WO 01/55960 PCT/ CHO1/ 00058 OPTI CAL SECURI TY DEVI CE This invention relates
to an optical security device for applying to or incorporating in

comer ci avOont/89980 Such itenms are found principally in ther€T/eHdsomEs
docunent security 5 (banknote, stanp, card and tickets applications), brand

protection (pharnmaceuticals, flavours, |iquors), secure packaging of
articles, software, spare parts for vehi cI es, etc., or packaging therefor;
however the invention is not op (F] iy D Optical security
devi ces are conmmonly used for au entlcatlng artlc es to which they are 10

applied. Afirst type of such deV| ce corrprl ses hol ograms, kinograms,

wat er mar ks, m.cro perffratl ons, LI cal ri, abbg r?' , etc.  Such deV| ces
can be i nspBtBYEFOpHelatRs tﬁa%e@’tl%? Sec(’f‘fyr ¢Vipeoing| aPPhaRS & OB OGN de
an aut hent pGatkRih) iRAY. RAch %ﬁ{sdar& %dnfaeprmciﬂam%ttue @ielcﬁmo%ﬁﬁ@htt &lcu

have in providing a simlar device; such secuifity devices wl| re erred
to heréin @mnkidtesstaingy ehtd se(tLtquE§$ apphncctams) 1rapd smotmtﬂort ypl@rmhcemlchls

security d Vi ce provi a greater securit aut.henti cation
Chan t he  Tiors JigBotshaer @e Phitiiesatisies, Sordas' et ndls 13 VOERR 0 001
for exanpl gackagiR® tiréemoweeet the InvEREH fsHol BmEted &Ssuch fié'lc&)Ck lanp (W), etc
(second level “inspection). Exanples of such security elenents are

m cro-printing devices, fluorescent 20 inks, and devi ces based on

pol ari sat i r 077.

Dol S | SN B A5k e 258y Bl GRLLSHAIRL WERILA0 R, 8B 20T
net work ( Piflicaxdirst twpe cfsuch delvisp osprises halogtinss, kmbgraamd Wa&nseﬂke,cmlovﬂ y

oriented in _different ections in different |qca ion \Y;
surface. TRETapRPNsaQRic §ala:6§x}%%a, etgSugh dgyiees Gp rlag@c erirmlﬁut%e Saked &ye
liquid-crygil 1588 Rion] Bhé 8{&/3{(% an ‘M&h&ﬂldaﬁoﬁma'vﬁ% }eéar%ﬁtoaﬂﬁ'eﬁﬁf"ﬂcgﬁycd and

exhibits birefringence providés an optical retarde he liquid
crystal natumgertditet veuldthavaler prawding faodingas deviee; seick cetwdy aleivisas atilldre of

the PPN | ayer t enabl et he nuf acturi ng of phase retarder inmages which
may be see%?wq‘ﬁtot}ﬁéelﬁ?ﬁ fﬁfﬁt leggll 5?‘?%@‘1%‘“ ts. Such security devices will
be refierred to herein as "second |l 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-crystal 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.
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30 1 WD 01/55960 PCT/ CHO1/ 00058 A third type of security device conprises
el ements which can be visualised or detected only wth special, expensive
t ool s suohoarsPhodt 0- spectroneters, pol ari sing m croscopesPCT/€H01/005%€i r d

| evel inspection). In addition, electronic techniques are known for
inserting, and subsequently identifying, watermarks in an inage or totally
encrypting an image. 5 Further exanples for such security devices are

ol ement s MGG, SPERLAl HLHQGRESIL, cichich, ROt LA v ARG okl

these evi ce ave 1'n-conmon can on recelved
speci al deerly ptitin gpdetud] expeadive wolsl SuoR as @heroﬁmcﬁ@nétefsebaﬂaﬂsn kicodcdpeyel "
security devices. 10 The concept of the present invention is to provide a
new opti caficseBiid ileye! dspeetio ncfﬁidlt%|ekﬁcfr9mt°HF?lH“qU@%éF° kpowi fqryinsertisgs and

conbi nes, g Qﬁz’%bé&ﬂlﬂx 1genﬁ1lfflgg9$v§teﬂﬁé(ﬂk§? 3h!infd gé o totfall OVI@GH%’AH iffide! hird

| evel s of securit aspect e i nvention n optirca
aut henbi caFmrﬂterdaaainptesifnr mm}ntﬂenaunyaiewc% avd ellamntsmmiwewtth (spedmidﬂuom:twnm n

the authentjca |o deV| i east, a first tical
i ot r opt EN B P Eh LI T 1L ieBt Py i (R SToR Ftehen o oy be
orientati oRgeivey &¥itH Sfechl Ql%cx%lﬁﬁ'g 3Solé, CarN11Y BE ré‘f%n@@lt@%réﬁ'% e“'tled 1
wherein the inspection tool includes a further layer of optically

ani sot r opi gcutityedevideswhi ch 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 nspe¢Oi onThe&BbncepNofithRgsenRdt AVEREdn isttbrovideatiednopicaV setasitypdeagd whidh
aut henti cati on device in conbination with an i nspection tool, mhereln t he

aut hent i ca@$habitsddinddevel sapiity devels andegpspbines, 1§ qifastreqi dfp ey sipgle Sisvice Al
anlsotroplﬁmpﬁggﬁf ndqﬂﬁgﬂwa§oag&5ﬁh;vely oriented in different 25

ori entations over S area such as t0 encrypt an object therein; and
wherein the |nspect|on tool is such as to provide a light path or |ight
beam havi n ? opti cal . paraneter no uni formover, its dt h, sug&ias to

co- oper at lﬁstsaapwtotbﬁ imention Peayiges ORseleayBgnticaions Eﬁeemﬁo PRIt he

encrypted QR @flinspection tool, wherein the authentication device comprises at least a first layer
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 authentication
device conprising at least a first layer of optically anisotropic

mat eri al WOhi/ste60 s structured to provide first, 2 WO 01/ 5BOBOH01/00058

PCT/ CHO1/ 00058 second and third optical inspection |levels, nanely a first

i nspection | evel where an optical effect can be discerned wth the naked
eye, a second level in which a disguised object can be discerned wth the

Aot an Obhd ! MRASSHCAN idiBEkion A0S hhJ 4 B irfloidhiiclly gy Pt o

obj ect can be di'scerne ecrypting op |on

the pur posesticaf effbitscan pecdifdepridi \Ollth theQbike@Te | Bsdedrdl ldvel inhﬁhﬁ:ﬁﬂﬁ@lsglilseih
obj ect which nmay be viewed optical]y_ and forms an_inmage in the etéﬁ’ Such
wﬁn gl |

obj ect WI | pbiget e Be discegned 8¢ aiplhan ontirad 1BtRceliqn gqebrﬁnésa thirdatevel 1 or
desi gn, wﬁldﬂ%ﬁ%gﬁp&&lm%% iscehdll With a‘aEﬁrﬁpt('i:@g&ﬁ Qf:}glb;gagtl@n gRfe. Thus

t he obj ect essenti y ca rres I nformation whi scer ned
vi sual by. I n accordance with the invention, the encrypted object provides a

first pre rmned it or.mat j on, .and the di sgui sed object provides
L Socond < Bieermusee T RS apsst b or SCbT W 1 Lhenenes G Al PRECH ag
preferred, m%?'b@ VibWed opBYEly b BRI Q@hﬂqé{g@ﬂf ﬁl@tePr@PS&ch”@éjé‘ét'\ﬁll d?sﬁQ]lP}'? bees a
structured 15 arrangenent “of phase retardi ng elenents, "preferably

conpri si ngsianqleameagmmbémbwasudr ans pattere hr desegrs oF eh)bameﬂlqnqocﬂawtqrsatfhgltﬁed

relative tg one anot er. [ es reated, b uch a
bhace. 1ot afGior PEARES  selPRIRGots by KARALE corfih BiboB LD n e
wavel eogt hdidécrhed WBsildl BN IPdcchbiRntdwih theditertion] Mg ent§Bied objedt §ﬁ>&i@ed fay ect
can be viewed with sheet polariser(s). Wien viewed with a decrypting

optical tobredetsimiagdrijgmeat ipPropfient ardthe edisgsady obikst prravides e, se@%i
first layeﬁreﬁ&@%ﬁfné«]?ﬁeﬁ u%& atgnyﬁitﬂ%lrerg oW fckCP) layer, which

preferably can I gne structure patterned by a further |ayer of
l'i near phot opol yrrer (LPP) - synonynous W th photooriented polymer network

