WO 2009/121605PCT/EP2009/002435 1 Identification and Authentication using Liquid Crystal
Material Markings Field of the Invention 5 The present invention relates to a machine readable
marking for the recognition, identification and authentication of individual items. The marking is made
of liquid crystafhagtiethich is applied to a substrate by known variablePHFGFR B/ PERting
techniques. The marking is detectable 10 and/or identifiable by passive detecting means, e.g. optical
filters under unpolarized (ambient) light, as well as by illumination with polarized light. The marking is
applied in the form of indicia, such as a one- or twg-dimensional bar code, a matrix code, or the like.
15 Background of the Invention "Track and Trace" systems are currently used in different fields of
industry. Mary industties suffar frogngounigriaitar divertedprodugis,dn pariieulasin the-figldaqf
mass-produced 20 IlEMs sucn as beverages, perfumes, pharmaceutical drugs, cigarettes, CDs/DVDs,
as well as otHarR? thRiides. Counterfeiting and market diversion are facilitated if the mass
products are handled on a lot base, rather than on an 25 individual item base. Counterfeit or diverted
products are in such case easily introduced into the supply chain. Producers and retailers would like to
be in a positiBhadHistngdish BRIEBHGPRI products from such counterfeit or diverted (parallel

imported) pradycts.atthelevel of ha. ndividual Junitehich canhe seldreadable marking

for the recognition, identification and authentication of

individual items. The marking 1is made of 1liquid crystal
material, which is applied to a substrate by known variable
information printing techniques. The wmarking 31s detectable
10 and/or identifiable by passive detecting means, e.g. optical
filters under unpolarized (ambient) 1light, as well as by
illumination with polarized light. The marking is applied in
the form of indicia, such as a one- or two-dimensional bar
code, a matrix code, or the like.
15
Background of the Invention
“Track and Trace” sgystems are currently used in different
fields of industry. Many industries suffer from counterfeit or
diverted products, in particular in the field of mass-produced
20 items such as Dbeverages, perfumes, pharmaceutical drugs,

cigarettes, CDs/DVDs, as well as other kind of consumables.

Counterfeiting and market diversion are £facilitated if the

mass products are handled on a lot base, rather than on an
25 individual item base. Counterfeit or diverted products are in

such case easily introduced into the supply chain. FProducers

and retailers would like to be in a position to distinguish

their original products from such counterfeit or diverted

(parallel imported) products at the level of the individual
30 unit which can be sold.

The underlying technical problem has been addressed in the art
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The underlying technical problem has been addressed in the art WO
2009/121605PCT/EP2009/002435 2 through an individual marking of each sellable item introduced
into the supply chain. The markings of the prior art were chosen in such a way that they were not
susceptible t8"PH8tEE3HYg, i.e. preferably covert markings were used, wRfcHE H{&/M8t¢¥#sible to the
unaided eye or the photocopying machine. A "Covert" marking, in the context of the is any marking or
security element, 10 authenticated by the unaided eye, authentication, depends on a detecting or any
kind, such as an optical filter authentication equiprﬁent. 15 An "Overt" marking, in the context of the
present invention, is any marking or security element, which, for authentication, does not depend on a

detecting or reERwy Bede LIPS iWRRHAR TS SNtk ftitafirby ffctuAkittdidRT 2trexgissdhe

context of the presephioventionis used tg,desigRate.any spgetrally selgetivgrelyn atighiere
(electromagnetic radiation) from an illuminated object, be it in the visible, the infrared or in the UV
range of the ERREDMadmetic¥Ectrém (Y in @ WhdiBSvavelEidth RAfte S5AOR 200Af t&2500nm).

The term "visiplet is-used iRrindicate thatz prapay candedeyaairdhysthenaided eye,idetgctable”
is used for a property that can be revealed by an optical instrument, though 30 not necessarily by the
unwdedé&eﬁﬁﬁjﬁﬂ?%ﬂﬂ@i§Q%§H to the unaided eye or the pheotocopying

machine.

A “Covert” marking, in the context of the present invention,
is an marking or security element, which cannot  be
10 authenticated by the  unaided eye, but  which, for
authentication, depends on a detecting or reading device of
any kind, such as an optical filter or an electronic

authentication egquipment.

15 An “Overt” marking, in the context of the present invention,
is any marking or security element, which, for authentication,
does not depend on a detecting or reading device; i.e. which

can be authenticated by the unaided evye.

20 *Color” in the context of the present invention is used to
designate any gspectrally selective return of light
(electromagnetic radiation) from an illuminated object, be it
in the wvisible, the infrared or in the UV range of the
electromagnetic spectrum {i.e. in the whole wavelength range

25 from 20Cnm to 2500nm).

The term “visible” is used to indicate that a property can be
revealed by the unaided eye; “detectable” is used for =a
property that can be revealed by an optical instrument, though
30 not necessarily by the unaided eye, and “invisible” is used

for a property that cannot be detected by the unaided eye. In
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for a property that cannot be detected by the unaided eye. In WO 2009/12160SPCT/EP2009/002435
3 particular, the term "visible color" means a spectrally selective return of light in the wavelength range
from 400nm to 700nm, which is detectable by the unaided eye. 5 A first type of individual markings,
useful to preVERZeHHEEfeit and diversion, is disclosed in US 5,569,317, BSTHBI®BP4413S 5,542,971
and US 5,525,798. According to these documents, a bar code is applied onto the item, using an ink
which is not detectable under light of the visible spectrum 10 (400-700nm wavelength) but which
becomes visible when illuminated with light of the L)Y, spectrum (200-380nm wavelength). A second
type of individual markings is disclosed in US 15 5,611,958 and US 5,766,324. According to these
documents, @awrkitiglizapplielontd ersbmrifetsiabgeod amsing ‘an imR@kich B ndtREEERbIYIN the

visible spectrym, hut which ca e dstected through ilumigation withylight gt the infrased spegtrum
(800-1600nm wavelength). 20 Yet another Type of individual markings, applied through an ink, is
disclosed in WS 5,8601628'hadlS 6,61 894 2Fhie fazrkihg nerasdsbesifidminated jointly with UV-
and IR-light to be revealed. 25 Still another type of individual marking relies on inks comprising
up-converting phosphors such as described in US 5,698,397, 30 All of the markings mentioned in the

cited priof arfarefdovat mivkiigs OWhichratédoinplbte[iaisibiSto theaffaided BWO prevent
2009”216O§§§Jﬁ%¥¥§¥yoggﬂ§5é&version, is disclosed in U8 5,569,317, US

5,502,304, US 5,542,971 and US 5,525,798. According to these
documents, a bar code is applied onto the item, using an ink
which is not detectable under light of the visible spectrum
16 (400-700nm wavelength) but which becomes visible when
illuminated with light of the UV spectrum {200-380nm

wavelength) .

A second type of individual markings is disclosed in US
15 5,611,858 and U8 5,766,324, According to these documents,'a
marking is applied onto a commercial good, wusing an ink which
is not detectable in the wvisible spectrum, but which can be
detected through illumination with light of the infrared

spectrum {(800-1600nm wavelength}.

20
Yet another type of individual markings, applied through an
ink, is disclosed in US 5,360,628 and US 6,612,494. This
marking needs to be illuminated jointly with UV- and IR-light
to be revealed.

25

Still another type of individual marking zrelies on inks
comprising up-converting phosphors such as dJescribed in US

5,698,397,

30 All of the markings mentioned in the cited prior art are

covert markings, which are completely invisible to the unaided
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human eye. The reading of such covert markings depends on a corresponding detecting or reading
device, able to detect or read the marking. This can be a disadvantage at the retail center or at the
point-of-sale, where an appropriate reading 5 device may not always be available. Overt markings
comprising "opRCANY Vaflible" features, e.g. exhibiting viewing-angle depeifdeBP ¥R HaVe been
proposed in the art as authentication means for the "person in the 10 street". Among these are the
holograms (cf. Rudolf L. van Renesse, "Optical Document Security" 2s ed., 1998, chapter 10), the
optical thin film security devices (idem, chapter 13)4and the liquid crystal security devices (idem,
chapter 14). 15 Particularly useful as security devices are the cholesteric liquid crystals. When
illuminated whkweritedight, titehotest@indiquifl ceysthl stricture refiettstight cfepdatssmiredolor,

which depends_gn the material i estion and geperally varies with the_anale of obsaryation.and the
20 device terr?ﬁerr%lﬁ%? Jén&o(?ees eF%Jrﬁl er?eflg itjs:el?zalés c IoF?ess and the obsefved Color 1S on y due to
a physical reflectibn Effectettheé mholetietic hetical stucturéisiobted baasgiveh témperagreily the

liquid crystal material. (cf. J.L. F san.:Molecular Crystals, Val. 1..p =304 66%1 %&
particular lig uid %gfs%tal%ﬁ:atglﬁalg,%e Bc%%%gt%% %& L%éxcrééﬁlg%golérﬁe%%{@%g}gﬁ%e c )eo eéte ic
helical striictutevis¢fromen” incd delerminetstateathiadgliepolymerization, and thus rendered
temperature-independent. 30 If the cholesteric liquid crystal material is applied on a dark or black
background, its reflection color is highly WO 2009/121605PCT/EP2009/002435 5 apparent to the

unaided eye,%&a@s&%ﬁgﬁrmﬁéd@théw@@ﬁéﬂm mméﬁiahédérgémgtﬁﬁed Bydhe
background, s.ibals bisteelgyalhackacalednaligm.iieRackgiaind darsnobdisturb s peteeption

of the cholesteric 5 matefial's own réflection. A careful choice of the background color can thus
contribute to five ViBilitiot suich aaETiRRRECONZegRar drahittifack@retrathek®fddn color

of the 10 gholasgaile hquig,grysial materal isdrtuglly i”ﬁﬁ@ﬁz%ﬁsto (e supgpesitionof the,
cholesteric material's own reflection with the strong backsca erlngldfrom the background. The

cholesteric liqistiespstal mi&ekaredn, Reweern hlvwigate éntiffed with-the A8IBSof a eReBkRr

polarization fijtgy 15/hecause;it-selectively Fafacts o0l%-9R¢ 0hiha bug posaible cicgdarpelagized light
components, in accordance with its chiral helical structure. EP-B1-1 381 520 and EP-A1-1 681 586
refer to a biretAgERe ligquid crystal security devices {idem, chapter 14).

15 Particularly useful as security devices are the cholesteric
liguid .crystals‘ When dilluminated with white 1light, the
cholesteric ligquid crystal structure reflects light of a
determined color, which depends on the material in guestion
and generally varies with the angle of observation and the

20 device temperature. The chelesteric material itself is
colorless and the observed cclor 1s only due to a physical
reflection effect at the cholesteric helical structure adopted
at a given temperature by the ligquid crystal material. (cf.
J.L Fergason, Molecular Crystals, Vol. 1, pp. 293-307 (1966}].

25 1In particular liquid crystal materials, the cholesteric licuid
crystal polymers (CLCPs), the cholesteric helical structure is
“frozen” 1in a determined state through polymerization, and

thus rendered temperature-independent.

30 If the cholesteric liguid crystal material is applied on a

dark or black background, its reflection coler is highly
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20 marking and a method of applying the same in the form of a liquid crystal layer having a
non-uniform pattern of regions of different thickness. The applied liquid crystal coating or layer may
provide for a hidden image on a reflective substrate, which is invisible when viewed under unpolarized
25 light but réhdéfal Wisile under polarized light or with the help of a polFZEESAMiNEF2435 5,678,863
refers to means for the identification of documents of value which include a paper or polymer region,
30 saidregionhavingatransparentandtranslucent characteristic, A liquid crystal material is applied to the
WO 2009/121605PCT/EP2009/002435 6 region toroduce an optical effect, which differs when
viewed in transmitted and reflected light. The liquid crystal material is in liquid form at room
temperature apgamnesttbetencidsedinad derdtartng nesrssichtdsmickgb&pstresisn brdeds iy be

used in a pringig Process suaas araydie. JQler, spray or Ilieryinting, Jhigadnteq uid gystal
region can be in the form ofc’a pattern, for example a bar code. pattern can be verified by visual or
machine inspeetisgofthe polarizativhedtateshef theerddsdavilgidfshanded and righton0 Harrled

lauid crystal Jorme, s BI4T LEErSLPGaAn0 SAARAaNS. GROIpezabie gtk aeial
monomers whic n be applied by conventional printing processes, such as letterpress, rotogravure,
15 flexogfaphieteffset] sereewnant flejet printing: Tarpdmtinginké cande el tbgrbausamsarkings
and security inseriprionswhigh are.Ivisible fodhe buman qye, theymaykings ean.fe dtegie by their
circular polarization or%ﬁlew angle dependent reflection color. 20 US 6,899,824 refers to a process for
printing or coagnlEngubstrate with a multilayer of a liquid-crystalline composition and at least one
non-liquid-crystalline coating. The process and the printed substrate are useful for producing 25 a
counterfeit-proof marking of articles. Preferred methods for applying such printing or coating are

screen printiitg; p@n@@%@hiccminﬁﬁ&,%x@@@hﬁ@#ﬁe@%re@gﬂ#ﬁmé?Noﬁ@b'PﬁweQﬁarki?@s
dlsclosegoln t@ﬁﬂ@tﬂgggei’i@ﬂgv%rystal material is virtually invisible due

te the superpositicn of the cholesteric material’'s own
reflection with the strong backscattering from the background.
The cholesteric liquid crystal material can, however, always
be identified with the help of a circular polarization filter
15 because it selectively reflects only one of the two possibkble
circular polarized light components, in accordance with its

chiral helical structure.

EP-B1-1 381 520 and EP-Al-1 €81 586 refer to a birefringent
20 warking and a wmethed of applying the same in the form of a
ligquid crystal layer having a non-uniform pattern of regions
of different thickness. The applied liguid crystal coating or
layer may provide for a hidden image on & reflective
substrate, which is invisible when viewed under unpolarized
25 light but rendered wvisible under polarized light or with the

help of a polarization filter.

UsS 5,678,863 refers to means for the identification of
documents of wvalue which include a paper or polymer region,
30 said region having a transparent and translucent

characteristic. A liguid crystal material is applied to the
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30 provide a solution to the technical problem underlying "track & trace" applications, wherein, in
addition to a machine- WO 2009/121605PCT/EP2009/002435 7 readable individual coding of items
with a counterfeit-resistant security marking, an easy authentication of the marking by the unaided eye
is required. SWOrHER/&PPAce" applications are known in the art for e.g., pd%taIEEARER4Fherein each
mail piece is individually marked and followed throughout its delivery chain. Barcodes, such as
1D-barcodes, stacked 1D-barcodes, 2D-barcodes or matrix-codes, are most often used as the marking
and 10 identification means. No particular effort is Bevoted to authentication aspects in the case of the
said postal markings, given that the mail piece is handled service-internally by the mailing company 15
throughout theesitie deliverpéham, 88 tRattisabtrehiiegtion 19 A68d6H- 56318 gk S PHRe"

applications are merely facysedson thesidentification.of the majl pieceyduthentication aspaats are,

however, of crucial importance in 20 retail applications, where there is a potential risk of substitution of
the original goetisthedouhserfelt o dieited BAES. FUF tHi PERsEATPRERKW FratBlappitatidi® in this

field must be gombingd with 2t least 9ne sesURR=slemant:-Allg to cerify e authenticity of dag marked

good as an 25 original one. In the following, "Secure Track & Trace" means the combination of a
"Track & Trate” applicedieR, iRictPallBWsT6L e Process such as gravure, roller,

spray or ink-jet printing. The printed liquid crystal region
can be in the form of a pattern, for example a bar code. The
pattern can be verified by visual or machine inspection of the

polarization states of the areas having left-handed and right-

10 handed ligquid crystal forms.

US 5,798,147 refers to coating compositions c¢f polymerizable
liguid crystal monomers which c¢an be applied by conventional
printing processes, such as letterpress, rotogravure,
15 flexographic, offset, screen, and ink-jet printing. The
printing inks can be used to produce markings and security
ingscriptions which are invisible to the human eye. The
markings can be detected by their circular polarization or
their angle dependent reflection color.
20
US 6,899,824 refers to a process for printing or coating a
substrate with a multilayer of a ligquid-cxrystalline
composition and at least one non-liquid-crystalline coating.
The process and the printed substrate are useful for producing
25 a counterfeit-proof marking of articles. Preferred methods for
| applying such printing or coating are screen printing,

planographic printing, flexograhic, and letterpress printing.
None of the markings disclosed in the prior art does, however,

30 provide a solution teo the technical problem underlying *rrack

& trace” applications, wherein, in addition to a machine-
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identification of an individual item, with at least one 30 security element,which additionally allows for
the authentication of the said item as being genuine. S Technical problem For "Secure Track & Trace"
applications, where a good in open circulation must be marked individually as to its authenticity 5 and
identity, and MfoAEW HeBtighout its life cycle or for a specific period of timBCERFAEPRAKRLY reasons,
there is a need for a marking which is i) uniquely coded, so as to be identifiable ii) machine-readable,
iif) copy (counterfeit) resistant, iv) authenticate-able by eye by a human user, and 10 v)
authenticate-able by a machine. For particular applications it is furthermore desirable that part of the
marking is invisible to the unaided human eye. Summary of the Invention 15 In a first aspect, there is

provided a mEFRAGRSEan B B arfle, Sdimgrkirfcomi&iRg pblymeri@ liqGauyeaf fisterial

having deterrpinedsentical characteristiciayhich allovgfor itsaythentication apddesdingby a-machine,
as well as its authentication by the human eye, the marking being characterized
marking by the unaided eye is required.

