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invention relates to an optical security device for applying to or

i ncor por akyd@sdsse comercial items. Such itenms are found prdistRAldoyss N t he
fields of document security 5 (banknote, stanp, card and tickets
applications), brand protection (pharmaceuticals, flavours, liquors),
secure packaging of articles, software, spare parts for vehicles, etc., or
packaging therefor; however the inventjon is not limted to such fields.
Optical security devices are W&* SEGCHRITY REYECE: i cat i ng articles to
which they are 10 applied. A first type of such device conprises

hol ograns, ki nograns, waternmarks, mcro perforations, optical variable

;i nks, etc. THristinchmnionaslacantoban bpli;q:ada(sec&nlityvidtﬁce Iﬁer agdeiigayer ihEonpstating\iel

I nspection) and vi de an aut hentication, egard to the difficulty
a count o FSBFHEA e Sbeh .lwr%s.favm’gman%v i} rt%agfifaﬁlg%of) QW%@E?‘?‘W
devi cesswi | ¢, a@&.oté e£t§fh edald ahG" FlKts2p 1{ ﬁ&{ 'Sl‘-ﬁﬂh gl%%%}lﬁg hglﬁﬂ{dceﬁﬁcalsw A

second typ such se Urlty evice pr great security
or aut hentflo®ury lilqubm)] sbbmefpaclsatgmg/qméaracids |ssftw1am4vabﬂre parts Iﬁoxavahhdap etmncbr
easily availaple t f.or exanpl.e, ol ari.ser ,sheet nagnlfylng gl ass,
a bl ack | arﬁf"’t2 a?{%fof IO Er \}’é‘fem‘?’ﬁ h E'*%Pnﬁ 8% of such
security elenents are mcro-printing deV|ces f1 uorescent 20 i nks, and
devi ces based on polarisation effects as dlsclosed in our earlier

appl i cat i orOial seyusizy) dgvicepaseicommany wiedolor sothermtiatiog|agides igewhich thdyasred

cunbt 1ol 2R P A B e b ARlake beppses Bt Resplihyibhert RE ARG Ry o

| ocal regi ofsforatidns] diticall varadPe inkB et FNch A eiced Sam&e/ﬁrsﬁettedomm ﬂi@ﬂﬂd’edctfye
cross-linked liquid-crystal nononers; this lqygl which is_optically
ani sot r opi cfisstdevsdnnspacion) ard PFQ?@@\%'@; aptheyti §nsa1i1ﬁ‘6‘13$ iregard te the Q’écﬁc‘F E)S/ér

The liquid , r,d t

or' ent at 1 ort SPEFRe IRM Bafk il DR BhR e Bnite el O RSkl SRREE Wl e o/
| mages whi clefermed tb dessress Vﬁxtshletréiésemmtpﬂewml ari ser sheets. Such security
devi cefsvm' |1 be referred to herein as "second | evel" security devices.

A second type of such security device provides a greater degree of security or
authentication than the first type and is viewable with a cheap and easily available tool,
for example, a polariser sheet, a magnifying glass, a black lamp (UV), etc (second level
inspection). Examples of such security elements are micro-printing devices, fluorescent
20  inks, and devices based on polarisation effects as disclosed in our earlier application WO
98/52077. Application WO 98/52077 discloses devices based on photo-oriented polymer
network (PPN) layer, which is disposed on a substrate and is selectively oriented in
different directions in different local regions over its surface. The PPN layer is covered
by a layer of cross-linked liquid-crystai monomers; this layer, which is optiéally
25  anisotropic and exhibits birefringence provides an optical retarder layer. The liquid
crystal nature of the retarder layer follows the selective orientation of the PPN layer to
enable the manufacturing of phase retarder images which may be seen with the aid of

polariser sheets. Such security devices will be referred to herein as "second level”

security devices.




30 -1 2 7 JUL 1004 WO 01/55960 PCTI CHO1/00058 A third type of security
device conprises elements which can be visualised or detected only W7ty 70p4
speci al , eXeolgisved t ool s such as photo-spectroneters, pol aripggTRCH01/00058

m croscopes, etc. (third level inspection). In addition, electronic

techni ques are known for inserting, and subsequently identifying,

wat ermarks in an inage or totally encrypting an imge. 5 Further exanples

f h ty,.devi l ts. i th ial fluor, t inks,
i gi T ol sor hO HRCREn A et R O riset CEmeALA WERR <28 DoVt Ohgteea
only be reoalyadihvdpebialiapbmivedoslsysich A9 ph?g;l-%ﬁgﬁ‘g%ew, {po%}?isfrﬁftﬁf&@&oh?s,

herein as "third | evel" security devices. ncep t e prese

i nventi on i $t& dtiErdlavakinspentianh dniadditione electrogicdedtiniquestire fknown Hobiinserting, r d

| evel securi nd, c ines,, if desired, in a sjngle devjce all
three fi rstawssgg%lﬁﬁéﬁ% lqerqgﬁgn%e‘%tpgn%r 40, @ mage qrﬁoﬁﬂgi TUTYROR AT 1Megfe

i nventi on pﬂ@v&dﬂxamvt%lem'@:c@ich%ué tdeGies Qrk EiRMIcAB MidL AR @é&ihpnu rescefft t N
an inspection taol, erein the authentication device conprises at ?east a

first |ayer 1S, diftitat serpinbled; indiciao pillcthese deviegs havedn commanal thet theploan enlebt ed
in -diff ' tg 11 t, object
her oi n  andochicdchispBRal ol Poll BRa W n8 Selebref I iBein g, SR evel

optical |y asecuwity dpvicesraterial which is selectively oriented in different
orientations over its area for decrypting the object such that the object
can be viewed 20 when the authentication device is viewed through the

i nspectipon T8Elcontdbt JFIRE SRESHonti S, | ' ' Jcal . -
aut henti cati on cgtelv%])ce in Bf(}gﬁgi nat | 8% 1\%?? :?paéﬁ&% hg%ggéﬁdﬁpsgc&% \%E‘tgféi“ﬂmf}he
aut hent i cat exhibie thinklevehmciayslestls laed Sombinds| ifsdesirad,dn afingletdewidel all three
ani sotropic teria Lch.is selectively oriented in different 25

orientati onglrné‘g\ﬁ?l‘x’ﬁ1 o 'ihérg ngﬁl,%o‘Ja?c‘f%Wencrypt an object therein; and
wherein the inspection tool is such as to provide a light path or |ight

beam having an optical paraneter non- uniformover its width such as to
co- oper at e I 2 Hirstaaspedptlieciaventionguovides en wpticali anthenticatiomadidvices inevanmiginatiort he

encrypjg d O\Qhﬁ%- inspection tool, wherein the authentication device comprises at least a first Jayer

of optically anisotropic material which is selectively oriented in -different orientations
over its area such as to encrypt an object therein; and wherein the inspection tool includes
a further layer of optically anisotropic material which is selectively oriented in different
orientations over its area for decrypting the object such that the object can be viewed

20 when the authentication device is viewed through the inspection tool.

In a second aspect, the invention provides an optical authentication device in
combination with an inspection tool, wherein the authentication device comprises at least
a first layer of optically anisotropic material which is selectively oriented in different
25 orientations over its area such as to encrypt an object therein; and wherein the inspection
tool is such as to provide a light path or light beam having an optical parameter non-
uniform over its width such as to co-operate with said optical anisotropic material to

enable viewing of the encrypted object.

