I dentification and Authentication. using Liquid Crystal Material Markings
Field of the Invention The present invention relates to a machi ne readabl e
mar ki ng fwo 2oéve121@sogni tion, identification and aut hent PCatEPos9mh2435
individual items. The nmarking is nade of liquid crystal material, which is
applied to a substrate by known variable information printing techniques.
The marking is detectable and/or identifiable by passive detecting neans,
e.g. optical filters under unpol ari zed (anbient) light, as well as by
illumnation with polarized Iight. The marking is applied in the form of
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material, which is applied to a substrate by known variable

information printing techniques. The marking is detectabkle
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” systems 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 beverages, perfumes, pharmaceutical drugs,

cigarettes, CDs/DVDs, as well as othexr 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. Producers

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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unit which can be sold. The underlying technical problem has been addressed
in the artthrough an individual marking o f each sellable itemintroduced
into the woppdwi2edeai n. The narkings o f the prior art weCE/EPh@sam4dh such a
way that they were not susceptible to photocopying, i.e. preferably covert
mar ki ngs were used, which are not visible to the unaided eye or the

phot ocopyi ng machine . A "Covert" marking, in the context of the present
invention, is any marking or security elenment, which cannot b e

aut henti cated by the unai ded eye, but which, for 3}{[ heinti,cati aon, depends on
a det ect i FRFGIIR i Hed HevA el oR2ERYKi A, 28G8n S8d1ah 16pditeER 1Y F9 an
el ectroni t ti j LRTeNnty., AR Quert rkipng, JAthe, gontexts o f
t he preselﬁ?@éjngg%ti%%b?}z %%%lﬁlgfk?%a gnralge/lg{ S|t§%el enent, vc\Dlhi & for ©
aut hent i caidsan daes suth deperdyonthatet €héy ngwere r esst ngubdpteble e.to

whi ch can be authenticated by the unaided eye . "Color" in the context of

t he preserhotigraniting i k- escBreberelgynapeehhymapbingsl WerseMsed vaicur n
of light (electromgnetic radiation) fra il ] um nat obj , .t in
the vi ibag S rﬁ%'rsa B oratol n the lH\lilarlararcle;(jzjge1 oef}let he&gl g%ter o%&%@t@?yﬁd
spect rumg(deitind N t he whol e wavel ength range from 200nmto 2500nm) . The
term"visible" is used to indicate that a property can be reveal ed by the

unai ded eye,- "detectable" is used for a property that can be reveal ed by

n ical instr n h . .
an opt C%& “ngeggp %hr&gggg in the context of the present invention,
is any 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 equipment.

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 eye.

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

25 from 200nm 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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not necessarily by the unaided eye, and "invisible" is used for a property
t hat cannot be detected by the unai ded eye. inparticular, the terra

"vi si bl e wol2009/12n@ans a spectral | ysel ective return of | PGREPR00VIODI3S

wavel ength range from 400nmto 700nm which is detectable by the unaided
eye. A first type of individual markings, useful to prevent counterfeit and
diversion, is disclosed in US 5,569, 3%7, US 5,502,3 04, US 5,542,971 and US
5,525, 798. According to these docunents, a bar code is applied onto the
item using an ink which is not detectable under %§t of the visible

spect r umBAGOL DG wakie? enBEH) bUViGAPLR bECORES PHfe WherfESS A S ed

with I'ight of the tr m -3:; 80 e . C ty,
i ndi vi dua e%‘:ﬁ |‘fleg;¥|e§8§ﬁscl¥osle ih U& g?}gll, Q}Beg'%{r#})}bSrQ"g%G?%%Hl R
Accor di nged 07dd1e8e WIOTAHTETE Sde the ABANI Gy StleP phneiedteya. comrer ci al good,

using an ink which is not detectable in the visible spectrum but which can
be detected through illumnnation with light of the infrared spectrum

(800-1500nm wavel engt e ot her _type_o i Vi Har i ed
througﬁ %ﬁr %&%%Iogge gﬁ§l§u§%0 €§§Léﬁgg gg%fE 92! TH's nar i ng
needs to é&ﬂdémmt gdai calruézysﬂasﬁh WY- g idRed i ght U sesseysabed .us
Still another type of individual narklng relies on inks conprising

-convert 3 rBppfasphovs Suck2a97desond bEd iSn 58§ ,5,9898,8970T gof-Ot Hfé'lese

mar ki ngs nmentioned in the Cit rior r . .
g documents, a coégjfg g%pf{edaonto 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 1light of the UV 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,‘a
marking is applied onto a commercial good, using an ink which
is not detectable in the visible 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 vrelies on inks
comprising up-converting phosphors such as described 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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covert markings, which are conpletely invisible to the unai dedhuman eye .
The readi ng of such covert markings depends on a correspondi ng detecting or
readi ng owoi2o®/12ad5e t o detect or read the marking. Thi CTar2de/0e2435

di sadvantage at the retail center or at the point-of -sale, where an
appropriate readi ng device may not always be avail able. Overt markings
conprising "optically variable" featurgs, e.g. exhibiting view ng-angle
dependent col or, have been proposed in the art as authentication neans for
the "person in the street”. Anong these are the hologranms (cf. Rudolf L .
van Reneslenart Opyecal TIBocueadinSeodr i sych 2agvedt mar%s;'sxssw@%@%mdaopmﬁe
optical thin filmsecurity devices (idem.chapter 13 d the L qui