5 “Track & Trace” applications are known in the art for e.g.,
postal services, wherein each mail piece is individually
marked and followed throughout its delivery chain. Barcodes,
such as 1iD«barcodes, stacked 1D-barcodes, 2D-barcodes or
matrix-codesg, are most often used as the marking and

10 identification means.

No particular effort is devoted to authentication aspects in
the case o©0f the said postal markings, given that the mall
piece 1sg handled sgervice-internally by the mailing company
i5 throughout the entire delivery chain, S0 that ne
authentication is needed. Postal “Track & Trace” applications

are merely focused on the identification of the mail piece.

Authenticaticn aspects are, however, of crucial importance in
20 retail applications, where there 1z a potential risk of
substitution of the original goods by counterfeit or diverted
ones. For this reason, “Track & Trace” applications in this
field must be combined with at least one security slement,
able to certify the authenticity of the marked good as an

25 original cne.

In the following, “Secure Track & Trace” means the combination
of a “Track & Trace” application, which allows for the
identification o¢f an individual item, with at least one
30 security  element, which additionally allows for the

authentication of the said item as being genuine.
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20 in that it is produced on a substrate by a variable information printing process selected from the
group continuous ink-jet printing, drop-on-demand ink-jet printing, and laser printing, and has the foLm
of indicia representing a unique code, allowing for its identification. 25 In a second aspect, there is
provided an item or article carrying at least one marking as defined above. 8a In a fourth aspect, there
is provided a method for producing a marking as defined above, said method comprising the steps of
a) providing a substrate; b) applying a liquid crysta%precursor composition to said substrate, in the
form of indicia; c) hardening the applied composition in the ordered liquid crystal state. In a fifth aspect,
there is provided a method for marking an item or article, said method comprising the steps of a)
providing an item or article to be marked; b) applying at least one marking as defined above onto the
said item or aftiglgy k-2 Sxikaspeet, there is provided a method for authenticating an item or article,
said method comprising the steps of a) providing an item or article cagyin% a_ﬁmarcl><in as d%firéed
above; b) illuFfFatingEhE fHandiy bn Saif afitle SFRM With S Bastohe GualitPof fight from at least
one light source; &) dgterdinonhe saisk markingss deiermminedapticakeharactetistiesithrengh ¢hesensing
of light reflected by the marking; d) degegminin%the item's or article's ac.)t:}t%enticitxirom thef%etected
optical chra@@fistaesitheimafdiity it a LS Bnfr s PRer Here’i5 ProviaSd Emathod for identifying
an item or artigle -said mnethod sony¥risingnéhe stegs otakproviding anjtereasatiicle careying
marking as defined above; b) illuminating the marking on said ,artic(lf or iteglglith at Ieaast Qgekgeuality of
light from at 1Basts5 I sBurbBT EfRsadifg Bie mdicia’ represBhted by 17 Marking “deriving
corresponding daformationad) cerelating-therinforaation retfievedffomdbeyndicizcat-therfiatking with
information stored in a data base; e) obtaining confirmation or denial conce nin%the‘item_'s or afticle's
identity. 8b IF &Fr&igRthtaspett, tﬁ&@@%%ﬂ%ﬁ"%?ho%ﬁo?%%as}@éu% tratking OF tracing or an
item or aygicle, using- & smarking-as defiaeg abovaacomprsingthe st conunatabigpstepsaafiarapplying
a said marking to the item or article as defined above; b) storing information related tokthe marléed item
or article in atatataser BHhHRERTONFESmRthARe St8FS of gf‘%thec?{tica%‘a th&3ter oF article as
defined aboverd) klentitying therdenhan adielerasedefved above, using the information stored in the
database; and the optional step of e) updating the data base with new information elements related to
the item or article. The marking of the present invention, for the secure tracking or tracing of an item or
article, comptisgsna pplyre ks dquiskerystalanaterial having determined optical characteristics, which
allow for its authentication and reading by a machine, as well as its authentication by the human eye.
The mark?ng Bapreduced:on asguostratetnra varalie snfoimatien pantinggprdeessan theforneof indicia
representing g Unique code, whichallows for its.deptification. Jhe marking is furtber Preferably laid

e.

out such that part of it Is invisible to the unaided human e he marking of the present invention is
applied on itefis BF hfticle3*3UaY asivaRiEdBEGMERE! Bahk Bt 2p585561t< Gllerttity docamitits,
driving licenses,rofficial pernissians,aeeeSsrdDcteaentsy Staymps, taxisiamps andweandersles; s

Bt OB 907 U815, L AR s
20 1n that it is produced on a substrate by a variable informaticn
printing process gelected £from the group continuous ink-jet
" printing, drop-on-demand ink-jet printing, and laser printing,
and has the form of indicia representing a unigue code, allowing
for itg identification.
25

In a second aspect, there is provided an item or article carrying

at least one marking as defined above.

In a third aspect, there is provided the use of a marking as

defined above for tracking or tracing an item or article.



9 the marking, either directly - applied to their surface - or indirectly - applied to a label applied to their
surface. The polymeric liquid crystal material is preferably of the 5 cholesteric (i.e. twisted nematic)
type; for certain applications, nematic (birefringent) liquid crystal material may also be used. The
polymeric liquid crystal material of the marking can 10 either be present as a liquid crystal material
polymerized on the surface of a substrate, or alternatively consist of pigment flakes of a liquid crystal
polymer, comprised in a coating composition applié%?on a substrate. 15 Said substrate can be any
type of substrate, woven or nonwoven, in particular it can be paper, cardboard, wood, glass, ceramic,
metal, plastlc textlle le éhr]}er etc.: the substrate mei)r/% be coated or uncoated, or comprise a sealed or a

non-sealed Strfacé 90 aﬁg@%érlctﬁhelfa CHstarm&tET of tﬁréefﬁ%ﬂlnﬁoﬁre?é?agﬁﬁj&%pﬁses
further securidtymateriads dwhickedreapresent te idcreaskats resigtaneéngwands soanterfeiting. These

security materiglsare selected.from the group q%%i ting of {he iRprganiclymingscent compounds,

the organic luminescent compounds, the fl-absorbers, the magnetic materials, the forensic markers,
and combinZBHEthet8sf, §5’ d §€&5§rltysr]ﬁ}3?§ﬁ51t€an bénpre"s]%‘ﬁt A= MeREadiiRiieor, 50 according
to the naturesofithel sgeurity neaiptiak dlswapes coipolymerizéd compansht 0f the dquiderystal
pigment, of the, WO 2009/121605PCT/EP2009/002435 10 liquid crystal precursor composition, or of
the ink binder. In particular, organic security materials comprising an acrylic or vinylic functionality are
easily co-polymerized into a corresponding main polymer. Alternatively, the security

In a f£ifth aspesct, there is provided a methed for marking an item

or article, =said method comprising the steps of a} providing an
item or article to be marked; b) applying at least one marking as

defined above onto the said item or article.

In a sixth aspect, there is provided a method for authenticating
an item or article, said method comprising the steps of a)
providing an item or article carrying a marking as defined above;
b) illuminating the marking on said article or item with at least
one guality of light from at least one light source; c¢) detecting
the said marking's determined optical characteristics through the
sensing of light reflected by the marking; d) determining the
item's or article's authenticity from the detected optical

characteristics of the marking

In a seventh aspect, there is provided a method for identifying
an item or article, said method comprising the steps of a)
providing an item or article carrying a marking as defined above;
b) illuminating the marking on said artic¢le or item with at least
one quality of light from at least one light socurce; ¢) reading
the indicia represented by the marking, deriving corresponding
information; d) correlating the information retrieved Ifrom the
indicia of the marking with information stored in a data base; e)
ocbtazining confirmation or denial concerning the item's or

article’s identity.



5 material may be grafted, i.e. chemically linked, onto a preexisting polymer chain. The substrate,
representing the background on which the liquid crystal material is applied, can be of any color; a
white 10 background being a preferred option for realizing a marking which is invisible to the unaided
eye in the sense that no visible color is observed. A metallic reflecting background is a further
preferred option, in particular in the case of a nematic (birefringent) liquid crystal material The
substrate 15 may in general be selected from the grgup consisting of reflecting substrates, colored
substrates, and transparent substrates. For enablingan easy authentication by a human user, it is 20
preferred that at least part of the background on which the liquid crystal material is applied has a

contrasting gglor; sugh as-reds graen, blugardblack, which sinscombination with the liguid crystal
marking, allows to perceive a visible color and an angle-dependent color change by the unaided eye.

25 Said subStrafE s huS preferabiyh Fattethed saBstfite F&dmpriging &t 184st IwdHfrérshtf Tolored
surface area$; Eackdselebted fromdhegretipoof white stirtace areasyilaek surfaee areas 3G surface

areas, theregf,,.visibly col S reflecti apspatent surface areas and combinations
art that the V\I/JB %Oé?fgl%rgg%%%z 03/%02‘%4%5 fdHEnsP Alace 9 it

b} storing information related te the marked item or article in a
data base; and the second commutable steps of ¢} authenticating
the item or article as defined above; d) identifving the item or
article, as defined above, using the information stored in the
database; and the optional step of e} updating the data base with

new information elements related o the item or article.

The marking of the prssent invention, for the secure tracking
or tracing of an item or article, comprises a polymeric liguid
crystal material having determined optical characteristics,
which &llow for its authentication and reading by a machins,
zs well as its authentication by the human eye. The marking is
produced on a substrate by & variable information printing
process in the form of iﬂdicia representing a& unigue code,
which allows Zfor its identification. The marking is Efurther
preferably laid out such that part of it is invisible to the

unaided human eve.

The marking of the pressnt invention iz applied on items or
articles such as wvalue documents, banknotes, passports,
identity documents, driving licenses, official psrmissions,
access documents, stamps, tax stamps and bandsroles,
transportation tickets, event tickets, labels, foils,

packaging, spare parts, and consumer goods, which thus carry



11 substrate surface carrying the liquid crystal material can have two or more colored areas
underneath the liquid crystal material. 5 The substrate surface, on which the liquid crystal material is
applied, can furthermore carry indicia, which may be of any form or color, such as a pattern, an image,
a logo, a text™® #192/d#19%5-barcode or a matrix code, etc. The said indicia BaY BE4sifietiby any
method of printing or coating. 10 The substrate can furthermore carry at least one security element
selected from the group of inorganic luminescent compounds, organic luminescent compounds,
IR-absorbers, magnetic materials, and forensic maftkers or combinations 15 thereof. The security
element can be present in the form of indicia on the substrate surface or be incorporated (embedded)

in the substratestseir Fhapolydidheiyuid tatdmateARPLifefcFRoIF Présentir 26 %Fe foi™of
indicia, such ﬁc?ﬁe%ggil}g go%%ﬁrgégr%%iryiq%%g eNfEomIhe:oup £epHYising
e -

1-dimensional, stac dimensional, and 2-dimensional barcodes. Current barcode symbologies
have been disclosed by Bob Williams in "Understanding Barcoding", Pira International Ltd., 2004

(ISBN 251 8§§§2 %gﬁ Jﬁcliqgigqqyatala@?g@&g_ ofthe pregent inventiQrriseierably pregliced by
applying a liquid crystal precursor composition to a substrate and hardening the composition in 30 the
ordered Ifjuidorjstaitstatss Thel takl-prectirdG=@mpoBRBRASMprisE¥PE4ctive RonoMErE6r--

oligomers Ofg{,ﬂ%é@%’&@ﬁ%%&?@%%&%t) ligquid crystal material

may also be used.

The polymeric liguid crystal material of the marking can
10 either be present as a liquid crystal material polymerized on
the surface of a substrate, or alternatively consist of
pigment flakes of a ligquid crystal polymer, comprised in a

coating composition applied on a substrate.

15 Said substrate can be any type of substrate, woven oOr non-
“woven, in particular it can be paper, cardboard, wood, glass,
ceramic, metal, plastic, textile, leather, etc.; the substrate
may be coated or uncoated, or comprise a sealed or a non-
gsealed surface.

20
The polymeric liquid c¢rystal material of the marking
preferably comprises £urther security materials, which are
present to increase its resistance towards counterfeiting.
These security materials are selected from the group

25 consisting of the inorganic luminescent compounds, the organic
luminescent compounds, the IR-absorbers, the magretic

materials, the forensic markers, and combinations thersof.
Said security material can be present as a mere admixture, o,

30 according to the nature of the security material, also as a

co-polymerized component of the liguid cxystal pigment, of the
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least one nematic liquid crystal compound. The reactive monomers or oligomers are preferably
UV-cure-able; in this case the applied composition is UV-cured and also comprises a photoinitiator
system, as known to the skilled person. 5 The ordered liquid crystal state depends upon the presence
of a chiral doPdhtE/ALR liquid crystals without chiral dopant arrange in BGhEROMIA0E Ure which is
characterized by its birefringence. Nematic precursors are known from EP-A-0 216 10 712, EP-B-0
847 432, and US-B-6,589,445. For producing a cholesteric (i.e. twisted nematic) liquid crystal polymer,
the said precursor composition must also comprisel& chiral dopant. Said dopant may be chosen from
the 15 derivatives of isosorbides and isomannides and mixtures thereof; as known from EP-B-0 847
432, GB-A-2 336189, angdi81B 57589445 1sosompidad-amknown o6 indueeiaighteltsal twist,
whereas isomannides are known to induce a left heli ' Sai f S j

structure in ti‘%ar%r%ﬁﬁgﬁ(lid%ﬁsat% gorr?&%unr ) a?g%%e\gr%eaé %y g%e%%%%é%gﬁhegﬁ?%%the
wavelength obvisibtédight deatingtolligist réflectierat deteriiviedowayoibrgeist 28@ hdmdecto the 25
appearance of interference color, as.well (f}f?f(éqge-de I %ift. T fle i om
cholesteric qu%?(f E?y%?é’lnﬁéls%s isrﬁl §%§ulara§/o§' arized (e%%%%%%cﬁ%%z or rig%ﬁan%egg)%gg%grding to
the rotatich sense ol thie chaglestericraliad dvistl 30 Theemakkinglaf tHd pkesint Pventiéh BYfoduced

by applying WO. /1 GQEE T/EP2009/002435 13 the liquid crystal precursor composition to a
substrate an é%b%sgegq%%%@ ar%lgening the 'said composition on the substrate. The hardening is

preferably performed by subjecting the applied composition to irradiation with UV-light, which
The substrate, representing the background on which the liquid

crystal material is applied, can be of any color; a white
10 background being a preferred option for realizing a marking
which is invisible to the unaided eye in the sense that no
visible color is cbserved. A metallic reflecting background is
a further preferred option, in particular in the case of a
nematic (birefringent) liquid crystal material. The substrate
15 may in general be selected from the group consisting of
reflecting substrates, colored substrates, and transgparent

substrates.

For enabling an easy authentication by a human user, it is
20 preferred that at least part of the background on which the
ligquid crystal material is applied has a contrasting color,
such as red, green, blue or black, which, in combination with
the liquid crystal marking, allows to perceive a visible color
and an angle-dependent color change by the unaided eye.
25
Said substrate is thus preferably a patterned substrate,
comprising at least two differently colored surface areas,
each selected from the group of white surface areas, black
surface areas, visibly colored surface areas, reflecting
30 surface areas, transparent surface areas and combinations

thereof. It is thus evident to the skilled in the art that the

SUBSTITUTE SHEET (RULE 26)



5 induces a polymerization of the reactive monomers or oligomers to form a liquid crystal polymer. The
molecular ordering of the liquid crystal is thereby retained, i.e. the nematic or cholesteric texture is
fixed in the state which was present during the irradiation. In the case of cholesteric liquid 10 crystal
material, the W&iZH°FiéffSand herewith the optical properties, such as the Fefiddi8e8iti%and the
angle-dependent color shift remain thus fixed. A method for marking an item or article comprises thus
the 15 steps of providing a suitable item or article to be marked, and applying at least one polymeric
liquid crystal material in the form of indicia represeilﬂing a unique code by a variable information
printing process onto the said item or article. In particular, the unique code represented by the said

indicia 20 magube tredrcryptad rfermedisHYARd thEhetRddvid) coRlfiseithdaeprdfencyling the
said information, The, saidliquid crystal precursqr compositian-candie applied 1g.a subsirate by any

coating or printing technique. 25 Preferably the composition is applied by a variable infoLmation
printing procegs;&tibhlas laser printing or ink-jet printing of the continuous or of the drop-on-demand
type. Said variable information printing method allows for the unique coding of the marking for each

printed item. 30 For application by laser printing the liquid crystal polymer WO ) ‘
2009/121505PETEPR00%062435 1adRgud flEkéSkaR e Hediicrated iita a BREFESMposhion. To

this aim, the liguid;crystal.nalyrper pigmen narticles-gresadded in a tatiodangiag fregn bwttdaH0 wit to

a toner composition comprising a binder resin and optionally, 5 additives such as, charge control
agents or wakesmsSan sirderreshiifroset i Pidticihgifg roRTas wit td28%wit ds tbifposdd of

thermoplastig polygiers sugh AsRlyypidespaelyolefinggepolyurethanes, ¥y rasins «2aROXERS,
styrene 10 butadiene, styrene acrylate copolymers or polyester resins, and has a glass transitions

temperature g iAREA $5AgEBf ADE BEEIRE HEféabiF 608 ©F7 FE24nd3n average polymer particle
size lyinggin the range of 2-3011m depending on the desired resolution of the printed image. The liquid

crystal 15 polymer pigoment flakes may be encapsulated in said binder resin. .
The substrate can furthermore carry at least one security

element selected from the group of inorganic luminescent
compounds, organic luminescent compounds, IR-abgorbers,
magnetic materials, and forensic markers or combinations
15 thereof. The security element can be present in the form of
indicia on the substrate surface or be incorporated (embedded)

in the substrate itself.