30  In a third aspect, the invention provides an optical authentication device comprising at

least a first layer of optically anisotropic material, which is structured to provide first,
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30 In a third aspect, the invention provides an optical aut hentic%t?i“lg% 204

device conprising at least a first |layer of optically anisotropic

mat eri al ,wolehBkoghS structured to provide first, 2 2 7 J U pCR@BEO1MEDSS

01/ 55960 PCTI CHO1 / 00058 second and third optical inspection |evels,
nanmely a first inspection |evel where an optical effect can be discerned
with the naked eye, a second level in which a disguised object can be

di scerned with the aid of .an optical .inspectiqn tqol,.and a third level in
Wh ch o oAesopdLERE 11t PGl FmRectins dEF BTN & M BRIy BE whfen

| nspect! on ohAeHI-effect Pin bEBiBLIRE YA e akbd 9L LRI in WHRLES Uisguized sed
in the sensé of an object which nmay be viewed optically and forns an_i mage
in the eyeobfsetbamb aliscemied| witls tad il dfeam opséalphspectom tovilsans @ thigd devel duich

as a pattern_ar design, .or. al phgnuperic characters,. digits. etc.
repr esent i AdUeh ¥beRETYRLRS, §{’l°ﬁ'e£"8§}e ’Ece&eéie‘?‘lh‘?]? ﬁﬁFWBg‘Pg P&écaf H’ISB?CE‘SPit%?‘lI‘ whi ch
. can be 510 di scerned visually. In accordance with the invention, the

encrypted object provides a first predetermned itemof information, and
the di sgui Fedl tisbperpbsesr afvthitespesificetiomd objectist usediin dbie sensenobfani ehiest ltirln,

different fromthe first, referred, said first Laver, of '

ani sot r opi @q}g??%meé{‘fedc%‘ﬁf‘@i @Ed OITRY, B {RgS P <YFy gﬂébﬂg’ﬁft ‘%ﬁ} Bﬁ%!l&ybe 2

retarding Elrﬁ’ﬂﬁ Q&%gnﬁaﬁlfe%‘b?&lt ¥udO4SY pattend oPHEREE B aPHRABAEAE cldreaersyBigith
vely phase

are selecti retarded relative to one another. The resulting
vi ewabl e  elyj. gepresantingt 2 dodsy Thws ithe objest essentialiyi sarrigs jafogpatipn phéch can be

pol arisatiqgn directions and ectr WaLV t | | l: : kn+and
out-c ng%ﬁcﬁﬁ{‘.g "E“&ﬂ%g@i @8%%8'5 ee‘gﬁh g}fnmg%’q[b\%'f glv?/cejé(‘fl] %\%ﬁ&{tﬁi@hg@ﬁ buibiia bt

pol ari ser ( predeWiftiined awael off GffoRmatasit,ymid Nble oPissised tabjéct providesr ypsesdnd 20
obj ect can ' be viewed. As preferred, the first |ayer conprises a Liquid
Crystal Polpyedsterprimsd iterp pE inforpation, diftesent fromn thedist- pe al i gned and
structured/ patterned by a further layer of linear photopolynmer (LPP) -
synonynous wi th photooriented polymer network (PPN). 25 The first |ayer may
be of a stracptsferéd;-sid firsuppar of opticallyeanisdtroplé neaterali soshyyrises susisegtuned

15  arrangement of phase retarding elements, preferably comprising adjacent elemental areas
which are selectively phase retarded relative to one another. The resulting viewable
objects created by such a phase retarder depends on the polarisation directions and
spectral wavelength distribution of the in and out-coming light. A disguised object can be
viewed with sheet polariser(s). When viewed with a decrypting optical tool, an encrypted

20  object can be viewed.

As preferred, the first layer comprises a Liquid Crystal Polymer (LCP) layer, which
preferably can be aligned and structured/pattemed by a further layer of linear
photopolymer (LPP) — synonymous with photooriented polymer network (PPN).

25
The first layer may be of a structurally-self-supporting material. Alternatively a substrate

may be provided mounting the first layer.
The first inspection level which may be optional, is preferably provided by a layer, which

30 gives the reflected light a particular property caused by an optical effect such as

diffraction, refraction, wavelength selective reflection, etc. Where the layer comprises
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may be provided mounting the first layer. The first inspection Ievgl Mi ﬁ&
may be optional, is preferably provided by a | ayer, which 30 give 7t 1

refl ect ed WiOghtssgsoparti cul ar property caused by an optical aidechkoéeds as
diffraction, refraction, wavel ength selective reflection, etc. Were the
| ayer conprises 3 2 7 JUL 2004 WO 01/55960 PCT/ CHOL/ 00058 chol esteric

material (which may be additional to the first layer) the in-comng |ight

i | ect i fl i 1. | engt h t i ew le. .
Winin o selolsteat  GEERR Wit RalPke nadRopd AER P iron She in-Camie eht is
pol ari sed, tsbl@cﬂi*?e&jﬂ&aﬂédtaﬁvdiﬂhgilkrabaeﬁétﬁQieFéﬂdeﬁtJbﬁ‘r\o‘iéﬁwng'ﬁﬁngies‘W’i theééﬂecttﬂ@

opposite helical sense. Qutside the selective wavel eng band t

pol ari sat i orvaelengthyband the) reflgeted dight isscigewdarhnpeldris®l thé kensmittetidight is also
chol esteric [ can.h er.cei ve i th 1he naked e e.g.
fromred tocg?%lgﬂycﬁ?o l?%ggn%urt 2@#‘% 8pp?§?tﬁ§?eﬂ‘fﬂese§§ecgq‘\é¥“§ﬁdh? H?IFEF‘Y%E’B@F‘P%ﬁ
level s i5s pband dchdlyrisatibn SRtesf thk 1ighf Bihsturichifded! BY #flting e c-ﬁaﬁzfsdeﬁg layer
mat eri al formj';\ stgj{ufgtured phase_retarder |ayer. "Adjacent areas of the
structured PEPQuEshithean hepareervethwith thamaled exie og. from ted totgheen atfrdme gsdentton
different ogjgntations of their optical axes into which at |east an

encrypted and optionally at |east a non-encrypted hidden inmage is stored.
The non-encrypted hidden information/inmges or objects - if present - can

be visualisgd with a norml, sheet polariser (second inspection level). The
15 encrypt eg'gF eeped @Qﬁﬁﬁ IREPECMEHelnAS Proxided by e R matesial iferming g dirstieyer.
mentiongd alpgye, ' ' ' r ] referre
Form of tho T ovant rarl KRS et PN il 1648, ARG Hhdsd of o GreBilees
substrate, bR& rgtarierdgyerashopnfrompinecares teethe rotlidryat dast twe diffsrérabrieaRtiony of

20 which prgvides. third.l evel. security. Such a third | evel device can be
di scer ned vﬁFH Oa{’%cﬂg?:’ﬁ b’?ﬁon‘gh’fiif’ﬁ féﬁt %cﬂnﬁﬁpquriﬂ’di pYoally ahleass @ naprencrypted
consi sts of hidaes \itakeGs lsfred. aWIRY naie cr&?t%ﬂq{i&le% GRS oh AR 0_3p a
security device. Sugh an_optical aut%en ication device ngég%ﬁgﬁﬁgﬁgé ®
conmbi ned usB§8etor carebo Misuakigedtwith d noswel shepispdatisan{second impestitn lemel). The

15 encrypted images can be discerned with a decrypting optical tool as mentioned above

(third inspection level).

In accordance with a preferred form of the invention an optical authentication device
comprises a substrate, and at least an encrypted, preferably photo-oriented LCP layer
20 which provides third level security. Such a third level device can be discerned with a
decrypting optical polarising inspection tool which consists of decrypting LCP layer and
therefore can be considered also as a security device. Such an optical authentication
device may enable a combined usage for second and third level inspection: visualisation
of the second level features can be done with simple polarisér sheets. Such a device can
25 provide first, second and third level security and enables a combined usage of such a
device for first, second and third level inspection: by tilting the device a colour shift (e.g.
from red to green, or from green to blue) can be discerned (first level inspection), the
second level features can be visualised with a cheap polariser sheet and the third level

features can be discerned with a decrypting optical polarising inspection tool.