crystal sECUTFI5P b?%e§e¥F8§ﬁpgcﬁ) t£?£§ﬁ3g.asgﬁfﬁctﬁ§%%/{Ee &ﬁggg o
security gdevhcepeargatibengholregierdsn | bauid aryshahacaiend | bHai natedi wi th
white light, the cholesteric liquid crystal structure reflects light of a
det er m necemtdor prwkitchthependsatonftbalemt athieale ian gappropriahe g@setigldy
varies with the angle of observation ; gbihe devi ce tenperature. The

chol es? erf@VifkR 67154179t s2HFaYS %%I%Y?gg id t he observed color is only due
to a physical reflection effect at the cholesteric helical structure
adopted at a given tenperature by the liquid crystal material, (cf. J .L
Fer gason, ohattecuh akifgystcahpri¥ding 1" optpiralZ9B3-38714HD66) feaknrpart iecid ar

liquid crystal materials, the cholesteric liquid crystal polyners (CLCPs) ,
the chol etlibiting i vapvirguargre idePendh  CPhoR: ddaiar H@énstp&:t Hi%Dugh

pol ymeri zati Qfle a0g: 1S LEPAEKEI-LENBA’ AU - EBUCPBMICRberson in the
10 street”. BAmong these are the holograms (cf. Rudolf L. van
Renesse, “Optical Document Security” 2™ ed., 1998, chapter

10), the optical thin film security devices (idem, chapter 13)

and the liquid crystal security devices (idem, chapter 14).

15 Particularly useful as security devices are the cholesteric
liquid crystals. When illuminated with white 1ight, the
cholesteric 1liquid crystal structure reflects 1light of a
determined color, which depends on the material in gquestion
and generally varies with the angle of observation and the

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

25 1In particular liquid crystal materials, the cholesteric liquid
crystal polymers (CLCPs), the cholesteric helical structure is
“frozen” in a determined state through polymerization, 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
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If the cholesteric liquid crystal material is applied on a dark or bl ack
background, its reflection color is highlyapparent to the unai ded eye,
because tWe 2biygizteosr ansm tted by the chol esteric nmateri @CTIEP2000600=B5
absorbed by the background, so that the residual backscattering fromthe
background does not disturb the perception of the cholesteric material's
own reflection. A careful choice o f tfe background col or can thus
contribute to the visibility of such an overt marking . On a clear or white
background the reflection col or of the cholesteric liquid crystal materi al
s virtusAParent stel shauanaddete SperpREIETONCDE LRghehHreqsgritted by

mat eri al' O#ﬂéﬁgﬁ%ﬁ tlon gn%ga%ggaitro |b%%§%%ﬁéler5%% %%%glthgy the

backgr ound: crys can owever, - al ways be

i denti fi %akgsfbﬁﬂf@ h%) oéh@c CigKall Fedthiall ZHddubddt tefimpcatissmi tthe
sel ectively reflects only one of the two possible circular polarized |I]jght

conponentlsgckgraccdr daas e nwict ldijstainkhi trhee P@¢¢%Btl@mr9§t¢mg Erigsteiy

520 and EP-Al -] 681 586 ref to a birefringent nmarki t hod of
appl yi hg T1eESke § no‘t’ﬂerleéiﬁceifm& 'l |AqLﬁacFec1§©st%]i‘°}‘él§2 ﬁ&r%:ké)rmgnd

non- uni f oLy pat &gﬁnt‘ﬁhsr e ANs Rl i £6eegat vtl@l‘ﬂirlﬁﬁﬁf oﬂ-hguéﬁpb'ned:\}éw| d

crystal coating or layer nmay provide for a hidden image on a reflective
substrat epasthimdh. i s i nvisible when viewed under unpol arized |ight but
rendered visible under polarized light or with the help of a polarization
filter. US 5,678,863 refers to neans for the identification of

Oon a clear or white background the reflection cclor of the
10 cholesteric liquid crystal material is virtually invisible due
to the superposition 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 possible
circular polarized light components, in accordance with its

chiral helical structure.

EP-Bl-1 381 520 and EP-Al-1 681 586 refer to a birefringent
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 liguid crystal coating or
layer may provide for a hidden image on a reflective
substrate, which is invisible when viewed under unpolarized
25 1light but rendered visible under polarized light or with the

help of a polarization filter.

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

characteristic. A liquid crystal material is applied to the
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docunents of value which include a paper or polyner region, said region
havi ng a transparent and translucent characteristic. Aliquid crystal

mat eri al wWe 20ppl2i@d to theregion to produce an optical eCTaEreeoonhisch
differs when viewed in transmtted and reflected Iight. The liquid crystal
material is in liquid format roomtenperature and nust be enclosed in a
cont ai ni ng nmeans such as mcrocapsuleg, in order to be used in a printing
process such as gravure, roller, spray or ink- jet printing. The printed

liquid crystal region can be in the formof a pattern, for ex le.ab
code. The&fgsaTeri? REPIES AT PREIEFLVREEGFt or WRAEH F?éfifﬁﬁeé’?’l%%n Vd'fe“‘fq??t