The polymeric ligquid crystal material is prefe;ably present in
20 the form of indicia, such as a text or a code. Preferred
indicia are chosen from the group comprising l-dimensional,
stacked 1-dimensional, and 2-dimensional barcodes. Current
barcode symbologies have been disclosed by Bob Williams in
“Understanding Barcoding”, Pira Internatiomal Ltd., 2004 (ISBN

25 1 85802 917 1)

The liguid crystal marking of the present invention is
preferably produced by applying a liguid crystal precursor
composition to a substrate and hardening thé composition in
30 the ordered ligquid crystal state. The said pPrecursor

composition comprises reactive monomers or oligomers of at
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Optionally, the liquid crystal polymer pigment flakes, incorporated in a toner composition as described
above, can be 20 added to a liquid carrier in a ratio ranging from 5 wt % to 60 wtt, thus forming a liquid
developer, which can then be used as a liquid toner, as known to the skilled person. Preferred liquid

carriers are afphEfi¥ Hyfftdcarbons, alicyclic hydrocarbons or polysiloxane®S KEGH& e, paraffin

solvents 25 and isoparaffin solvents are preferred. For application by ink-jet printing, the composition
also comprises an organic solvent, in order to adjurc.éthe viscosity value of the composition to be
compatible with the chosen 30 printing process, as ' known to the skilled person. WO
2(109/121605PCTIEP2009/002435 15 For application by continuous ink-jet printing,the compaosition
also comprisé§astonRSingRjEHE 18alt) L MR MUSEBE Wblubl ERTRRNESmposhion e Suth

conducting aggntissReeded as,iechnical sedsirementaidhisnrnting peogess blas known tmihe skilled
person. In an alternative embodiment, the liquid crystal marking of the present invention is produced

by applying t63FSulistfte BRdcaihg CIMmEGiEdRRorprighgIRiRG cARta PORIMEFBIBHTE L 0%lakes in

a suitable bingely sinitiator system, as known to the skilled person.
s :
The ordered liguid crystal state depends upon the presence of
a chiral dopant. Nematic liguid crystals without chiral dopant
arrange in a molecular texture which is characterized by its
birefringence. Nematic precursors are known from EP-R-0C 216

10 712, EP-B-0 847 432, and US-B-6,589,445.

For producing a cholesteric (i.e. twisted nematic) ligquid
crystal polymer, the said precursor composition must also
comprise a chiral dopant. Said dopant may be chosen from the

15 derivatives of isosorbides and isomannides and mixtures
thereof} as known from EP-B-0 847 432, GB-A-2 330 132, and US-
B 6,589,445. Isosorbides are known to induce a right helical
twist, whereas isomannides are known to induce a left helical
twist.

20
Said dopant induces a helical structure in the nematic liquid
crystal compound, characterized by a helical pitch cof the
order of the wavelength of wvisible light, leading to light
reflection at determined wavelengths, and hence to the

25 appearance of interference color, as well as of angle-
dependent color shift. The reflected light from cholesteric
liquid crystal phases is circularly polarized (either left-
handed or right-handed), according to the zrotation sense of
the cholesteric helical twist.

30

The marking of the present invention is produced by applying
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The said liquid crystal pigment polymer flakes are preferably of cholesteric liquid crystal polymer,
exhibiting light reflection at deteimined wavelengths (interference color), as 15 well as
angle-dependent color shift. Such pigments are known to the skilled person from WO 2008/000755 Al
(and related JdCAPERYEP 1 213 338 B1; EP 0 685 749 El; DE 199 22 PS3'KPZHBYEE 483 Al; DE
44 18 490 Al; EP 0 887 398 81, W02006/063926, US 5,211,877, US 5,362,315, and US 6,423,246. 20
Suitable binders can be chosen from the vinylic re i?s, acrylic resins, styrene-maleic anhydride
copolymer resins, polyacetal resins, polyester resins, fatty acid modified polyester resins and the
mixtures thereof. The binder may 25 further be chosen from the UV curing mongmers and oligomers,

such as acryldes, Virf &the RS EHTIde B IFESRbinSRSRE fier&SF THE nfarkiiy R-3rtraBi Applied

by ink-jet prindings &0k309 yeliableprintigg end aseeptablompininuialily, dhe irtkejeetsipmear Lsed
must have a sufficiently large orifice (nozzle) WO _2009/121605PCT/EP2009/002435 16 di% eter. The
nozzle diameteeshédidsd ai@ast 0 tiﬁfé%éﬁ%aﬁ’%ﬁn REHERR S the Tuid® gFacf?%fd}ﬁent gfglymer

flakes. For exgmplesdor aBiganflakediameier af-2&ummthEornzziel tdiametrerdhod bevatieast 250
p.m. Systems providing said 5 characteristics are valve-jet printers, a particular form of
drop-on-cﬁeméﬁﬁ‘%ﬁﬁ-?etaprﬁﬁéﬁé‘?‘ﬁ‘?béﬁPé?,nth‘éfm’éﬁ?ofﬁ?%ﬁfﬁ’@htfﬁ%%ﬁ8eaj‘?lsité3n% orarfice cafrying a
marking accargingdedhespresentiiavertign:3Q cyoprises theiepsmfia)-pbyidingrde temyorcerticle
carrying a marking_according to th_e resent inventjon, b) illumin%ting.the matrking onmsa%id item or

article with at&st'drB g Hality 8EfGHt frofh AIBEECENeT MR E3tiTee, t) Hetecting the said marking's

optical charagigsistiss dosgR exture is fixed in the state which was present
during the irradiation. In the case of cholesteric liguid

10 crystal material, the helical pitch, and herewith the optical
properties, such as the reflection color and the angle-

dependent color shift remain thus fixed.

2 method for marking an item or article comprises thus the
15 steps of providing a suitable item or article to be wmarked,
and applying at least one pelymeric liguid crystal material in
the form of indicia representing a unique code by a variable
information printing process onto the said item or article. In
particular, the unique code represented by the said indicia
20 may be an encrypted information, and the method may comprise

the step of encrypting the said information.

The said liquid crystal precursor compesition can be applied
to a Substrate by any coating orxr printing technique.
25 preferably the composition is applied by a wvariable
information printing process, such as laser printing or ink-
jet printing of the continuous or of the drop-on-demand type.
Said variable information printing method allows for the

unique coding of the marking for each printed item,

For application by laser printing the liguid crystal polymer
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15 the sensing of light reflected by the marking, d) determining the item's or article's authenticity from
the detected optical characteristics of the marking. The marking of the present invention can be
authenticated 20 according to a first method by simple visual inspection under ambient light. To this
aim, the backRYR  i%nich the liquid crystal material is applied, must Brovf@@tiEEnt optical
contrast, so as to allow the human observer to perceive the reflected color and the color shift of the
liquid 25 crystal material. Depending on the background, part of the marking may remain virtually
invisible to the unaided eye. In a second method, the marking is authenticated under ambient light with
the help of a passive detecting means such as an 30 optical filter. A preferred such passive detecting
means is a left-bmaasd 67 akRmt-RaRdSREciMATPOIARERY fillBEDr 8 WRPSY composition.

2009/121605RCTER2009002435 17;iyiapasitinn ahbgiB Thisrallgnsndsterrpining thesetatian sense
of the helical pitch of the cholesteric liquid crystal material by determining the polarization state of the
light reflectecaBsiatle daid materalOprenRaiRand pefriZati¥h’s fiter & b8oniiined witiédior

filters, in ordeyr jpreduce the snegtral bandwidthyto the spectral weflegtion bard ofdpelisuid crystal

material, and hence to reduce background contributions. More than one optical filter may be used in
conjunctién. 2044 bitife rasHoR the FEKER) RORHREAIEABD SFittPthe'ReM®of circular polarized light
from at least one polarized light source. The liquid crystal material reflects differently light of different
circular polarization; hence materials of left 15 and of right helical pitch can be distingyished bé/ their

respective reSpaAs@icERaulERy HolAERTERIhtIThE iIKFhatSA'ST 1 mrRifg iy thespdigriZed light
source, as weli gs the opseryation of the seflerieddight oputhanmpeking. mayOpsisnaliy besrformed
through a color filter. ‘ , .

polyolefiries, polyurethanes, vinyl resins, epoxides, styrene

10 butadiene, styrene acrylate copolymers or polyester resins,

and has a glass transitions temperature Tg in the range of

40°C to 120°C, preferably 60°C to 70°C, and an average polymer

particle size lying in the range of 2-30pm depending on the

degired resolution of the printed image. The liquid crystal

15 polymer pigment flakes may be encapsulated in gaid binder

ragin.

Optionally, the 1liquid crystal polymer pigment flakes,
incorporated in a tonexr composition as described above, can be
20 added to a liguid carrier in a ratic ranging from 5 wt% to &0
wt%, thus forming a liquid developer, which can then be used
as a liguid toner, as known to the skilled person. Preferred
ligquid carriers are aliphatic  hydrocarbons, alicyeclic
hydrocarbons or polysiloxanes. ARmongst them, paraffin solvents

25 and isoparaffin solvents are preferred.

For application by ink-jet printing, Che composition also
comprises an organic solvent, in order to addust the viscosity
value of the composition to be compatible with the chosen

30 printing process, as known to the skilled person.
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20 More than one polarized light sources may be used in conjunction. In a fourth method, the marking
Is authenticated with the help of an electro-optical authentication device. In a first 25 embodiment, said
device comprises at least one photocell, in combination with a circular polarization filter and/or with a
circular polar?@EfJHE S Erce. In another embodiment said device compri$&d AREfEEBptic camera,
such as a linear CCD sensor array, a 2-dimensional CCD image sensor array, a linear 30 CMOS
image sensor array, or a 2-dimensional CMOS image sensor array, in combination with a circular
polarization filter WO 2009/121605PCT/EP2009/002435 18 and/or with a circular polarized light
source. Optionally, the circular polarization filter or the circular polarized light source in the above
embodimentsean beaprbhitiddwith &lor filkemt iayeleet a paHicUIBF speBFalddimdin andh

enhance the conlgstialioe! Dlonbisfispied §om e lindd enigal aieeal fahne fightigfesied fom
mnét be soluble in the composition used. Such conducting agent
is needed as technical zreguirement of this printing process,

5 as known to the skilled person.

Tnn an alternative embodiment, the liguid crystal marking of
the present invention is produced by applying to a substrate a
coating compogition cowprising liguid crystal polymer pigment

10 flakes in a suitable binder.

The saild liguid crystal pigment polymer flakes are preferably
of cholesteric liquid crystal peolymer, exhibiting light
reflection at determined wavelengths (interference color), as
15 well as angle-dependent color shift. Such pigments are known
to the skilled person from WO 2008/000755 Al (and related
documents), EP 1 213 338 Bl; EP 0 685 74% Bl; DE 159 22 158

Al; EP 0 601 483 Al; DE 44 18 490 Al; EP 0 887 398 EIL,
WO2006/063525, US 5,211,877, US 5,362,315, and US 6,423,246,
20
guitable binders can be chosen from the vinylic resins,
acrylic resins, styrene-maleic anhydride copolymer resins,
polyacetal resins, polyester resins, fatty acid modified
polyester resins and the mixtures thereof. The binder may
75 further be chosen from the UV curing monomers and oligomers,
such as acrylates, vinyl ethers, epokides and combinations

thereof.
The marking is preferably applied by ink-jet printing. For a

30 reliable printing and acceptable print gquality, the ink-jet

equipment used must have a sufficiently large orifice {nczzle)
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10 The circular polarization filters can generally also be replaced by an electro-optic polarization
switch. Such device is known in the art, e.g. from DE 102 11 310 B4, and allows to select one or the
other circular polarization state by an applied corresponding voltage. 15 In all cases of cholesteric
liquid crystal Mar¥&IEIEE marking of the present invention is authenticat&8 BHREPIIEBNe or more
of its characteristic properties, namely the circular polarization state and/or the viewing-angle
dependent 20 color of the reflected light from the marking. The polarized light source or the polarized
light detection equipment or both may be chosen td®perate in the visible, the infrared, or the UV
region of the electromagnetic spectrum, or in a combination of these, according to the optical
characteristicgidmet the. makingokle eagking«afdhe gresaa ineeniionnandee itentfied by thading the
indicia it represents and by subse uentI% correlating the information so retrieved from gie arking with
e

30 informatioi&Bred AN G5 bR5e. 1H 3 phrtnsr ePBSHRTent B TAorrRoR Epresehted by the

indicia of the garking s, WO 200%/121605PC TIER2009/002435 19 grcrypted andrsaidsisleptification
comprises the step of décrypting said information. Preferably, the indicia are read by an electro-optic
camera, suchiasme€&D- sha(NOSsimage dersyr apdy. Jun gehesakette pethrotidbngerntfighg an
item or argicle arrgicpé; a markinsg accordir‘li?lto the %resent igvention comag:rj:sgg tfe steps of a

r

providingan e 6 anicte Eéﬁyin&%emgr m"(::]eégéaordi%%% Fﬁgsp’resaénfJ |nvent|cl)ln,atl)3 1 Oﬁ’ﬂ‘}mln%ting the

marking on sdicbite mrodasticteiwithiat jeast mniengueadity of light from at least one light source, c) reading
the indicia represented by the marking, deriving corresponding information, d) correlating the
infotmation retrieved from the indicia of the marking with information

In general, the method for authenticating an item or article

carrying a marking according to the present invention
10 comprises the steps of a) providing an item or article
carvying a marking accofding' to the present invention, b)
illuminating the marking on said item or article with at least
one guality of light from at least one 1light source, ¢J
detecting the said warking's optical characteristics through
15 the sensing of light reflected by the marking, d) determining
the item's or article’s authenticity from the detected optical

characteristics of the marking.

The marking of the present invention can be authenticated
20 according to a first method by simple visual inspection under
ambient light. To this aim, the background, on which the
liquid crystal wmaterial is applied, wmust provide sufficient
optical contrast, so as to allow the human observer toO
perceive the reflected ceolor and the color shift of the liquid
25 crystal material. Depending on the background, part of the

marking may remain virtually invisible to the unaided eye.

In a second method, the marking is authenticated under ambient
light with the help of a passive detecting means such as an
30 cptical filter. A preferred such passive detecting means is a

left-handed or a right-handed circular polarizing filter, or a
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15 stored in a data base, e) obtaining confirmation or denial concerning the item's or articles identity.
The identification of an item or article carrying a marking according to the present invention can be
performed with the 20 same reading equipment configuration Or assembly which is used for the
authenticatioM/ ¢r?¥9{t3t@Mmbodiment the said indicia are represented by aPETRRRepSISAE%0r a
2-dimensional barcode, and the image 25 retrieved by the electro-optic camera in digital form is
analyzed using a corresponding algorithm. The information contained in the harcode is retrieved, if
necessary, decrypted, and compared with informafidn stored in a data base, hereby identifying the
item, and optionally updating the 30 data base with supplementary information, e.g. about the item's
history. The gamespaitbepardf ecddingiievcaaWNEPH0%iE2E6805RETIE RAG0 900248520

equipped with own communic iog cagfbiliti S50 PArt ggq’gg&ti,p@ deyice, suc obile
phone, the retneval o?r?heé:l%\ o?ﬁlqeatﬁ)% taki “é%p gce%singtea(;car#% ile phone's int%q%al reggjgrgg? The
data base maybereitier lncatdetiathé Sicgmmbaicaiorddviat (boilt-#t at exchtingésble Ardtory), or

on an eXtem%le%.r\e/gEcra%fiC&ezd gi’?ea %%.Tg.'utﬂg@é@garle.twg%t ionally, the polarization
5 filter can be combined with color f£filters, in order to reduce
the spectral bandwidth to the spectral reflection band of the
liquid erystal material, and hence to reduce background
contributions. More than one optical filter may be used in
conjunction.
10
In a third method, the marking is authenticated with the help
of circular polarized light from at least one polarized light
source. The liguid crystal material reflects differently light
of different circular polarization; hence materials of left
15 and of right helical pitch can be distinguished by their
respective response to circularly polarized light. The
illumination of the marking by the polarized light source, as
well as the observation of the reflected Ilight £from the
marking, mway optionally be performed through a color filter.
20 More than one polarized 1light sources may be used in

conjunction.