of the second | evel features can be done with sinple polariser she?Zs Sg@h
a. device can 25 provide first, second and third | evel security and n{'ylg

a combi nagoWiagfeof such a device for first, second and tpctatHoe¥adss
inspection: by tilting the device a colour shift (e.g. fromred to green,
or fromgreen to blue) can be discerned (first |level inspection), the
second | evel features can be visualised with a cheap pol ari ser sheet and

the third level features can be discerned wth a. decr

pol ari si ng IPri’é“rﬁEfé@IF‘@nW!tbd-he 13‘6"’1@02 asecyiify 4oy W@Eﬂdlrf’ 5’@88&%&7’&%‘1@66353
In accordangg aWdttﬁlr& ?g\'cl S gﬂlpr FS’ Hakible: g?e"éeﬁﬁn%e@ﬁe@oﬂ%’ b@%?sﬁﬁ%@rate
conbi nati on of eve

security onylsaso easible: th
- security devidce lmnsm &ha'ypn‘edsmlneﬁlrai ECP layed. By tiltiwgs theadevioeca yeipeshift g

structured LCP layer. By tilting theﬁg \SI .ce a co Oglgﬁ]fhlft éedstg. frgm rled
to green orffam gpd g‘?&?@t@f Bomegrees tohlus) s @bsgyed, whish samesrands fp first deve

-l evel se iy |

decrypt’ ng%galnttg hteht%f ar ggnfgegéﬁ?‘%lss%%g%l gﬁé%@g? vh%lr ?e‘%ewggllypqurcglnﬂgammg
Dr awi ngs 1Qns@eaui(m‘e;bl ed enbodi rent of the invention will now be described

with reference to the acconpanying draw ngs, wherein: Figures la and | b
are schematic views of the appearance of a preferred optical

aut hent i catgﬁn@&@ﬁmp‘gfﬂlggrgggﬁgt ion; 15 Figures 2a to 2c are schematic
secti onal levice with appropriate inspection tools
for viewng the various levels; Figure 3 is a schematic sectional view of a
nmodi fied fo ferre evice re 4 | faLhe
pref er ed \Prgsrfe%et’m d:&tg?énYPﬁ‘QBE oiP¥ (})’SIdseg‘:%%e%ﬁ%gﬁ%\é 1’gcrwitga %on

states and RRdhpalyinEiaafss, Whefein:20 Figure 5 is a di agram show ng
pol ari sation statés and opt tical retarder axes of the preferred device and
I nspection tool; Figure 6 is a plan view of an encrypted | ayer of the

preferred %E&r@? ’laaggdtfbe O WhERRAL Niews of the appearance of a preferred optical

authentication device of the invention;

<

15 Figures 2a to 2c are schematic sectional views of the preferred device with appropriate
inspection tools for viewing the various levels;
Figure 3 is a schematic sectional view of a modified form of the preferred device;
Figure 4 is a schematic view of the preferred device, with appropriate inspection tools,
showing polarisation states and optical retarder axes;

20  Figure 5 is a diagram showing polarisation states and optical retarder axes of the
preferred device and inspection tool;
Figure 6 is a plan view of an encrypted layer of the preferred device, and the counterpart
decgrypting layer of the inspection tool; and
Figure 7 is plan view of manufacturing masks for the preferred device and inspection

25 tool.

Description of the Preferred Embodiment '

Referring to the drawings, the appearance of the preferred optical security or
30 authentication device, combining 1%, 2" and 3™ levels of inspection is shown in Figure

1a and Figure 1b. In the 1 level, a viewing angle dependency of the colour of the whole
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decrypting |l ayer of the inspection tool; and Figure 7 is plan view of

manuf acturi ng masks for the preferred device and inspection 25 tool7 JUL 2004
Descri pti oWOSf/S5%@ Pref erred Enbodi ment Referring to the dr #¢masodois
appearance of the preferred optical security or 30 authentication device,
conbining 1s', god and 3°d levels of inspection is shown in Figure |la and
Figure Ib. Inthe |s=1level, a view ng angl e dependency of the col our of

the whole 5 P /CHOl/OO ar rm'n t he
obj oot to baNA Dia e okl 6 B il S plsene BRRRD B sogvednd on
when seen f igoeenishl athen aﬂeedl frogit hoMaaldadctivn Teheat byesél&fnlvﬁcfe'ﬂ%‘néﬂ aft "Re
chol esteric &éﬁr@efor the 2nd IeveI a linear polariser is used and

cor r espondi I aygr. Forithe %1 devel,gnlinegr polariserds nsedoattd ajcmaspbndmgmbpf:t 4
patterns, th te »l n can be see the .colour is
still dependgﬁt% H%ﬁﬁ? ﬁg av?%v# ﬁg | rqg%:t{lb&ggn %o‘?a%e g‘teacrf)%s\/‘gltgé Ypper t 16 corner

appr opr iSat ekycantbewseenyrthel colptt isatilindepesdene ba ke vieing Biredtidn. FECMERIGEVA! an
key, is placed bet‘\gleen t he Ilnear gol ariser and the optical device and a
P

second, ot hPRIPEBAEH: Fitaed emijcat iphase. retardegplate, ptheodgstypiess iopkey, igplaced he
colour is shitweeQRENHER p& %eﬁ‘r1§é?eanﬁ'tﬁ¥\’ ngﬁle(?éﬁ&n?n?gts%gﬁr&f' fcfrtg{}sge t:arflgf:nwfe 3%d

pol ariser by 90 changes t opti cal earance o

from posi t i Oieeto6 regdiGH/e- \becarhes msﬂ:dml agaﬁdthmccﬁb@u{sestilbde&fdeﬁtr omehé Qiew
substrate 10 of gl ass,

Figure 2, t e 0 sequent.i al er.s,
pl gst ic, pape C%In' ﬁé’f"g’l‘ﬂp"; @ﬁiﬁ”&%@@&?@sqraﬁ)’eg “oFhangesathej optical appearange of the
refleclor, ariaistighpedfromnPosict 6 & anké"alﬂr&ﬂs d@%‘r%fed% éd}r.-%se that a

nmetallic reflector I's required and 15 substrate is“already netallic
then the netallic reflector 12 may be omtted. In a nodification, reflector

| ayer 12 may %ﬁ_g) olarlser | ayer I ncl uded. As shown in
Figure 2a, a decr é/nté né’l nsfg%@t 6Q§pp%sfsggu§nt@bﬁwr% § 'i"ﬁFeIlaQ/QP glass,
encrypt ed oplpstivt, paperpsr metl,ca Glﬁlas"téﬁd N¥es BE fetalfic %qzsésrﬂéﬂ%?% 5&%&5919 r
plate 24, d scrlbesj in nmore detail below. In Figure 2b a polariser sheet 26
COF T esponds sfrgctyred) LPP/LCP layer 14. In case that a metallic reflector is required and the

15 substrate is already metallic then the metallic reflector 12 may be omitted.
In a modification, reflector layer 12 may be omitted, and a polariser layer 16 is included.
As shown in Figure 2a, a decrypting inspection tool 20 for viewing a third level

20 encrypted object comprises 2 polarising sheet 22 and a structured retarder plate 24

described in more detail below. In Figure 2b a polariser sheet 26 corresponds to an

inspection tool for viewing a second level object. Figure 2¢ depicts the optical security
device without any additional inspection tools. The first level aspect can be discerned
with the naked eye by tilting the device or by viewing the device obliquely.
25
The modified optical security device 30 of Figure 3 has a transparent substrate 32
disposed on the top of the device, a patterned (structured) retarder or LPP/LCP layer 34
and a cholesteric layer 36 as reflector. For transmissive optical security devices 30 the
reflector 36 is omitted. This modified configuration 30 is especially useful for the
30  manufacturing of the device on transfer foils (blocking foils), which subsequently will be
transferred by a hot stamping process to the final substrate.
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inspection tool for viewing a second | evel object. Figure 2c depi C%ﬁ t he
optical security device wthout any additional inspection tools. eyl 2084
| evel aspwexoisassobe di scerned with the naked eye by tilting the device or
‘by view ng the device obliquely. 25 The nodified optical security device 30
of Figure 3 has a transparent substrate 32 disposed on the top of the
device, a patterned (structured) retarder or LPP/LCP |ayer 34 and a

chol esteric |ayer 36 as reflector. For transm ssive optical security
devices 30 the reflector 36 is omtted. This nodified configuration 30 is

especi al l'y N%)iﬁ‘édi'ﬁc Fiodt ekAIRpI3 O f R CHBSdiMEN!of FREurkH € 2f@Pii€ orifedlak dolsdwey: foils
(bl ocking foils), which subsequently will be transferred by a hot stanping

