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Anisotropic transparent or coloured polymer network layers

with the optical axis oriented in three dimensions, either

uniformly or pre-set point by point, are of great importance in
many branches of display technology, integrated optics, etc.

Substances having these properties in prin’ciple, i.e.

certain

cross-linkable liquid crystalline diacrylates and diepoxides, have
been known for some years. These substances in monomer form,

- i.e. before cross-linking, can be oriented in. cells by means

of

conventional orientation layers or under the action of external

- fields, e.g. magnetic or electric fields, in the LC phase and
photo cross-linked in a sécond stage by conventional means, i.e.
- by irradiation with non-polanzed light, without losing the .
Qrientation :mpressed in the monomeric state.

can be

Layer structures of this kind are kriown e.g.'from "l:"P-A-" '

331 233. They are produced by orienting a monomer layer

in an

external field and then irradiating part of it through a mask.

Cross-linking is initiated only in the irradiated region. Th

e

direction of the external field is then changed, and the monomer
regions which have not yet been cross-linked are re-oriented in
the new field direction. The latter region is then cross-linked by
illumination. Clearly, this method cannot result in. an orientation

of the mask, the radical cross-linking reaction is not shar
defined. : :

- structure with high local resolution, since, owing to. the shading
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25 Layer structures of this kind are known e.g. fromEP-A- 331 233. They
are produced by orienting a nononer |ayep in an external field and then
i ‘radiating part of it through a nask. "0ss-linking is initiated only in
the irradi ated region. The 30 direction of the external field is then .

‘changed, and the Methods ofgermeratiriq forevation lagerdewithclosally i nked are

(o-or e e i, Batafh ROBEHIEP A SRERhTG, RSN, o,
orientation exampimrus-\A-ﬂh %45m#&cdescebesuonentauoncby phonghttm-t he
o noq. - pesd Ay Bidichror: 3R RibIGCERSPHcoroPstdd 36 4R datyfidr, °narhl Y
| ayers wi?h IocaIIy vari abl e orientation properties have becone known '
recent| y For . exangyer \derdcturds? cotprsing iDFHnProfrirassAinkad Auidl i t ho-
crystalline monomers in contact with an orientation layer of a
'photo-onentatable polymer network (PPN) are described in the as
yet unpublished Swiss Patent Apﬁplicatio'n number 488/93. These
10 layer structures are produced by orienting the liquid crystalline
- monomers by interaction with the PPN layer and by fixing the
orientations in a subs‘eduent cross-linking step. For other
details, reference should be made to Swiss Patent Application No..
2016/94.

15 . o
- The aim of the invention is to provide other possibilities
- for optical and electro-optical components and equipment, using -
layer structures of the above-mentioned kind. '

20 To this end, according to the invention, the substrate
comprises a reflector. The reflector can be a diffuse or specular
" metal surface or reflecting polymers, e.g. containing pigments as
in the case of metallised car paints, or reflecting paper or
dielectric mirrors or the like. The reflectors must at least partly
25 - retain the state of polarlzatlon of the incident light. An
- arrangement of this. kind according to the invention is
particularly suitable for use in prevention of forgery and copying
of banknotes or documents, or for generating reflective liquid
~ crystal displays or for producing optical 'c_:omponents for
30 integrated optics, such as waveguides, gratings, non-linear
~ optical (NLO) actwe substrates or electro-optncal Mach-Zender
modulators etc. '

| Owing to the high-quality copying techniques which are
35 available, there is an increasing need and requirement to prevent
forgery of securlty elements in banknotes, credit cards,
documents etc, which however must clearly be recogmsed for
what they are by the genera( pubhc Most secunty features in use
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graphy of dichroic dye nolecules incorporated in the polyner. 5 Layer
structures conprising a filmof cross;: I3nked liquid crystalline nononers i.n
‘contact with-an orientation |ayer of a‘photo-orientatable polyner network
(PPN) are described in the as yet unpublished Swiss Patent Application
"nunber 488a¢3reseateelg holograms ondkinegrams «JpFoddoser, JiDocumentng t he