In a fourth method, the marking is authenticated with the help
of an electro-optical authentication device. In a first
25 embodiment, said device comprises at least one photocell, in
combination with a circular polarization f£ilter and/or with a
circular polarized light source. In another embodiment said
device comprises an electro-optic camera, such as & linear CCD
sensor array, a 2-dimensiomal CCD image sensor array, a linear
30 CMOS image sensor array, or a 2-dimensional CMOS image sensor

array, in combination with a circular polarization £ilter
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In a second embodiment the said indicia are represented by an alphanumeric code, and the image
retrieved by the electro- 10 optic camera (reading device) in digital form is analyzed using a
corresponding optical character recognition (OCR) algorithm. The information contained in the code is
retrieved and@apIatPHith information stored in a data base, hereby idetftfifef a4 4H, and
optionally updating the data base. 15 As in the first embodiment, the data base may be either located
in the reading device (built-in or exchangeable memory), or on an external server reached via a
communication network. The alphanumeric code ckh be printed using a standard font or a special
machine identifiable font. Alternatively, 20 the alphanumeric code can be visually read and either sent
via a commugmchtion syistbma(ecg.dnvdimet b SMIeech daghsesrrfeevalidation or checked against
data provided with the item in form of a label, reference mark or another alphanumeric code. 25 The
marking of the present invention, made of polymeric liquid crystal material having determined optical
characteristi€ntcbrried Lged forahe sucwkarackintpand arbéivg of 3bkeS, aflicles6r goOUS Wl an

individualize terfeit- ist g for;the sggure fracking and racinggf-said ggms,articles
or goods. %%%%%EZ%GO%%%E%%%?OOZ&S 21 The application of an individualized code onto a
good or ifemaegbirasd vatishledaformalidn printing processeA prefepad vaARbRIINfRREESA printing

process in the ganfext of the S gresgnf inyention,is, chagen from the.grayp ofgontipgus infgiet printing
and drop-on-demand ink-jet printing; these printing processes allow for a rapid, non-contact application
of said individe&lzstedde Hrasantiiénd bl suddce s A8 3AdiVRRERZ &8 codecall g the-it@Rtification

of each singlgeijgg%at %%r stage.afjis lifs. cygle. In order to prevent the substitution of the original

item by a counterfelt carrying a copy of said individualized code, said

10 The c¢ircular polarization filters can generally also be
replaced by an electro-optic polarization switch. Such device
is kxnown in the art, e.g. from DE 102 11 310 B4, and allows to
gelect one or the other circular polarization state by an
appiied corresponding voltage.

15
In all cases of cholesteric liguid crystal materials, the
marking of the present invention is authenticated by verifying
one or wmore of its characteristic properties, namely the
circular polarization state and/ox the viewing-angle dependent

20 color of the reflected light from the marking. The polarized
light source or the polarized light detection equipment or
both may be chosen to operate in the visible, the infrared, or
the UV region of the electromagnetic spectrum, or in a
combination of these, according to the optical characteristics

25 of the marking.

The marking of the present invention can be identified by
reading the indicia it represents and by subsequently
correlating the information so retrieved from the marking with
30 information stored in a data base. In a particular embodiment,

the information represented by the indicia of the marking is
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individualized code must be counterfeit-resistant. Counterfeit 15 resistance can be provided through a
particular security material having particular physical, preferably optical, properties; the said material
can be either constitutive or incorporated in the marking. The particular security material can be a
polymeric liqi@ épgstiiintaterial having determined 20 optical characteristR€T@P2tHeNditdie selected
from the group of the inorganic luminescent compounds, the organic luminescent compounds, the
IR-absorbers, the magnetic materials, the forensic markers, and combinations thereof. 25 The marking
of the present invention can be used on items or atffcles, such as value documents, banknotes,
passports, identity documents, driving licenses, official permissions, access documents, stamps, tax
stamps and kandenptesi(in panticulsafol tobdesu pfoduats and alcolicsissverabes), Step  of

transportationtickets,eventtickets,labels.foils, packaging{i jeul ﬁ%r &@mg&eu&ggl pregdycts),
and in WO MI’%@@D&? 250 7585}3;’5 22 g%lﬁgrf%qurg rﬁft*g'rk?r%g spare parts and consumer
goods (in patticulantoeidetress Hapitifycisstresd xEhe wrackingeof the P@Rentdnventi¢HCfppleaas items,
goods, 5 or articles is suitable for use in the secure tracking and tracing of such marked items, goods

or articles. Sﬁgﬁlss%ﬁuﬁerﬁggking and tracing of an item or article comprises noteworthy the first
commutable steps of a) applying a marking according to the invention to the item or article to be 10

traced; and h) storing infarmatjgn relat the marked. it article jn a;data base; aswelhas the
second com%ﬁtag%gﬁlé% of %%futh%%%%é%ng%% item or%g:ﬁ%;l% ﬁccording to the authentication
method disclosedhiengin; and diideatifyingahedtedd og articte, atberdingt®sha identifig&iér Aiethod

15 disclosed herein, using the information pr, vi% sly siored 4o the data base Opgjanally.the.gata base
may hereby ﬁgn&%%f'gg' wit%hneew?f% rr%atign& elerlilengs relate% t% the item orgrticle. The code applied
to the item orcguod fegresentsadigitaic?0 formdtios, which istoredas endatal BASE YA Brder %0 identify

the item,ar good at a lajer stage. Said.code may be qncrypted, sp asto;protect the infermatiqn it
contains@]poﬁ%?gﬁslrﬁl%s%%fr%%ear%c? tot egdata bae:ée. Said data base Jéan be part of a data base
managemenbsystegnadlikind offenéigitibn Z3 atyorthms afe Suitable, elgsi publieipifte Koy of the

RSA type. reading the indicia represented by the marking, deriving

corresponding information, d} correlating the information
retrieved from the indicia of the marking with infcormation
1S stored in a data base, e) obtaining confirmation or denial

concerning the item’s or articles identity.

The identification of an item or article carrying a marking
according to the present invention can be performed with the
20 same reading ecquipment configuration or assembly which is used

for the authentication.

In a first embodiment the said indicia are represented by a 1-
dimengional or a 2-dimensional Dbarcode, and the image
25 retrieved by the electro-optic camera in digital form is
analyzed using a corresponding algorithm. The information
contained in the barcode 1s retrieved, if necessary,
decrypted, and compared with information stored in a data
base, hereby identifying the item, and opticnally updating the
30 data base with supplementary information, e.g. about the

item’s history. The camera may be part of a reading device
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Said data base may be a local data base, integrated into the authentication device. Alternatively, it
may be a remote data 30 base, linked to the authentication device through a wired or wireless
connection. A local data base may also be updated WO 2009/121605PCT/EP2009/002435 23
regularly fromiv& pépageaserver. In a further aspect, the present invention pro¥igezifentaesapplication of
the individual marking by a variable- 5 information printing process. Preferred is ink-jet printing, either
using the continuous ink-jet, or the drop-on-demand (DOD) ink-jet or valve-jet printing process.
Industrial ink-jet printers, commonly used for numb¥ting and coding applications on conditioning lines
and printing presses, are 10 particularly suitable. Preferred ink-jet printers are single nozzle continuous
ink-jet printersdfalsapeslledtastercermulivievel tefledteal paatsib) and theep-orderpand inkjetain
particular valve-jet, printers. 15 To provide for.an_entirely covert and machjne r | rking,
nematic quui& %éys‘fa fhateTals %?ér 1g8d. ‘F’g%rrloﬁae?oﬁ{ g%%ggrt%kﬁ%%emi-c%g\l/eert an :r%a%%néﬁadable
marking, chotgsseric: 6o ehisalnamati ligyiddrystal wmaitegalsiere mised]l 20iesetiptiohn ¢kradrawings
For a more complete undersianding, of the present inventign reference is he detai
description of %%Ofﬁn\:/%ﬁﬁ()n aar%etheq%ﬁ'}’aache%ﬁgwir%? 25°° Sieher rg]ggggg& B l@Qe

5 communication device (built-in or exchangeable memory), or on

an external server reached via a communication network.

In a second embodiment the said indicia are represented by an
alphanumeric code, and the image retrieved by the electro-
10 optic camera (reading device} in digital form is analyzed
using a corresponding optical character recognition (OCR)
algorithm. The information contained in the code is retrieved
and compared with information stored in a data base, hereby
identifying the item, and optionally updating the data base.
15 As in the first embodiment, the data base may be either
located in the reading device (built-in or exchangeable
memory), or on an external server reached via a communicaticn
network. The alphanumeric code can be printed using a standard
font or a special machine identifiable font. Alternatively,
20 the alphanumeric code can be visually read and either sent via
a communication system f{e.g. Internet or SMS) to a data center
for validation or checked against data provided with the item
in form of a label, reference mark or another alphanumeric
code.
25
The marking of the present invention, made of polymeric liguid
crystal material having determined optical characteristics,
can be used for the secure tracking and tracing of items,
articles or goods with an individualized, counterfeit-~
30 resistant code for the secure tracking and tracing of said

items, articles or goods.
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Fig.1 schematically depicts a cardboard packaging, e.g. a pharmaceutical packaging, carrying
representative markings a), b), c) according to the invention, which are printed with liquid crystal
material at different locations on said 30 cardboard packaging: a) shows a Data Matrix code on a
particularly d#R ¥8foHEE*W02009/121605PCT/EP2009/002435 24 backgFSthiBr /08248 ck
background; b) shows a Data Matrix code on a background of mixed color, e.g. having dark and light
colored parts; ¢) shows a Data Matrix code on a white background. 5 Fig.2 shows images
captured from an ECC200 data matrix code printedwith UV-cured liquid crystal (LC) material on
coated cardboard: a) LC Data Matrix code retrieved from a black background, 10 under right-circular
polarized white light illumination, having a right-circular polarizing filter in front of the CMOS camera. b)

LC Data Matrjx code retrieved fro hlack/w 'e.t%ﬁﬁ@ , r right-citc lari ite light
15illumination, eavgllﬁg %t{r?&]gt}g%tﬁsf p%%anl%rllngg%ﬁer In %g%%fﬁg%hﬁggbca%ni%% %%ZEC)%%IHM&HX
code retrieveddipurire blask vditeaidok g iouin natierright-tirtding polasized svhile lighe fiemiagdtion,

haanru)ﬁhgggkggggpfgﬁ%ggggéaéggqggggting process in the context o©f the
5 present invention is chosen from the group of continuous ink-

jet printing and drop-on-demand ink-jet printing; these

printing processes allow for a rapid, non-contact application

of said individualized code onto any kind of surfaces. Said
individualized code allows the identification of each single

10 item at a later stage of its life cycle.

In order to prevent the substitution of the original item by a
counterfeit carrying a copy of said individualized code, said
individualized code must be counterfeit-resistant. Counterfeit
15 registance can be provided through a particular security
material having particular physical, preferably optical,
properties; the said material can be either constitutive or
incorporated in the warking. The particular security material
can be a polymeric ligquid crystal material having determined
20 optical characteristics, or an additive selected from the
group of the inorganic Iluminescent compounds, the organic
luminescent compounds; the IR-absorbers, the magnetic

materials, the forensic markers, and combinations thereof.

25 The marking of the present invention can be used on items oOr
articles, such ag value documents, banknotes, passports,
identity documents, driving licenses, official permissions,
access documents, stamps, tax stamps and banderoles (in
particular for tobacco products and alcoholic beverages),

30 transportation tickets, event  tickets, labels, foils,

packaging {in particular for pharmaceutical products), and in
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d) LC Data Matrix code retrieved from a black/white background, under unpolarized white light
illumination, having no filter in front of the CMOS camera. 25 Detailed Description of the Invention In a
first embodiment, the marking of the present invention is made of a liquid crystal precursor material,
which is appliE& ##&/litigid state to the surface of a substrate, and thereupdfifgeyftefitasds(cured) in
the ordered liquid crystal state by 30 irradiation with UV light or with electron beam radiation, as known
by the skilled in the art. WO 2009/121605PCT/EP2009/002435 25 The liquid crystal material applied
in this embodiment is thus a monomeric or oligome#c precursor of a liquid crystal polymer. Said
precursor comprises at least one nematic liquid 5 crystal monomer or oligomer, said monomer or

oligomer havipg,pely/nerizable geaupsnSuitableraemadiediguicherystat tapnaraers goolgomdrsmare from
the group of is_,aC(y_Iates such as benzoic acid4-[4- 1-oxo-2-gropenyl)oxy]butoxy)-1,4- phenylene_
ester, 10ben281€ta3tﬁéllj4‘3—*ﬁl-R?—%giﬁ?ép&fﬁ%éétoiﬁﬁ%- fethy1-1,4-phenylene ester, benzoic
acid 4-[4-[(1-oxo-2-propenyl)oxy] hexoxy]-, 2- methy1-1,4-phenylene ester, benzoic acid
-(@-{(1-oxo-g propenylion] Dutoxy carboXy AL RNV eS8l sea to items, goods,

5 or articles is suitable for use in the secure tracking and
tracing of such marked items, goods or articles. Such secure
tracking and tracing of an item or article comprises
noteworthy the first commutable steps of a) applying a marking
according to the imvention to the item or article to be

10 traced; and b) storing information related to the marked item
or article in a data base; as well as the second commutable
steps of ¢} authenticating'the item or article according to
the authentication method disclosed herein; and d) identifying
tirle item or article, according to the identification method

15 disclosed herein, using the information previously stored in

the data base. Optionally the data base may hereby be updated

with new information elements related te thes item or article.

The code applied to the item or good represents digital
20 information, which is stored in a data base, in order to
identify the item or good at a later stage. Said code may Dbe
encrypted, so as to protect the information it containsg upon
transmigsion from and to the data base. Said data base can be
part of a data base management system. All kind of encmtion

25 algorithms are suitable, e.g. a public-private key of the RSA

type.

Said dataz base may be a local data base, integrated into the
authentication device. Alternatively, it may be a remote data
BO base, linked te the authentication device through a wired oxr

wireless connection. A local data base may also be updated
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benzoic acid 4-[4-[(1-ox0-2-propenyl)oxy] butoxycarboxyl-, 2-methyl-1,4-phenylene ester, and the
combinations thereof. 20 The nematic liquid crystal monomer or oligomer may be present in the
precursor material in a range of 10%- to 100% by weight. In case the curing is perfomed by UV
radiation, the¥pPet¥Pdaid¥faterial comprises at least one photoinitiator syst@8aTAFHEMPESIRg at least
one photoinitiator and optionally a stabilizer. Suitable photoinitators can be chosen from the group of
Irgacure (e.g. Irgacure 369, 651, 907 or 1300), Genomer (e.g. BP/EPD) or other free radical inducers.
30 Suitable stabilizers are Florstab uV-1 supplied B2 Kromachem, and Genorad 16 supplied by Rahn.
WO 2009/121605PCT/EP2009/002435 26 The photoinitiator may be present in the precursor material
in a range of P21 R A% Brweight-Eabektasingeholesteric (i.e. twisted nematic) phases, said 5
precursor further comprises at least one chiral dopant (chiral inducer). Suitable chiral dopants
comprise the derivatives of isomannide and of isosorbide, such as
(3R,3aR,6R,GaR)ahexahydenfurai2 dtfurarsa, 6wyl bis{4- (acedayloxyetrowideszobte), the

10(3R,3aR,612,6aR)-hexahydro uro[‘g, E(iacry,logox butoxy)benzoate . _
(3R,3aR, 612 B Hidxairofdro[3, 225t furar: ,’é%éé%s(ﬁar iig by a variable

5 information printing process. Preferred is ink-jet printing,
either using the continuous ink-jet, oxr the drop-on-demand
(DOD) ink-jet or valve-jet printing process. Industrial ink-
jet printers, commonly used for numbering and coding
applications on conditioning lines and printing presses, are

10 particularly suitable. Preferred ink-jet printers are single
nozzle continuous ink-jet printers (also called raster oxr
multi level deflected printers) and drop-on-demand ink-jet, in

particular wvalve-jet, printers.

15 To provide for an entirely covert and machine readable
marking, nematic ligquid crystal waterials are used. To provide
for an overt or semi-covert and machine readable marking,
cholesteric or chiral-nematic liguid crystal materials are
used.

20
Description of the Drawings
For a more complete understanding of the present invention
reference is made to the detailed description of the invention
and the attached drawings.