. process to the final substrate. 6 2 7 JUL 2004 WD 01/55960 A specific first

exanpl e of _the odi ment, of Fig 1l and.2 is for f ©o 1

Frot ot op gt die) sepop rfesriea LR, moetel Jf spe e o P spabiifr pyfigfe

-printing Jed SCH€ 8158 aPpidable) MR tHeadubStrat® N0 Qo tfbken sUBdr! 12t ThéQhblestedit m a
| ayer 12. The chol esteric ECP | ayer 12 consists of a nematic |iqujid_crystal

:c a?/ler whi gm@& taysrt K2 es:jnsi;m chp newatic liqudforystal deyesnwhivh eexdibits o beligad twist
360 _ e . o $ L
Sol ecti ve. rnERngR TR AiFRRde 32 it 3B0 MGl R BUERNAES e ltch e CHoRYRLE

at the santiltdrérexkibitGelestive/ raflecisn sethirhe wdlpdéfinstdtddjustdbie waaeldngthtbaad antd i s
possible to 10 conbine colour filter, polariser and reflector in asﬁi)lg%e

chol est eri @t (P spaagelime WﬁﬁaﬂYtMaﬁ%}h&clﬂgm é’_‘”lﬂBFI the t}{aBﬁir [ It §h@os
circulgrly Ralidhd é@ﬂg@ﬁ%?@@?xgse?fanﬁ gﬁléi?&tin 'a'slﬂlrgle cHfdstdtic EEP IRl SWithen SR

twi sting sense as rec X 1S - case that the thickness of
t he chol estselectivé ayflection tsmiblf i eintulyrly hotdrised kamposentsofincedenh dight bwhich10

times the pitch p, - totally reflected reas.the apposite. gircularly

pol ari sat i cﬁ’l‘ﬁ'q%étstt}’"éﬁ%rﬁ? W‘éﬁz&\ﬁ”ﬁﬁﬁﬁ “f#&i‘%%gﬁl%d.s 'lcﬁtcé'f’ed abﬁlettﬁglkness of

sel ective nrgfLRrGkERAC E@'@ldistshﬁ’_lcﬁéﬂt ?dk?tﬁaﬂﬁﬂeﬂnstrﬁaféstﬂhﬂ;ﬁbdiﬂ 18fines the pitch Ea
S

non- pol ari sing. The cholesteric L ayer of this preferred enbodi nent

a reflecti vetotaky aeBenedn vilzemersi thetopposites cirtwlary mytarisatier éh trepsmiied cwihout

20l o1 03 Ll ThRSHE K8 o WL RYERNA S Al Ry Rablifissl B i WV
non-polarising. The cholesteric LCP layer of this preferred embodiment has a reflective

- wavelength band in the visible range, though for special applications the reflective

wavelength band could also be in the IR or UV range. In case of the visible range,
preferably the band is between 400 nm and 800 nm, more preferably between 450 nm

20  and 650 nm. The cholesteric LCP material consists of a LCP mixture doped with dopant
material which induces the necessary pitch for forming the desired reflective wavelength
range. As said above the helical sense of the cholesteric LCP layer can be left or right
handed. In the example, left-handed material has been used. Again, to achieve an
excellent brightness the thickness of the cholesteric layer is around 10 times the pitch.

25 .
Depending on the background colour and the (printed) structure of the substrate as well
as on the transparency effect that should be achieved, the thickness of the cholesteric
layer can also be less than 10 times the pitch in order to produce best image quality

results when the device is used as an overlay to protect printed or other information from

30 tampering and alteration. In this case the device not only is used as a separate security
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CH01J00058 device but al so éiafﬁse%urit fdev?%‘géléﬁﬁgg%%?%%?%fywsteﬁ%d on the
protecting fRASRATNGY effect Hhat weigebe ashigved. The oholesterin lpyer ik eekposedapp nbrd
from 1 to 160maesischiilo DUehbERRERR Wavelenu o destomditied. ” dependi ng on
the cholesteric LCP material which is used and on the transparency effect

that is to he achi v?d. The cholesteric | ayer is exposed to non- polarised
(i sot ropic) EIW’ F}feg‘ﬁ'{o esterigdgyearZe anvavientehlgtlimeady photopolymerisaie (LPPhiayet hal
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of about 50 nm is exposed through a photo mask to 15 linearly polarised
W light of suitable wavel ength. By using different polarisation
di rect i ons, ThisrLPhdayen odthoa dhwgkeds (of abean S0 maa & kepostd thivagk dopheib ik to

Substrpse)  1ik@lly polarised UV light of suitable wavelength. By using different polarisation

directions, for instance (° and 90° (0° means parallel to one edge of the substrate), for
different areas (pixels) (60), an orientation pattern is created (cf Figure 6, upper pattern),
which contains an encrypted object or image, if required combined with non-encrjqated
object or image.
20
This enables the storage of images and/or other information into the LPP layer in
encrypted combined with non-encrypted modes. Encryption means a specific LPP — and
therefore also LCP — patterning selection with a given orientation of each area (pixel) of
the pattern such that without an additional superimposed LPP/LCP decoder layer the
25 primary hidden picture information is not perceivable or not understandable respectively.

The LCP layer is applied in a further step onto the LPP layer and is explained in more
details below.

Also, a more complex orientation pattemn of the structured phase retarder of the
30 encrypting device could be used for the encryption. Other angles, that means a plurality

of polarisation directions (e.g. 0°, 15°, 30°, 45°, 60°, 75° and 90°) would in particular be

-8-



different areas (pixels). (60), an orientation pattern is created (kUL 2004
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01/ 559650 Pé?%iaz&}sgg%% ‘easily possible, if an appropriate structured
LPP/LCP | ayer is used instead of a conventional photo nmasks. Such an

LPP/ LCP master patterns t incident polarised UV light into areas with
di fferent d&i?qrq%@aweﬁww?@a%f@agaﬁﬁ’ﬂe&?mﬁ@@ aﬁg&i ENEE(PLOR evgo,
so that a whghe iRaeh&nontidehablyal "dxpBlire Stefl! WHith nRARs AR af SRRk ed
in one 5 gaﬁé)lgel exp%gure 1stgpfy I@Pgwlﬁexgxpgsureg’ o?ﬁt he LPgﬂilraner an
LPP/ LCP nasifehe ipatteqpiangmexitynef thie strypturahrdtardet cornbined avithnar essserd faster and

considerably with only one exposure ste L.ch nmeans t.hat. an j ncreas of
Che” patl o FaEHh BRPVFCBTn IBSHS 15: SERefle IFASEORDnSE UEh f (VIGh Badienr
faster and ektreffeBARRh aHB Y BEhadIy CbuRtRfeped. | S achieved. The security of
such a device is then extrenely high and can be hardly counterfeited.

Finally, the oriented LPP layer is coated with a cross-linkable liquid -
crystal no - M d i€
bitefri nge%giﬁ{ys(&%%(’ﬁ@ﬂ?n E)k(’r‘ {ﬁ}reer W\gﬁthgpémgs%kaw l?cﬂ.u& Q%l monomer or
pre-polymer mixture (LCP) 142, which shows birefringence. Such LCP mixture Mycp is
15 described in more detail later. M cp has an optical anisotropy An of (.13 leading to a film
thickness of | pm for A/4 retarder plates. The LCP material is applied onto the LPP layer

by spin-coating, but also other printing or coating techniques are applicable.

The orientation (if any} of the LPP layer 141 in the different areas aligns the LCP
20 material 142 (and therewith its optical axes) accordingly, and the LCP layer is then
exposed to non-polarised (isotropic) UV light of a suitable wavelength to be cross-linked.