tha'or ond Bitedtion By BtRalY VAIBLIE GObLL” W CRtaCpRicuighty, | X! no
ref erence SesuridybeRmbadanoRenesse ke éat Atgghi @U$®nBQ§t0m0heﬂdﬂN, 15 The
2] oo o oo pABEC B ate bagel! o diffiat tion BPYight! oh dratirer e chatken
above- mént {t ﬁ@dakt t'@'@)’- tﬁeseTgaéﬁ% P%aﬂ"eﬁc&ﬂsi QQSQW@J ﬁient i on, the
- frg?zltrgh ref gggegeﬁeza el?tsf bec\rngron Th¥higfresaltsr m:%rbe-dnrﬂehémzﬂ;gr ﬁpteﬁul ar
Case of - neliReRSedndesceaPt & ciEtarc effeqrh Hich Havk JEBE 2°i M or's or
“the like. Examintdein acsondancetwithasulepaspegific to the pattern. This
' results in the difficulty that the general public needs to know a
10 number of these complicated rules in order visually to check that’

a security element of this kind is genuine. -~ Security features

based on diffraction are also very comphcated to check,

particularly mechanically. There is no practical possibility of

manual reading-in of individual items, e.g. images or numbers
15 coded by these techniques.

EP-A 435 02_9 describes security elements in the form of =«
cholesteric liquid crystals, of the kind known e.g. in liquid crystal
thermometers. Cholesteric liquid crystals, like mechanical

20 gratings, have a periodic structure which has the property, known
since 1888, that the colour of reflected light varies with the
angle of observation. The test for genuineness based on the
associated iridescence is therefore beset w:th the same problems
as with mechamcal gratmgs
25 o |
' An embodiment of the invention will now be described with
reference to the accompanying drawing. | '

The drawing is a diagrammatic detail of a layer structure in
30 a forgery-proof banknote. The basis or substrate of the layer
structure is a paper layer 1, which is identical with conventional
banknote paper. Many conventional banknotes already comprise a
metal strip or filament, the aim being to give some protection
against forgery. Accordingly, a metal layer 2 covers parts of the
35 surface of paper 1. An orientation layer 3 is disposed on the
metal layer and has an orienting effect on a retarder layer 4
‘above it. The orientation layer 3 has a pattern which is trans-
ferred to the retarder layer 4 before cross-linking thereof and is

P
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25 retain the state of polarization of the incident Iight. An arrangenent
of this kind according to the invention,s partlcul arly suitable for use in
greventi on of forgery and copying of Faffkfiot es or docunents, or for
generating reflective liquid crystal displays or for pr oduci ng opti cal

cOrrplonents thytn p@esemL%eratpattéws:sn theC Fe BT deR I Sger t d‘Whteﬁrﬂ?é %é% Send
non-11 near | Ca lLve or efectro;Q | ca C enaer
nodul at or.s, q{} oéﬁéH "‘%itht érf%&ﬁa‘P?&Fr@dﬁy?hﬁeMH fRQ" which are 35,
a¥ai | abl e, dxlam:eds lighti mheemrmlnﬂmtahrfdamw lie nEsible.o Ifrethenfmf oLgery -
of security ic
however rrus &éﬁggf%@oge'si)g ﬁhggdtﬁ%a{%(ﬂéyzgﬁ@mmﬁé gi%eral public.
Mbst sechr i pgttesatbeecames v he patterascan be rgcogm
Ki negr ans ( mRHIREN t Y d¥’
G aphi.cs" ?lﬁuﬁgl\/ﬁ@gﬁ’)ymcumﬂ? g’eslcaﬁg ﬁ&[dr?%tl?c{n_ van e%essgé?ﬁ%lf Artech
House, Boston London, _
' | This is a method of incorporating very elegant means
against copying or forgery of banknotes, credit cards, documen'ts_
10 etc. The retarder pattern can e.g. contain an image or a text. It
' can also be used e.g. to make normally invisible codes visible
‘when observed through a polarization filter. |

Owing to the invisibility of the retarder pattern when
15  observed with non-polarized light, the layer structure can also be
disposed over other security features without influencing the
- properties thereof. This combination with other anti-copying -
“methods can further increase the protection against forgery.

20 - Alternatively a retarder layer whose optical axis is at an’
angle to the surface can be incorporated in the security element.
The layer can then be tilted to produce colours or light and dark
effects which are asymmetrical relative to the position before
tilting. :

25 . _

Compared with known security elements, the invention is
characterized in that the genuineness of the safety feature can
easily be checked by the general public, since it is not necessary
first to learn to recogmse complicated iridescence or cinematic

30 effects.

