.025, QrQiIZOQZaI ®° amzi@ O(U 3Q@P6éltat:_9§ sl gy BB284

CT/ - .
\Iz/m tg_g?é (()|3 eﬁ‘%lggm No g%dét”% Og gqegt[(g 3t9?e%td%\{|(§a;g gp?)%% ;yj@a%tag,ndar d
(-0.097, -@° aaa)1eac125m5(o 002, O. 001) at 10, (0.025, 0.020) at 15 and

(-0.001, -0.006) at 25, and for the brightness gain Y/ Yo = 1.95 at -5,
2.71 at 0, 3.98 at 5, 5.79 at 10, 9.02 at 5 15 and 16.02 at 25. Thus, also

the diffusg, gefl@Ciy d@ffusgxr@ﬂe&t@r of IBanIRi hes apRRRe avdriceewnhile

si mul taneousl y mai ntai ni ng c};\ bri ght ness over a broa i em ng angl e zone.
10 EXAl\/PLlslrsullrmeOtualySﬂeuaéﬁhmn@ ighhrisBitgssorvel afyead Hler‘N'QQ §ﬁ$ﬁ2'€8§t ed at 2100
rpmonto an LPP orientation |ayer made fromthe linearly

phot o- pol yneri zabl e pol ymer naterial JP 265 as described above. The |ayer
was tthen IEXAMPAEES] under 15 nitrogen at roomtenperature by isotropic
(non-pol arized) light froma nercury lanp at an intensity in the
ultraviolet of 0.7 mMWcnR for 30 seconds to crosslink the crosslinkable

l'iquid crysdrahigmexanples Mmeenutnohmewaaytemlwvapmr couted ati2100 rprhantol an o r enove
t he non-crosslinked materi al nd, af tﬁ}rwerds anneal ed a C f,or__about 5

m nutes t d-FRRRRtRN aysr gnare stPetite TRPAY (RO %p?lﬁmr'g?ﬁg%f’d%‘elrayer of

about 100 r%a{éxg&tﬁ 564 *ysCHagc%ﬁ)e\dagb@eappmetlgpbrowta@ fna ineyieted Afrider
evaporation I nvestigations showed that grooves el ongated in the
di r edti on nitrogen at room temperature by isotropic (non-polarized) light ffom a mercury

lamp at an intensity in the ultraviolet of 0.7 mW/cm?2 for 30 seconds to crosslink
the crosslinkable liquid crystal monomers. Then, the layer was rinsed with
ethanol to remove the non-crosslinked material and afterwards annealed at
50 °C for about 5 minutes to remove the residual solvent. Finally, a thin silver
20 layer of about 100 nanometers thickness was evaporated onto the layer. After
evaporetion, AFM investigations showed that grooves elongated in the direction
of the underlying orientation layer were formed in the layer of crosslinked liquid
crystal monomers and that the layer was completely covered by the evaporated

silver layer. The total thickness of the final sample was 380 nanometers.

25
The sample had an average groove period Aa of 4.3 micrometers and an
average groove height hg of 153 nanometers. In Fig. 6a, the averaged one-
dimensional power spectral density function, i.e. the grooves frequency
distribution, for the sample is given. It is calculated from the square of the
30 averaged one-dimensional Fourier transformation of an AFM image perpendicu-

lar to the longitudinal grooves direction, and shows a distribution of groove
frequencies with a main peek around 0.25 um-1 (corresponding to a groove

period of about 4 pm).



of the underlying orientation |layer were formed in the |ayer of crosslinked
liquid crystal nononmers and that the | ayer was conpletely covered by the
evapor at e 03jobs2e+s | ayer. The total thickness of the finalPCTarHIBMO3MMS 380
nanoneters. 25 The sanple had an average groove period Aa of 4.3

m croneters and an average groove hei ght ha of 153 nanoneters. In Fig. 6a,
t he averaged one- di nensi onal power spectral density function, i.e. the
grooves frequency distribution, for the sanple is given. It is calculated
fromthe square of the 30 averaged one-di nensi onal Fourier transformation
of an AFMimage perpendicu- lar to the |ongitudinal grooves direction, and
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attng sph e view ng angle
vari agi on mightriessgelativé to stahdengdtwlmbeeBaSOﬁ virergiiuménsded withigreen ightof andar d