As an example of the inspection device of Figure 2a, the LPP/LCP layer 24 is applied on
a transparent substrate (not depicted in Figure 2a), such as glass or plastic. It is possible
25 to apply the LPP/LCP layer 24 directly onto the linear polariser 22, but then in general
only one observation mode (say positive mode) for third level inspection is possible
because when — for reaching the negative mode — rotating the polariser which includes
also the patterned LPP/LCP layer the decrypting areas do not fit any longer with the
corresponding encrypted areas of the security device and therefore, third level

30  information are then not perceivable. The techniques used are the same as for the optical
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for exanple in the patent publications |isted above and will also be
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| ayer with @%@é c& ﬁss of about 50 nrn is expgsed through a photo mask to
10 pol ari se®¥FP) 8 t Ao TRt aRpAsterh (Rt Teptgd Kol Baguteso.nigwer pattgrahtwhich is the
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edge of the substrate), for fferent™ ared pi xe , an orientation
pattern is created (cf Figure 6, |ower pattern), which is the decoding

pat t‘ eryy bel-pfg ieﬂ&légthyl%rziignéacﬁe de%&%ﬁé %El gmé 1nnnt3 ee I.(.)Ip!; ia():rgxl'. D%?:X(iii(l:ag pattern means
a specific LPP — and therefore also LCP — patterning selection with a given orientation of

each area (pixel) of the pattern in such a way that when the decoder is superimposed over

the encrypted optical device, for each pixel the orientation and retardation of the LCP of

the optical device combined with the orientation and retardation of the LCP of the

20  decoder gives a specific optical retardation, which — when seen through a linear polariser

— gives a specific grey shade or colour of the encrypted image which finally decodes and

visualises the picture information of the security device.

Additionally, 2 more complex orientation pattern of the structured phase retarder of the
25 inspection device (decoder or key) as well as of the optical device could also be used for
encryption and decoding. Other angles of polarisation directions would in particular be
casily possible, if an appropriate structured LPP/LCP layer is used instead of a
conventional photo masks. Such an LPP/LCP master patterns the incident polarised UV
light into areas with different polarisation directions so thét a whole pattern of different

30 polarisation directions can be applied in one single step.
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15 Thi s enabl es the storage of decoding patterns into the LPP | ayer.
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m xture (LCP) 242, which shows birefringence, 10 such as the LCP m xture

M.CP described in nore detail later. The LPP | ayer is apﬁl i ed ?ﬁ/ ]

spi n- coat i nge erentatane(if grynef the 1P layex imthet diffrent; aress alignsathedLGR shatedd)] e.
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polarised (isotropic) UV light of a suitable wavelength to be crosslinked.

Figures 4 and 5 show schematically the configuration of the optical authentication device
and 1ts working principle.
20
Without the 3rd level inspection device, a linear polariser 26 is used to visualise the
normally hidden image. The normally not polarised light passes through the linear
polarizer and is therefore linearly polarised, say 45° to one edge of the optical device (see
Fig. 5). Then by passing through the structured retarder 14 of the optical device, with an
25 optical retardation of A/4, the linear polarised light is converted in left or right handed
circularly polarised light within the selective wavelength band depending on the direction
of the optical axis of the phase retarder element 60 in relation to the direction of the
incident polarised light (see Fig. 5). The cholesteric layer 12 will then reflect the
appropriate circularly polarised light within the reflecting wavelength band, e.g. a left
30 handed cholesteric filter will reflect left handed circular polarised light and will transmit

right handed polarised light within the reflecting wavelength band - the other
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sense of the circularly polarised |ight has the opposite helical sense
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bl ack. Ther gfiah I ' ' ' i

Vi oual | sed o (RRGTAL sfpiprRly Sbhies 107 PerhRef BIFEC 28 To AR e sornte the
This cdbr es¢rsmyier or ckeypdppdséd betwsensheclinean madarider tand the optical device, the

normally hidden and encrypted object or information is visualised. This corresponds to a

3" level inspection security device. Again, by rotating the polariser by 90 degrees the
image change from the positive to their negative counterparts. Also, by tilting the optical
device a colour shift towards shorter wavelengths is observed (e.g. from red to green or

20 from green to blue).

The light propagation through the optical device combined with the superimposed

inspection device can be described as follows:

25  The nommal, not polarised light passes through the linear polariser 26 and is therefore
linearly polarised. Then, the linearly polarised light passes through the decoder 24, which
consists of a structured phase retarder with an optical retardation of A/2. If the optical
axis of a pixel of the decoder is paralle! to the polarisation direction of the light, the light
remains unchanged. However, if the angle between the direction of the optical axis of the

30 decoder and the direction of the linear polarisation is 45 degrees, a rotation of 90 degrees

of the linearly polarised light is observed.
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10 device. When the linear polarizer is rotated by 90 degrees the
appearance changes from positive to negative attitude. In additi arg, J'ﬂyml'

tilting tyw® @Bségwal device a colour shift is observed to sagfdmEi/00058
wavel engths (e.g. fromred to green or fromgreen to blue). Wen an

additional, appropriately structured 2J2 retarder plate 24 (which
represents the 15 decrypter or key) is posed between the |inear polariser
and the optical device, the normally hidden and encrypted object or
information is visualised. This corresponds to a 3rd |level inspection
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aral lel to_the palarisation direction of.t ' [ |
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of the 30 dpmpdeN barehddal did hetotdt lipht Wil phiswhecughaharchslettedo filter disd will
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passes thr i i it REII8A UirBG b polkfisSE AR dnters b ce
and becorre%B?&ﬁg%ﬁcﬁg%%ﬁgeée%@ﬁ?g#ﬁt ]2%1 tgﬁe g%tmlt gglto a>§i S %‘15 the ?J4
pl at e el enaind shol&lericefilitre that meahe thad laHthe lghton not oy tthe isotopich{pot palatised)
pol ari sed |jght (plus or, mnus 45 5 degrees) - left or.rjght.hande .
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wll then enter into'the cholesteric filter 12. If the cholesteric filter
i s | efk5 hampdstithevghplestericHfdter and will essentially be absorbed by the background substrate.
Thus, pattern for which the light will be essentially absorbed appear dark or black, and
- pattern for which circularly polarised light will be reflected appear bright and normally
coloured. Analogously, when the cholesteric filter is right handed, the right handed
circularly polarised light is reflected within the reflective wavelength band of the
20 - cholesteric filter and the other light will be absorbed by the background substrate 10. For
the left handed cholesteric filter the reflected left handed circularly polarised coloured
light is reflected by the cholesteric filter and will pass again through the same element of
the structured A/4 plate as before and will consequently be transformed into linearly
polarised light.
25
Again, depending on the directions of the optical axis of the decoder 24 (62) (structured
A/2 plate), the linearly polarised light will be rotated or not by 90 degrees. Finally the
coloured polarised light will pass the linear polariser sheet 26 if its polarisation direction

is parallel to the polarisation direction of the sheet polariser. By that, the corresponding
30  image pattern gets a bright and coloured appearance. On the other hand, if the linearly
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reflective wavel ength band of the cholesteric filter the left hawsﬁhl. 0
circularly polarised Ilight will be reflected and the other 1igh I [Hass
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polarised light will be rotated or not by 90 degrees. Finally the col oured
pol ari sed | Fgtallyywithoplaasy additibnalbainspedtionitsels -she.ewitR Ghe hakéd epol-af cslahd on
direction s para{dégb to the %?gltﬁ%j sation gi Iy cti%n of. the sheet pol ariser
. By that, tHERYPISSHBRLH Kevelenathnisotsered by ilfinesthy optirgifleviged depngingcen
appear ance. tHe'seldefive tTRicti i@ ddweleh L peAEdtic

01/ 55960 PCT/ CHO1/ 00058 pol ar i chgth ¥ the DA Jlt%ch%ﬁ?ge'%eﬁrl%dgn 3 foteellor rom.

pol ari sat i ofiregn teblueh This cartrspetdsdp 1% judpecticnesscutitydevadr r espondi ng i mage
patterpnghas a dark appearance. In addition, depending on the reflective
wavel engt h bandwi dth of the cholesteric filter the

Figure 6 shows schematically the directions of the optical axis of an example of the

optical device and of the decrypter. The optical device comprises a rectangular grid array
of elemental areas 60, select only optical axis parallel to the edges of the device, in first
and second exposures, the first with a photomask, and the second without a mask. The
20 decrypting device comprises a rectangular grid array of elemental areas 62, selectively
arranged either parallel to the bottom edge of the device in a first photomask operation,
or at 45° thereto in a second exposure operations without mask. Of course, it is possible
to use also for the second exposure step an appropriate photo-mask. Again, when a
LPP/LCP master is used for the exposure process of the LPP layer with linear polarised
25 light only one exposure step is enough for storing image information into the decrypter or
into the optical device, even for very complex amangements — including multiple
directions of the optical axis (two or more). Regarding the pixel arrangement, it is
possible to use not only a regular rectangular arrangement but also every kind of regular
or irregular pixel sizes, shapes and arrangements such as e.g. rhombic, triangle,
30 hexagonal or randomly organised arrangements, etc. Very complex pixel arrangements

can be made preferably by digital picture generation with appropriate software.