PPN). 25 The f] f | f
§mt gll),i al 5 Aﬁteﬂé? oe ,ng}l efrlarstrsTﬁégr{3 fe)g?)gtlcaallilt zgntilscc}trlil)g)?c atena‘ corsnlf; eosretl Istr%ctured

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/patterned 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 |evel which
may be optional, is preferably provided by a |ayer, which 30 gives the
refl ect edvOoghive@m particul ar property caused by an opti cabCeiCHerb00stich as
diffraction, refraction, wavel ength selective reflection, etc. Were the

| ayer conprises -3 WO 01/55960 PCT/ CHO1/ 00058 chol esteric material (which
may be additional to the first layer) the in-comng light is selectively

reflected Xﬂb&l& V‘ﬁu‘é{f‘e'n?rg&fﬁcg‘?{? ﬁ?@&dﬁ@néi't&%é‘?ir&ﬁg;(eg)r Ith\éé‘éié\béo?rﬁgg Yighfel i ve

wavel engt h here I's circular
transm tt esklédtiybly refleeted avithca mublangty depémichs el vtﬁﬂ\tmg anglaeWathpros istlectinad i cal

sense. Qutside the selective vel ength t.he polarlsatlo state of
the i ght pargengh &ﬁeml?f‘géeal%%@ lighf #5 ﬂ&ﬁ%@v B alrl&dn &4 @ansayté? ghicls
shift can @i?cu‘?@r[f ﬁbl‘éﬁged"bﬁ hint€ oﬁ 1RYi€alefse. | f SUE Bk LQe i B! \)%fenéfhom

green to bl ue. e secon and third inspection eve s Is provided by L

mat er i &l f bad thg palafisatein stay ef the 1(pht EmeinsGRchatgedi By tﬂtingrthachﬂlca]lmaﬂayd
phase retarder | r. acent . ar of, t,he structur LCP ret.arder er
how 1 om biour s bhEAGEREs iR e Bkuie il Mk gralt bbfrofeenR
their optigmgk axes into which at | east an encrypted and optionally at | east
a non-encrypted hidden inmage is stored. The non-encrypted hidden
infornation/inages or objects - if present - can be visualised with a

nor mal - shegf, pol ﬁ‘ﬁ' d oid Ehn(dsl‘?lgé’eréﬂgﬁ %%81%‘%% p ;Je?Vo& Uce m?erEa? fo%gﬂ%glf?sq 1y Al

can be dlscerne pting o as nenti one ove

i nspeqyi onTheue:P)matbﬁalatbﬁﬂ rad;&ﬂctare& }ihfase?rem’r@érﬂﬁy’@dAﬂJ@Eéﬁt afeab bethersv[eaﬁurah an
optical authentication device conprlses a substrate, and at |east an

encrypt ed, LPar@rdehilayen ibev fivm eng aiga Lot atlerrat depshi e Aitfsrens iogisatatinng of
| evel secufef Yo %ﬂcﬂe it Whith £ Y&lst 4p¥ic t&ﬁ{hd\zﬁ)t%ﬁﬁ)‘? En%gst‘é‘nfop egl ted
ca I C consists o el(?llp

decrypting opt pol ari si ng 1 nspecti orrtoo ypting
LCP | ayer hidden ﬁlhegefsosteredaﬂ“hbmoncmsmbmdehiddd:rs mfasnaionémages yr digectse- ifSuch

an optical authentl i.on Vi abl e a .conbi ned .usaqge for ond
o Thi ra PR S cvisise Wi faker Sheet BrRERg Gesandrpedan edf s can
be dong wi é&rﬂt@@hrﬁaé&l &@hl lﬁ?fhs@é}ﬁ&f- Fith B rPptARVHRRaL &I 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 polariser 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.

30



25 provide first, second and third | evel security and enables a conbi ned
usage of such a device for first, second and third | evel inspection: by
tilting tweodswsce a col our shift (e.g. fromred to greenPCT/oHO{/HMAES gr een
to blue) can be discerned (first |level inspection), the second |evel
features can be visualised with a cheap polariser sheet and the third | evel
features can be discerned with a decrypting optical polarising inspection
tool. 30 4 P /gtg& 0 e 0%
security dhgﬁ%%ﬁi%?gﬁaﬂrggr es &ﬁép%%ng %%Q@Pﬁﬁrp%%@sgﬁﬁuhﬂﬁﬁ%(1e@%l
security ofitsyand t}aﬂdslevél gaaqirhy enlytibelses Gﬁﬁlﬂtbld. yheckevurity deoicsicohsistodf mbbmteat e,

and at | east encrypted structur By ti|ting the dey
col our shi f#d efgler}ft an{engRYPFR SRSt ?iggi’ﬁyr%w@r%wet Vme&eﬁoqug @b‘i L ged
whi ch corr %prkﬁstot Q‘etf:d 6§tfroln?‘é‘r;'éenﬁosrﬁr§é)rlb to‘ﬁser%l?vvtl"rmhr @b&&?&{dsf@aﬁﬂé{ feyecan

be discerned wth a decrypting optical "polarising inspection tool. Brief
Descri pt i osecofity, e BrisdMavgks feh@urés parebe drsecknedrivoth aeletrypfing loptical\poterisorg wi | |
now be descri bed wi th reference to the acconpanying draw ngs, wherein:
Fi gures | a™SRFUOB 93 schermmtic views 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
i nspect i onBrigbPssctiptioy pbtheddramingsvari ous | evel s; Figure 3 is a schematic
sectional view of a nodified formof the preferred device; Figure 4 is a
schematic view of the preferred device, with appropriate inspection tools,
showi N9 polapriefartedosmisddahes: afimthedptdntiah witltrarwde dexaibed Aitlrirgferedcd to shea
di agram show ng pal arr sation states and optical retarder axes of the
preferred BEPIMPENYAY IravapeL™h§F R 00l ; Figure 6 is a plan view of an
encrypted | ayer of the preferred devrce, and the counterpart decrypting
| ayer of the inspection tool; and

Figures la and 1b are schematic views 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
decrypting 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

la and Figure 1b. In the 1% level, a viewing angle dependency of the colour of the whole