white BaSO4 when il | um nated vvlth reewiegg Qf . 550 r:l{gﬁters vel engt h
under an oR§ RANIMEISE WRAYHEREEJEEET A8 & P with Ff’ﬁBeé PrA"? HCHPPght ness
I's still ﬂ{%&mﬁ' bﬁﬁﬁ{f;e% EHIOmBRItRS £kt %@ve?%darﬁ?eﬁaﬂmq 86d 88S8Adt 0 nore

than 20 i regio tween 25 and 35. oordi nates determ ned for
t he sanpl eincrieates B womriian 29 iarthe (agior betwyeen 2§°1argl 3%. 302, 0. 320) at -5,
(2.7, 0.304, 0.321) at 0, (3.9, 0.309, 0.325) at 5, (6.5, 0.322, 0.337) at
10, (12 3, 0.328, 0.349) at 15, (18.6, 0.301, 0.330) at 20 and (27.7,
0.33%p 0. 3QI4E) cabrdﬂﬁtegldetergmm;t/n‘cmihenmrﬁplenmfsﬂm&aampwﬁtaafedf( X(Wx= Ay)

(-0.012, 010 0 5 5, 15
(0.008, 0. 669%)0 408 Q)C’E%gbﬂ ](87699% %@t) thqb (f’gg Qgé%%o‘? 390 808k ng
(0.023, QGO:'SMO 388, @ésmaﬂmal(w% fooz28, he34g) ghtsreg$8.6a0180af 0\3309 at 1.43 at
-5, 2.03 at 0, 2.93 4,89 at 100, 9.25 at 15 1398at% 20. 83
at 25. Ex20raEs (47 70063379 0.344) at 25°, giving deviations from standard white
(AX, Ay) = (-0.012, -0.010) at -5°, (-0.010, -0.009) at 0°, (-0.005, -0.005) at 5°,
15 (0.008, 0.007) at 10°, (0.014, 0.019) at 15°, (-0.013, 0.000) at 20° and (0.023,
0.014) at 25°, and values for the brightness gain of Y/Y; = 1.43 at —5° 2.03 at

0°, 2.93 at 5°, 4.89 at 10°, 9.25 at 15°, 13.98 at 20° and 20.83 at 25°.

EXAMPLES 4 TO 6

20
As Examples 4 to 6, three samples of diffusive reflectors according to the
invention were prepared, which have similar groove volume fractions but

different distributions of groove period and height.

25 For the preparation, MC-Solution-2 mentioned above was used. The solution
was thinly spin coated onto an orientation layer as described in Example 1, but
with varied spin coating speed. Example 4 used 2000 rpm, Example 5
1700 rpm, and Example 6 1200 rpm. The resulting layers were then crosslinked
by ultraviolet radiation of 0.7 mW/cm?2 for 60 seconds, and afterwards rinsed
30 with ethanol and annealed using the same procedure as described in
Example 1. Finally, a silver layer of about 100 nanometers was evaporated onto
the layers. The three samples had a total thickness of 300, 320 and 350

nanometers, respectively.



As Exanples 4 to 6, three sanples of diffusive reflectors according to the
i nvention were prepared, which have simlar groove volune fractions but

di f f er entwaoiogioed2but i ons of groove period and hei ght. 25 F®CTtdH»3/00306
preparation, MC- Solution-2 nentioned above was used. The solution was
thinly spin coated onto an orientation |ayer as described in Exanple 1, but
with varied spin coating speed. Exampl&-4 used 2000 rpm Exanple 5 1700
rpm and Exanple 6 1200 rpm The resulting |ayers were then crosslinked by
ultraviolet radiation of 0.7 mWcnR for 60 seconds, and afterwards rinsed
30 with ethanol and anneal ed using the sane procedure as described in
Exanpl e 1in Figatd, YAFM sinbyes dfayex?)(l)fmlahnumeﬂsﬂ@)f ntﬂaoﬂeéersamplssea@por ated

onto the |ayers. The three s e da.t t hi e 20 and
350 nanofigPEied, Er"é?ﬁ’é%ffl%ﬁ %%ﬁ/ %F’&'Itf1 @5%’0 q?r?sFlg 7a,
AFM i magesGhe 38 Qide. Wmﬁ@sﬁgéﬂorﬁs%oﬂw&maﬁﬂ@b@n‘ﬂpWSel"nadiﬁ@arW #ie Exanple
4 on the left side, Exanple 5 in the mddle, and Exanple 6 on the right

si de.5 AFMsamgegtaoyat Yabuee sirastion. wiugh wige %%9#&593/0 h%{awﬁé%ﬁs e @ayeragesame

| f t
e bds adame PRESIS B gBuchsoSteRBR HPBYR nBIE G el SiERE e 900 C
groove per '\/8%(9‘&%8%\/@%%8 r\ﬁé@ﬁeﬁsmfc%mgf@g%ﬁE%méléﬁ M OrRigRIG&tErs f Or