Other details of the invention will be clear from the
following examples
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page 169) are based on diffraction of light on gratings. To check 5 their
authenticity, these safety features nusf _.be observed at different angles of
vision. This results in three-dinensional inages, iridescence or cinenmatic
ef fects which have to be examined in accordance with rules specific to the
pattern. T ts in the difficulty that the general public needs to
know a 10 -nunber of these conplicated rules in.order visually to check

that a sec lenen kind is genuine. Security features based on
diffractioﬁréaéci J%%BIJCX?Ed to check, particularly mechanically.

There is no practical p055|b|I|ty of manual readlng in of individual itens,
e.g. ges or techni ques,. ,EP- A 435 029

descrl b s secur?Hgbg?@né%tgF%ﬂ%%ﬂegf%r ﬁ?o?'n@ﬁm'ﬁs@@a ger'VaUVGS(:réstal s, of
“the kind kRBNnmatgrial rhavingi @ highsglasst transformation Pothe{Ty i | i qui d
crystal s, t ave a periodic structure which has
t he propert?lsegmgrs#@ee'ﬁ?%%gh@ %Wée} colour. of reflected |ight varies

with the angle of observation. The test for genui neness based on the

associ ated .iri descence is ther Obeset mnth S oy oroblens as with
mechani cal pg[yq{,é,@gs. Q 0
| | | '\_o

10 :
A glass plate was spm-coated with a 5% solution of the PPN
material in NMP for 1 minute at 2000 rpm. The layer was then
dried at 130°C on a heating bench for 2 hours and was dried for a
further 4 hours in a vacuum at 130°C. The layer was then |
15 illuminated with linear polarized light from a 200 W Hg very
- high-pressure lamp at room temperature for 5 minutes. The
layer could then be used as an orientation layer for liquid .
crystals. However, the thermal stability of the orientation layer
was too small for many applications. For example the orientation
20 capacity was lost after 15 minutes, e.g. at 120°C. |

Example 2

‘A mixture of cross-linkable LC monomers for the LCP
25 Iayers

The following dlacrylate components were used as cross-
linkable LC monomers in the examples: - -
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25 An enbodi ment of the invention will now be described with reference to
the acconpanyi ng draw ng. The draw ng § a diagrammtic detail of a |ayer
Structure in 30 a forgery-proof bankndte. The basis or substrate of the
| ayer structure |s a paper layer 1, which is identical with conventional

banknot e paper. conventlonal knobes al reydy pri se a net al s\-ri p

or fil arreannhe ti @ @ 3PP TGN

Accordi ngly, a net; ayer 2 cover art 35 rface of papgr An
i

orientation |ayer s di sposed on the neta Mas an orienting
effect on a retarder | ayer 4 above it. The oy atron | ayer 3 has a

pattern which is trans-.ferred-to the-retarder | ayer 4 before cross- I|nk| ng

thereof and is -4- then present as a pattern 5 in the retarder |ayer.

When the netal strigp coated with the.retarder peater | s observed in r\n-

poI arized |ight, t{é_onwgd o Vi Sk b\)w _é -
Mon2: -@- 0

Mon3: Oﬁ.o/\/\/\ﬂ-O—(g_Q_Z*—OOWO_}O
T cl o

_ These components were used to develop a super-coolable
‘nematic mixture Mcp having a particularly low melting point
. 5 (Tm = 35°C), so that the LCP Iayer could be prepared at room
temperature

The dlacrylate monomers were present in the mlxture in the
following proportlons
10 :
Mon. 1: 80%'
Mon.2: 15%
Mon.3: 5%

15 In order to accelerate the cross-linking process, 2% of
Ciba-Geigy photo-initiator IRGACURE 369 was added. The mixture
MLCP was dissolved in anisole and applied to a PPN substrate.

The thickness of the LCP layer could be adjusted over a wide
‘range, via the concentration of MLCP in amsole

20

' For the purpose of photo-induced cross-linking of the LC

monomers, the layers after orientation were irradiated with

isotropic light from a 150 W xenon lamp for about 30 minutes,

~ thus fixing the orientation.