Figure 7 is plan view of manufacturing nmasks for the preferred device and
i nspection 25 tool. Description of the Preferred Enbodi ment Referring to
t he drawwg@e1/59he appearance of the preferred optical secReT/AHID000580

aut henti cation device, conbining 1St, 2"d and 3rd |l evels of inspection is
shown in Figure la and Figure Ib. In the 1St level, a view ng angle
dependency of the colour of the whole 5 WO 01/55960 PCT/ CHO1/ 00058 area 2
(formng t bj . (] | r. i ove
and " gr centh tgEink P Pk vk PeB € pRabn, AL Al i SRR abb AR
ref | ecti onga&tnislhevhahetes tfem c llayat .difeotion kauseddby eseldctiva reflemn poltlar i ser
is used an correspopding ppject 4 - in addition to a "random sed"

di stributi g’?f’???l‘erﬁﬁllai’“ér Rt thE e ey dsa linesr PHQ‘“&%% psqdeand aceqrrrsponsting ebifctise

seen; the cql oaitibs 1034 iahd SRREPIERE bR Bﬁ?éﬁeﬁw, iR JodsSRhORppeF Nt Edifer3r d
| evel, an appropriately structured optical phase retarder plate, the

decrypber erakby sedns thel e is bl degenden@n| the swinpdisedtioar Fertbe 81 deebtancal

devi d d, ot i ted . object .6 < a "CH - b
T el bler QBB PAE Bsted Sbed| Thode SR IS PReSTTRIFT B ket Foptaced
Rot ati on Obetivden theBddar RRlAIses 8hid e §licahanges ahda Bdid JthcrRReadndRpeedof

the 10 various inmeges from positive to negative which is depicted in
Fi gure | b. oBegted ri HgCHE Fhepopmes visiblge agidnithe celorpis sl depandentt 9rathe wger s,

substrate f g I A h ' r
el 1o 1 SDefopSRgRton o e khéu JRRRE B ot lnpe R IMAESH Blfp Lo |,
I n cage t hedricusimbgds frain peditiee tooneghtive whjich idkpivtet nlfigurddbsubstrate is
already netallic then the netallic reflector 12 may be onmtted. In a

nodi fication, reflector layer 12 may be omtted, and a polariser |ayer 16
is include ol LU R, ﬁ]?gig I i Clid 0 r
vViewi ng a gﬁfﬁf%?@@oﬂﬁ%ﬂ%@f Oo | eg{ Xc Elg%lslgzgg’ %)d(?ig gerltigsfdngg l?Iesg’t
and a st r uplastice gpap@t @rdetal, @l cttodestetic ldperoorithetdlliclayari aketedlicttobed patterhad

Fi gure 2b ol arj ef 26.corresponds to ap. i ect.ion t.oal for
Do mn Bubowid SRR e 15 I ERROR R lic, oS ik aFai i e
geVidPQSVW tﬂéﬁdﬁa@@é’al?&@&frﬂ&ﬂﬁb tHeASREMmkiaflt Feﬂ@étér-llelﬂﬁyBE bifittéevel aspect can
e di scerne

22

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 a 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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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
transpar eno ogsdesd rat e 32 di sposed on the top of the devieeT/cCaopatoser ned
(structured) retarder or LPP/LCP |l ayer 34 and a cholesteric |layer 36 as
reflector. For transm ssive optical security devices 30 the reflector 36
is omtted. This nodified configuration 30 is especially useful for the 30
manuf acturi ng of the device on transfer foils (blocking foils), which
subsequently will be transferred by a hot stanping process to the final

subst r at e. AGp¥Efi0 Frsi2AeDpROTAKIEHbENREH of Bgaes f had 2 iy imekanfillewsf t he
enbodi nent of Figures 1 and 2 is fornmed as follows: In a first step, a
chol esteric LCP naterial is spin-coated (other coating or printing 5

techni dues| Aer} 3RrPRPLAAGRLE) LOB i SHOGHEGRRALOMA (Ol Aifngl2

The chol esteric ayer consists o matic Iiquid crystal
whi ch éxhi teichsiqaeshet iatsal applicabie) antmthiegubstriton( td fienda $dyand 2. The clwldstdric 360

degrees tu eterpjnes.the pitch p...Cholesteric filters exhibit selective
refl ecti oni;@’?’ﬁvw fRrsstyet igri‘&‘j“aé‘gj w@métimw thieth SRt &nlthcal_tst“f‘ﬁ‘e
same time ghf kﬁfthTH@hi@{ah@@fc{g'&ﬁ‘uil'390Tde Edufh 4d16mhARAhe PRYSp. GHoldsteric

possible to 10 conbine colour filter, polariser and reflector in a single
chol est er i tlttiGRxhibjtesclective hiflectioe witel eotsllvdefingd ladjsisiable Wwavedgngtthband and

Cwi oting Sehds G Ho SRBRRED opdtartscie ML Wi bne BOAE PSR belbiE "o

the chol est@hbigielcaloer filtér, polhfitetiagaréflectdtif K singhtadholRhe ITF Rythavitahehd 10
times the pitch p - totally reflected, whereas the opposite circularly

pol ari sat i sHeqtiyetredeafion: bad, wha wiscrlarly patarised) somppnenO g sipeldenys lighde which
sel ective . i . L I ] . s/l SSi .

non- pol ari é%gﬁ§ﬁlﬁggrgﬁgpgg%€r§?%é f%:g{ﬁ %@é{sﬁgﬁcﬁeh%‘?ﬁ E%? a;slre \r{g%}qg%%hég?nﬁgsn?f has
a refl ecti she chokstetie tyyehisafiiciemlyt thizkyihai inksnsrmacrg ehant dbough0 fimes grewiichlp

appl i cations tqe reflective vel engt h band cou) d al so be in.the R or W
range. | n cdS®llyrretipred; whepas Srﬁ@PSlt‘f‘pP’é‘F‘a?‘%ﬁbW SRR BaIS TS TR d8dHOU00 nm

1 0 A AP DR AT SRy S0 T Tl
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



mat eri al which induces the necessary pitch for formng the desired

refl ective wavel ength range. As said above the helical sense of the

chol est ew@ 01/8P6d ayer can be left or right handed. |n theCEXaEIDH®SS

| eft-handed material has been used. Again, to achieve an excellent

bri ghtness the thickness of the cholesteric layer is around 10 tines the
pitch. 25 Dependi ng on the background col our and the (printed) structure of
t he substr t he [ransp

achi eved, %Vécﬁqtﬁﬁeaggecﬁn}/ﬁ%‘"%& er%t%:ora léh r%\ecc(&;llﬂé '?\ﬁ-}cn% é)gﬁe?lseg f&n 10
tines the Md/ehinformarisleprifited Br ospliea ob&ﬁthelsuﬁmg@tequal ity results when the
device is used as an overlay to protect printed or other information from

30 tanpering and alteration. In this case the device not only is used as a

separat e SHEU Lot R ORI EAT HBLLN0RARTIEN) FemhUbnlne BRSREH 1Y

devi ce in comdi na Wit h tecting functions o e i mages
i nfor mat i ofroprl n)tSammons—;a.rip;benddlgm)tuhetchelesabcsLCRUmteeriwduch maisehankoe e of

the cholesteric |ayer_ varies frgml to C re preferahl 5 from
2 to 8 ni cV%‘F??areE}%%éﬁ@Ftnﬂ‘abﬁs thdecHbIe eFH]?; Cﬁéﬁtﬁ%‘f RIS PRI '}é/’ i¥%&d and
on the tr aﬂ(ﬁgﬂ&r(@btr@fnfcfgkx/ g of bitdbfe \pﬁve@&@’tlﬁt\b% crdR8inkB@l esteric layer is

exposed to non- polarised (isotropic) | 1 ght of suitable wavel ength to be
cross-linked. Onto the cholesteric Iayer 12, an orientable linearly

hot I | sabl PP).la 141. t

Coat i ng 1 oD Gassolmens B Th 055@8?63)5 F*ﬁfﬁﬁ/f&f@me@&eﬁﬁé@ PR R
cinnampc api shiklesdtyd{dtHas I%tl fewbda@l eh \aad hlé@fag pREDIE: Suitalé uPr at ed
in patent publjcations E 1786 96/ 10049 and EP- A-763552. This LPP

| ayer wi t hmateriglse kusbss cumamm)@md derivaiives orbepdiseasid drrbialKesa 2istfog: Jllpgeted o
15 | inearly n;Pg% C?l?%nb’h’s f;;PQPBleSéSW(SgE’ 1802(%331%'%@%%35% using different

polarisatio i ons I'nstahce neans parallel to one
edge of the substrate), for different areas (pl xel s) (60) an orientation