pol ari zatj on stat es. he ea i eft- de d ri;ghtRan Iqui d
crystal ot nsr.'r%ég%%%%% 14?ﬁ§ef gﬁgﬁ;égr&%éatilnl co'npgg??i o%g&g?apo%ﬁé}abl e
liquid crysteadidonogers: Whighigarrden agpl irebrbytenpyeat ipaalamt i ntisng be
processes, such as letterpress, rotogravure, flexographic, offset, screen,
and i nk- jestclmdadt iify.a RNEPRIRIRGGNEARS SUANHBSUBEETPE2PEYAESe Y IBLYRE and
security ins i ch_ar.e .i.nvisjihle L9 tél?cﬁ‘u n

riptions, wh e i.ngs
can b dett%cg@d ‘b?SF‘{]héPr i P 501 BF PS &P ot 07 t R r%%ﬁ?%g’de% ee%tg’
reflecti an,Gl ofy WRk6;8:9%:8a4 1184 oF 9né O pd iPi@UESEL hoid PEEPEEAY Qlegient i Ng
a substrat'e th a nul PI | ayer of a liquid- crystalline conposition and at
| east onecarorké i i dher fFoiral |ofheacpattayn, THerprowegslearnl bae pedetedhe
substrate are useful for\ﬁ?rpduci ng a ¢coun erfeit-gr.oof mar ki rtti cl es.

. f
Pr ef er r ePFHRIFEISFOPUPR T MR BrPNET ngF o2 éfliendnﬁpgcgg?gleﬁ) he

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

10 handed liquid crystal forms.

US 5,798,147 refers to coating compositions of polymerizable
liquid crystal monomers which can be applied by conventional
printing processes, such as letterpress, rotogravure,

1S flexographic, offset, screen, and ink-jet printing. The
printing inks can be used to produce markings and security
inscriptions 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 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 printing,

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

30 provide a solution to the technical problem underlying “track

& trace” applications, wherein, in addition to a machine-
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pl anographic printing, flexograhic, and |letterpress printing. None of the
mar ki ngs disclosed in the prior art does, however, provide a solution to

t he t echrwoabopnowsem underlying "track & trace" appli cRCIr@mP0IWEBEI N, N
addition to a machine -readabl e individual coding of itenms with a
counterfeit - resistant security marking, an easy authentication of the
mar ki ng by the unai ded eye is requireg. "Track & Trace" applications are
known in the art for e.g., postal services, wherein each nmail piece is

i ndi vi dual I y_ mar ked, and fol | owed t hroughout its delivery chain. Barcades,
such as 11839k odedSiidat 1$P91RT codts, 1581 Bar ¥688s  6r ﬁﬁﬂqgﬁﬁﬁ§ﬁi§

are nost ; d L nd Ldentifi.cat. MEARNS: 1 ti ar
ef fort igg%%%%ﬁgggtgégﬁkﬁg ti@é??gﬁgéspégtsé%% tﬁ%uggie of tﬂ%psgﬁ% Sgg%al
mar ki ngs,mapiniery thatt Hheirmmiidepiedee iiss teandimsl servi ce- internally by the
mai | i ng conpany throughout the entire delivery chain, so that no
authentication is needed. Postal "Track & Trace" applications are nerely

OoUO RS ot | P61 80 Mo i d Pl Piifn WA NERE GAl¢ DRoBSRRGLS |

are, however, "of cruci ance in feta |Tcations, where

a potent igdstdisk frss, i t WiHeRiof theroringiinal geeds Ky Cawdienikeiatl 19
diverted ones. For this reason, "Track & Trace" applications in this field
nust be cemietkedandt f odfl owedisttiureualeeul | L Seldadaitervabfiealn. cBpLicPgeashe

aut henticity of the rked good as_an, original _one.. In the foll ow ng,
"Secure T &STr a]c]g’?b%%% =% he %B%n]i"?éti lhjﬂ'i’arCOdes -
matrix-codes, are most often used as the marking and

10 identification means.

No particular effort is devoted to authentication aspects in
the case of the said postal markings, given that the mail
piece 1is handled service-internally by the mailing company
15 throughout the entire delivery chain, sO that no
authentication is needed. Postal “Track & Trace” applications

are merely focused on the identification of the mail piece.

Authentication aspects are, however, of crucial importance in
20 retail applications, where there is 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 element,

able tc certify the authenticity of the marked good as an

25 original one.

In the following, “Secure Track & Trace” means the combination
of a “Track & Trace” application, which allows for the
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.
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of a "Track & Trace" application, which allows for the identification of an
I ndividual item wth at |east one security elenent, which additionally
al | ows f owoth@/iaudolenti cation of the said item as bei ngPgeEmp2eve/0TE3HNI cal
probl em For "Secure Track & Trace" applications, where a good in open
circulation nust be marked individually as to its authenticity and
identity, and followed throughout itsgife cycle or for a specific period
of time, e.g. for liability reasons, there is a need for a marking which is
I ) uniquely coded, so as to be identifiable ii) machine -readable, iii)
copy (counterfeit) resistant, iv) authenticate-able by eye by a human user,

and v ) | cate- by a machine. For particular applications it is
A e S o

furthernore part of the marking is invisible to the unaided
human eyeroSurmpasyr® fTrabR knveiideon apiel ivsatkiaogs of whéee paegerd iimvergedron,
for the secure tracking or tracing of an itemor article, conprises a