25 -



configuration is exam ned through a polarization filter, the 5 pattern
beconmes visible. The pattern can be recgpgni sed either visually or by.

trachi ne, usi ng polarization-sensitive'ggféctors. This is a nethod of

I ncorporating very el egant neans agai nst copying or forgery of banknotes,
credit car gxangsleuBents 10 etc. The retarder pattern can e.g. contain an
I mge or .a text. It can also be used e.g. to nake normally invisible codes
vi si bl e when observed through a polarization filter. OMng to the

i nvi si bi | i Ay rétarder conr éerspecutam onediffaseorefiection tmetal- pol ari zed
l'i ght, thesl c?tructure can al so be di sposed over other security -
features witho nfl.uencing the properties thereof. This conbination with
ot her adi-copying nethods can further increase the protection against

an angl e 1o, he S TaVEE WL ApBIIcH SO0 (ojasy BIate VapOW Coared Rk The
| ayer can @ml'ﬂiélm-i ﬁﬂé’dWQ§ ﬁ}ﬁ@ﬂuﬁéa&ﬁtsgr with |lﬂ§ﬁ_ft Pafﬁfiaéqi iug:?eci s which
Ere asy_mmtligthal lThé aiireteti?]n ohpatarization defimge illurhination 26f Grepared with
nown SeCURily of n[eerbtlgte 'wis rotstdd ({'ﬂ.rbﬁgh 45° relative to the direction
10 of polarization when illuminating the other half. A 30% solution
of MLCP in anisole was applied to the illumin'ated_ PPN layer by
spin coating (2 min. at 2000 rpm). These conditions resulted in a
layer which, after cross-linking, had an optical retardation of -
. about 140 nm. However, the light reflected by the metal layer
15 underwent twice the optical retardation, i.e. 280 nm. This
approximately corresponded to a A/2 plate, relative to an average

wavelength in the visible_ part of the spectrum. .

When the reflecting light was observed without using a
20 -polarizer, only an optically unstructured reflecting plate was
visible. If however a polarizer was held in front of the plate so
" that the direction oftransmission coincided with one of the two
directions determined by the illumination, the corresponding half
of the plate appeared light whereas the other half appeared deep
25 blue.

It is therefore possible to write information on reflecting
surfaces which can be read only by using a polarizer. These
retardation patterns can be used e.g. for prevention of copying and

30 for checking the genuineness of documents, banknotes or the like.
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characterized in that the genuineness of the safety feature can easily be

checked by the general public, since it is not necessar‘y—fﬂ—ﬁng—l_ew

: recognl se conplicated iri descence or tithematic 30 effect etails of
the invention will be clear fromthe follow ng exanpl es. u "Jm

Productioneof gy RPN | ayer 5 The PPN material can e g
aci d deri V%H PPN materi al having a high glass transforrrat I on p0| nt

(Tg = [err]) was chosen for the exanple: Polyner: 10 A glass plate was

3868 fg?nt eghwlth a S%rﬁ@lt hicalgc@ifnd poreritPormprésing! ai lydkRstractdren ngtﬁ at
e a er S en r.e OLII’S
2nd vian. gr A ah adisottoplc Jyet 3 égﬁaﬁg{?@ i 0l o
then 5 monomers in contact with an orientation layer on a substrate,
wherein the substrate comprises a specular or diffuse reflector.

- 2. An optical component 'aCcording to claim 1, wherein
the substrate consists of the reflector.
10 :
3. An optical component according to claim 1, wherein
the substrate consists of a transparent material. '

4.  An optical component accordihg to claim 3, wherein
15 the reflector -is disposed on the side of the substrate opposite the
orientation layer. - '

5.  An optical component according to claim 3, wherein
‘the reflector is disposed above the LCP layer, the optical
20 information on the LCP Iayer being observed through the .
substrate.

6.  An optical component according to claim 3, wherein

the transparent substrate is provided on both sides with a layer

25 structure comprising an anisotropic layer of cross-linked liquid
crystalline monomers in contact with an orientation layer.

7. An optical component according to claim 3, wherein
one side of the substrate surface has a layer structure
30 comprising an anisotropic layer of cross-linked liquid crystalline
monomers in contact with an orientation layer, whereas the other
substrate surface has a non-photostructured retarder layer or
retarder foil. |

35 8.  An optical component according to any of claims 3 to
7, wherein the substrate is optically anisotropic.