Gncr ypt ed BBFQOt® Gper et Fifknesy BF ABRH BB APYH HEWEB:PIHD GBS ect
or imgge. linearly polarised UV light of suitable wavelength. By using different polarisation
directions, for instance 0° 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-encrypted
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 pattern 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
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20 This enabl es the storage of images and/or other information into the LPP
| ayer in encrypted conbi ned with non-encrypted nodes. Encryption neans a
speci fi c w@P1/559end therefore also LCP - patterning sel eceCecHdM/00058 gi ven
orientation of each area (pixel) of the pattern such that w thout an

addi ti onal superinposed LPP/LCP decoder |ayer the 25 primary hidden picture
information is not perceivable or not understandabl e respecti vely. The LCP

| ayer 15 20Rk el [0 N aR. SIS BB drvigleond i iRl 0d 1

nore detal e conp xorlen at i Pen s

structur edc@mﬁ&oﬁaetpamzl;emaskfs sm ana@wnc:wpﬁst@g)adeidisctbe tmuledt pelatiseidUNor
t he encryptl on. O her | es, that nmeans a plurality of polarisation
di rect i onslight igto %easl‘slth terens pobgisation dirsgtiond asei @ 135 H8r #3607 Shand wo

01/ 55960 Pggd @l;%to:?gﬁ% é&é OF’Qﬁﬁ’éthteeolhﬁsa%Bnacﬂ%ﬁ&{s' étaf;@&tdwnegne

LPP/ LCP | ayel I's use conventional photo nas

LPP/ LCP nashgkenpbmmemmplhe |nC|dent polarised WY light into areas with
different polarisation directions as e.g. 0, 15, 30, 45, 60, 75 and 90, so
that a whole pattern of different polarisation directions can be applied in

one 5 sing |y ﬁi@&&féglﬁ‘re e e LbP 14yRF ah T,?Pﬁl@lﬁ’%l&rs@r of aﬁp'ﬂ@d ke eh@l@éﬁtﬁorﬁf&vel

LPP/ LCP master 1s applied, the encryption |evel can be increaSed
consi der abtan g mhraamd/ccmaldele\bbfossmh enlytamg expsuchstem avtach mansahatl aicinerggse  of

h I d
Fact or andoa BeaRUSHLrRARPARE B g gt e AT aURP Shebiel AR CRRLT

such aopdeviigRpbs midh@fact@ig fiveey Ri hieed. qae Reuhsr of Yugpunieviteiis alen
Finally, the or| ented LPP | ai;@r,dll s coated with a cross-linkable Iiquid

crystal nopgrsrely highynd-oge by haideountgrieited.cP) 142, which shows
bi refringence. Such LCP m xture M.CP is 15 descri bed in nore detail later.
MLCP has an optical anisotropy An of 0.13 leading to a film thickness of 1
p. mfor ?JRinalyahderiepled SP. la}'l'dﬂes h@%bdmtthrai c&bssi-laﬂ@blplliqaﬂi cnyktal mbaomaPoﬂ ayer
by spin-coatin but .al so_ot f1 L o[) at i n% é ues )
appl i cabl ePre-po ymer mixture (LCP 142 which s ows irefringenc u mlxture Lcp 1S

15 described in more detail later. M| cp has an optical anisotropy An of 0.13 leading to a film

thickness of I um 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



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 Iveger/53960 t hen exposed to non-pol ari sed (i sotropi cpC¢Hb1/gss of a
sui tabl e wavel ength to be cross-linked. As an exanple 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
possi ble 2 4
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nmode) for ﬁlfdvl‘edmﬂ@MHIalsbrlﬁplewrib@dmmormﬁsaalble because when - for reaching
the negative node - rotating the polariser which includes also the
patterned LPP/LCP | ayer the decrypting areas do not fit any |longer with the
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sable (LPPj 4 a@éfﬁ{rpu%laubﬁs BRIAL6EPR6EW (G 96N 004 PEHdEP-AG763559r coating

techni ques are al so appl i cabl e) onto a transparent substrate. Suitable LPP

materials, such as cinnanmc acid derivatives or ferulic acid derivati ves,

are e.g. Jgfu"sj Iglatl{y%b“il&l 2 %lgkx}eﬁ? HP h&ﬁt%oﬁ'ﬁl Eex’é‘%s%a]tzg)glghvéo{)l?oq/ ]nqgsig and

EP- A- 76355 ayer w |ckness '5f S exp

through a péletisedmavKidhe of tapl) wived@BtHNBY hishtt dltﬁfer@tlpblaﬁlsfﬂldm;ﬁ&hﬁﬁ@, I‘ﬁor By
using different polarisation directions, for instance 0 and 45 (0 neans
paral | el t&sEpee d@’éd 6p° {(aneans paradleb jo OIP%?dgﬁ‘i qfrthe splpstigredalor different yag 62) |

an ori ent 1)9@88&(%9 ), n%ﬁ@ta%oﬁﬂ%aﬁgm( i§ fcré:a't&fjg r!e SMdw ?;r?hﬁ?z) whi‘é’ﬁ'lg lihé S

the decod ongl to the I nma crybt opt1 cal

devi ce. 15déﬂodmgqmabhdsal¢ﬂgm§lbohagmgefend@pmdlmgiermittbelrd@:mcient o the LPP

| ayer. Decoding pattern means a specific LPP - and therefore also LCP -
patterning selection with a given orientation of each area (pixel) of the

patteny i nTRGCHaRe\BRE sthdde W&BO&IE@pQW%fO the LPPASYdr "De&RAth g%ﬂérn fldens
encrypted optical device, for each pixel the orientation and retardation of

t he LCP of 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, a 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
easily 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 that a whole pattern of different

30 polarisation directions can be applied in one single step.
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the optical device conbined with the orientation and retardation of the LCP
of the 20 decoder gives a specific optical retardation, which - when seen

t hrough avéoonesaso pol ari ser - gives a specific grey shadepror/ctiol/owss of t he
encrypted i mage which finally decodes and visualises the picture
information of the security device. Additionally, a nore conpl ex
orientation pattern of the structured phase retarder of the 25 inspection
devi ce (decoder or key) as well as of the optical device could al so be used
for encryplfi fon therdxpsacdofighe TPPddyeandlths deérypim@inspadtionndedidecat LBRA.CBOUI d

in partlcular be ossible, if an appropriate structured LPP/LCP
| ayer is u&@dter h%@@&ée‘{afth engrypiRrh 1§Vsh &An ot“@rfﬁﬁ%déonsg{féw Iy wittpenlycpne

mast er pat E)@ﬂ(ﬁﬁret ﬁ@p IVAGECGRG ?ﬂaﬁﬁ as of ltﬁeg%&te 1959?1 ré?@f thﬁehstFUC{Jr&f ent

pol arisation directions so that ‘a e patter eren
pol ari sat i cetarder embbioed mtzhranbasmpﬁhstadandmtmapersnmgifatmﬁ@procdﬁ 13/\6):}0&\/955960