25
Fig.1 schematically depicts a cardboard packaging, e.g. &
pharmaceutical packaging, carryinglrepresentative markings a),
b}, c) according to the invention, which are printed with
liguid crystal material at different locations on said

30 cardboard packaging:

a) shows a Data Matrix code on a particularly dark colored
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(acryloyloxybutoxy)-2-methylb enzoate), (3R,3aR,ER,6aR)-hexahydrofuro[3, 2-1o01furan-3G-diyl bis(4-
15(acryloyloxybutoxy)-3-methoxy benzoate), (3R,3aR,612,6aR)-hexahydrofuro[3, 2-b]furan-3,6-diyl
bis(4- (4'-(acryloyloxybutoxy)benzoyloxy)-3-methoxybenzoate),

(3R,3aR, ER, BARMi&A drofuro[3,2-b]furan-3,6-diy1 (acryloyloxy)-2-metR{THERZSA R3S
20(3R,3aR,6R,6aR)-hexahydrofuro[3,2-b]furan-3,6-diyl (acryloyloxy)-3-methylbenzoate),
(3R,3aR,6R,6aR)-hexahydrofuro[3,2-b]Jfuran-3,6-diyl (4-(acryloyloxy)butoxy)benzoate),
(3R,3aR,612,GaR)-hexahydrofuro[3,2-b]furan-3,6-tifyl 25(acryloyloxy)-3,5-dimethylbenzoate),
(3R,3aR,6R,6aR)-hexahydrofuro[3,2-b]furan-3,6-diyl (4-(acryloyloxy)benzoyloxy)benzoate),
(3R,3aR,612,6aR)-hexanydssfans(3 2-sjfarare 3L agH background;
(4-(4-(acryloyloxy)putoxy)henzaylo n :
30(3R,3aR,6R,6aI§ -hé‘%%i%ro‘ﬂyjro%)%-eb]?g%r%}fes-dﬁff e on a background of mixed
(4-(4-(acryloyloxy)butosgJbenzoglaxy ) iBametisoddednzeate, 1 ight colored parts;

(3R'3aR’65’6aR)-g?xag%gg%fuéo[ga?fg]fﬂg%nf%?'gig&ebigg'a white background.
5
Fig.2 shows images captured from an ECC200 data matrix code
printed with Uv-cured liquid crystal (LC) material on coated
cardboard:

a) LC Data Matrix code retrieved from a black background,

10 under right-circular polarized white light
iliumination, having a right-circular polarizing filter
in front of the CMOS camera.

b} LC Data Matrix code retrieved from a black/white
background, under right-circular polarized white light

15 illumination, having a right-circular polarizing filter
in front of the CMOS camera.

c) LC Data Matrix code retrieved from a Dblack/white
background, under right-cirenlar polarized white light
illumination, having no filter in front of the CMOS

20 camera.

d) LC Data Matrix code retrieved from a black/white

backgrcound, under unpolarized white light illumination,

having no £ilter in front of the CMOS camera.

25 Detailed Description cf the Invention
Trn a first embodiment, the marking of the present invention is
made of a liguid crystal precursor material, which is applied
in a ligquid state to-the surface of a substrate, and thereupon
polymerized (cured) in the ordered liguid crystal state by
30 irradiatiom with UV light or with electron beam radiation, as

known by the skilled in the art.
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WO 2009/121605PCT/EP2009/002435 27 (acryloyloxyethoxy)benzoate),
(3R,3aR,6S,6aR)-hexahydrofuro[3,2-b]furan-3,6-diy1 bis(4- (acryloyloxybutoxy)benzoate),
(3R,3aR,6S,6aR)-hexahydrofuro[3,2-b]furan-3 ,6-diy1 bis(4- 5(acryloyloxybutoxY)-2-methylbenzoate),
(3R,3aR, 65, 38R &% aWYErofuro[3,2-b]furan-3 ,6-diy1 bis(4- (acryloyloxybEtdE 28%{¥tH3Rybenzoate),
(3R,3aR,6S,6aR)-hexahydrofuro[3,2-b]furan-3 ,6-diy1 bis(4-
(4'-(acryloyloxybutoxy)benzoyloxy)-3-meth oxybenzoate),
10(3R,3aR,65,6aR)-hexahydrofuro[3,2-b1furan-3, @%lyl bis(4- (acryloyloxy)-2-methylbenzoate),
(3R,3aR,6S,6aR)-hexahydrofuro[3,2-blfuran-3 ,6-diyl bis(4- (acryloyloxy)-3-methylbenzoate), (
R,3aR,6S,6aR)-hexahydrofuro[3,2-b]furan-3 ,6- diyl bis(4- 15(4-(acryloyloxy)butoxy)benzoate),

(3R,3aR,6S,6aR)-hexahydrafural3, 2-hifuran-3,6-diyl bistd- ; (agiyleylepp-5wimethdbenzaate),
(3R,3aR,63,6aR)-hexahydrofuro[3,2-b]furan-3 ,6-diy1 bis(4- (4- (acryloyloxy)benzoyloxy)benzoate)
a monomeric or ollgomerlc precursor of crystal

polymer. Said precursor comprises at least one nematic liquid
5 crystal monomer or oligomer, sald monomer or oligomer having
polymerizable groups. Suitable nematic liquid crystal monomers
or oligomers are f£rom the group of bisacrylates such as
benzoic acid 4-[4-[{l-oxo-2-propenyl)oxy] butoxyl-1,4~
phenylene ester,
10 benzoic acid 4-{4-[{l-oxo-2-propenyl)oxy] butoxy]-, 2-
methyl-1l,4-phenylene ester,
benzoic acid 4-[4-[(1-oxo-2-propenylloxy] hexoxyl-, 2-
methyl-1,4-phenylene ester,
benzolc acid 4-[4-[(l-oxo-Z-propenyl)oxy] butoxycarboxyl-

15 1,4-phenylene ester,
benzoic acid 4-[4~[(l—oxo~2wprcpenyl)oxy] butoxycarboxyl] -,
2-methyl-1,4-phenylene  easter, and the combinations
thereof.

20 The nematic liguid crystal monomer or oligomer may be present

in the precursor material in a range of 10% to 100% by weight.

In case the curing is performed by UV radiation, the precursor
material comprises at least one photoinitiator system
25 comprising at least one photoinitiator and optionally a
stabilizer. Suitable photoinitators can be chosen from the
group of Irgacure (e.g. Irgacure 36%, 651, 307 or 1300},

Genomer (e.g. BP/EPD) or other free radical inducers.

30 Suitable stabilizers are Florstab UV-1 supplied by Kromachem,
and Genorad 16 supplied by Rahn.
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20(3R,3aR,68,6aR)-hexahydrofuro[3,2-b]furan-3 ,6-diy1 bis(4-
(4-(4-(acryloyloxy)butoxy)benzoyloxy)benzoate) and
(3R,3aR,65,6aR)-hexahydrofuro[3,2-b]furan-3,6-diy1 bis(4-

(4-(4-(acryloyitikyIBtits

enzoyloxy)-3-methoxybenzoate), and combina®éri&E#araEP25% The chiral

dopant may be present in the precursor material in a range of 0.1% to 25% by weight. The marking is
preferably applied by ink-jet printing, either 30 of the continuous ink-jet or of the drop-on-demand
ink-jet type, preferably by single nozzle/ raster or b%5valve-jet printing. For application by ink-jet
printing, the composition WO 2009/121605PCT/EP2009/002435 28 must further contain a solvent, in
order to adjustlis \phcdsitynbithelow velyedee qireskint thesdiipripkin g précesses: Typichl Viscosity

values for inké_jetr%g%gn%pl%s %rg igghg%ragge‘pgjrﬂg 30 mPa.s at 25C. Solvents, which can 5 be used
1 4 :

are chosen from

e"group of t

e low-visco tly polar and aprotic organic solvents, such as

ity, s

methylethyl-ketone (MER) , acetone, ethylacetate, ethyl 3- ethoxypropionate or toluene. Chlorinated

solvents like diglotameihage, tWeblprauialiana e Lichigioeiyeng ate 1 teghaicaly sylagle, but not

desirable in printing Inks

elr toxicity. The solvent is comprised in"the ink-jet precursor

material ifi a rEREUGEIe] f185hety pically55%2085%43ANelgre. Phiral dopant (chiral

inducer). Suitable chiral dopants comprise the derivatives of

izomannide and of isosorbide, such as

10

15

20

25

30

(3R, 3aR, 6R, 6aR) -hexahydrofuro (3, 2-b] furan-3,6-diyl bis(4-
{acryloyloxyethoxy) benzoate] ,

(3R, 3aR, 6R, 6aR) ~hexahydrofuro {3, 2-b] furan-3,6-diyl bis{4-
(acryloyloxybutoxy) benzoate) ,

(3R, 3aR, 6R, 6aR) ~hexahydrofuro [3, 2-b] furan-3,6-diyl bis(4-
(acryloyloxybutoxy) ~2Z-methylbenzoate),

(3R, 3aR, 6R, 6aR) -hexahydrofuro[3, 2-b] furan-3,6-diyl bis{4-
{acryloyloxybutoxy) -3-methoxybenzoate},

(3R, 3aR, 6R, 6aR) ~-hexahydrofuro[3, 2-b] furan~-3,6-diyl bis(4-
{4’ - (acryloyloxybutoxy)benzoyloxy) -3-methoxybenzoate),

(3R, 3aR, 6R, 6aR} ~hexahydrofurc (3, 2-b] furan-3,6-diyl bis(4-
(acryloyloxy) -2-methylbenzoate),

(2R, 3aR, 6R, 6aR} -hexahydrofuro [3,2-b] furan-3,6-diyl bis(4-
{acryloyloxy) -3-methylbenzoate),

(3R, 3aR, 6R, 6aR) ~hexahydrofuro [3,2-b] furan-3,6-diyl bis(4-
(4- (acryloyloxy) butoxy) benzoate) ,

(3R, 3aR, 6R, 6aR) ~hexahydrofuro[3, 2-b]} furan-3,6-diyl bis(4-
{acryloylexy) -3,5-dimethylbenzoate) ,

(3R, 3aR, 6R, 6aR) -hexahydrofure [3,2-b] furan-3,6-diyl bis(4-
{4- (acryloyloxy)benzoyloxy) benzoate),

(3R, 3aR, 6R, 6aR) -hexahydrofuro[3, 2-b] furan-3,6-diyl bis(4-
(4-(4- (acryloyloxy) butoxy) benzoyloxy) benzoate) ,

{3R,3aR, 6R, 6aR} ~hexahydrofuro (3, 2-b] furan-3,6-diyl bis(4-
(4~ (4 - {acrylovloxy)butoxy) benzoyloxy) -3-methoxybenzoate,

(3R, 3aR, 68, 6aR} -hexahydrofuro[3,2-b] furan-3,6-diyl bis(4~
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In the case of continuous ink-jet printing, the precursor material also comprises a dissolved conducting
agent, typically a salt, such as lithium nitrate, lithium perchlorate, tetrabutylammonium chloride or
tetrabutylammonium 20 tetrafluoroborate. The salt is present in a concentration range of 0.1 to 5% by
weight. 25 THEDIEXIESPmaterial preferably may further comprise securitfGRERIEIMITCh are
present in low to moderate concentration, in order to increase the resistance of the marking towards
counterfeiting. These security materials are selected from the group consisting of the inorganic 30
luminescent compounds, the organic luminescent %?)mpounds, the fl-absorbers, the magnetic
materials, the forensic markers, WO 2009/121605PCT/EP2009/002435 29 and combinations thereof.
Concentration rangeszarefl. 03 %otoys¥dim yuinareseent compounds, 0.1% to 10% for IR-absorbers or

magnetic materia (i§Rt?egg -%%%%L%}Hg&%{f@%@fﬂ%kﬁ,@?ﬁ‘&?f?&%&w?e°~r8_§{_§eq)§gql§§teric liquid

crystal precursor material for carrying out the present invention using ink-jet pririting equipment
comprises a mixture GfeEySest loney ey drBed @ Jat least one chiral inducer compound, an

organic 10 solvents and SxPRONIRAIOhexahydrofure [3, 2-b] furan-3,6-diyl bis(4-
5 {acryloyloxybutoxy) -2-methylbenzoate),
{3R,3aR, 68, 6aR) ~hexahydrofuro [3,2-b] furan-3,6-diyl bis{4-
{acrylovloxybutoxy) -3-methoxybenzoate) ,
(3R, 3aR, 68, 6aR) -hexahydrofurc [3,2-b] furan-3,6-diyl bis(4-
(4’ - {acryloyloxybutoxy)benzoyloxy) -3 -methoxybenzoate) ,
10 (3R, 3aR, 68, 6aR) -hexahydrofuro[3, 2-bl furan-3, 6-diyl bis{4-
(acryloyloxy) -2-methylbenzoate) ,
{3R, 3aR, 63, 6aR) -hexahydrofuro [3, 2-b] furan-3,6-diyl big{4-
(acryloyloxy) -3-methylbenzoate) ,
(3R, 3aR, 68, 6aR) ~hexahydrofuro[3, 2-b] furan-3,6-diyl bis{4-
15 (4- (acryloyloxy)butoxy)benzoate) ,
{3R, 3aR, 68, 6aR) -hexahydrofuro[3,2-b] furan-3,6-diyl bis{4-
(acryloyloxy) -3, 5-dimethylbenzoate),
(3R, 3aR, 63, 6aR) -hexahydrofuro[3,2-b] furan-3,6-diyl bis{4-
{4~ {acryloyloxy)benzoyloxy) benzoate) ,
20 {3R, 3aR, 68, 6aR) -hexahydrofuro[3,2-b]} furan-3,6-diyl bis(4-
{4~ (4~ {acryloyloxy)butoxy) benzoyloxy) benzoate) and
(3R, 3aR, 68, 6aR) ~-hexahydrofuro[3,2-b]l furan-3,6-diyl bis{4-
{4»(4~(acryloyloxy)butoxy)benzoyloxy}~3~méthoxybenzoate),
and combinations thereof.
25

The chiral dopant may be present in the precursor material in

a range of 0.1% to 25% by weight.

The marking is preferably applied by ink-jet printing, either
30 of the continucus ink-jet or of the drop-on-demand ink-jet
type, preferably by single nozzle/ raster or by valve-jet

printing. For application by ink-jet printing, the composition
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Said nematic compound is preferably of the acrylic- or bis- acrylic type as disclosed in EP-A-0 216 712
and EP-B-0 847 432, US-B-6,589,445, which are herein included by reference. 15 The preferred
amount of the nematic compound present in the cholesteric liquid crystal precursor mixture is from
about 10 wto¥'fZ8HBLA BT wt1, more preferably from about 10 wt% to abolif HEXG 898 Fhe preferred
chiral inducers are selected from the derivatives of isosorbide and isomannide, disclosed in EP-B-0
739 403, GB-A-2 330 139, and US-B-6,589,445, which are herein included by reference. The amount
of the chiral inducer present in the cholesteric quui%scrystal precursor mixture 25 ranges from about 0.1
wt% to about 25 wtt, preferably from about 0.5 wt% to about 15 wtl. The liquid crystal precursor
material for progticinfrar pherkingeaedording ® theapressht invERtioRTASY furlifer G6pPAsSe dves, 30

pigments, coloring agents,diluents, condycting. salts, syrfaceractive,compgunds, surface aghesion
promoters, w‘(’?ff?r%f]D 28(0%/122%05PCT/EP2009/0024 530 agé%?s, defoamers, :gg dispersing
agents. The markimgpefithe Presartinvertionss fireferdbig appied FiReldkm B indidRSeprdsenting a
unique 1-dimensianal, 3 2 siagked Lglimepsional. 5.2 2-dimensianal saicaderar maHbegode he
symbology is preferabnfy choserramong those used in the retail industry for the marking of commercial
goods. Thesesymissdgiesrare intaraationalpTecsfized BeaRdaris, ahdetheliréstiiid Yeading

and decoding algorithins are kpown and 10 impleented in commereially avilablesdeyioosy: -
ethyl-ketone (MEX] , acetone, ethylacetate, ethyl 3-
ethoxypropionate or  toluene. Chlorinated solvents like
dichloromethane, trichloromethane or trichloroethylene are

10 technically suitable, but not desirable in printing inks

because of their toxicity.

Tﬁe solvent is comprised in the ink-jet precursor material in
a range of 10% to 95%, typically 55% to 85% by weight.

15
In the case of continuous ink-jet printing, the precursor
material also comprises a dissolved conducting agent,
typically =& salt, such as lithium nitrate, lithium
perchlorate, tetrabutylammonium chloride or tetrabutylammonium

20 tetrafluorcbhorate.

The salt is present in a concentration range of 0.1 to 5% by

weight.