pol yner i cCITepAaL ko STst nie eRpakeAainfg vasrardynéd &a iidq authenticity
characteristic which al l.o rits h [,gAati r hag by

e b, S8 vERer Bl < Ba hendbest: AN 100 Eite  REART Box 2

produced o0& SibspEAi 8abyraiakl akd ¢ | nfoF NRLABD1REY NEeBgopsOC et ien dhe
formof indicia representing a unique code, which allows for its
i dentifi cathead The mamdrking whicheispheéf amsisiugelvai ePRA, sB@hachdC 28 t

of 1115 1{dS DS LL LI Ung de0 NUBGYFe, ThE IR KIGS, OF (d il SaaY)
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 The marking of the present invention, for the secure tracking
or tracing of an item or article, comprises a polymeric liquid
crystal material having determined optical characteristics,
which allow for its authentication and reading by a machine,
as well as its authentication by the human eye. The marking is

20 produced on a substrate by a variable information printing
process in the form of indicia representing a unique code,
which allows for its identification. The marking is further
preferably laid out such that part of it is invisible to the

unaided human eye.

25
The marking of the present invention is applied on items or
articles such as value documents, banknotes, passports,
identity documents, driving licenses, official permissions,
access documents, stamps, tax stamps and banderoles,
30 transportation tickets, event tickets, labels, foils,

packaging, spare parts, and consumer goods, which thus carry
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articles such as val ue docunents, banknotes, passports, identity docunents,
driving licenses, official perm ssions, access docunents, stanps, tax

st anps amdolamdier@bes, transportation tickets, event ti CKEEP20000MEBS,
foils, packaging, spare parts, and consuner goods, which thus carrythe
mar ki ng, either directly - applied to their surface - or indirectly -
applied to a | abel applied to their sy face. The polyneric liquid crystal
material is preferably of the cholesteric (i.e. twisted nematic) type; for
certain applications, nematic (birefringent) liquid crystal material may

al so be uskzl. mThkipgl yedthen idql'm%m'e]r}ystaﬁlpﬁéﬂ-égi &o othete FHFERRE carPT

either be present.as a liguid crystal terial _ po L zed surface
of a substitESCH}Y o (2R ?‘ge"r?/ %oﬁ%}i)% %?p%%%#)re%%%%ﬁ%sso?f%gﬁqui d
crystal polyner, conprised in a coating conposition applied on a substrate.
Sai d substrate can be any type of substrate, woven or nonwoven, in

parti cul arhé t podiyne igapkiquidr dboesthl woetierghrassis corafieraigt apf the

plastic, textile, |eather, etc.; the substrate y pe coated or uncoated,
or conpriPE e orlix SronsdditEd rfﬁ‘@g‘a%:l‘fﬂg ng?rEri cg?]quuiéc:e cryst al
1

mat er i al e, PRk ng jar et arably; CORPIh§Est f Untileli S eery bty M prd Al 1

whi ch are esen’??t%o increase its resistance towards counterfeiting. These
security v edisd sbarnessel ected fromthe group consisting of the inorganic
| um nescent conpounds, the organic | um nescent conpounds, the |R-absorbers,
t he magnetic

The polymeric 1liguid 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 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-
sealed surface.

20
The polymeric liquid crystal material of the marking
preferably comprises further 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 magnetic

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

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

co-polymerized component of the liquid crystal pigment, of the
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materials, the forensic markers, and conbi nations thereof. Said security
material can be present as a nere adm xture, or, according to the nature of
t he securwOyoeaesosal , al so as a co-pol yneri zed conponeRCTGIP2e00®0148% Ui d
crystal pigment, of theliquid crystal precursor conposition, or of the ink
bi nder. In particular, organic security naterials conprising an acrylic or
vinylic functionality are easily co-pohynerized into a correspondi ng nmain
polymer. Alternatively, the security naterial may be grafted, i.e.
chemcally linked, onto a pre existing polyner chain. The substrate,

r eplr esent Lhguifiecbpskgt opndconsalr chmpleitiqni dogr pét Ahemsimdy iinder . In
applied, can be of any colaqr; a white background being a preferre | N
f or realiE?ﬁblﬁuﬁﬁFkiﬁ§3ﬁ9¥ﬁl?%CVH%ngﬂpggféaaﬁa?ﬁﬁé%ﬁﬁﬁh e%h1%%é§%%§se
that no vigibl&, ¢l or 4 ARGy AT akhie 14T LEChoIgnbackgaOUDdLoS &
further preferr option, 1n particcular in the case of a nematic
(birefringeptespondingger yatial npbeynak. THE tsubsttiated vy Ehegerge@ir bey

sel ected fromthe group consisting of reflecting _subsirates, colored
substréte@?tﬁﬁaa%r&ﬁ¥pé¥bﬁ$r%§%%@raﬁe§'.qﬂﬁ“%ﬁ%iﬂﬁr&ﬁ%ﬁ?%as9ngo a pre-

aut henticati on. ?KH@P It is preferred that at |east part of the
backgroun%x%%gﬁﬁgcﬁo e i%%%%nérystal material is applied has a

contrasting color, such as red, green, blue or black, which, in conbination
with the liquid crystal marking, allows to perceive a visible color, and_an

angl e - dePeadenbstorbe, changesBRting thei #egkgyeoundaicd e i LA
preferablgrgsggit§£{yg%f%ibsggalé%plied' 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 group consisting of
reflecting substrates, colored substrates, and transparent

substrates.