Exanpl e 5, mcronmeters anpl e 6. The average groove hei ght
was 104 ndmﬁx:fimplsa‘@nd&%ml(afometem@rr@m@@& Jheaveragergpevesheidhtl 10 147

o S o Bt 0 ey radt Anoals T .01 BYMq Spect ral

density f ¥ gr 0o requenc I'stributions, for

sanphes, amdrunmﬁugemﬁbrEkmepmﬁasured vi ewi ng angl e dependence of the
reflectance of the sanples illumnated with 15 |light of a wavel ength of 550
nanonmeters under an angle of -30 with respect to the normal is

i Il ustrat gty 7Ah8hewE.QAME drie-dihnsithal pdweate,pectm mtyaunmg:mngbeshe
correspondi ng to the maxi ma of scattered ff-spec %ﬁ hg The e angl es
are in agieevasnirequrneyrdistibutians: Fr th ?é@ﬂ"ﬂg ANt Y- age, or

ggwepant » vidWiRG USSR pERISREPONMNkBtahBE JTake r%n‘iﬁleé NRin9RS=di vemsi onal
15 light of a wavelength of 550 nanometers under an angle of -30° with respect to
the normal is illustrated. The arrows in Fig. 7¢ indicate the scattering angles
corresponding to the maxima of scattered (off-specular) light. These angles are
in agreement, according to the grating equation, with the average, or dominant,
frequencies corresponding to the maxima of the one-dimensional power

20 spectral density functions in Fig. 7b.

CIE coordinates (Y, X, y), deviations from standard white of (Ax, Ay), and values
for the brightness gain of Y/Y, determined for the samples can be given as
follows. .

25
Example 4: (Y, x, y) = (5.7, 0.334, 0.351) at -5°, (8.5, 0.315, 0.343) at 0°, and
(10.5, 0.287, 0.319) at 5°; (Ax, Ay) = (0.020, 0.021) at -5°, (0.001, 0.013) at 0°,
and (-0.027, -0.011) at 5%, and Y/Y, = 4.29 at -5°, 6.39 at 0°, and 7.89 at 5°.

30 Example 5: (Y, x, y) = (4.8, 0.326, 0.333) at -5°, (7.6, 0.330, 0.345) at 0°, (11.2,
0.318, 0.344) at 5°, (14.3, 0.295, 0.327) at 10°, (5.5, 0.296, 0.329) at 55°, (3.9,
0.312, 0.345) at 60° and (2.5, 0.326, 0.354) at 65°; (Ax, Ay) = (0.012, 0.003) at —
5°, (0.016, 0.015) at 0°, (0.004, 0.014) at 5°, (-0.019, -0.003) at 10°, (-0.018,



20 spectral density functions in Fig. 7b. CIE coordinates (Y, X, y),

devi ations fromstandard white of (Ax, Ay), and values for the brightness
gai n of YW®O®3des2e+ m ned for the sanples can be given as PoTI@AS/003D6
Example 4: (Y, x, y) = (5.7, 0.334, 0.351) at -5, (8.5, 0.315, 0.343) at O,
and (10.5, 0.287, 0.319) at 5; (Ax, Ay) _ (0.020, 0.021) at -5, (0.001,
0.013) at 0, and (-0.027, -0.011) at1d; and Y/ Yo = 4.29 at -5, 6.39 at O,
and 7.89 at 5. 30 Exanple 5: (Y, x, y) = (4.8, 0.326, 0.333) at -5, (7.6,

(5.5, 0 295000780, ufteg opdste ot of ey QP oife 10

0.354) at 5655° (94 a9, 542 @t 84210.76 BO3)°, .14 ab557, .08 6t 60° BAG). &t aD,
(0.004, 0.014) at 5, (-0.019, -0.003) at 10, (-0.018, WO 03/098284