PCT/ 1/0 58 If. for t e ex re of . the LPP | ay of th ecr i ng
ins peCHSI on 188 SFEItY AT 6 §"Et5?ml°§“%rbbPY‘€%l 15 ‘?‘ﬁ'é eé‘ﬁ%‘?‘é?ﬂl Xﬁ‘t bean

be |ncreasggdgp&§mgeﬁﬁghy mnth only one exposure step, which neans that an
i ncrease of the pattern conplexity of the structured retarder conbined
with an easier, faster and cheaper manufacturing process is achieved. 5 The

security Ot«s%ﬁb 3 boRRA! G e NS GALO Ty B8N a,'ﬂngo%t??ﬁwiﬁﬁg SRR ET o

and can be hard ounte

LPP | ayer liguili dﬁ?dt&l%n@ﬁkﬂh@doﬂpréfzpobynﬁdr%&tdrb QK@Pb 242 | whidh @h&wy Birafringemerer
or pre-polymer mxture whi ch shows bjrefri ngence, 10 such as the

LCP mi bt ur 8uqhasphe b6 rmB‘éHe MLCIPrﬂ?S@“H@i &l norezdessil lamieThepPP é@}’éf isj @Ph%bY ed

app | babl oD REE E g G prRling o: 188 RAGE BEGIGLAHTRARR VT Bos o 1

t hi ckness optical mikotiopy Zn b£0.23 tkadingltatadBm thitknéysioEnt &k mrm Irétapaexy laf. t he
LPP layer in the different areas aligns the LCP material 15 (and therewith

its optical axis) accordingly, and the LCP layer is then exposed to non-

pol ari sed f | e ssl ed.
Figures 4 gﬁﬁg%&‘ R%ISA ‘lf?]éélwa? ﬂ:haeﬁr‘;’/ﬁﬁi(g” ijel ddﬁ?rae |§%9%1ahérhset%8 ]‘t% aterlah(
aut henttsi catandnthelewiitheits optical axis) accordingly, and the LCP layer is then exposed to non-

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 its 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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and its working principle. 20 Wthout the 3rd | evel inspection device, a

| inear polariser 26 is used to visualise the normally hidden i nage. The
nor mal | y wob/pobari sed |i ght passes through the |inear ppCECHPEOOSNd S
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 X/ 4, the linear polarised |light
is converted |nI

h nd ci.reyl arl oIar sed n the
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PCT/ CHO1/ 00058 wavel engt hs wil | pass through the cholesteric filter wthout

any al t er avhish BadeliFalisepsnaf the ciralaslysenlprased: gt e thepeppsitpdelirg entfanded
circularly LI%‘B' pﬁt' chfefLe'x%[ﬁlt o &et&%le%fé% tlw%relzll%suusﬂaﬁe gk Hsg. *‘fh&%%r@f ly

polarlsed I gh near | ari sed when passi ng agal n rough’ t he
?J4 pl at e ddkmallyi Iﬁddlenncﬂgectqoanhchmfmﬁdmbn ght bh azssu’ah&daalﬂea n)mbafpcﬁaueo lposed

direction as 5t entry linear polarizer |eading ht col our ed
segments oD Pk sthe PRECY edaYiss I HHFOTEIRPRES (ha %?E‘P‘}dcgq éﬁg%“’é?f‘ $equrity

circulgrl ysReéanws he'lﬂfé‘ér 5@1§n£eﬁ‘€fs RRRES by DRIt &R thS grrantéjéllac ngB@trohf

reflexion on the c esterlc l'ayer 12 results, "are dar
Ther ef or e, positovert h«;gahwddﬁnudﬂajle@délt@ndby mlﬂtangT&tel apticgladenes wicsloar ishdtlisni t h

a linear ar i optical vice. Thi orresponds to
a second I@?ﬁ eﬁﬁ%ﬁ@‘lf deS@B&ﬁF( flf? E t8§ree\ﬂvf)éffr%§reﬂl ﬁ‘é@l‘ﬁpol ari zer
rotated by 90 degrees the appearance changes from positive to negative

attitude. In addition, by tilting the optical device a colour shift is
obser ved twmn@mt@udltmablaen@phgteg' tglctlmd)hﬁrrstard@ nlate @A (whidhrrepregende thet o

bl ue) 3 5o g a0 3001 0Pl poARPLORIEL A AL inkh BSLHIG et o SHRT Fer o2 24

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 normal, 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 parallel 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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15 decrypter or key) is posed between the |inear polariser and the optical
device, the normally hidden and encrypted object or information is

vi sual i sedo okd9s0 cor responds to a 3rd | evel inspection SPCVCHDYO@SYi ce.
Again, by rotating the polariser by 90 degrees the inmage change fromthe
positive to their negative counterparts. Also, by tilting the optical
device a colour shift towards shorter wavel engths is observed (e.g. from
red to green or 20 fromgreen to blue). The |ight propagation through the
optical device conbined with the superinposed inspection device can be

descri bed FHerd,thd Wik pasies tHreughotheBiructm@l ApPplatel 1Stk drighi}t totBs sarityhdetigh t he
| i near polarlser 26 and is therefore linearly polarised. Then, the

linearly p@tlldabﬁbo;@efdis I dgpending saghe Hiretighs of thedentisakeaxipaf theri/é iplate glesiestss of

a structur retarder wt ret ar dat If th
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directson gégrédig -1t ri tghhl&%arldeslfatrculeuew@blaﬁsémqz\hla;snzs:fs@i%le HeNRE and/br hdIiRaNG! €
bet ween t he dlrectlon of the optical axis of the 30 decoder and the

di rection sﬁnscme desraibed poF i iSsEIM ls#t ar sighthandgd eweularly petagsedolight il ghen

degr ees I e 1 6

PCT/ CHO1/ o Q?“féﬁ tﬂee%{’{%%s%oémﬂe%ggs ég %%F%an%gf ey }SuEet%tzuP%‘X@ g/ Sﬁ%ﬁa?‘e 14
bel ongi ng tedlettiee mauemgth bdad iof @he ahtdednmﬂHSr &edeﬁ&faddm} c@dsulmﬂye poliatieel i ons
of the optlcal axis of the ?/4 plate elenents related t

pol ari sat i Bahtgyvillde fedigctgd am%éhq ?befd]é&ht wibipass @wgh.tbﬁthlﬁﬂtw ﬁkerrﬁrmgﬂhs 5
degr eqg) eés@ﬁ} r e%bg&ﬁof@ﬁgenses g&%gﬁuﬁév& .egrl!eﬁ% ndéd (lshoié%%glctﬁl%r does

di rections Ica escri
ri ght handea showmnb/acﬂlqctlpg lpaopestixd Wheghtghv\hzirided culagy peltanstﬂilcght laBters mto
cholesterl

the cholesteric filter is left h d, thin th
o | et | ve RIS IegE ik PeanE b e ight < 6t R g e isatrpaf Ot aalfsed)” "
ci rcul arl yjipa! Aftdigethe .‘Je!&m/e w&&dggm ahd %ﬁﬁ £1do &BEk &vhﬁmqh@%éle&ﬁmteﬂwtdg pass
t hrough the chol esteric filter an essentially be absorbed by the

backgr oundbanbwith alneaOpp@Sﬂ@ht:hcné sefsd (tvhtbe élsh@ﬂ isenseidfttee chtde%enmﬁtteré kowillany
o155 10, LSRR et b SRS A R R ML
i sotropi ¢ Thed, paeérarfos @ich the light will be essentlally 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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| i ght outside the selective wavel ength band but also light within the
selective reflecting band with the opposite helical sense (to the helical
sense of whel/sded esteric filter) - will 15 pass the chol eBt®ICHO1/6G065% er and
will essentially be absorbed by the background substrate. Thus, pattern
for which the light wll be essentially absorbed appear dark or bl ack, and
pattern for which circularly polarised light will be reflected appear
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col oured i ny l,ect i i. ill. i
Chr ought nit @SS AESCARR FR AR ERLAELAD bindilh e R iholitencRgs dROR! 1
conseqgdent teflebrdtlighnsdrocharge itntcolour mygratayice. dhk atlestixt deflgéting Ravelgtinand