25 The precursor material preferably wmay further comprise
security materials, which are present imn low to moderate
concentration, in order to increase the resistance of the
marking towards counterfeiting. These security materials are
selected from the group consisting of the inorganic

30 luminescent compounds, the organic luminescent compounds, the

TR-absorbers, the magnetic mnaterials, the forensic markers,
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Suitable 1-dimensional and stacked 1-dimensional barcode symbologies are known to the skilled
person and available under symbology names such as Plessey, U.P.C., Codabar, Code 15 25 -
Non-interleaved 2 of 5, Code 25 - Interleaved 2 of 5, Code 39, Code 93, Code 128, Code 128A, Code
12813, Code¥198092E88E 11, CPC Binary, DUN 14, BAN 2, BAN 5, EAN SCHARPYWS/063E6. 128
(formerly known as UCC/E2UN-128), EAN 128, UCC 128, GS1 DataBar formerly Reduced Space
Symbology (PBS), ITF-14, 20 Pharmacode, PLANET, POSTNET, OneCode, MSI, PostBar, R144SCC
/ KIX, or Telepen. Suitable 2-dimensional barcode 3ymbologies are known to the skilled person and
available under symbology names such as 25 3-DI, ArrayTag, Aztec Code, Small Aztec Code,
bCODE, Bullseye, otishliackBedeie B, 16KnCousr4S i0olorabdesCPreode, MDatatilyits,

Datamatrix, Datastrip Code, Dot Code A, de, High Capacity, Colpr Bargpde, HyeGode, ..
|NTACTA.C§%E, ég‘e‘?&%%%?%&ic%%%?crﬁ 0dé, MiniCode, PDF417, Micro 2DF417, PDMark, 30

PaperDisk, Opign«RRCodetSedmtode, SndartCoble ]l Bnotwilakk*Cobler SHRCBHE ISUpBRSHEE,
Trillcode, UltraCode, \leriCode, VSCode, WaterCode, and ECC200. This latter has a built-in WO
2009/121605 19/002435 31 error correction code and is defined in international standard
ISO/CEI $6022:2006.  Suitable font types for optical character recognition (OCR) 5 are known to the

skilled person, Fig.1 scggprag}gal%@gﬁgﬁgduggﬁlg@gm@émg drholestenic igyiderystal

marking of the pres%%? vention. The marking is present in the form of 'a ECC200 data matrix 10 code
on the surfacéwf saitpackayingtDathaV AFRFECE 200 Ve apbic doiRgn SHFHRdgyP THeHagking

g?iﬁggfg“ the packaging. Thys itgan bep@sentybolly,gpafirst

can be applieéi fo.an QESir%%ﬁ
background color ?a , or partially, overlapping with a first background color and a second design 15

color motive presemuod thexpackagislg (IDner wHcIEEBe predeREsn &M@ SFcolotfes<rdHidH Of the
packaging (c), Thg.1qading geyice for raading the marking of the present

Said nematic compound is preferably of the acrylic- or bis-
acrylic type as disclosed in EP-A-0 216 712 and EP-B-0 847
432, US-B-6,589,445, which are herein included by reference,
15 The preferred amount o©f the nematic compound present in the
cholesteric liguid crystal precursor mixture is from about 10
wt% to about 60 wt%, more preferably from about 10 wt% to

about 45 wt%.

20 The preferred chiral inducers are selected from the
derivatives of isosorbide and isomannide, disclosed in EP-B-0
739 403, GB-A-2 330 139, and US-B-6,589,445, which are herein
included by reference. The amount of the chiral inducer
present in the cholesteric liquid crystal precursor mixture

25 ranges from about 0.1 wt% to about 25 wt%, preferably from

about 0.5 wt% to about 185 wt%.

The liguid crystal precursor material for producing a marking
according to the present invention may further comprise dyes,
30 pigments, coloring agents, diluents, conducting salts,

surface-active compounds, surface adhesion promoters, wetting
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invention can be constructed on the basis of commercially 20 available barcode readers, in particular
on the basis of handheld CCD/CMOS-camera reading equipment and reading stations used in the
retail industry. In case of an appropriate matching of the marking with the available (narrow-band)
illumination, $ERAEEHAP2quipment may be directly enabled 25 to read tHECIERA e8P odes. In
other cases, the reading device can be further adapted (enabled) so as to read the response of the
specific security elements implemented in the marking. Correspondingly adapted 30 flat-bed scanners
can also be used. CCD-camera based barcode reatlers are known to the skilled person and are
produced by several industrial companies, such as AccuSort, Cognex, DVT, WO
2009/121605REEHER 20801033 Mietodcan sQarehnSiclg SRS, Keyence, etc. Said adaptation of
the reading device may comprise the implementation of one or several optical filters chosen from 5 the
group of linear polarizing filters, right-circular polarizing filters, left-circular polarizing filters, electrooptic
polarization filtees, meaniei platest andesppetaliy:seleatea cotat fillerspafaryrypeyargspmbinatons
thereof. In a %%rgcu%ar %mtg}ofdin}_%rg.at,least two different optical 10 filters are used. Said adaptation

may further compris€ The iMplementation of Ghe of Sevatal FartititFiGht SottCsE EnsSét frof the

y p - p. - . . -

group of specirallyksaieclive {inenedlored) lightrsoarces.dineatipotarized lightsadces: left enok

right-circular polarized, light soyrces, and,combinations 15 thereof.

ght-circula ggé&.e%hg syﬁ£o§ogy is pregerﬁgfy c%osen among those used in
the retail industry for the marking of commercial goods. These
gymbologies are internationally recognized standards, and the
corresponding reading and decoding algorithms are known and

10 implemented in commercially available devices.

Suitable l—dimensignal and stacked 1l-dimensional bavcode

symbologies are known to the skilled person and available
under symbology names such as Plessey, U.P.C., Codabar, Code

15 25 - Non-interleaved 2 of 5, Code 25 — Interleaved 2 of 5,
Code 39, Code 93, Code 128, Code 128A, Code 1288, Code 128C,
Code 11, CPC Binary, DUN 14, EAN 2, EAN 5, EAN 8, EAN 13, GSi-
128 (formerly known as UCC/EAN-128), EAN 128, UCC 128, GS1
DataBar formerly Reduced Space Symbology (RSS), ITF-14,

20 Pharmacode, PLANET, POSTNET, OneCode, MSI, PostBar, RM4SCC /
KIX, or Telepen.

Suitable 2-dimensional barcode symbologies are known to the
skilled person and available under symbology names such as

25 3-DI, ArrayTayg, Aztec Code, Small Aztec Code, bCODE, Bullseye,
Codablock, Code 1, Code, 16K, Code 49, Color code, CP Code,
DataGlyphs, Datamatrix, Datastrip Code, Dot Code A, EZcode,
High Capacity Cclor Barcode, HueCode, INTACTA.CODE, InterCode,
MaxiCode, mCode, MiniCode, PDF417, Micro PDF417, PDMark,

30 PraperDisk, Optar, QR Code, Semacode, SmartCode, Snowflake
Code, ShotCode, SuperCode, Trillcode, UltraCode, VeriCode,
VSCode, WaterCode, and ECC200. This latter has a built-in
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The light sources, however, can be chosen from ambient light, incandescent light, laser diodes, light
emitting diodes, and all type of light sources having color filters. Said light 20 sources may have an
emission spectrum in the spectral domain of the visible light (400-700nm wavelength), the near optical
infrared (7001238 A 4Velength), the far optical infrared (1100-2500nm HaVERAMIS26H the UV
(200-400nm wavelength) region of the electromagnetic spectrum. 25 Said reading device is thus not
only enabled to read the marking, but also to authenticate it as being made of the correct security
material, i.e. comprising the required security elem&nts. Said reading device delivers a digital 30
information representative of the code which has been read, and pointing towards an entry in a data
base correspaneing tewihetedvearyidg thedaicksméekingegnd codetay¥@ational standard
2(109/12160?56:@5?2{)9@59(}%%%% 33 Said digital information may be compared with information
stored in the reaéing device or may be exchanged between the reading device and an external data
base; the exchange can 5 take place in encrypted form, using e.g. a public/private encoding of the

RSA type. Saidexahpnoepfidnigationganiakedqlaceiyralbkiod ofdengmission means, e.9.
wire-bound transmission, wireless radio link, infrared-link, etc_ . 10 In the particular case where no

chiral indtice?FEcERBHBelitn the pFécdrsBRnREEFA™a nematic liq uid crystal polymer is obtained.

Such polymer is usual ly characterized by birefringence, i.e. the molecules in a printed layer are

oriented n a predomina gigeclian 3gd thacompogentya! e, 15 religeiue,dsx feng ihe mglecular

axes is different from the component of the refractive index orthogonal to the molecular axes. Such
nematic liquidterystat polimel tamisbnerys baskcag it gleffent by (RERFRSbiréfiRgBREBroperties,

in which case . ack, a3 favEPIale. Bbleto liansiam ipeqr Rejarizatipnrinio ciislar pelasastion, or
vice versa, at appropriate fayer thickness. In case of a reflective substrate, the presence or absence of
the appliéd ligofkcrystat pol\iHEL 88¢ 26%heR bé reIEERELRAN the hdIV6r iffe & HaBRziRG fiter

placed on to%&gﬁ% marag in a Bhialg orieptationlnqase of a{rapsmissiyeisubstate seifher a
reflector.or a’second polarizing filter needs to be applied at the back side of the substrate in order to
render the n@ﬁqp’;g%iu@_siticn ornn the packaging., Thus it can be present
wholly on a £first background color ({(a), or partially,
overlapping with a first background color and a second design
15 color motive present on the packaging (b), or wholly be

present on a white or colorless region of the packaging ().

The reading device for reading the marking of the present
invention can be constructed on the basis of commercially
20 available barcode readers, in particular on the basis ©f hand-
held CCD/CMOS-camera vreading eguipment and reading stations
used in the retail industry. In case of an appropriate
matching of the marking with the available (narrow-band)
illumination, said reading equipment may be directly enabled

25 to read the liquid crystal codes.

In other cases, the reading device can be further adapted
(enabled) so as to read the response of the specific security
elements implemented in the marking. Correspondingly adapted
30 flat-bed scanners can also be used. (CD-camera based barcode
readers are known to the skilled person and are produced by

several industrial companies, such as AccuSort, Cognex, DVT,
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30 In a second embodiment, the marking of the present invention WO
2009/121605PCT/EP2009/002435 34 consists of pigment flakes of a liquid crystal polymer; said
pigment flakes being comprised in a coating composition, applied to the surface of a substrate. 5 A
preferred liquitPcH{EAF I8y mer pigment is of the type described in WO 208878RPEE A3435hich is
included by reference herein. A marking according to the present invention comprising such a pigment
exhibits at least two reflection bands in the 200nm to 2500nm wavelength range. 10 Cholesteric liquid
crystal polymer (CLCP) pigments useful to carry odtthe present invention are disclosed in EP 1 213
338 El; EP 0 685 749 EI; DE 199 22 158 Al; EP 0 601 483 Al; DE 44 18 490 Al; EP 0 887 398 BI, and
W02006/063926r Referencerit' dB,al§6 PFad@YE US BRIEE7, B1IS 5,362,315 and to US 6,423,246.
Such particles have a thickness of the order of 1 to 10 micrometers and a flake size of the order of 10

to 100 micrometers, and are obtained by comminuting, a corres Qndingglri%jid cr staII{)oéym%film. The
preferred flakdsifor LREFR DB R breQEnt iMIENtGTRAVER thRKAEES in B range BF-L & 10 “°
micrometers japd ansameiagediake diameterrin teereange afXlitoaG0 tidrommedershBaghcdativmy

compositipn %%rgprises at Ieastfoneé)jnder as %g§arn%r%q%t§ry companent; og;pé&gyy&%mag}gments,

dyes, extenders, adgffi?/‘ég, ph% oini é‘%?éiretc. may be present, as requir’eq by application process
and the substrate.td béngarkedt Preferreeiifindémrareashazehaframitng gy ®F Sinyfd ectxo-

optic peolarization filters, wave-plates, and spectrally
gselective color filters of‘any type, and combinations thereof.
In a particular embodiment at least two different optical
10 filters are used. Said adaptation wmay further comprise the
implementation ©f one or several particular 1light sources
chosen from the group of spectrally selective (i.e. colored)
light sources, linear polarized light sources, left- and
right-circular polarized light sources, and combinations

15 thereof.

The light sources, however, can be chosen from ambient light,
incandescent light, laser dicodes, light emitting diodes, and
all type of light sources having color filters. Said light

20 sources may have an emission spectrum in the spectral domain
of the visible light (400-700nm wavelength), the near optical
infrared ({700-1100nm wavelength), the far optical dinfrared
(1100-2500nm wavelength), or the UV (200-400mm waveaelength)
region of the electromagnetic spectrum.

25
Said reading device is thus not only enabled to read the
marking, but also to authenticate it as being made of the
correct security material, i.e. comprising the required
security elements. Said reading device delivers a digital

30 information representative of the code which has been read,
and pointing towards an entry in a data base correspending to

the item carrying the said marking and code.
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resins, acrylic resins, styrene-maleic anhydride copolymer 30 resins, polyacetal resins, polyester
resins, fatty acid modified polyester resins and UV curing monomers and oligomers, such as acrylates,
vinyl ethers, epoxides and WO 20091121605PCT/EP2009/002435 35 mixtures thereof. Said coating
composition MBIy comprise further security materials, which are” pre&BHYH5¢ o moderate
5 concentration, in order to increase its resistance towards counterfeiting. These security materials are
selected from the group consisting of the inorganic luminescent compounds, the organic luminescent
compounds, the IR-absorbers, the magnetic matertdls, the forensic markers, and combinations
thereof. 10 Typical concentration ranges are 0.01% to 5% for luminescent compounds, 0.1% to 10%
for IR-absorbers or magnetic materials, and 0.001% to 1% for forensic marker materials. To

accommodatg a%%rtica%l ggiticiq& dhe coating quogigonc%ﬁlgypg@du@n&a markighaegerding to
the present invention niay turther comprise dyes, pigments, coloring agents, diluents, conducting salts,
surface-activetsoragouimls  berfaseaddhasids PaRoters, TRKtiME aGaRE2a8RANTRe s WaTd dispersing

agents, as know in,the art, 20.Th authentigation-and idgatiicatign of thediuieistey madking
according to the present invention requires a light source and must be done in one of the following
ways; 3) bpakenimitieethe markirgrwithesh cigF8Y in¥&iP5 pSadzed figh Ehd B &G e
maﬂqngsre%%ggging of the RSA type. Said exchange of information can
take place by all kind of transmission means, e.g. wire-bound

transmission, wireless radio link, infrared-link, etc.

10 In the particular case where no chiral inducer is comprised in
the precursor material, a nematic liquid crystal polymer is
cbtained. Such polymer is usually characterized by
birefringence, i.e. the molecules in a printed layer are
oriented in a predominant direction, and the component of the

15 refractive index along the molecular axes is different Irom
the compenent of the refractive index orthogonal to the

molecular axes.

Such nematic ligquid crystal polymer can serve as a security

20 element, by using its birefringent properties, in which case
it acts as a wave plate, able to transform linear polarization
into circular polarization, or vice versa, at appropriate
layer thickness. In case ©of a reflective substrate, the
presence or absence of the applied liquid crystal polymer can

25 th@ﬁ be revealed with the help of a linear polarizing filter
placed on top of the wmarking in appropriate orientation. In
case of a transmissive substrate, either a reflector or a
second polarizing filter needs to be applied at the back side
of the substrate in order to render the marking visible.

30

Tn a second embodiment, the marking of the present invention

SUBSTITUTE SHEET (RULE 26)



i) by illuminating the marking with unpolarized (e.g. ambient) light and detecting the marking's
reflection through a circular or linear polarizing filter, iii) by a combination of circular or linear
polarized 30 jllumination and detection through a circular or linear polarizing filter. WO
2009/121605‘%/’%‘{‘9%9 3489/1002435 36 The illumination of a marked item of SHIA&"E 1 a%sf)erfoimed by
a light source chosen from unpolarized light sources, linear polarized light sources, left circular
polarized light 5 sources, and right circular polarized light sources. In all cases, detection may be
performed by eye or with the help of electro-optic ditection equipment, such as a photocell, or a CCD
or CMOS camera. The light sources and the 10 detection may be made or chosen spectrally selective
through the uSemd BakEcUtdr [IBhEBATIErS EHEPGr fordiltdrsIThe derediohtis Préfarasly caAicl out in

the visible region (400-700nm weavelength) of g elesigmagnetie SpeGIRIR15 M adatieylss,

embodiment the illumination of the marking for authenticating an item or article, is performed using at
least two diffeteRi igift Soureds seleefed froft nBnB&TFEd frandomly polarized) light sources, linear
polarized light sources, left circular polarized light sources, and right 20 circular polarized light sources.
Fig.2 shows images taken from EOC200 Data matrix codes printed with liquid crystal material on

coated catdbdar@rBiesE Riages Tty At eld thEAKRRTage HTRHY tHE pdtdrizindF25 PBBerties
of the liquid C@@é%&%b{ﬁ‘%ﬂﬁnﬁc}fé’éﬁ%mss Al, which is included by reference
herein. A marking according to the present invention
comprising such a pigment exhibits at least two reflection
bands in the 200nm to 2500nm wavelength range.
i0
Cholesteric liguid crystal polymer (CLCP) pigments useful to
carry out the present invention are discliosed in EP 1 213 338
Bl; EP 0 &85 749% Bl; DE 193 22 158 Al; EP 0 601 483 Al; DE 44
18 490 Al; EP 0 887 398 Bi, and WO2006/063926. Reference is
1§ also made to US 5,211,877, te US 5,262,315 and to US
6,423,246, Such particles have a thickness of the order of 1
to 10 micrometers and a £lake size of the crder of 10 to 100
micrometers, and are obtained by comminuting a corresponding
ligquid crystal polymer £ilm. The preferred flakes for use in
20 the present invention have a thickness in the range of 1 to 10
micrometers, and an average flake diameter in the range of 20

to 50 micrometers.