PCT/ CHOB/@G‘BOG -19 -0.001) at 55, (-0.002, 0.015) at 60 and (0.012, 0.024)
at 65; and Y/Yo = 3.61 at -5, 5 71 at 00 842at 5, 10.75 at 10, 4.14 at

55, 2.93 at 60 and 1.88 at 65. 5 Exanp % 0. 309,
8 ggés gt Examp{é65(Y, &, g8 (44, 930p, Qt321)a¢959( 500352&2/ Q)%éa)@t a5y (%9 (15 0,

B 3 0. 005,
~0. 009) aiﬁyg %%]783?11?’ 8( (835&)0935530 8395{)'6 agﬂé 3%‘0861177@ a0t3§50%b ?g%af b.021) at
10, and ({Ax 04, = Q-0)66H, @tocm,atarm YMM 0303} aat0°; !600@8,89 oafr) ab 5°7. 44 at
5, 11.28 at 10, and 13.46 at S I\)l?( T t anpl es,
Exanpl e 7 (@041 EXQRH) &t 8", anqi&r&%ﬂtQQﬂ%)@uﬁEv '}‘ﬁ el %Sia %%é)ﬁg to the
i nvention, .whighy, wer gy %ggp%cegngq3t¢@gt idey have conparable 15 groove

s, bu

peri od dlstleutlon t different groove height distributions. These
sanpl@s were nade accordlng to the method described in Exanple 3, except

that the ] i ed was 3000 rpmand the irradiation time for the
crossli nkmgge%zg/gg@g%nds for Exanple 7 and 60 seconds for Exanple 8. 20
The next two samples, Example 7 and Example 8, illustrate diffusive reflectors

according to the invention, which were prepared so that they have comparable‘

15 groove period distributions, but different groove height distributions.

These samples were made according to the method described in Example 3,
except that the spin coating speed was 3000 rpm and the irradiation time for the
crosslinking was 120 seconds for Example 7 and 60 seconds for Example 8.
20
Fig. 8a shows the one-dimensional power spectral density functions, i.e. the
grooves frequency distributions, for the two samples. The shape of the
distribution is very similar for both samples, which means that they have a
comparable topology with respect to their groove period distribution. The
25 samples differ, however, in respect of the heights of the grooves, as can be

seen from their groove heights distributions shown in Fig. 8b.

Fig. 8c illustrates the resulting scattering properties. It shows the viewing angle
variations of the reflectance, measured using a Perkin-Elmer spectrometer,
30 when illuminated with light of 550 nanometers wavelength under -30° with
respect to the normal. For comparison, also included in the figure are the

reflectance values of standard white BaSO4 and of a conventional metallic

reflector made by evaporating a thin silver layer onto a smooth glass substrate.



Fig. 8a shows the one-di nensional power spectral density functions, i.e.

the grooves frequency distributions, for the two sanples. The shape of the
di st ri butworsjoss2sery simlar for both sanples, which nean®Crhaosbwy have a
conpar abl e topology with respect to their groove period distribution. The
25 sanples differ, however, in respect of the heights of the grooves, as
can be seen fromtheir groove heightgpdistributions shown in Fig. 8b. Fig.
8c illustrates the resulting scattering properti es. It shovvs the Vi ewi ng
angle varjations of the reflectance ured using,a Per - Bl ner

spect r onet@mpargg g{ae m‘?tﬁﬁfﬁtrﬁ geder and Hs I[‘F Si?ré’ﬂg S@ch@g (98 ﬁ%el ength

under - 30 Yéré*bfﬂﬁ%ﬁﬁﬁé 719 dbhRaBed BRlabobiP80 9p ERATKST, E)@hﬁtﬂel&w moed in the
figure arg the reflectance val ues of standard white BaSO4 a

convent i oraén RB% This show| that by adiugingjheasprsit 4ati ghg refe @f E‘P!g\%éFo | ayer
onto a SMatBagdl AreaRUIsly HqalRdi ORRRRAd E’&E’l&ﬁ@%&%}ﬁ%d m@@ Ifgamar ed to

the netal ICcre strong specul ar | are) peak, the glare
of Ex@npl ean hesdickmtedide dffispeatleudirgdionsand that of Exanpl e 8 by nore than
90 % This shows that by adjusting the aspect ratio (the ratio of height to
period of the grooves), the glare can be reduced to a |large extent and nore
light 5 cae hpréiharet@dxi W dedbfiorsieslstnddird emitem‘ismx Q\B, smbralueat es (Y,