For enabling an 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 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
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conprising at least two differently colored surface areas, each sel ected
fromthe group of white surface areas, black surface areas, visibly col ored
surface aweasyy/nefosecti ng surface areas, transparent suPCaEP2@mes3and
conmbi nations thereof. It is thus evident to the skilled in the art that

t hesubstrate surface carrying the liquid crystal material can have two or
nore col ored areas underneath the |iqyyd crystal material . The substrate
surface, on which the liquid crystal material is applied, can furthernore
carry indicia, which may be of any formor color, such as a pattern, an

i mage, a dwIEkrate egurfaceD carryingartinie laAuASheEFYRtRbdMARIAHh&3T, d

indicia can be applied b od_of prid ti thate
can furt H&%for &Y <gaf’f"’y "ﬁlyq %mef)% g&CTTI ty%e rg%ean i ec?egu;rom She gr oup

of i norgapig iy nescent conpounds, organic Iunlnescent conpounds,
| R-absorbers, magnetic materials, and forensic markers or conbi nations
thereof. The security el enent can be present in the fornlof indicia on the

substrate surface or be incor orated £ gb g g% in.the s traE% 15 eIf
The pol yrH SYRSRARF T ryteac t‘é"lll‘éﬁ1 F8 pPe 38?‘9 ﬁﬂg? orm of
i ndi ci a, r%#ﬁ*leads acé Xle Qle Ehetprned;icndi Cigh@dre ﬁayseﬂe fé@mah@e
group co I'sing 1 |nen5|ona stacked 1 -di nensional, and 2-di nensi onal
bar codes. £z rdﬁﬂtcchdSﬁpdeuelgm’ael egipes tave leenimhes) (Eetlogty Bab t@KEl i &rs
in ''"Understandi ng- Barcoding” , Pira International_ Ltd. 30 SISBN 1
85802 914D )or 2 -barcode of a matrix code, etc. The said indicia can
be applied by 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 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 liguid 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 1l-dimensional,
stacked 1-dimensional, and 2-dimensional barcodes. Current
barcode symbologies have been disclosed by Bob Williams in

“Understanding Barcoding”, Pira International Ltd., 2004 (ISBN

25 1 85802 917 1)

The 1liquid crystal marking of the present invention 1is
preferably produced by applying a liquid crystal precursor
composition to a substrate and hardening the composgition in
30 the ordered 1liquid crystal state. The said precursor

composition comprises reactive monomers or oligomers of at
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The liquid crystal marking of the present invention is preferably produced
by applying a liquid crystal precursor conposition to a substrate and

har deni ngwoheoxengssi tion in the ordered |iquid crystal PETAPe009N3ISal d
precursor conposition conprises reactive nononers or oligoners of atleast
one nematic |liquid crystal compound. The reactive nononers or oligoners are
preferably UV- cure -able,- in this cgse the applied conposition is
UV-cured and al so conprises a photoinitiator system as known to the
skilled person. The ordered liquid crystal state depends u %% t he presence

of a chirk#asgiopane NesRatEC| i Lwaidr yStEFEahi t RBTPORRLAr al ~@6patttaraifye

in a nol ecul ar texture j .S C a lel Y itrS~hiLektt pge . tic
precur sor©FE Known f?g}fn#%a?hgo%q% %%%feé%%é@o ﬁ?cﬁgé gg%ggusnf%_ g}ﬁ%Q
445 . ForcqyO0iied Ngppl chal eshpbis tibne id Wistad-awenmd cilbbgubdpeiygssala

pol ymer, the said precursor conposition nust also conprise a chiral dopant

. Sai d dogeitoimt ivg ash@yatem ot Hneket | vatihe Sl k13 RYriites and

i somanni des and m xtures thereof; as known from EP-B-O 847 432, GB-A-2 330
139, d USB 6, 589, 445. |sosorbides are known to induce a right helical

twst, W&g{eeaér&épé@nmgﬁdae kREWN dravendigraid afipotietheapriwesice. i d

dopant induces a helical structure in the nematic liquid crystal conpound,
char act erd zeti ¥nl addsdnal Nehathe ol ighédocdwstalst We theusl ehgrrlofdonagihl e

light, leading to light reflection at determ ned wavel engths, and, hence to
the apped&ft¥I%of iR nfeMBrEHAT ot BFTUES \‘?(/tE}I"FplaslS‘of‘:l'c‘ﬁﬁftjzfl1 DERdRnPY 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
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 1392, 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 of the
order of the wavelength of wvisible light, leading to 1light
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 rotation sense of
the cholesteric helical twist.