-14-




5 reflected |light can change its col our appearance. The sel ec?t'NgL 2004

refl ecting wavel ength and its bandw dth can be adjusted such, that col ours
bet ween r@gh gitokyl ue can be selected, for special applicapicaRSEYWEEs
reflecting bands in the IR or I V can be chosen. By increasing the

bandw dt h of the cholesteric filter alnost over the visible wavel ength
range it is even possible to create circularly polarised white or whitish
light. 10 Finally, without any additionally inspection tools --- i.e. with
the naked eye -- a colour shift towards shorter wavel engths is observed by
tilting th | | Y}

wavel engt h%:ol '{eh‘g%%“gﬁ géég"%@ra ﬁlgﬁgﬁﬁg rHstg%set# l&ﬁ tﬁgi’g&t&%t lgjrt{acgﬁhg}rié \Figdmforgtpgen
to blue). TWecadsorresponds to 151 inspection security level. 15 Figure 6
shows schematically the directions of the optical axis ,of an exanpl e of
the optical device and of the decrypter . The optical device conprises a
rectangul ar f. gl e ep! i

paral | € It?{}%ﬂo oésgylgftgtlﬁg ogﬁ@r}&ﬁ%:s of f ?rgtg pt;éa‘?é. sec‘?ﬁg(ﬁ(3 g%g’sﬁh a@mcﬁe
first wt h cﬁxowsmrmmw@mhvﬁdfee plenmadn maﬂuamnﬁgmdmppmepmvﬂmsmgqaﬁun@
device conprises a rectangular grid ar r

sel ecti vel FCVWP&F@@%CEP? &8 H'aP%?’PtéﬂpP[ tﬂ‘i‘é Bﬁo‘gﬁﬁéihﬁ‘g P?i[ %saé\?%‘é’% a
fi1st Phot mmesapeie!y @3730£ndaWd5)of/mrsst Onk uéh SRESAA YOGS described
oper ati ons ‘w t hout mas course, It is possible to use also for the
second expd=low. step an appropriate photo-mask. Again, when a LPP/LCP
master js used for the exposure process of the LPP layer with |linear

pol arised 25 |ight only one exposure step is enough for storing inmge

i nf or mat i orphdhRerhiteved@ahodineht %uldlubtzpréﬂzeuwmd%ti Ffereheleinsgietion LPP/VEP Y

conpl ex arrangenents - including nultiple directions of the optical axis
(two or norsepuritRatexiagi hythih easei thel dexiqeagoybhreonsist of ajpstterged engsypteddV/ 4 péate ot

T Lgul ar 8 MU Fling EoST e Rt SRRl ey b 0o e e

triangle, %ﬁsﬁ&ﬁwmlfopamrlamQﬁépec@éﬂm SifiéhrpolatiRge rmmsgi leeéIQnsﬁéeﬁyn, the
conpl ex pixel” arrangenents can be nmade preferably by digital picture

gener at§ on inépection prod sotldthe made ovar from ang or twoFyperimppased structured A/4 plate(s)
(alignmments: e.g. 0, -45 or 90 degrees) according to the encryption pattern of the optical

device, or, more preferably, one superimposed A/4 plate (alignments: 0 and 67.5 or 112.5

degrees), placed between the optical device and the linear polariser.

20  The further embodiment of Figure 3 can be used also as a transmissive optical device.
For instance, the example given above using a cholesteric LPP/LCP optical device with a

corresponding LPP/LCP decoder also works in transmissive mode.

Furthermore, pure non-cholesteric LPP/LCP configurations can be used as encoded
25 optical devices and also as corresponding LPP/LCP decrypter.

A different embodiment of the decrypter — instead of A/4 plate plus linear polariser —
would be a structured linear polariser, preferably made with dichroic dyes in the LCP
layer. However, the contrast ratio of such an inspection tool is not as high as the
30 combination of a relatively cheap commercial available linear sheet polariser and a

corresponding decoding structured phase retarder LPP/LCP plate as described above.

=15 -




WO 01/ 55960 PCTI CHO1/ 00058 Figure 7 shows schematically the maskz Elﬁg(i [gor
the present optical device and for the decoder. 51t is also pos ? !
use ot her Whegsse¢0 hi dden optical LPP/LCP devices, such as pgaficHo1/00058

chol esteric LPP/LCP devices, picture in picture configured LPP/LCP devices
etc. Such devices are described e.g. in patent applications EP-A-0 689
084, EP-A-0 689 065, WO 98/52077, WD 00/29878 and WD 00/57356. One such

| t ti j i i bed below. 10 On | t. tiv nbodi t | d
be o retl ot iiebfighes sl BRRrARY 5B BBl (FOmpRelioer oplicel paase qeadss anin
this case, tlhradpsladseryinislag adafional feafur@ HablaBhE BL BOES-YRIaE n%/aﬁ' p%?.)a?'}é%r ol @

metallic ref|ector. Possible alignnment difections are e.g. egr ees.
The i nspectPHAPEGbAevies with superyaposed spuctuied . R/LEP|denedar thobptidas appeakance 3d

| evel i nspecki i ction tool could be made e.g. fromone or two
superi rrposeﬁﬁ.‘stg uépg’?@%%}%i pfaéog%s‘ﬁe 90(%% i"ﬁﬁﬂbvﬁt's: e.g. 0, -45 or 90
degrees) according to the encryption pattern of the optical device, or,

nor e preferg@lgy, ne suPeri nmposed 704 plate (alignnments: 0 and 67.5 or
112.5 degr eS8Progichien gt pddRe b rand pri)qS@allc L4 layer whightdan beiusedirccording to

pol ari ses. ; i J: 3 be used also as a
transni ssi vg& ol-g):"lt0 ?%%%H‘yg\%ece. E&Uﬁ? %18?%%{%%@&‘3’ gﬁgﬁ%l‘”éyéﬁ?\%ma ove using a
cholesteric LPP/LCP optical device with a corresponding LPP/LCP decoder

al so works i,n transm SiVﬁ E . Furthernore, pure non- cholesteric

LPP/ LCP confi gur 3’??%1‘??0’&8 a’bng ﬁ%@@rdﬁlencoded 25 optical devices and al so
as corngsponding LPP/LCP decrypter. A different enbodi nent of the

decrypter - instead of X/ 4 plate plus linear polariser - would be a
structured Siiteble LfF metesials, arprdefenitad] fpr mestenced it packing lpublicatibne EP-4-6 NET8ECP

nioh as € he 0 2SIRRARN BRArTEhE, i Gelige Hhoapie orih deEvalven s seid

li near sheetempaitives. Fos R orekoinzOE £ B%5164) thd o118 'mnﬁﬁéﬂég HoRhase
retarder LPP/LCP plate as descri bed ‘above. -15 7 JUL 20 5’1‘% of

i5 Polymer:

*

o :

O (9] :
" \_/_\‘_/0 O‘Q—//_( o—
—0

A 2 percent strength solution of the LPP material in MPK (methyl propyl ketone) was
spin-coated for one minute at 2000 rpm. The layer was then dried for 5 to 10 minutes at
20 130 °C on a hotplate. The layer was then exposed to linearly polarised light from a
mercury high-pressure lamp for 10 to 550 seconds (depending on the strength of the lamp
and on the characteristics of LPP and LCP layers of the optical device} at room

temperature. The layer was then used as an orientation layer for a liquid crystal material.