X, y), deviations from standard white_of (Ax val r.the
bri ght nessogtierprightngsegain ef ¥ofo %ﬁé@fp&@n‘rple(fv(\ﬂxx y}rqgo 28%9% 63%% 0.321)

T 10 (- ang (gt 0. R b1t 3 (R myf - GoBa, D) a1 BN 2L 25
for01Exi1rqug@08% (2050119 at/BO“‘ 454 Y/Y9=3B51 at 3237) and 16524 (26.30°; @nd40r 0. 347)
t t AX, A
2 (0 011, Basmne St %) 26 D9 Ga) s o S s DA 4105, “an”™

(-0. 030, -§2888) 388) a‘ioz0°aéwd (14 ¥ 588 08§223tat5@ (Ax98y)at (001B.0660Btat 20, and

8.12 at 50. 15 It shou d be understood that the |ntent|on is not tolimt

the i nvent+@n(Q.826:0.01 Batd’, (-8/I6dD P08 8t 2&'s end Kd03WLn0L0RB) ab?ll’s aRY, t he
i ntention 4{ﬁ(ot %ﬁg\é‘?[—salz{gg‘%gbj &80 af%(?’n%nd%q‘rﬂ ypdpnts, and alternatives

falling w spirrit-and scop
15
It should be understood that the intention is not to limit the invention to particular
embodiments described. On the contrary, the intention is to cover all modifica-
tions, equivalents, and alternatives falling within the spirit and scope of the
invention. Various modifications, equivalent processes, as well as numerous
20 structures to which the present invention may be applicable will be readily ap-

parent to those of skill in the art to which the present invention is directed upon

review of the instant specification.

25



invention. Various nodifications, equivalent processes, as well as nunerous
20 structures to which the present invention may be applicable wll be
readily apoopassest to those of skill in the art to which Phg/qHBoEIN
invention is directed upon review of the instant specification. 25 WO
03/098284 PCT/ CHO3/00306 -21- Clainms 1. A diffuse reflector or diffuser
formed of a nononmer-corrugated filmopqcoating, 5 which, when illum nated
with CIE standard illum nant D65 under a selected direction has the
property that within a desired angul gr, range of observation of at |east
five degrees 10 the difference int chromaticity coordi nates (X, YY)
of said diffuse reflector or diffuser and of standard white BaSO4 is not

nore than p. 05 & | i el ght ness conpared to standard white BaSO4
i s not Ies@ t%‘aﬂlﬁgﬁ%\oﬁ)&'#@rg}.r eedi ffuse reflector or diffuser of claima1l,

wherei n t he ddsimetiobmguiremerrcanygaied fdbsaropatingn of at | east five degrees
conprises a pol.ar, angle 0 of from at least 15 to 20. 3. The diffuse

refl e€tor or (er'?rbser according to claiml1 or 2, wherein the 20 selected
direction of iJyHahminihgtedwinvith CIEE staadeddr dumirdamti D@Siturides a ssdbedtegen 20
and 40, preferably 30, with respect to the surface normal. 4. The diffuse
refl ector §feCHPRf user accor di ng to one of clains 1 to 3, wherein the gain

in brightness {3 t'ﬂ@tprb§§|§y R witHiy @ detddraidila ehge A9 lobsBplatibe s dthan 25
ten. 5. The diffuse reflector or diffuser according to one of clains 1 to

4, wher ei nleagtfiyeglddresence in the CIE chromaticity coordinates (x, y) is’
not npre than Q. 088 entl iA MR GIEP LRI ARy CTPHhARE! (xN9f of QLR Hi@8e0- 01.

reflector or diffuser and of standard white BaSO4 is not more than 0.05 and
the gain in brightness compared to standard white BaSO4 is not less than

two.

15 2.  The diffuse reflector or diffuser of claim 1, wherein the desired angular
range of observation of at least five degrees comprises a polar angle 6 of from
at least 15° to 20°.

3. The diffuse reflector or diffuser according to claim 1 or 2, wherein the
20 selected direction of illumination with CIE standard illuminant D65 is between

20° and 40°, preferably 30°, with respect to the surface normal.

4. The diffuse reflector or diffuser according to one of claims 1 to 3, wherein
the gain in brightness is not less than five, and more preferably not less than
25 ten.