dependi ng on_ the girec i ons ical axis o

. s of the opt f the decoder 24
(st ruct ur elfs bandwigih.gagpe adyystedispemh thay °?J‘8P%§rb|e§“é‘if"|rF‘bH‘_E‘? BiuF 1cany ¢ st bor
not by 90 deQl£85plidatibl &venlrBflectmd RAHESH RENRIr I8¢ chih 88h¥deh! BPESGedsitey
|l i near pol ariser sheet 26 if its polarisation direction is parallel to the
pol ari sat i tre Wwindecith ofithefcholestesh didter plojoar e the Byibiehwavelarigeh roge ggpeveii ng
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per pengi cul ar to the polarisation direction of the sheet polariser, the

correspondi ng i mage pattern has a dark_ appearance. |n addition, depending
on the ref Fiellyvwithentednyradditiaralyinspestianf toplse— RowiBtthe ingked pycer a epdours

reflected . n i l. r T e [ |l ecting
wavel engt holdoHERS sSR! Defi® 0 8EesFRERIRERE e PRFISRE B BTG, 12
and bl ue cdr seRcted Rfleetive Wavelergiieof tile chplebtedafiltensgefrem redtd gren og filoands
inthe IRor U can be chosen. By ipcreasing the bqndwi dth of the

chol est er i &reen tq ek Thissqorisyrands ke 1y ingpastian Seeyehelsytlh range it is even
possi Rke to create circularly polarised white or whitish |ight.

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 arrangements — 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.
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10 Finally, without any additionally inspection tools - i.e. with the naked
eye - a colour shift towards shorter wavel engths is observed by tilting

t he opti owd odewsce (depending on the selective reflecti vecwaviel/engt h of
the cholesteric filter e.g. fromred to green or from green to blue). This
corresponds to 1 s inspection security level. 15 Figure 6 shows
schematically the directions of the optical axis of an exanple of the
optical device and of the decrypter. The optical device conprises a
rectangular grid array of elenental areas 60, select only optical axis
paral | el t Bigubke7eHg®s seHeniakicaltlettie aRasks Msdd fosithe prederft @peiosl devivesandelor thehe
first with a photomask, and the second w thout a mask. The 20 decrypting
devi ce confqodes a rectangular grid array of elenental 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

oper at ponsltvis tatsougossibbekto e athmrtgpes oft hiklderpolsti;dab LeP/IICP deeced, socl as note

second exp re st appr.opri.ate phot o- nas Agai a LPP/]CP
rmorer | o terierss CPRE LB BAGR pEhEe BB Bt theninet 1 B feviors Heapuch
pol ari sed g&itdsaht d%hlﬂed?@% ﬁwg&wa% Béfidnt BPERQUEHY (5U, EPLARLG 2 DFRIRO
information into the decrypter |nto the optical device, even for very

conpl ex ar PNRQHeWS 00/298:%8@11&1@\’%510(57;35@ Odé sedt alemrgatfe davéceoist desetibesi s
(two or Bqé Regardi ng the pixel arrangenent, it is possible to use not
only a reg Fay- rectangul ar arrangenent but also every kind of regular or
i rregypar pixel sizes, shapes and arrangements such as e.g. rhonbic
triangle, 30 hexagonal or random y organised 3 rrangﬁmant s, etc.

conpl ex pi QaF aaemh@mh@@meehwow h?aaj@f}s%\reez alBng 3Byleval grspgetigsy Ie?
g.ener at I Onﬁe\lgﬁép %}DI’ OpL khl% as%OL CVI coufld4c \l/'l\gspg'{ %gg (?(F-I;{ %%A Q&

Figure 7 s T4 s rasks ised pr ésen 1 cal gevice

and for thgy deeedes reffectdr. %s%lé%lfgﬂﬁ&hbﬂﬁeétﬁ)nﬂsﬁe A hep (irymﬂegxfeeshl”ﬁfken
optical LPP/LCP devices, such as non- cholesteric LPP/LCP devices, picture

in pictur en@Wuogljp@CfoLﬂp/lE@ inggri iseg Hneagpelgriser. For 3™ level inspection, the

15 inspection tool could be made e.g. from one or two superimposed structured A/4 plate(s)
(alignments: 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.
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devices are described e.g. in patent applications EP-A-0 689 084, EP-A-0O
689 065, WO 98/52077, WD 00/29878 and WD 00/57356. One such alternative
devi ce | waessMrbbed below. 10 One alternative enbodi nent P@DeHA1/®5%
reflective 2"d and 3rd | evel inspection LPP/LCP security device. In this
case, the device could consist of a patterned encrypted X/ 4 plate on a
nmetallic reflector. Possible alignnment directions are e.g. 0 or 45 degrees.

The inspeegt] t 00l y val ;1 L on. i i i r 3d
lovel | nopLRtfibPe e Bherbrally RED adcBRR Gl abiaroh §BEAN M FLREL oP" U0
super i npos dfeadtpolaciser) hak ahldditiaiab (eajure: (b8l rogiing fesmomo-axiallinead polaris@@ver
degrees) according to the encryption pattern of the optical . device, or,
more pref efispficalgleics By surppRases serupiuerdd REALCE dersies thepntical appeayapge
112.5 deg 0 i Jevice and the |inear
po|ariser.E%%@#%gg#ﬁﬁﬁﬁQaﬁgﬁﬁgﬂ?%gﬁ€&g$’%?%B&é 3 can be used also as a
transnbssive optical device. For instance, the exanple given above using a

chol esterig, LPP/LCP opti deyice with a respondi ng. LPP/ L.CP decoder
o150 wor ks T Prodiifion st GEP e Eeitsntirio P 4y BOR P8 g sl P R EH Lo
confi gur at {RNAv&AOn A1 BE AescRbed A P8LRE detdft beRW, SHll byl GEexahpleal SO as
correspondi ng LPP/ LCP decrypter. A different enbodi nent of the decrypter -
instead of k/4 plate plus linear polariser - would be a structured |inear
pol ari ser, ;prefgrabl i ichroic dyes in the LCP |ayer. However,

t he contraét ra?F%BB(H§u§ﬁlgﬂ;gﬁggggtion tool is not as high as the 30

conbingtion of a relatively cheap commerci al avail able |inear sheet
pol ari ser and a correspondin% decodi ng. structured phase retarder LPP/LCP

plate as dewétotdPapeivaals are degoribed SgpgapeeTinappant oBOEatiRs s Andkld 80+ he
pref erabl ywi§ %/1;’66% R4 %imﬁ%ﬁ‘?ﬁ‘ aafﬂi ?rﬂ:h?(fe aﬁﬁagﬁ@'acim?eﬁ%ﬁ%aarnﬁ%nﬁ@%d
h i a e y t

| i near pol ariser as an a tion ature: rotating e nono- axi al
| i near pol deritiveoFer thettbregoiniiExamptisythe dolNaviihg ERPenatend sed chosenct ur ed
LPP/ LCP decoder the optical appearance changes alternatively from
"positive' to its "negative'.