15 illumnated with linear polarized Iight froma 200 WI—?
hi gh-pressure lanp at roomtenperatureg or 5 mnutes. The wm’M"L”%H"I
be used as an orientation |ayer for Iigjid crystals. However, thelt

- stability of the orientation | ayer was too snall for many applications. For

exanpl e the ori9ntat Apno Olcahmmptynmsatcerdm arfy ofrihiees, e. g. at 1

_-fgﬁerfx?ﬁbf%ﬁ%@né‘%f@ hErgE sheo ﬁiﬁﬁak@rﬂ‘fé}ig ifidlées dtitig D o L

nmononer s i angleesirethepLEP: Iayer- 6o thatlits optical axis is at an angle to

[err] Thes MFac sed to develop a super cool abl e nematic

m xture [eﬁ?? avl ngia parﬁl%lul arly low nelting point 5 (Tmf[err] [err]),
.so that St he LCP | ayer could be prepared at room tenperature.

10. An optical component according to any of the
preceding claims, wherein the orientation layer and the liquid
crystal have a pattern with a Iocally varying arrangement of
molecules. -

10 :
11. An optical component according to any of the
preceding claims, wherein the LCP layer contains dichroic dye

molecules.
15 12. An optical component according to any of the
preceding claims, wherein the reflector is of metal in the form of

a metallic filament. o .

14. An optical component according to any of claims 1 to
20 13, wherein the layer structure comprising cross-linked liquid
crystalline monomers and the orientation layer are disposed over
“other security features.

15. Use of én optiéal comporient according to any of the
25 preceding claims for prevention of forgery and copying.

16. Use of an optical component according to any of
claims 1 - 14 in banknotes. |

30 17. Use of an optical component according to any of
claims 1 - 14 in credit cards.

18. Use of an optical component according to any of
claims 1 - 14, wherein the information is detected in manually or
35 automatically operated optical reading devices. '

* * %
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The di acryl ate nononers were present in the mxture in the follow ng
proportions: 10 Mon. 1: 80% Mon. 2: 15%.Mon. 3: 5% I n order to accelerate
the cross-1inking process, 2% of Ciba-&figy photo-initiator | RGACURE 369
was added. The m xture M.CP was di ssolved in anisole and applied to a PPN
substrate. The thickness of the LCP | ayer coul d be Raf gﬂ%ﬂ{pggr a wde
range, via the concentration of ML.CP in anisole. 20 For the purpose of
phot o-i nduced cross-linking of the LC nohoners, the |layers after
orientation were irradiated with isotropic light froma 1 50 Wxenon | anp
for about 30 mnutes, thus fixing the orientation. 25

5 Abstract

| By combination of a hybrid layer consisting of an orienting
" layer and a layer of a cross-linked liquid crystalline monomer
with a reflector and by appropriate local structuring of the
10 molecule orientation an optical pattern is obtained which cannot
be copied in conventional photocopiers. This pattern is useful as
means for protecting documents, banknotes etc. from being
copied. ' '

" This Sheet Has Been Replaced
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7 Exanple 3 A retarder on a specular or diffuse reflection nmetal surface 5
A7PPN | ayer was applied to a glass plate vapour-coated with alum nium and
was then irradiated with linear polarized W light. The direction of ™
pol ari zation during illumnation of one half of the plate was rotated
through [err] relative to the direction 10 of polarization when
illumnating the other half. A 30%solution of M.CP in anisole was applied .
‘to the illum nated PPN | ayer by spin coating (2 mn. at 2000 rpn). These
conditiens resulted in a layer which, after -cross-1inking, had an optical
retardati on of about 140 nm However, the light reflected by the netal

| ayer 15° underwent twice the optical retardation, i.e. 280 nm This
approxi fat-el y corresponded to a [err] plate, relative to an average

wavel engt-h in the visible part of the spectrum Wen the reflecting |ight
was observed wi thout using a 20 polarizer, only an optically unstructured
reflecting plate was visible. If however a polarizer was held in front of
the plate so _ 5 o

| £

\\4




that: the direction oftransmi ssion coinci ded Wi t REFLAGMENE Sﬂftr'dl re }iuon, .
determrned by the illum nation, the correspo bﬂ’r@esbmptbnomag?fb pI“ét“e v

appgared |ight whereas the ot her hal f appear b dilaim(®5  :ipaged - 10 R e
therefore possible to wite information on rgf mWhgg(Surﬁag@‘bk \ﬁhl!@ﬁe‘&an ke
read only by using a polarizer. These retard \/pqusméﬁ er.r;mgedm"ls nasedie. g.