5. The diffuse reflector or diffuser according to one of claims 1 to 4, wherein
the difference in the CIE chromaticity coordinates (x, y) is not more than 0.025,
in a more preferred embodiment not more than 0.01.
30

6. The diffuse reflector or diffuser according to one of claims 1 to 5, wherein
the difference in the CIE chromaticity coordinates (x,y) and the gain in
brightness is as specified within a desired angular range of observation of at
least ten degrees, more preferably within a desired angular range of



30 6. The diffuse reflector or diffuser according to one of clainms 1 to 5,
wherein the difference in the CIE chromaticity coordinates (x, y) and the
gain in Wpoioghtg1ess is as specified within a desired angulPar/arngesoof
observation of at |east ten degrees, nore preferably within a desired
angul ar range of WD 03/098284 PCT/ CHO3/ 00306 -22 observation of at |east
twenty degrees, and nost preferably wshin a desired angular range of
observation of at least thirty degrees. 7. The diffuse reflector or

di ffuser according to one of clains 1 struct uc{e of the

_ ( tog, wher ei n 5t.£he
monorrer - c@PseRyatier of iat Aeayt twea AeoregimAnd duost Rypterally) withia @ 4PEied but i on

of groove pef P defdt RN P aVRaBEIH dedrBds. 8. The diffuse reflector
or diffuser~according to claim?7, wherein the distribution of groove

periods (A) substantially lies between 0.5 and 10 10 mcroneters. 9. The

di ffuse refl ectaor,.or diff r I i : reknat :
di stri but ?/];n gbegdﬂ\‘g%s‘?e#efgggtl%ggg%E‘%%ghgcg}rgﬁgﬁgﬂn? fi%s ef\lt/\%g’n\nﬁ?r Inand 5
m cr oget ense sthuchfe dhénairmbénmeerafrtugetad fitm di cbetirg comisésng pre- one of

claims 7 to 9, wherein the distribytion o roove, heigh (h)
Subst ant | delapted UshBuiion ehoEsa AT ade AT aTUARIBRLS RSB The di f f use
reflector or diffuser according to one of clains 7 to 9, wherein the

distribution of groove heights (h) substantially lies between 100 and 300
nanonet er §. 1TheThléfusef refirstorefor ediffyseroracaprdingsdp &@#8r di ngharsinofle of

claims 7 tp 11, wherein 25 rQOVE .V, fractl [ e en 30 %
and 70 % 08?"8%%?%&5 gp@dﬁdpggﬁqﬁg @2%@@@)1 ulgegs rHee %%r,g 9'50§n@i? user
accongi ng hersmeteed. clainms 1 to 12, wherein the square of the averaged

one-di nensi onal Fourier transformof the surface 30 profile perpendicul ar
to the longitudinal groove direction conprises a distribution -

0. The diffuse reflector or diffuser according to claim 7, wherein the
distribution of groove periods (A) substantially lies between 1.5 and 5
micrometers.

15
10. The diffuse reflector or diffuser according to one of claims 7 to 9, wherein
the distribution of groove heights (h) substantially lies between 50 and 450

nanometers.

20 11. The diffuse reflector or diffuser according to one of claims 7 to 9, wherein
the distribution of groove heights (h) substantially lies between 100 and 300

nanometers.

12. The diffuse reflector or diffuser according to one of claims 7 to 11, wherein
25 the groove volume fraction (@) is between 30 % and 70 %, preferably around
50 %.

13. The diffuse reflector or diffuser according to one of claims 1 to 12, wherein
the square of the averaged one-dimensional Fourier transform of the surface
30 profile perpendicular to the longitudinal groove direction comprises a distribution

of groove frequencies with the main part of significant values from about

0.1 um-1 to about 2 pm1.



of groove frequencies with the main part of significant val ues from about
0.1 m1l to about 2 m1. WO 03/098284 PCT/ CHO3/ 00306 -23 14. The diffuse
ref | ect orworosgps2Buser according to one of clains 1 to 12, Pamam®B/00306 he
square of the averaged one-di nensi onal Fourier transformof the surface
profile perpendicular to the |ongitudinal groove direction conprises a
distribution of groove frequencies wpegh the main part of significant
values fromabout 5 0.1 m1l to about 1.3 m1. 15. The diffuse reflector or
di ffuser according_to claim13 14, wherein the L SLri i f._groove
frequenci e¥- chdtPﬁrqq@‘é%e eefipgtor f'?ﬁﬂﬂ%ﬁ?h%ccﬁéﬁﬂgé% OpF 8&10%5%1}583%1%%'? o about
2 m1, espRreisubde BEtEaler@bedtone-dimdndiohal #batér trdfsfdmd offtiie sarfdcaor e
especi al ly between about 0.1 m1 to about 1 m1, 16. The diff g€ reflector
or diff userobleqerrendicular torbe #ngitgingEarpoye dirgction, GRIpRISeS %\F‘?ﬁi HtiPRe
desired angul ar ; Vgl int r#f digGiti t idugance of
the diffusd PoPYEar iy BROL RS My (R3S emRsyAles I oanGA