15 Polymer:

O
0O 0]
—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 My cp of cross-linkable liquid crystal monomers for the LCP layer 142
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5 The production of a LPP, LCP and chol esteric LCP | ayer which can be used
according to the invention will be described, in nore detail below, stil
by way ofwexmspbe. 1. Production of an LPP |layer 141 10 Sect/ambeodob
materials are described for instance in patent publications EP-A-611786,

WO 96/ 10049 and EP- A- 763552, and include cinnam c acid derivatives and
ferulic acid derivatives. For the foregoing Exanples, the follow ng LPP
mat eri al h o 1h P e I t.he. L PP
ot or i al 1 NBRSeibisr fhedS e i aR e hen) WEREIRAGS s gt BRid T
2000 rpm dhetal apvmomers then dried for 5 to 10 m nutes at 20 130 C on a
hot pl ate. The | ayer was then exposed to linearly polarised Iight froma
mercury high-pressure lanp for 10 to 550 seconds (depending on the strength
of the lanp and on the characteristics of LPP and LCP | ayers of the
optical device) at room tenperature. The | ayer was then used as an
orientation |ayer for aliquid crystal material. 25 2. M xture M.CP of
cross-1linkabl e I|qU|d crystal o : e | ayer 142 $16 WO

01/ 55960 PCT/¥9%1 BN T e ,

conponents were used as Cross- Ilnkable , crystal nmononers: 0 O Mn3
Cl 5 10 Using these conponents, a supercogyeh| e~pesatic m xture ML.CP with
particularly low nelting point (Tm- 35CP was devel oped, making it
possible to prepareothe LCP | ayer at

(o] o (o]
s Ao O o 3O

o]

Mon3 \/EOW\’OO—(:_Q_:@O\AN\OJ\/
c

Using these components, a supercoolable nematic mixture My 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 Mjcp was then dissolved in anisole. By means of varying the Micp

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
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roomtenperature. The diacrylate nononmers were present with the foll ow ng
conposition in the mxture: Mon | 80% Mn2 15% MnN3 5% In addition a
further 200 of/59he C ba- Gei gy photoinitiator | RGACURE (tr aper/aaokdoodms 15
added to the m xture. The m xture M.CP was then dissolved in anisole. By
means of varying the MLCP concentration in anisole, it was possible to
adj ust the LCP Iayer t hi ckness over a w de range Especi ally for the

exanpl es of .0 ri r Sk 0 55960
perr oy obsERERATEY 673 AR BT ia o b0 BB o Reghinss B
optim se th@aldati@hiHoRibbe Adapted & tRITdAEdtIRB mwhglthuﬁnadﬁﬂfe%ote@tehb%yer
refl ecting wavel ength band of the cholesteric |layer. For photoinitiated

cross-linking of the LC nononers, the |ayers were exposed to 5 isotropic

l'ight fro oW P ) e

strength grgr?ﬁ@gﬁghggRﬂ%8%Aﬁﬁﬁﬁ%P%d%§n§§h£@§&5§§’@%6@§§E%§%€9Lébg g g}

10 For Smakisogopiedighhfiomsd edno 1dap’ forapent 1 & J0 dirtksr(deendinigahn the sﬁré’ﬁglth of t he
nematic LCP |ayer was used. wever, the m xture M.cP was additionally
doped mnthﬂ@H@WB%FﬁFﬂémiﬁﬁWﬁp ¢E- i nducing a pitch. A suitable chiral dopant
was e.g. ST31L, which shows a left- handed helical sense. ST31 L: 15 The
concentration of the chiral dopant was for ST3 | L about 4%to 9% nore
preferabl y35 t &h6Mstelihil€Pilagkrdds t he desired reflective wavel ength band in
the visible range, but by changing the concentration also reflective

wavel ength bands in the UV or IR range can 20 be realised. The substrate

was cqat edryd hfakinpathe CROleSRHEMICP BEL A Foc&urs Bimllat 9 thAA Bf th&@ematic LCP
layer was used. However, the mixture M cp was additionally doped with cholesteric
material inducing a pitch. A suitable chiral dopant was e.g. ST31L, which shows a left-

handed helical sense.

3O O~

[S]

ST3IL: ooPaY JQL\_/—

The concentration of the chiral dopant was for ST31L about 4% to 9%, more preferably 5

15

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
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spin paraneter are simlar to those applied above. O course al so other
printing or coating techniques can be applied, e.g. slot-coating,

kbar - coatwagl/s®msec. The thi ckness of the chol esteric | ayerPCEHCHO1/00039

m crons, depending on the wavel ength 25 range, nore preferable from about
2 to 8 mcrons. Anisole is used as solvent. After the drying process on a
hot plate (see above) the cholesteric LCP material containing a -18 WO

01/ 55960 P 401,/ i Dl b . = | ' | g W
T ght 1 ronPioFabaly 1 EroRC ARG Pl i68}:Bbic 3 IehEfioll FRGraM fol Bhol &

st rengt h 080 iirutkafdependingon iheatrength obdelanp) inEndnaphtinespheéf ect s descri bed
above, as well as the corresponding |ayer structures and 5 materi al
conpositions, represent only some of many possibilities according to the

| nventi on, Eﬂé‘%})ﬂ@é{ difecRAIdsLGMREbRE, KOWRII rh%qhb Qoﬁgwoﬂ&ingqsy&ts\fme{urwyxm in
order to evel op authenticating elenents. Thus, it 1s of ctourse possible
for any ot material ndmpbsitiongf repregentt onlgysme lodmmére posibilitige rccotdingewc thebed
to be used.to tgrodu&e an .opti caLﬁrei)ffect A h(ft can. pbe en?I ored in On‘gbi c{al
devi ces, PR ARAMAY A0 FATELIY | ReatqoRingd dhdntide Yariens of JYayRdp fify ©
possi bl e f ggveldipatiianioh@ss sl@nedts.bed above, to use not an LPP orientation
| ayer but a different orientation |ayer which, according to the desired
optical property and 15 resolution, has the sanme or simlar properties to
an LPP layer. Lt..i | nceivabl e . th [ (o LI ed
For & ret af ey 19is,8 PSS pBSINE KAy kB OPUF e I eF Bl b T Rl
st ructlor eddesghibéd atte: wed thpoduydsn emital éffdct heaom be elaplopediiugridabdevices,
enbossi ng, etching and scratching. 20 The present invention has

appl i cati off§ ei"ﬁnﬁgrf?r pytheryication glements. gocunment security, passports,
identification cards - to increase security and handling in the field of
brand protection - security packagi ng (pharnmaceuticals, |iquors, w nes,
fl avours, HRof furheanodeqodsible.for)the exdmplknddseribat aps, toakendtsan [Sowent@on
aircraft apd car

ayer but apcﬂfgrseht 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, food, ...)
- banknote, stamps, checks, shares

25 - aircraft and car parts.
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WO 01/55960 PCT/ CHO1/ 00058 CLAIMS 1. An optical authentication device in
conbi nation with an inspection tool (20), wherein the authentication

devi ce compoi/sweo at | east a first |ayer (14) of optical |l yPEr/anosaiosopi c
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 |ayer (24) of optically anisotropic nmaterial which is
selectively oriented in different origﬂk:ilMsons over its area for decrypting
the object such that the object can be viewed when the authentication
device is viewed 10 through the inspection tool. 2. An optical

aut hentication device in _conbinatjon with an inspection tool (20 wher ei n
the aut henti cat ParPPYsHliautheptrationgsicg in smipatiprr vith gn rrép%th(li%)% (éf?),
optically ywhBlPthORLheARROh eVt Edinprises SlrClehitVE tHsOTdyBN YA bP otibdIRy ent
orientations over its area 15 such as to encrypt an object t'herein; &and
wher ei i t hanisotsqpec triaterial odiick B03eldctvelyainieawdtio dfferentierientatiaqpistovenits anea

| i ght beam hgvi n opti.cal H_1%ar.anet er non-uniformover its width such as

an _
to co-oper ™S a\%t‘?ﬁn%ﬁ’t nANFE Ty 8ot r opi ¢ material to enable view ng of

t he encrypiferefbiheGhspedfoBtooNhcRided & Frtia IARR (2D P cABVAHHHOPMhAEHAD at
|l east a first layer of optically anisotropic material (1 ichis