25 2. Mixture Micp of cross-linkable liquid crystal monomers for the LCP layer 142

-16 -




WD 01/55960 PCT/ CHO1100058 Furthernore, the preferably used decrypter
(conbi'nation of optical phase retarder and |inear polariser) has? anuL 2004
addi tion e: by rotating the nono-axial |inear pol akj ¢ L he
opti cal gg%%??#ﬁﬂr1superinposed structured LPP/LCP decodgr iﬁgﬁég%ﬁcm
appearance changes alternatively from positive' to its "negative'. 5 The
production of a LPP, LCP and cholesteric LCP | ayer which can be used
according to the invention will be described, in nore detail below stil
by way of drdhplexamples,rhethllbwiog discrdatelcomponomts Wetd usgl SuérpssslinkabRPliquid
material s arqﬁ%escribeq for instance in patent publications EP-A-611786,
WO 96/ 10049 EMY BPMAEFE3552, and i ncl ude cinnanmic acid derivatives and
.ferulic acid derivatives. For the foregoing Exanples, the follow ng LPP
mat eri al was chosen: 15 Polymer: A 2 percent strength solution of the LPP
material in MPK (methyl propyl ketone) was spin-coated for one mnute at
2000 rpm The layer was then dried for 5 to 10 mnutes at 20 130 C on a

hot pl ate. The | ayer was then expo tg linegly~polarised light froma
mercury hi gh- peggsyrb. Lanpfeg_ o 0 /6gCO endi hg strength
of the lanp and on tffe characterr=fic amd LCP | ayers "of the

optical device) at room tenperature. The Nayer was then used as an
orientation layer for a liquid crystal nmatgriar"28"2 M xture M.Cp of
cross-linkable liquid crystal nononers for the LCP |ayer 142 -16 WO
01/55960 2 7 JUL 2004 PCT/ CHOL/ 00058 1 n the exanples, the foldow ng

diacryl ate cowwowwoa@ms- u-@ quid _cr St | ,nononers:

o fl.o U

Using these components, a supcrboo]ab]c nematic mixture M cp with particularly low
melting point (Tm ~ 35°C) was developed, making it possible to prepare the LCP layer at
room temperature. The diacrylate monomers were present with the following
composition in the mixture:
10 Monl 80%
Mon2 15%
Mon3 5%

In addition a further 2% of the Ciba-Geigy photoinitiator IRGACURE (trade mark) was
15 added to the mixture,

The mixture Micp was then dissolved in anisole. By means of varying the Mycp

concentration in anisole, it was possible to adjust the LCP layer thickness over a wide

range. Especially for the examples of optical devices described - herein, desired

-17-




Mnt 0 0 0000 Mnt p0O0O0 Mn3pL p C a5 10 Using these cpyyppemks.
a supercool able nematic mxture Mcp wth particularly low nelting point
(Tm - 35C) WR&/Ha6k| oped, meking it possible to prepare the He@Ach@YRbssAt
roomtenperature. The diacrylate nononmers were present with the follow ng
conposition in the mxture: Monl 80% Mnt 15% MnN3 5% In addition a
further 2% of the G ba-Geigy photoinitiator RGACURE (trade mark) was 15

I
means of vars Rauitns a6 1 X K00 AW qouie it T8 ninvise ocimigtnass B¢
gg{alrjrglt etshgf h?p?{?ag??rsggﬂdces aeseg‘r{(igglggeﬁggggrﬁ ﬁ%&?ﬁrea ﬂ%ﬁ% %h({l%iﬂtfﬂ%ﬁﬁzl WO
01/ 55960 PCT/ CHO1/ 00058 retardations And of 0.13 to 0.14 rn could be
the reflect op pATRRRERE HAANGE RE A ckCLPERIESsa i Jayest ware, oxaRed decd
cross- | isnki risptadpi¢ light feormaneis famp R abaver %ﬁ%@ggﬁ.&iﬂ% %xﬁthf[e%g%ﬁé’(ﬂ ot

light from ahjxenon | anp for about 1 to 30 m nutes

strength of !¢ }3n)dRgn inest atmosphere. at nospher e.

3. Cholesteric LCP layer 12

10 For making the cholesteric LCP layer, a procedure similar to that of the nematic LCP
layer was used. However, the mixture My cp was additionally doped with cholesteric
material inducing a pitch. A suitable chiral dopant was e.g. ST31L, which shows a Jefi-
handed helical sense.

OO o%\_Q_ﬂ\_/ﬂ\_/—

[S]

ST T O O

15

The concentration of the chiral dopant was for ST31L about 4% to 9%, more preferably 5
to 6%. This induces the desired reflective wavelength band in the visible range, but by
changing the concentration also reflective wavelength bands in the UV or IR range can
20 be realised. The substrate was coated with that cholesteric material by spin coating. The
spin parameter are similar to those applied above. Of course also other printing or coating

techniques can be applied, e.g. slot-coating, kbar-coating, etc.

The thickness of the cholesteric layer is 1 to 10 microns, depending on the wavelength
25 range, more preferable from about 2 to 8 microns. Anisole is used as solvent. After the

drying process on a hot plate (see above) the cholesteric LCP material containing a




3. Cholesteric LCP layer 12 10 For neking the cholesteric LCP | ayer, .)aJ 004
procedure simlar to that of the nematic LCP | ayer was used. Hovvevgr, Whé

m xture Yerdlse¢ additional ly doped with cholesteric mat egTAlHIIMGMSI Ng a
pitch. A suitable chiral dopant was e.g. ST31L, which shows a |eft- handed

helical sense. ST3l L: 15 The concentration of the chiral dopant was for
ST31 L about 4% to 9% nore preferably 5 to 6% This induces the desired

flecti | th band j.n the. visibl , t b i th
Concent r at IRIGImSBAPES GRS VBkTT il gORerIf dLE: 1o @ RGob iR ToagRt LR 20
be real i sedy ﬁ?ﬁé&@%é}:ﬂ%@&@&e%&@ﬁ o‘f‘ﬂfehaﬁlpﬂn ahpkRYRbdphermat eri al by

spi n coati ng. aneter are simlar'to those applied above. O
course al so other printing or coating techniques can be applied, e.g.

sl ot-coating, kbar-cqating, etc. .The thickness of the cholesteric_ |ayer is
1 Co 10 m crlisnapticahseiea RFSeRbehiayRy &1 Bkl the EorsneRnam, fager syt
f rom abput S . J hSivU ibiNtie€r ackhRligY b NG
proces?)on rﬁathg%l Sp}é’?gﬁ?é‘ésé%iéég? 'Pﬂg %ﬁgﬁ gaz.tlzlrgii]%:/eﬁl?csllsg_msiterail al gl:lglt ai niCng
a -18 27 Jhlafida, and rody b PactideEr/ beCeimbiped 58 apwido vametyieft wayy tn order to

cross-linkg% \é\f&th i,S0t.r o icIUV |.ight froma xenon lanp for about | to 30
m nutes (deFEROPRYIERUCHDEFICTBAYSH of the lanp) in an inert atnosphere. The

optical effects described above, as well as the correspondi ng | ayer
structures and 5 material conpositions, represent, onlé some of rrang
possi bi | i t i Bsisatdsoficogrse possikie iforant other, kind @f hirgfringepblayercihan thekCR dai ned

Thue, 16 el 1Be BRI 19 BroBupEho hfticaf Ptk e i BE gl i ot R e
than the LGBrkaueple fdladibaticatiedelemene. used to produce an optical effect

that can be enployed in optical devices, for exanple for authentication
elenments. It is furthernore possible for the exanpl es described above, to

use not an 4 fH ﬁl%.kﬁﬂ&‘@tpioQﬁble for the examples described above, to use not an LPP orientation
layer but a different orientation layer which, according to the desired optical property and

15  resolution, has the same or similar properties to an LPP layer. It is also conceivable to
produce the orientation required for a retarder layer using a correspondingly structured

substrate. A structured substrate of this type can, for example, be produced by

embossing, etching and scratching.