i ndepgndeng.q k1 tdaeodi f.Byse1refl ector or diffuser according to one of
clains 1 to 16, wherein the cross-linkable material used to nake the
nononer-corrugated filmor coating was maintained in an oriented state by

lateral |y ani sgid Qi Ce FbiicHMbMEr diRBsb0aE@YdiAYItbEaIRT 05 Bri1aKivit@reid8he The
diffuse reflector or diffuser according to one of clains 1 to 17, wherein

the ori entdistributions ofl@eoavs HeauancifeeCBRBEes atBa¥ A Yalus, DalwegRSEIMyi ng
orientation | aye

or ent &L OO YR D b oimalhe, il Bl BEkRP Bl 3 BT o
et 0t ve Paghr: ol R eBRccin BRI, D EBbote i
nmononer-corrugated filmor coating. W 03/098284 PCT/ CHO3/ 00306

16. The diffuse reflector or diffuser according to one of claims 1 to 15,

wherein, within the desired angular range of observation, the reflectance or

transmittance of the diffuse reflector or diffuser is substantially polarization-

15 independent.

17. The diffuse reflector or diffuser according to one of claims 1 to 16, wherein
the cross-linkable material used to make the monomer-corrugated film or
coating was maintained in an oriented state by laterally anisotropic aligning

20 forces during crosslinking.

18. The diffuse reflector or diffuser according to one of claims 1 to 17, wherein
the orientation is due to an aligned substrate surface or an underlying

orientation layer.

25
19. The diffuse reflector or diffuser according to claim 18, wherein the
orientation layer is a photo-oriented layer.
20. The diffuse reflector according to one of claims 1 to 19, wherein a
30 reflective layer, preferably a silver layer, is applied to the monomer-corrugated

film or coating.



-24 21. The diffuse reflector or diffuser according to one of clains 1 to
20, wherein the cross-linkable material used to nake the
nononer - cworigges2ed fil mor coating conprises nol ecul es offCa/aHwdobioke or
calamtic shape, preferably the cross-linkable material is liquid
crystalline. 5 22. A nethod of preparing the nononer-corrugated filmor
coating of a diffuse reflector or dibHhuser according to one of the
preceding clains, conprising the steps of - making a m xture of at | east

t teriaal f ich i -1 | nkabl . i.S..not
orosenl § nidib e Al ol R PSR pe ARG e op8 oF BRI T GSRLnbRY o
| east a suybst @oks-ahkdbds tinaterial Used W osskd ithéahbeomet-esiradated diloh -orr enovi ng

at | east a substantial portion of the not cross-ljnkable material 15 23.
The met hodPOREBYr@MRYISEs BPiecHies 20f W{ij‘rez'gﬁ cfrh%aﬁ?r’i'”ﬂcu? Re JuPErddhtBPns a

8h]9]£ o-ori e(;}f)gxg)_b@‘aq)qgrp%ﬁgf\rﬁ is I%idz(é)\"ys&lﬂﬁeg?| di spl ay d](cavi (r:]e, corrp{ji Si ngI a
1|t0u%i-re ector or diffuser according to one of the preceding clains
22. A method of preparing the monomer-corrugated film or coating of a diffuse
reflector or diffuser according to one of the preceding claims, comprising the
steps of
- making a mixture of at least two materials of which one is cross-linkable
10 and the other is not cross-linkable,
- applying the mixture to a substrate,
- cross—linlgi'ng at least a substantial portion of the cross-linkable material,
and
- removing at least a substantial portion of the not cross-linkable material.
16 .
23. The method according to claim 22, wherein the mixture itself contains a

photo-orientable component.

24. An optical display device, comprising a diffuse reflector or diffuser

20 according to one of the preceding claims 1 to 21.