30

The marking of the present invention is produced by applying
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color shift. The reflected light fromcholesteric liquid crystal phases is
circularly polarized (either |efthanded or right-handed) , according to the
rot ati on wens@/1dost he chol esteric helical tw st. The meCKiEPg00f024BE
present invention is produced by applyingthe liquid crystal precursor
conposition to a substrate and subsequently hardening the said conposition
on the substrate. The hardening is prgferably perforned by subjecting the
applied conposition to irradiation with UV- light, which induces a

pol ymeri zati on_ of the reactive nononers or oligoners _to forma,l

id
Crystal  HdiSnbidutfle SOITAN aPTBPHBFPRg STRAR HiUT oA st APSFERFRerisy
retal ned, gl I AIPTLE GO NOLESLEIE AN £ icn Tbiednkn s statce

whi ch was pres ing t lation. Inthe case of cholesteric |liquid
crystal nmierimdrddiiendel isal ppefehaband heréortnbdt hbyopsiubglecpimger thtes,
such as the reflection color and the ang| edependent col or shift remai,n,thus
fixed. AamH®A f ofORRPRERYORAN FPem%ﬁr%ﬂ%§§ﬂ99(ﬂﬂﬂﬁ?segvfiﬁg he g&@ﬁglof

i di ng, itable jt ' b , | Wi easd
bne. pol yrBE 31 qui ey jer of= Bk ok s FREBFEFS, sPPPndll) B eaeciie; o

uni que code byrm WAriahhedi ei9itali oo Pyuidt j Nghpr esdssudd dhéesand idfem
or article. In particular, the unique code represented by the said indicia
may be arthencityguéd ioryertedt i b9, thedebie FREFUIEdmy lebnpriiie RABASLEp B

encrypting the said ipfornmatian, %he ai,d i, qui St.al; Y eSYLSYresent
conposi t | W%%pﬁ?f‘é’dr?o g s bé??atlél b%/k%lan%t%%ti ng or printing
techni quesyring the irradiation. In the case of cholesteric liquid
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.

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 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 composition can be applied
to a substrate by any coating or printing technique.
25 Ppreferably the composition is applied by a variable
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 liquid crystal polymer
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Preferably the conposition is applied by a variable information printing
process, such as laser printing or inkjet printing of the continuous or of

t he drop woneaerresed type. Said variable information pri rCirmg2emebds al | ows
for the unique coding of the marking for each printed item For application
by laser printing the liquid crystal polynerpignent flakes can be

i ncorporated into a toner conposition..4To this aim the liquid crystal

pol ymer pignment particles are added in a ratio ranging from1l w%to 50 wt %
to a toner conposition conprising a binder resin and optionally, additives
such as, migweprt cbheker agentke oingaxesrabafd Fter FEEFH 153Pny

rati o rangi ng from45 %ta 95 Wmt%., s C A I G <P rs
such as ﬁ’g?ygl?r}ﬁeg}mpol Sl &ﬁw%%f@tuafletﬁgggﬁgg,%gﬁerir sﬁﬁgg%go%:ryes,
styrene hyjadi eng, St ¥Lene acdyi e ¢oRal VIR 20rtPolspeswey nesi as tamd has
a glass transitions tenperature Tg in the range of 400C to 120 0OC ,

pr ef er abl oG t o7 O @Omprdmdngn azer &yendry ynmespar t i @Né sioREIGRHG Y n

t he range of 2-30nmm dependi ng on the desi{ed resol ution of the printed

i mage. > TRAGI Y F Tyt A4S 'po‘g%ﬁe?e TUNER* fHERESS ey B %hcapsul ated in
said binder resin. Optionally, the liquid crystal polyner pignment flakes,
incorporated in a toner conposition as described above, can be added to a
liquid cagdicrpimder ressinrpngsant f innasrat¥ot vabging%irorhygs mednitey %

| i quid devel oper, which can_then be used,as a_liquid toner, as.knownto the

skilled pEFsonis FFeTRPFed PfqERETRAPLREFLCaPELYMFRatiC AT FSarbahses

aliCyC|igpolyolefines, 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 2-30um depending on the

desired resolution of the printed image. The 1liquid crystal

15 polymer pigment flakes may be encapsulated in said binder

resin.

Optionally, the 1liquid 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
wt%, thus forming a liquid developer, which can then be used
as a liquid toner, as known to the skilled person. Preferred
liquid carriers are aliphatic hydrocarbons, alicyclic
hydrocarbons or polysiloxanes. Amongst them, paraffin solvents

25 and isoparaffin solvents are preferred.

For application by ink-jet printing, the composition also
comprises an organic solvent, in order to adjust 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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hydr ocar bons or pol ysil oxanes . Anongst them paraffin solvents and

i soparaffin solvents are preferred. For application by ink- jet printing,

t he conposDtbevi2ad0so conpri ses an organi ¢ sol vent, i n oPGEEPR@IAN4BSt t he
viscosity value of the conmposition to be conpatible with the chosen
printing process, as known to the skilled person. For application by
continuous ink- jet printing, the conpgsition also conprises a conducting
agent (salt) , which nust be soluble in the conposition used. Such
conducting agent is needed as technical requirenent, of this, prjnting
process, RBerknoagpplirathorki Ped pRIBOHIUQYS an HMteldiat i Y mentth he
liquid crystal marking.,of the present _in i.Qp. J e pplwng to
a substr& %m%o%b%i?rhg%&(?ﬁpo%?l{'ﬁf)hs%%nﬁriés'(lgﬁgu??]q}&?d%r Vs alqsg%ltir'mr%*r%lnent
flakes i n,@ssubd abbeubiaden. thhe combdshiicqvnd uekyst Fudh grEmtuquingresgdntakes
are preferably of cholesteric liquid crystal polyner, exhibiting |ight

refl ecti obs aheddedr misnetevavit@hgriguiramenteradncentd| PELNLIAYT \RIPCHES !