Said coating composition comprises at least one binder as a
25 mandatory component; optionally, further pigments, dyes,

extenders, additives, photoinitiators, etc. may be present, as
required by the application process and the substrate toc be

marked. Preferred binders are chogen from the group of vinylic
resing, acrylic resins, styrene-malei¢ anhydride copolymer
30 resins, polyacetal resins, polyester resins, fatty acid
modified polyester resins and UV curing monomers and

oligomers, such as acrylates, vinyl ethers, epoxides and
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reading of the printed code on a clear or structured background. Most advantageous is a combination
of polarized light for illumination and the use of a polarizing filter in front of the camera. All images
were taken with the same light 30 source and with the same camera settings, all in black and white
mode, and witi? GPRItABER polarizing filters before the WO 2009/121605PETVEBSBY8IEH5435 37 light
source and/or the camera. The images were digitally treated for maximum contrast and optimum
brightness. In a preferred option, the liquid crystal marking of the 5 present invention is rendered
visible under unpolarized (preferably ambient) Iight3l§y a passive detecting means such as a linear or a
circular polarizing filter. The marking can, however, also be identified and authenticated outside the
visible spectmiix t40@708heraalelength), e.g. in the infrared 10 region (700 to 2500nm wavelength),
preferably in the near optical infrared (700-1100nm wavelength), in the far optical infrared
(1100-2500nm wavelength) or in the UV (200-400nm wavelength) region of the electromagnetic
spectrum, givisrithat tee riaringderpasefidqion may irbkeseyalibns. TMPR &foledietieffid

crystal polyme%]é%}?/%g%s natyre,. ga@ggtrw%lpctg\@erefmg@wgosgrgeﬂggtjpn pand.can. betdned
electro

across part of the magnetic spectrum by an appropriate choice of its helical pitch. Said pitch
noteworttfy 20ateprrtisadri the ratie of predsatic PRecRRBFIAGR il $6 cHildS IfthiefF CorhpBERG T the

liquid crystal 88%%&9@{1’1919@ thefaruperature.afRplymedzation. Affer plymetigatiendhededical
pitch, and hence the reflection color of the material, remains fixed. 25
group consisting of the inorganic luminescent compounds, the
organic luminescent compounds, the IR-absorbers, the magnetic
materials, the forensic markers, and combinations thereof,
10 Typical concentration ranges are 0.01% to 5% for luminescent

compounds, 0.1% to 10% for IR-absorbers or magnetic materials,

and 0.001% to 1% for forensic marker materials.

To accommodate particular conditions, the coating composition
15 for producing a marking according to the present invention may
further comprise dyes, pigments, celoring agents, diluents,
conducting salts, surface-active compounds, surface adhesion
promoters, wetting agents, defoamers, and dispersing agents,
ag known in the art.
20
The authentication and identification of the liquid crystal
marking according to the present invention reguires a light
source and must be done in one of the following ways:
i) by illuminating the marking with circular or linear
25 polarized light and detecting the marking’'s reflection;
ii) by illuminating the marking with wunpolarized {e.g.
ambient) light and detecting the warking’s reflection through
a circular or linear pelarizing filter,
iii} by a combination of circular or linear polarized
30 illumination and detection through a circular or linear

polarizing filter.
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As known to the skilled person, low amounts of chiral inducer result in a low helical twisting and hence
in a large helical pitch. Therefore, low amounts of the chiral inducer generate a reflection band of the
resulting polymer at the long 30 wavelength end of the spectrum, typically in the infrared or red region,
whereas high¥P ZMYIHEDF inducer generate a WO 2009/121605PCT/EPSOUBTBH2A85 43 reflection
band of the resulting polymer at the short wavelength end of the spectrum, typically in the blue or UV
region. 5 Attention must also be paid to the handeglgless of the chiral inducer, i.e. whether a deteiwined
inducer results in a left or in a right helical pitch, resulting in respective opposite circular polarization of
the reflected light. Isomannide derivatives are known to induce the reflection of left 10 circular
polarized light, whereas isosorbide derivatives are known to induce the reflection of right circular

polarized light, Hereafteris given a bypicalexpawle ofa cholestere liguitlsl & biystalquotyraefrecursor
composition, which can be applied by the continuous ink-jet printin _proéi:as%:, EK55.7 wtt benzoic
acid 4-f4-[(148%o-2-propehy) oR§HERBXY EEDROKY)-, %ﬁi‘%thi‘/‘lgfﬂ-lﬁ%rﬁﬂ’ e eafra0. TR °°5"

20(3R,3aR, 65 6aR)- hexahydmierot gilfussiadgly Likisd- farvloyioxybutaylheny onig)a70 wit

5 sources, and right circular polarized light sources.

In all cases, detection may be performed by eye or with the
help of electro-optic detection eguipment, such as a
photocell, or a CCD or CMOS camera. The light sources and the
10 detection may be made or chosen spectrally selective through
the use of particular light emitters and/or cclor filters. The
detection is preferably carried out in the wvisible region

(400-700nm wavelength) of the electromagnetic spectrum.

15 In a particular embodiment the illumination of the marking for
authenticating an item or article, ié performed using at least
two different 1light sources selected £from non-polarized
(randomly polarized) light sources, linear polarized light
sources, left circular pelarized light sources, ‘and right

20 circular polarized light sources.

Fig.2 shows images taken from ECC200 Data matrix codes printed
with liguid crystal material on coated cardbcard. These images
clearly illiustrate the advantage of using the polarizing
25 properties of the liguid crystal material marking for the
reading of the @printed code on a clear oOr structured
background. Most advantageous is a combination of polarized
1ight for illumination and the use of a polarizing filter in
front of the camera. All images were taken with the same light
30 source and with the same camera settings, all in black and

white mode, and with or without polarizing filters before the
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Irgacure 9071.30 wit LiC1041.20 wtt 25 The following example is a typical cholesteric liquid crystal
polymer pigment composition, which can be applied by the valve-jet (drop-on-demand) ink-jet printing
process: Pioloform(r) BL185.0 wtt 3S0MEK64.6 wt% Diethylene glycol10.0 wtt W02009/12
605PCT/EP2BEFBHFAEE 39 Ethanols.0 wt% LC polymer pigment10.0 wib5 B85 5300
Byk(r)-4100.9 wt% 5 Pioloform(r) BL18 is a polyvinyl butyral resin with the CAS No. 63148-65-2
supplied by Wacker. Byk(r)-430 is a solution of moglified urea supplied by Byk. Byk(r)-410 is a solution
of high molecular urea modified polar polyamide supplied by Byk. 10 The following is an alternative .

example of a cholesteric liquid crystal polymer precursor compositjo [ '
valve-jet prinﬂﬁ@lﬁﬁocégﬁﬂce a%‘/xd/og ythe pcamera. %}Pe t:ﬂmg’g\ggmhw%%%bed%%%'!:%dl9¥'the

treated for maximum contrast and optimum brightness.

in a preferred ocption, the liquid crystal marking of the

5 present invention is zrendered visible under unpolarized
(preferably ambient) light by a passive detecting means such
as a linear or a circular polarizing filter. The marking can,
however, also be identified and authenticated outside the
visible spectrum (400-700nm wavelength), e.g. in the infrared

10 region (700 to 2500nm wavelength), preferably in the near
optical infrared (700-1100nm wavelength), in the far optical
infrared (1100-2500nm wavelength) or in- the UV (200-400nm
wavelength) region of the electromagnetic spectrum, given that
the marking has & reflection band in these regions.

15
The cholesgteric liguid crystal polymer is, by its nature, a
spectrally selective reflector whose reflection band can be
tuned across part of the electromagnetic spectrum by an
appropriate choice of its helical pitch. Said pitch noteworthy

20 depends on the ratio of nematic precursor material to chiral
inducer compound in the liguid crystal precursor, and on the
temperature of polymerization. After polymerization, the
helical pitch, and hence the reflection color of the material,
renains fixed.

25

As known to the skilled person, low amounts of chiral inducer
result in a low helical twisting and hence in a large helical
pitch. Therefore, low amounts of the chiral inducer generate a
reflection band of the resulting polymer at the long
30 wavelength end of the spectrum, typically in the infrared ox

red region, whereas higher amounts of inducer generate a
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MEI(83.0 wt% 15benzoic acid 4-[4-((1-oxo-2-propenyl)oxy] butoxyl-, 2- methy1-1,4-phenylene
esterl4.7 wt% (3R,3aR,65,6aR)-hexahydrofuro[3,2-blfuran-3,6-diyl bis(4-
(acryloyloxybutoxy)benzoate)1.50 wt% Irgacure 9070.8 wtk 20 Based on the indications and
exemplary ersbfifReatalgiven hereinbefore, the skilled person is enabledP ot fikEr
embodiments of the present invention. 40 Claims 1. Marking for an item or article, said marking
comprising polymeric liquid 5 crystal material having determined optical characteristics which allow for
its authentication and reading by a machine, as welas its authentication by the human eye, the
marking being characterized in that it is produced on a substrate by a variable information printing
process seleated feorh ibe gréwmdontiriuoustink-jetesiatingpdropred egrandink-jétisrintitgeahd laser

printing, and has the form of J indilgiatrggreg QQQ%U”MH%%Q% Iom@pgtfgé it%jﬁ:[gé'ntiggatig{}. 2.
Marking acco“r]g'lxrr\% o claim f,nc aracterized |§that at least part of thg marking is invisible to the
unaided humaaeienis 3.Marking according to one of the claims 1 to 2, wherein said polymeric liquid
crystal material is a cholesteric liquid crystal material, exhibiting color and an angle- dependent change
of color.

5 Attention must also be paid to the handedness of the chiral

inducer, i.e. whether a determined inducer results in a lgft
or in a right helical pitch, resulting in respective oppesite
circular polarization of the reflected 1ight. Isomannide
derivatives are known to induce the reflection of left
10 circular polarized light, whereas iscsorbide derivatives are
known to induce the reflection of right circular polarized

light.

Hereafter is given a typical example of a2 cholesteric liquid
15 crystal polymer precursor composition, which can be applied by
the continuocus ink-jet printing process:

MEX 55.7 wt%

benzoic acid 4-[4-[{1l-oxo-2-propenyl)oxy] butoxycarboxy]-,

2wmethy1Ql,4uphenylene ester 40,1 wt¥%
20 (3R, 3aR, 63, 6aR) ~hexahydrofuro(3,2-b] furan-3,6-diyl bis{4-
{acryloyloxybutoxy) benzoate) 1.70 wt¥
Irgacure 207 1.30 wt¥
LiCl04 1.20 wt%

25 The following example is a typical cholesteric ligquild crystal
polymer pigment composition, which can be applied Dby the

valve-jet (drop-on-demand) ink-jet printing process:

Piclioform® BL1SB 5.0 wtk
30 MEX £4.6 wt%
Diethylene glycol 1.0 wt¥
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4. Marking according to claim 3, wherein the cholesteric liquid crystal mate-20 rial has a reflection
band in the UV spectrum corresponding to the 200 to 400nm wavelength range. 5. Marking
according to claim 3, wherein the tholesteric liquid crystal material has a reflection band in the visible
spectrum coré3pHditig¥ the 400 to 25 700nm wavelength range. 6. MA&KIBREEEHRdRig to claim 3,
wherein the cholesteric 41 liquid crystal material has a reflection band in the infrared spectrum
corresponding to the 700 to 2500nm wavelength rgﬁge, preferably in the infrared spectrum
corresponding to the 700 to 1100nm wavelength rarge. 5 7.Marking according to one of the claims 4
to 6, wherein the cholesteric lig- uid crystal material has a second reflection band in the 200 to 2500nm
wavelength range. B:IM&%ing according to one of the claims 1 to 2, wher&in €5 polymeric 10liquid
crystal material is aLr@ngti%ggidﬁﬁ@lmaterial, exhibiting optical birgs fringence, 9. Marking
according to one of the claims 1 to 8 , wherein said polymeric liquid crystal material comprises further
security materials, $&16&e#¥Pom the 15 group consisting of the inorgantc fumte&cent compounds, the
organic luminescen geeaoumds, the ER-absorbers, the magnetic materials, aad the forensic markers,
and the combinations thereof. 10. Marking according to one of the claims 1 to 9, wherein said
substrate3s 20selected from the group of reflecting substrates, colored substrates, and transpar- ent

substrates. gL Mamking.aceardingto eneRfitheislaimslii9-9awhersinsaigh substrade 38 No.
63148-65-2 supplied by Wacker. Byk®-430 is a solution of
modified urea supplied by Byk. Byk®-410 is a sclution of high

molecular urea modified polar polyamide supplied by Byk.

10
The following is an alternative example of a cholesteric
liquid crystal polymer precursor compositicen, which can be
applied by the valve-jet printing process:
MEX 83.0 wt¥%
15 benzoic acid 4-{¢-[{i-oxo-2-propenyl)oxyl butoxyl-, 2-
methyl-1,4-phenylene ester 14.7 wtk
(3R, 3aR, 65, 6aR) ~hexahydrofuro [3,2-b]l furan-3,6-diyl bis{4-
(acryloyloxybutoxy) benzoate) 1.50 wt¥%
Irgacure 907 0.8 wt¥%
20

Based on the indications and exemplary embodiments given
hereinbefore, the skilled person is enabled to derive further

embodiments of the present invention.
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patterned substrate, comprising at least two different surface areas, each selected 25 from the group
of white surface areas, black surface areas, colored surface areas, reflecting surface are-c,
transparent surface areas and combinations thereof. 12. Marking according to one of the claims 1to 9,
wherein said substrate carries indicia. 30 13.Marjing according to one of the claims | to 9, wherein
said subsinste car- ries at least one security element, selected from the group consisting of the
inorganic luminescent compounds, the organic luminescent compounds, the 1K-absorbers, the
magnetic materials, the forensic markers and combinations thereof. 5 14. Marking according to claim
13, wherein said security element is present in the form of indicia. 15. Marking according to one of the
claims | to 14, wherein said substrate is m selected from the group consisting of the woven substrates,
the non-woven substrates, the coated substrates, the papers, the cardboards, the wooden substrates,
the glass substrates, the ceramic substrates, the metal substrates, the plastic subsu cites, the textiles,
and the leathers, 1516.Marking according to one of the claims 1 to 15, wherein said indicia repre-
senting a unique code are chosen from the groyp of: 1-dimensional bascodes, stacked I-dimensional
barcodes, and 2 -dimensional barcodes.  17: 5 ing according to claim 16, wherein said
1-dimensional barcode is 20 selected from the group of Plessey, U. P. C., Codabar, Code 25 -

Non-interleaved 2 of & Gade®d s peHeavest 2, 0l 008 32oHpHad3pSioretAf kipde 128A, Code
128B, Code 128C, Code 11, CPC Bégtar .DUN 14, BAN 2, EAN 5 l%’:,gSl-lZS (formerly

A B
known as F.JCEHSRNERSE 2 RAKI S APGah DRSS |ﬁé’%¢g§(}8¥2§§p%ce'25 Symbology
(RSS), ITF-14 {Riatireiaccod, 1eidiib, POETINE 35 @rlkGoite aMIB PGB RY, IRINMSETC / ICTX, or

Telepen. 18. Magking aqeqidngdn claiihalfa-hersinsnid 2 fiersionhhaseosiads slgoted from the
group of 3 -DI, ArrayTa

variable gformaﬁon printing process selected from the group continuous ink-jet
printing, drop-on-demand ink-jet printing, and laser printing, and has the form of

10 indicia representing a unique code, allowing for its identification.

2. Marking according to claim 1, characterized in that at least part of the

marking s invisible to the unaided human eye.

15 3. Marking according to onc of the claims 1 to 2, wherein said polymeric
Jiquid crystal material is a cholesteric liguid crystal material, exhibiting color and

an angle- dependent change of color.

4, Marking according to claim 3, wherein the cholesteric liquid crystal mate-
20  1ial has & reflection band in the UV spectriun corresponding to the 200 to 400nm

wavelength range. '

3. Marking according to claim 3, wherein the cholesteric liquid crystal mate-

rial has a reflection band in the visible specirum corresponding to the 400 o

25 700nm wavelength range.