for prevention oforergay ogMreNeNBO for checki ng“the genui neness Qﬁd@ggrrgﬁ%,
banknotes or the |ike. 1. An optical co d..a. J.ayer.

structure made up of an anisotropic |ayer of eerrogurd
crystalline 5 nononers in contact wwtfiran orientation |ayer on a

> Gt cal o, Mvetioh: Kides Lhéfé?ﬁ0§%m#§6né’ﬁ% #ﬁfﬁﬂﬁ%ﬁ%‘ setor
consi sts of layer ﬁ@flﬂ@iﬂl’@r made 3p 0 Aanoamseézron@ nOf Lressdinked o cl ai m
1, wherein figeidU@s/stalline MEhdhserd’ it dMETWAtR dWtcriémtation layer
: on a substrate. The invention also relates to the production and
preferred use of the aforementioned components.
10
Anisotropic transparent or coloured polymer network layers
with the optical axis oriented in three dimensions, either
uniformly or pre-set point by point, are of great importance in
many branches of display technology, integrated optics, etc.
15 :
Substances having these properties in principle, i.e. certain
cross-linkable liquid crystalline diacrylates and diepoxides, have
been known for some years. These substances in monomer form,
i.e. before cross-linking, can be oriented in cells by means of
20 conventional orientation layers or under the action of external
fields, e.g. magnetic or electric fields, in the LC phase and can be
photo cross-linked in a second stage by conventional means, i.e.
by irradiation with non-polarized light, without losing the
orientation impressed in the monomeric state.

25 . | _

Layer structures of this kind are known e.g. from EP-A-

331 233. They are produced by orienting a monomer layer in an
external field and then irradiating part of it through a mask.
Cross-linking is initiated only in the irradiated region. The

30 direction of the external field is then changed, and the monomer

 regions which have not yet been cross-linked are re-oriented in
the new field direction. The latter region is then cross-linked by
illumination. Clearly, this method cannot result in an orientation
structure with high local resolution, since, owing to the shading

35 of the mask, .the radical cross-linking reaction is not sharply
- defined.
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4.  An"optical conponent according to claim3, wherein 15 the reflector

i s disposed on the side of the substrate opposite the orientation |ayer. 5.
An optical conponent according to claim3, whereirn the reflector is )
di sposed above the LCP | ayer, the optical 20 rinformation on the LCP | ayer
bei ng observed through the substrate. 6. An- opti cal conponent according
to claim 3, wherein the transparent substrate is provided on both sides .
with a layer .25 structure conpri-sing an anisotropic |ayer of cross-Iinked-
liquid crystalline nmononers in coritact with an orientation layer. 7. =~ An-~
optical conponent according to claim3, ypherein one side of the substrate
surface has a |l ayer structure 30 conprisrng an ani sotropic |ayer of
cross-linked liquid crystalline nononers in contact with an orientation

| ayer, whereas the other substrate surface has a non-photostructured
retarder |ayer or retarder foil. 35 8. An optical conponent
according to any of clains 3 to 7, wherein the substrgle is optically

anisotropi?. ///,

\4

Figure |
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9 9.  An optical conponent according to any of the preceding clains,
whegein the orientation |ayer induces a tilting angle in the LCP |ayer, so
that its optical axis is at an angle to the substrate surface. 5 10. An
optical conponent according to any of the preceding clains, wherein the
orientation |ayer and the liquid crystal have a pattern with a locally
varyi ng arrangenent of nolecules. 10 11. An optical conponent according to

any of the precedpitra acvNeNdierein the LCP | ayer contains dichroic dye
nol ecul es. 15 T2 An optical conponent according to any of the
preceding clains, wherein the reflector is of metal in the formof a

metal | i cSfilanent. 14. An optical coﬁﬁéﬁﬁﬂaccordi ng to any of clainms 1 to

By combination of a hybrid layer consisting of an orienting
layer and a layer of a cross-linked liquid crystalline monomer
with a reflector and by appropriate local structuring of the

10 molecule orientation an optical pattern is obtained which cannot
be copied in conventional photocopiers. This pattern is useful as
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