angl e -dependent col or. shift,. Such pignents are known to the skilled person
from WD méfWS%oAfrh?a%‘aﬂrje?‘it%lp%‘g%unents), EP 1 213 338 Bl; EP 0 685

749 Bl; DE 199 22 158 Al; EP 0 601 483 Al; DE 44 18 490 Al; EP O 887 398
Bl, WO2006/ 063926, US 5,211,877, US 5,362,315, and US 6,423, 246. Suitable
bi nders cam he cdisemdtsret kebedipkent , r eédias ligeddl ieryssihsmarking of

styrene-nal ei ¢ anhydri de copol yner resins, gol yacet al resins, ol'_)r/es% er
resins, feeeyPERFEHOURYFREIPBI y8sPEPIRESAnSYanE P He i %raess“iiﬁge 015 %rhe
bi nder nagoating composition comprising liquid crystal polymer pigment

10 flakes in a suitable binder.

The said 1liquid crystal pigment polymer flakes are preferably
of cholesteric 1liquid crystal polymer, exhibiting 1light
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 0 685 749 Bl; DE 198 22 158
Al; EP 0 601 483 Al; DE 44 18 490 Al; EP O 887 398 Bl,
W02006/063926, US 5,211,877, US 5,362,315, and US 6,423,246,

20
Suitable 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

25 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 quality, the ink-jet

equipment used must have a sufficiently large orifice (nozzle)
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further be chosen fromthe UV curing nononers and oligoners , such as

acryl ates, vinyl ethers, epoxides and conbi nations thereof . The marking is
pr ef er ablwoapplizeedsby i nk-jet printing. For a reliabl e pCIPRevg/ 002345
acceptable print quality, the ink-jet equipnent used nust have a
sufficiently large orifice (nozzle)dianeter. The nozzle dianeter should be
at least 10 tines the nean dianeter of the liquid crystal pignment pol yner
fl akes . For exanple, for a nean f1 akd®di ameter of 25 mm the nozzle

di aneter should be at |east 250 nm. Systens providing said characteristics
are val vedidgmdtenri Nties snoazpar diamezerf ehoudld dreopat obheademand tiimes jtdte
printers. In general, the nmethod for authenticating an itemor article
carryi ng Beafar RipReREE0Rf n§heo 1B st eSEREL R hy HHTER TCoRPFHYEEE T 8%ps
of a) providing an itemor article_carryi n% a_mar ki ng %ccordigg to the
present i¥RENEX8APIH ) HAY uRi MAdThgt tHES nErRIMAG SN i d°i tHn 6PCaft3%AE

with at | east one gual Lty of li from 3:59 | east _on ht source
C

I i gh lig C.).
det ect i nd13REEE dShRPRRNPS Gfti i%ﬁ‘s’éhg tHP stSV(?(;Eetmﬁr oﬁﬁ‘ﬁvf’ﬂénger%%lhdg of
light gef j Ln -3 Pl des thg id8M S @ adl Ebehe' o
aut hen%i c%ﬁgﬁo%%i%%ﬁé%%e%aol&% g%?:t characteri sti cﬁs of thea mar ki ng. The
mar ki ng odrdghreorpréesentd i indenjetornpxcamtdies aut henti cated according to a first
nmet hod by sinple visual inspection under anbient light. To this aim the

background, on which the liquid crystal material is applied, nust provide

sufficient, opticaly Cophbastar il 280t 0 aftkhQWe i BE PHERRPPSELY Cbr! Grticle

carrying a marking according to the present invention
10 comprises the steps of a) providing an item or article
carrying a marking according to the present invention, b)
illuminating the marking on said item or article with at least
one gquality of 1light from at least one 1light source, «c)
detecting the said marking’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, must provide sufficient
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-handed or a right-handed circular polarizing filter, or a
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perceive the reflected color and the color shift of the liquid crystal
material . Depending on the background, part of the marking nay remain

vi rtual | ywOrnoéogizidoe to t he unai ded eye. I n a second net IrCW/EPRE/00BBKI Ng | S
aut henti cated under anmbient light with the help of a passive detecting
nmeans such as an optical filter. A preferred such passive detecting nmeans
is a left-handed or a right-handed cifgular polarizing filter, or

aj uxtaposition of both. This allows determ ning the rotation sense of the
helical pitch of the cholesteric liquid crystal material by determning the
pol ari zatiwttapcstidioh t @8 bt r Ehiactaeld-Ne t Hetsamdrniafer i . YOS ly,

the polarization_fi]lter can_he c I n Lt h | ters; Jn.or

reduce tﬁé?r%sﬁec?fr a#hﬁarﬁ\aﬁl&aﬁ t%&n%‘e §%e\gthreal&?ge%se%%lo§ %ﬁ%ﬁgf c’?ﬁ;estltaﬁ'qui d
crystal npiediall, 8pd daereeitd nedere oakarioand oronsta bait ognsthdbird gHtan
one optical filter may be used in conjunction. In a third nethod, the

mar ki ng irefiddtent i kpt cthewi sdid hvaherpadt Antderallywl akhe e@olpghezation at