20  The present invention has applications in many fields, e.g.:
- document security, passports, identification cards
- to increase security and handling in the field of brand protection
- security packaging (pharmaceuticals, liquors, wines, flavours, software, fbod, cen)

- banknote, stamps, checks, shares

25 - aircraft and car parts.




| ayer but a different orientation |ayer which, according to the desired
optical property and 15 resolution, has the sanme or simlar properthpguﬁ@mk
an LPP layer. It is also conceivable to produce the orientation required
for a retarder |ayer using a correspondingly structured substrate. A
structured substrate of this type can, for exanple, be produced by
enbossi ng, etching and scratching. 2§ Jivspresent invention has
applications in many fields, e.g.: - docunment security, passports,
identification cards - to increase security and handling in the field of
brand protection - security packaging (pharmaceuticals, liquors, w nes,
flavours, software, food, ...) - banknote, stanps, checks, shares 25 -

ai reraft anf o fta P ric AR 8 G loMbiratioAviaPLa dpeaishiteal QOxtwiwmcindhe ce
in conmbination wth an inspection tool (20), wherein the authentlcaglop
devi ce comhaeradon ldedst camprisestat leapea HestA3vesf1 Dt epiically aSPERIT Bifi T

material which is selectively orientated.in. diff t Lert.ati
its area sybithas sglscl 1"95‘@%%‘1 1B G AT ENY PRI RS 3§%q\{/)@naer‘?£elg‘§&t %eto?éri}g‘b}@gﬁ on
tool inclugascanbmithas |ayer (24) of optically anisotropir material

which is sel'ectively oriented in different orientations over.its .are:il f?r
decr ypt i ngwhenein thebispeation Hooliacluderea diyither dayea f2Heof ont fppgotropic mater

aut hentication devjce .S Vi d t.ou t.he. i st o t@e
accordi ng P’b‘% Hisme ','w%@gl?et\réi\@f%%‘ at Pgﬂgﬁaﬁé%é%ﬁ ?Tr ISE% ""‘fggi&er?&yé?"%ﬁf’ i%cﬁﬁjy

ani sot r opi guchHa€ tHetdbibck 4hn be vedwdicihdragthehcation \desize fis viewed senghdbamdpedi rd
optical inspection levels; nanely a first inspection |evel (2) where an
optical eftiestoddan be discerned with the naked eye, a second level (4) in
whi ch a di squi sed object can be discerned with the aid of a polar- iser
(26), and a third level (6) in which the encrypted object can. be discerned
with tbe dex devigptibegdingtid cheimilysyheotin e atdedst 20 Yirst 3ayenof eptiead] Y9 @PYg

array of - & SHUFRADL 4011 BPVERE e IRk B CeBi Ao a i, BREpd P2

orient ati ORamely a first inspection level (2) where an optical effect can be discemed with the naked
eye, a second level (4) in which a disguised object can be discerned with the aid of a polar-
iser (26), and a third level (6) in which the encrypted object can be discerned with the de-
crypting optical inspection tool (20).

3. A device according to any preceding claim, wherein the first layer (14) is divided into an

array of a wultiplicity of elemental areas, each having 2 predetermined orientation.

4. A device according to any preceding claim wherein said first layer (14) is formed of opt-

cal phase retarder material.

5. A device according 1o claim 4, wherein said first layer (14) comprises birefringent liquid

crystal matenial (LCP), preferably 2 monomer and/or pre-polymer.

6. A device according to claim 5, wherein the LCP material has its selective orientation fixed,

having been exposed to a source of energy.

7. A device according to claim 5 or 6, including a Jayer (141} of linearly photopolymerisable




4. A device according to any preceding claimwherein said first |ayer (14)
is formed of opti- cal phase retarder material. 5. A device accorer?gJULo’lU!]l'
claim4, wherein said first layer (14) conprises birefringent |iquid

crystal material (LCP), preferably a mononer .an -Rakyeer. 6. A
devi ce acclmTGl’iﬁb(lt(Pé) ) @P‘%PibFHIE%,S%@Y%?’ﬁc’?ﬂjé’nﬁﬁﬂln’ﬁﬂ{eg‘r%gfgtﬁas its selective
orientation fixed, having been exposed to a source of energy. 7. A device
according to claim5 or 6, including a layer (141) of |inearl

phot oppl y Taeddsabh@ord@fe B aim U, v2dfein e PP ehaigndbhps besth F’EW%/%U it ve

orientation for aligni33g the LCP, materiel. 8. A, devi Gi Rgad eacl ai m
7, wher ei nlightéhtqogh ?m%knﬁaﬁsﬁéﬁﬁdg@ﬁcf%lwfp lrcflggggﬁﬁ%ht tirlw'ough
phot omask , neans .t i -ray of a multiplicity of elenental areas,
each havi Ny 52 BPEEE S rﬁgkﬁe(%&g)l?ﬁq%ﬁ't ation. 9. A device according to claimb5

or 6, wherein the substrate (10) has a surface configuration for defining
the orientation of the LCP nmat

) rial. ,10. A devic I ti
precedPng & 89¥iFe reFOTdIBE fRyclama SC‘H WHeTFD th(elsﬂé?tmg%ﬁg)ﬁ ?‘ég%g& g%ég-&Pﬂe%qtrg;?nc
material of,held 6al mkefikntaRn bt SRdraRdedamat erial for reflecting Iight
with an appro- priate sense of circular polarization. 11. A device

according to claim 10, wherein the holesteric material is a cholesteric
liquid_ _crystal, (cholesteric LCP) and. fQr s t Bie.chd2. A
devi ce@cccﬁé?‘ﬁ‘@ P‘EP"E‘%B?FH T PTRRETRY a%gné@ﬁfg‘g gthée@iﬁé%FLer ljrjr’actpog?@aél 5s
crossl i nkegestfaY mated@dl BEBAcaPRRE @ Fighehmaed aatepial Enaefiscting Jighiwithwh gepro-
according to any preceding clains, including a second |ayer (36) for

ref | ect i ng priatgimseobeiraly nelpszaion - ned range of wavel engths. 14. A device
according to any preceding claim including a substrate (10) nounting said

at least a first layer (14). 15. A device according to claiml wherein
sai d f Ut hek deajeeracc2diing & Eimdd, wherm ithethodestesis material et hRIFSFC)av 6.

A devi ce accord 0l T brfnd BrratARhSACHECP Yiyper | aver (24) s divi ded

12. A device according to claim 11, wherein the cholesteric LCP material is crosslinked, hav-

ing been exposed to a source of energy.

13. A device according to any preceding claims, including a second layer (36) for reflecting

light over a predetermined range of wavelengths.

14. A device according to zny preceding claim, including a substrate (10) mounting smid at

jeast a first Jayer (14).

15. A device according to claim 1 wherein said further Jayer (24) is formed of optical phase

retarder material.

16. A device according claim 1 or 15, wherein the further layer (24) is divided into an array of

a multiplicity of elemental areas, each having 2 predetermined orientation.

17. A device according to claim 1, 15 or 16, whercin said further layer (24) comprises bire-

fringent liquid crystal material (LCP), preferably a monomer and/or pre-polymer.




a multiplicity of elenental areas, each having a predeterm ned orientation.
37. A device according to claiml1, 15 or 16, wherein said furthez.?eﬁgg{“
(24) conprises bire- fringent |liquid crystal material (LCP) f 9/
nmonomer and/or pre-polynmer. -21 2 7 Jul 2004 18. A device according to
claim17, wherein the LCP material has its selective orientation fixed,

havi ng been exposed tgQ a so Lce frener Vi £€;18QE ek n@qahm]chal m
17 or 18, Bnétier ARy ﬁ @‘?h"(?ﬁ M%fd:]%l ﬁégge}yhgsp]ﬁot opol ;—

neri sabl e 4 Mreerestbye orientation for aligning the
B R e sy

LCP materi according to claim19, wherein the LPP materi al
has been exposed to polarised Ilght t hrough phot omask neans to define an

or v 36 oA denicd pecauie & afetl Eoh i ipEfAR s BN g R NRI BRI S C

13, wherein a substrate

of the decry shﬂgxﬁﬁ%?gal E'BPP)aexﬁnﬁnng‘ abeticons drgatioatfooali going WeLiGh meetale
orlentatlono the L mat eri al

20. A device according to claim 19, wherein the LPP material has been exposed to polarised
Jight through photomask means to define an array of a multiplicity of elemental areas, each

having a predetermined orientation.

2]1. A device according to claim 17 or 18, wherein a substrate of the decrypting tool has a sur-

face configuration for defining the orientation of the LCP material.
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