6. Marking according to claim 3, wherein the cholesteric
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30 Aztec Code, Small Aztec Code, bCODE, Bullseye, Codablock, Code 1, Code, 16K, Code 49, Color
code, CP Code, DataGlyphs, Datamatrix, Datastrip Code, 43 Dot Code A, EZcode, High Capacity
Color Barcode, HueCode, NTACTA. CODE, InterCode, MaxiCode, mead; MiniC,odes PDF417, Micro
PDF417, PDMark, PaperDisk, Optar, QR Code, Sen anode, SmartCode, Snowflake Code, ShotCode,
SuperCode, Trillcode, UltraCode, VeriCode, VSCode, WaterCode, and 5 ECC200. 19.Marking
according to one of the claims 1 to 18, wherein the polymeric liquid crystal material is present in the

- form of pigment flakes comprised in a suitable bindgr. 10 20. Marking according to claim 19, wherein
the binder is chosen from the group consisting of the vinylic resins, the acrylic resins, the
styrene-maleic anhydride copolymer resins, the polyacctal resins, the polyester resins, the fatty acid
modified polyebasidesintsianaitRel raxareetlionsymd & the iIMERRHEPACEHRUAG TBPERIM 19, wherein the
binder is chosensftomdhemgiopsnoansisting-obined by -stiRrable ingranaisantatgamers of acrylates,

vinyl ethers, epoxides and combi gél ns thereof. 2 Zz%gem or article carrying at least one marking
according to or?g%%gﬂggdé%r%’s%ffog ?OZ%&}%% %?Va%l iC gggg?ding to claim 22, wherein said item or

article is chosen from the group of value documents, banknotes, passports, identity documents,
25driving licenges, offjgialine Al sHONSIAGHESSIIOSHRA RS SlaMbRitaxsiapnteaadifanderoles,

transportation tickets, event tickets, labels, foils, packaging, arts, and consumer goods. 24.
Use of a markilg &c¢ aé%ai%%q 5#&?8%‘15?&?@%%46‘% %ﬁéﬁ‘n%éﬁmm wavelenglh

range.

g, Marking according to one of the claims 1 to 2, wherein said polymeric
10 liguid crystal material is.a nematic liquid crystal material, exhibiting optical bire-

fringence,

g. Marking according to one of the claims 1 to 8 , wherein said polymeric
Lguid érystal meterial comprises further security materials, selected from the

15  group consisting of the inorganic Juminescent compounds, the organic lumines-
cent compounds, the IR-absorbers, the magnetic materials, and the forensic mark-

ers, and the combinations thereof.

10, Marking according to one of the claims 1 to 9, wherejn said substrate is
20  selected from the group of refiecting subsu'siws, colored substrates, and franspar-

ent substrates.

11.  Marking according to one of the claims 1 to 9, wherein said substrate is a
patierned substrate, comprising at least two different surface areas, each selected
25 from the group of white swrface areas, black surface areas, colored surface areas,

reflecting surface areas, transparent surface ercas and combinations thereof.
12,  Marking according to one of the claims 1 to 9, wherein said substrate car-

ries indicia,

30
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30tracing an item Or article. 44 25,Use according to claim 24, wherein said item or article is chosen

from the group of value documents, banknotes, passports, identity documents, driving licenses, official

permissions, access documents, stPimps, tax stamps and banderoles, transportation tickets, event
tickets, labels, foils, packaging, spare parts, and 5 consumer goods. 26. Method for producing a
marking according to one of claims | to 21, said method comprising the steps of a) providing a

substrate; 10 b) applying a liquid crystal precursor composition to said substrate, in the form of indicia;

c) hardening the applied composition in the orderedHiquid crystal state. 27. Method according to
claim 26, wherein the precursor composition corn-15 prises UV-cure-able reactive monomers or
oligomers, and the hardening of the applied composition takes place by UV-curing. 28. Method for

marking an iterd%r arfi&inartsnstinedcersishigiesicpLomayistosrithrbsirEmeer article to be

masked; 20 b) applyig.eéleastane elaﬁmgsamw@lmﬂ@he@eo%tmam@%&&%%@nto the said item

or article, 29. Methfd accordln to one,o tﬁqalms 26 to 28, wherein the &1 iﬁOde represented by
the indicia is arFene %s &

information. 3@bm&md%mmtm@wﬂmf¢rwwm@a@mmmmmﬁhe steps of
providing ap item or article carrying a marking according to one of the claims 1 30to 21,

10

15

20

25

30
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14, Marking according to ¢laim 13, wherein said security element is presentin

the form of indicia.

15, Marking according to one of the claims 1 o 14, wherein said substrate is
selected from the group consisting of the woven substrates, the non-woven sub~

strates, the coated substrates, the papers, the cardboards, the wooden substrates,

the glass substrates, the ceramic substrates, the metal substrates, the plastic sub-

straies, fhe textiles, and the leathers,

16.  Matking according to one of the claims 1 to 15, wherein said indicia repre-
senting a unique ¢ode are chosen from the group of: 1-dimensional barcodes,

stacked 1-ditnensional barcodes, and 2 ~dimensional barcodes.

17. Marking according to claim 16, wherein said 1-dimensional barcode is
selected from the group of Plessey, U. P. C,,

Codabar, Code 25 - Non-interleaved 2 of 5, Code 235 - Interieaved 2 of 5, Code
39, Code 93, Code 128, Code 128A, Code 1288, Code 128C, Code 11, CPC Bi-
nary, DUN 14, EAN 2, EAN 5, EAN 8, EAN 13, GSI-128 (formerly known as
UCC/RAN-128), BAN 128, UCC 128, GS!| DataBar formerly Reduced Space
Symbology (RSS), ITE-14, Pharmacode, PLANET, POSTNET, OneCode, MSI,
PostBar, RM4SCC / KIX, or Telepen.

18.  Masking according to claim 16, wherein seid 2-dimensional barcode is
selected from the group of 3 -DIL, ArrayTag,

Aztec Code, Small Aztec Code, bCODE, Bullseye, Codablock, Code 1, Code,
16K, Code 49, Color code, CP Code, DataGlyphs, Datamatrix, Datastrip Code,
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45 D) illuminating the marking on said article or item with at least one quality of light from at leact one
light source; c) detecting the said marking's determined optical characteristics through the sensing of
light reflected by the marking; 5d) determining the item's or article's authenticity from the detected
optical chant- teaistics of the marking. 31. Method according to claim 30, wherein the marking
comprises a clinicsteric liquid crystal material, exhibiting spectrally selective, viewing angle-
10dependent light reflection, the reflected light he%ng a particular sense of circular polarization. 32.
Method according to one of claims 30 to 31, wherein said light source is a spectrally selective light
source. 15 33. Method according to claim 32, wherein said light source is chosen from the group of
ambient light, incandescent light, laser diodes, light emitting diodes, and the light sources haying color

filters. 20 34. M EPHcboFthftife Bid SrertiLatridasofmhdanreds. IjHt4slte is chosen to emit in
a spectral doma@id, the-gross Forstsing e, NeibiescH) o nmviayalergtly), , the near optical

(200-400nm WU R ERF FHEbI NS G et Socch i 95 SBNIARAT dedorting to one of
claims 30 to 34hattadinssarGiodamiRalred Harsipiedvsy 8aimisdareés heisereotrthe group
consisting ©f thecmpglarized, linear polarized, left circular polarized, and right circular polarized light
sources 3036.Method according to one of claims 30 to 35, wherein at least two different
19. . Marking according to one of the claims I to 18, wherein the polymeric
liquid crystal material is present in the form of pigment ﬂakr;s comprised in & suit-
sble binder. |
10
20. Marking according to claim 19, whersin the binder is chosen from the
group consisting of the vinylic resing, the acrylic resins, the styrene-maleic anhy-
dride copolymer resins, the polyacetal resins, the polyester resing, the
fatty acid modified polyester resins and the mixtures thereof .
i5
21,  Marking according to claim 19, wherein the binder is chosen from the
group consisting of the UV-cure-able monomers and oligomers of acrylates, vinyl

ethers, epoxides and combinations thereof,

20 22, Ttem or article carrving at least one marking according to one of the claims
1to21.

23, Item or article according to claim 22, wherein said item or article is chosen
from the group of value documents, banknotes, passports, identity documents,

25  driving licenses, official permissions, access documents, stamps, tax stamps and
banderoles, transportation tickets, event tickets, labels, foils, packaging, spare

parts, and consumer goods .

24,  Use of a marking according to one of the claims 1 to 21 for tracking or

30 tracing an item or article.
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said light sources are used in conjunction. 46 37. Method according to one of claim 30 to 36, wherein
said detecting is performed using at least one optical filter chosen from the group consisting of the
linear polarizing, left circular polarizing, right circular polarizing filters and the 5electro-optic
polarization switches. 38. Method according to claim 37, wherein said optical filter is combined with a
color filter. 1039.Method according to one of claims 37 to 38, wherein at least two different said optical
filters are used in conjunction. 40.Method according to one of claims 30 to 39, wherein said detecting
is performed by eye. 15 41. Method according to one of claims 30 to 39, wherein said detecting is
performed by an electro-optic detection equipment. 42. Method according to claim 41, wherein said
electro-optic detecting equip- 20 ment is chosen from the group consisting of the photocells, linear
CCD image sefSor arriy$coordintensibind crwrixgeiddise o amigle indwsoNFos ftage sensor
arrays, 2 -dimegsiana¥r GiWe Soirnaga: S@RsREAEERYSsbstsMethad, fas daeslifyingangitem or article, said
method comprising.ine sleps, 220l AR Mdina R iem L Miele Sming aTiarkilg according to one
roles, ;:ramportation tickets, event tickets, labels, foils, packaging, spare parts, and

5 copsumer goods,

26.  Method for producing 2 marking according o one of claims | to 21, said
method comprising the steps of |
a) providing & substrate; '

10 b) applying a liquid crystal precursor composition to said substrate, in the form of
indicia

¢) hardening the applied composition in the ordered liquid crystal state.

27. Method according to claim 26, wherein the precursor composition com-
15 prises UV~cure-able reactive monomers or oligomers, and the hardening of the

applied composition takes place by UV-curing.

28.  Method for marking an item or article, said method comprising the steps of
g) providing an ifem or articie to be marked;

20 b) applying at Jeast one marking according to one of the claims 1 to 21 onto the
said item or article,

29. Method according 1o one of claims 26 to 28, wherein the unique code rep-
resented by the indicia is an encrypted information, the method comprising the

25 step of encrypting said information.

30.  Method for authenticating an item or article, said method comprising the

steps of

&) providing an item or arficle carrying 2 marking according to one of the claims 1
30 to21;
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b) illuminating the marking on said article or item with at least one quality of light from at least one light
source; 30 a) reading the indicia represented by the marking, deriving corresponding information; 47
d) correlating the information retrieved from the indicia of the marking with information stored in a data
base ; 0) obtaining confirmation or denial concerning the item's or article's identity. 5 11,Method
according to claim 44, comprising the further step of authenticat- ing said item of article using the
method according to one of claims 30 to 42. 45.Method according to one of claims 43 to 44, wherein
the indicia are read with the help of an elcctro-opti‘c?rsnage sensor array. 10 46. Method according to
claims 45 wherein the electro-optic image sensor array is chosen from the group consisting of the
linear CCD image sensor arrays, 2 -dimensional CCD image sensor arrays, linear CMOS image

sensor arrays, Bridienitigies SenetEnEDs FHdgeiskroam VS 2 Scasyontstpdinuettsling to one of
claims 43 to 46gyyheredasinfesmaiioRabgut the item or article is stored in the database.  48. Method
according to one of claims 43 tp, 47, wherejn the.information, ex: 20.change with the database takes
place in encryp‘fié) S%I?g%ﬁ Wgtﬁlgr ac Soratlﬁrénf‘ggéogj}é cI%%i"rakf1’%‘%‘%—l o%égr v%%ir'etl%et%egsu_nique code
represented byitigerfritioiacdictted iathérmad-iaserypted information, the method comprising the step of
decrypting saidgyifeRatiehe 82 item's or article's authenticity from the detected optical charac-

teristics of the marking .

31.  Method according to claim 30, wherein the marking comprises a choles-
teric liquid crystal material, exhibiting spectrally selective, viewing angle- '

10 depcnd@t light reflection, the reflected light having a particular sense of circular
poiMﬁon.

32.  Method according to one of ¢laims 30 to 31, wherein said light sourceis a
- spectrally selective light source.
15
33.  Method according to claim 32, wherein said light source is chosen from
the group of ambient light, incandescent light, laser diodes, light emitting diodes,
and the light sources having color filters.

20 34,  Method according to one of claims 30 to 33, where;in the light sowrce is
chosen to emit in a spectral dornain of the group consisting of the visible (400-
700nm wavelength) , the near optical infrared (700-1100nm wavelength) , the far
optical infrared (1100-2500nm wavelength) and the UV (200-400nm wavelength)
region of the electromagnetic spectram.

25
35,  Method according to one of claims 30 to 34, wherein said illuminating is
performed by & light source chosen from the group consisting of the unpolarized,

linear polatized, left circular polarized, and right circular polarized light sources.

10 36,  Method according to one of claims 30 to 35, wherein at least two different

said light sources are used in conjunction,
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50. Method for the secure tracking or tracing of an item or article, using a marking according to one of
the claims 1 to 21, comprising the first commutable steps of a) applying a said marking to the item or
article according to one of the claims 26 30to 29; b) storing information related to the marked item or
article in a data base; 48 and the second commutable steps of c) authenticating the item or article
according to one of the claims 30 to 42; d) identifying the item or article, according to one of the
claims 43 to 49, using the information stored in the database; 5 and the optional step of e) updating
the data base with new information elements relatag to the item or article. 51.Method according to
claim 50, wherein said item or article is chosen from 10 the group of value documents, banknotes,
passports, identity documents, driving licenses, official permissions, access documents, stamps, tax
stamps and banderoles, transportation tickets, event tickets, labels, foils, packaging; pharmaceutical

products, sparezparts ME-aGRESNAE BOOES of claim 30 to 36, wherein said detecting is per-
| formed using at least one optical filter chosen from the group consisting of the
linear polarizing, left circular polarizing, right circular polarizing filters and the
5 clectro-optic polarization switches.

38.  Method according to claim 37, wherein said optical filter is combined with
a color filter,

10 39,  Method according to one of claims 37 to 38, wherein at least two different

said optice] filters are used in conjunction.

40, Method according to one of claims 30 to 39, wherein said detecting is
~ performed by eye.
15
41,  Method according to one of claims 30 to 39, wherein said defecting is per-
formed by an electro-optic detection equipment ,

42.  Method according to claim 41, wherein said electro-optic detecting equip-
20 mentis chosen from the group consisting of the photocells, linear CCD image
sensor arrays, 2- dimensional CCID image sensor arreys, linear CMOS image sen-~

sor arrays, 2 ~dimensional CMOS Image sensor arrays.

43, Method for identifying an item or article, sgid method comprising the steps
25  of '
&) providing an item or article carrying a marking according to one of the claims ]
to 21;
b) illuminating the marking on said article or item with at least one quality of light
from at least one light source;
30 ¢)reading the indicia represented by the marking, deriving corresponding infor-

mation,
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d) correlating the information retrieved from the indicia of the marking with it
formation stored in a data base ;

&) obtaining confirmation or denial concerning the item's or article's identity.

44,  Method according to claim 44, comprising the further step of authenticat-

ing said item of article using the method according to one of claims 30 to 42.

45, Method according to one of ¢laims 43 to 44, wherein the indicia are read

with the help of an electro-optic image sensor array.

46.  Method according to claims 45 wherein the electro-optic image sensor
array is chosen from the group consisting of the linear CCD image sensor arrays,
2 -ditnensional CCD image sensor arrays, linear CMOS image sensor arrays, and

2 -dimensional CMOS image sensor arrays.

47.. Method according to one of claims 43 to 46, wherein information ghout

the item or asticle is stored in the database.

48.  Method according to one of claims 43 to 47, wherein the information ex-
change with the database takes place in encrypted form.

49.  Method according to one of claims 43 to 48, wherein the unique code rep-
resented by the indicia of the marking is encrypted information, the method com-
prising the step of decrypting said information.

50.  Method for the secure tracking or tracing of an itern or article, using &
marking according to one of the claims 1 to 21, comprising the first commutable
steps of

2) applying & said marking to the item or erticle according to one of the claims 26
to 29;

b) storing information related to the marked item or article in a data basc;
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and the second commuizable steps of
c) authenticating the itern or article according fo one of the claims 30 to 42,

d) identifying the item or article, according to one of the claims 43 to 49, using the

information stored in the data base;
and the optional step of
e) updating the data base with new information elements related to the {tem or

article,

51, Method according to claim 50, wherein said item or atticle is chosen from

the group of value documents, banknotes, passports, identity documents, driving

licenses, official permissions, access documents, stamps, tax stamps and bande-

roles, transportation tickets, event tickets, labels, foils, packaging, pharmaceutical

products, spare parts, and consumer goods,
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