4 1 .
st r uct ur edwhishpis gl agtively rastentedeimodidiferand origntationpoyeraits alieﬁst)péé@ﬁ‘«fémtllll&\ﬂlﬂ s,

namely a fjj.st. insp Lhan Jl.evel ( [e i ef f.ect .pe.

di scer ned E\?\'/lgjg %t H%g tﬁ%ﬂa}% %%}gc,t éaztms%% E)'}rllgg%flev\‘/'@(%].l ?r%) 5\&%&%0?{%‘%1 geﬁggdgsféeque d
obj ectiocanthbeughtdhs agpecidbnwbdsln t he aid of an optical inspection tool (26),
and a third level (6) in which an 25 encrypted object can be di scerned
with a decrypting optical inspection tool (20). 4. A device according to

any precedyng chyi %Btic‘ﬁ’[‘%fnﬁ%&iéaﬂ@n fde(z%& ih 6 bihatiofl! WitH &4 fngﬁ tiof Mo & ng{‘)? of a
multiplicity of el emental areas, each having a predeterm ned orientation.
30 5. A dewherimtlooadihegtitatonndevipreeceupnsgs cit aleast wh dirsti laysai( th)f of optitalper i s
fornmed of aptical phas retardef material , -.20,. : . .

aniSotropic material which 1s selectively oriented in different orientations over its area

15 such as to encrypt an object therein; and
wherein the inspection tool (20) 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.

20 3. An optical authentication device comprising at least a first layer of optically
anisotropic material (14), which is structured to provide first, second and third optical
inspection lévels, namely a first inspection level (2) where an optical effect can be
discerned with the naked eye, a second level (4) in which a disguised object can be
discerned with the aid of an optical inspection tool (26), and a third level (6) in which an

25 encrypted object can be discerned with a decrypting optical inspection tool (20).

4. A device according to any preceding claim, wherein the first layer is divided into

an array of a multiplicity of elemental areas, each having a predetermined orientation.

30 S A device according to any preceding claim wherein said first layer is formed of

optical phase retarder material.
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WO 01/55960 PCT/ CHO1/ 00058 6. A device according to claimb5, wherein said
first layer conprises birefringent liquid crystal material (LCP),

pr ef er abiwo ar/psoner and/ or pre-polyner. 5 7. A devi ce aceor/dingodoss Cl ai m
6, wherein the LCP material has its selective orientation fixed, having
been exposed to a source of energy. 8. A device according to Claim6 or 7,
including a layer of linearly photopolyneri sable material (LPP)
exhibiting selective orientation for aligning the LCP 10 naterial. 9. A
device according to Caim8, wherein the LPP material has been exposed to
pol ari sed bi ght At M\@mhcqu‘dihgnaﬂaimeﬁn@héreindﬂﬁd fiestalayar comyprisks direfringent
multiplicity of elenental areas,. each having r edet elrn‘i ned orientation.
15 10. A dbQyid ervstad sradsring (LEP IopEE By Grmenom aRioR PIHROT¥MER r at ¢ has a
surface configuration for defining the orientation of the LCP material.
11. A device according to any preceding claim including a second | ayer,
conpri §i ng7. 20 Ahdéwdsd ealcéordimt@r Calaaimoﬁ Iwélleiedmlthet @¢fGP nmatenidl ginis - itsiselective

mat erial for refletln éé;ﬁt Wi t h ﬁflate sense of circular
pol ari sat i Brﬁ‘?“t“lt?“ LESTBP I t‘fﬁs PfT8Xsherei n the chol esteric
material is acholesterlc liquid crystal (cholesteric LCP) and forms a

chol esteric LCP lm;¥ 25 13. A device according to Claim 12, wherein the
chol est eri 8 LCPAmedevidealacterdingogs- Qlaimkell, ohalsi neclpdiag expasedof olineasbur ce

of energy. %goq?%oﬁyﬁgﬂéaﬁf‘ %fé rafigﬁq)) e%{lf%q}/ngpsreiae%ﬁgé ﬁllt%r{r‘f a'llg'ﬁlngqh{' 9c®

second | ayer redetermi ned r

wavel apgt hfateridl. WO 01/ 55960 PCT/ CHO1/ 00058 15 A devi ce accordl ng to any
preceding claim including a substrate (10) nmounting said at |east a first
| ayer.

9. A device according to Claim 8, wherein the LPP material has been exposed to
polarised light through photomask means to define an array of a multiplicity of elemental
areas, each having a predetermined orientation.

15
10. A device according to Claim 6 or 7, wherein the substrate has a surface

configuration for defining the orientation of the LCP material.

11. A device according to any preceding claim, including a second layer, comprising
20 cholesteric material of helical left- or right-handed material for reflecting light with an

appropriate sense of circular polarisation.

12. A device according to Claim 11, wherein the cholesteric material is a cholesteric
liquid crystal (cholesteric LCP) and forms a cholesteric LCP layer.

25
13. A device according to Claim 12, wherein the cholesteric LCP material is cross-

linked, having been exposed to a source of energy.

14. A device according to any preceding claims, including a second layer for

30  reflecting light over a predetermined range of wavelengths.
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16. A device according to Claim1 wherein said further layer is fornmed of
optical 5 phase retarder material. 17. A device according Claim1l or 16,
wherei n tweof/sasther | ayer is divided into an array of a pol/ACHpi/wssy of
el enental areas, each having a predeterm ned orientation. 10 18. A device
according to Claim1l1, 16 or 17, wherein said further |ayer conprises
birefringent liquid crystal material (LCP), preferably a nononer and/or
pre- pol yne 19. evi cordin 0y: im 1 r.ej i al
has 15 set ot i el AR AGPRRER P Gsb it AalhoBen B OuBsE ARG,
energy. 15sal@at lRadlaMfirstdapgcording to Claim 18 or 19, including a further

| ayer of linearly photopol ynerisable material (LPP) exhibiting selective
orientation for aligning the LCP nmaterial. 20 21. A device according to
d ai m 20, er eiyn ical: j i

t hr ough ph\é\?'orraékdérr\ggengajtgé %1?(:; ncgélﬁ@zyl%géﬂgg?&g%{? Iefggi)th?/“ggggl(gjrtr%% al
ar eas, Seacphdsavetagleampteetbt er mi ned orientation. 22. A device according to
Claim 18 or 19, wherein a substrate of the decrypting tool 25 has a
surface configuration for defining the orientation of the LCP materi al.

17. A device according Claim 1 or 16, wherein the further layer is divided into an

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

10 18. A device according to Claim 1, 16 or 17, wherein said further layer comprises

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

19. A device according to Claim 18, wherein the LCP material has its selective

orientation fixed, having been exposed to a source of energy.

15
20. A device according to Claim 18 or 19, including a further layer of linearly
photopolymerisable material (LPP) exhibiting selective orientation for aligning the LCP
material.

20  21. A device according to Claim 20, wherein the LPP material has been exposed to

polarised light through photomask means to define an array of a multiplicity of elemental

areas, each having a predetermined orientation.

22. A device according to Claim 18 or 19, wherein a substrate of the decrypting tool

25 has a surface configuration for defining the orientation of the LCP material.
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