| t pol i d |ight LT | i id . i
d??‘?erszﬂfq:&%%Lﬁzaerbfb%?mﬁ_‘éﬁéﬁﬁwaeg?gp' 3 Rl (RLgEas L8] redie
left and qfc fé&é}%ﬁéﬁ 'ﬁéﬁ?@ia&@ eanche dslddigui sheeh e tdiei bah@spectdnee

response to circ y polarized light. The illum nation of the marking by
t he pol ariizpd d i ghtyssalr cepatasrieel |  asnd hehebser vabi onedficehe baekigagovad

light fromthe marking, may optionally be performed through color_filter.
Mor e t harfBHE ipitdiansed YPEfat ts}@tﬂc€§enﬂp'%é:ac?seélgﬁeﬁoﬁﬁ‘%/nchonL?sed 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 liquid 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 1light. The
illumination of the marking by the polarized light source, as
well as the observation of the reflected 1light from the
marking, may optionally be performed through a color filter.
20 More than one polarized 1light sources may be wused 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 polarized light source. In another embodiment said
device comprises an electro-optic 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
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In a fourth nethod, the marking is authenticated with the help of an

el ectro-optical authentication device. In a first enbodi nent, said device
conpr i seswatodiastosone photocell, in conbination w th aPCTmEPRe02002435

pol ari zation filter and/or with a circular polarized |ight source. In

anot her enbodi nent sai d device conprises an el ectro-optic canera, such as a
l'inear CCD sensor array, a 2-dinensiongl CCD inmage sensor array, a |inear
CMOS i mage sensor array, or a 2-dinmensional CMOS i mage sensor array, in
conbination wth a circular polarization filterand/or with a circular

pol ari zednd/gat widilr ce cigaylaramalaniredikiahtarSPBIGHi zation filter or the
circular polarized Iight source in the above enbodi nents can be conbi ned
with color filters, to select a particular spectral domain and to enhance

t he cont it rlllg ,of thée chrglit akefperd et 4t Don t Belkbguick ceyst alirmilerd al
to the light refl écted fromthe background. The circul ar polarization
filters qalageredal IMgitso dmured| ated biyeanabpeet r embpaimepsbar C2& | HF
switc Such devjce, is known in._the art, e. fromDE 102 11 31Q ...and
al | 0\/\25 t é:oér@lé’ﬁd o~ Ror CPﬁ@%tﬁéTtefisr'cu?%r s%&legtti zaat?%ﬁté?lé%%rbfpaen tX8n1i ed
corresponging Voldpge.td N Mllasasescb cheheshsti Crhtgyi dogryshal 1light
materials, the nmarking of the present invention is authenticated by

verifyi ngefecedorfecal ithe cldgaditer icstyistadr opertieirdsl naeel yhehe ldighgul ar
pol ari zati on state and/or the view ng-angle dependent color of the

ref | ect edafilgmtody FAROMENRaREHGT ORI pol ari zed 1ight source or the

pol arized |ight detection equi pnent or

10 The c¢ircular 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 1liquid crystal materials, the
marking of the present invention is authenticated by verifying
one or more of its characteristic properties, mnamely 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 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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both may be chosen to operate in the visible, the infrared, or the W
regi on of the el ectronmagnetic spectrum or in a conbination of these,

accor di ngvoaoe1@pt i cal characteristics of the marki ngPCThP20008i48%) of t he
present invention can be identified by reading the indicia it represents
and by subsequently correlating the information so retrieved fromthe
marking wiwth information stored in a ta base. In a particular enbodi nent,
the information represented by the indicia of the marking isencrypted, and
said identification conprises the step of decrypting said information.

Pr ef er ablgpcymREgchdi @ne asé idead dRtat 193ddro- &mpéléﬁﬁeré:,hesu&?eé’s &fcco
L em o Rl SRt el "B By 8T CERer ek dBITE e a1 EEdl LLK! bR

itemo a ‘markrng accordi ng the present 1nvention
conpri segyt hgn SteARs tafo R iRF O¥hHeng, audiEnadr aar ¢Col e ozar 4 yiompsa imarge ng
according 'to the present invention, b ) illumnating the marking on said

I tem or aanisglre amindy.at | east one quality of light fromat |east one |ight
source, ¢ ) reading the indicia represented by the marking, deriving
correé%onding information, d ) correlating the information retrieved from

the indigip ﬁ%nébsmar&@gm\@t%d nEQLMB Ao SEPIRel o aidaha dasertddle

obtai ning confirmation or denial concerning the itemMs or articles

i dentity.catheiirdentaf i eatkdngof accotdinor aoti dhe caprgtegta davienigon
according to the present invention can be perforned with the sanme Egaqing
equi prentCEBRHESRF atiiéh SteRSsemfl y thi BFVS an  item or  articie

carrying a wmarking according to the present invention, b)
10 illuminating the marking on said item or article with at least
one quality of 1light from at least one 1light sourxce, «c)
reading the indicia represented by the marking, deriving
corresponding information, d) correlating the information
retrieved from the indicia of the marking with information
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 authentication.

In a first embodiment the said indicia are represented by a 1-
dimensional or a 2-dimensicnal 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 barcode 1s retrieved, if necessary,
decrypted, and compared with information 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 camera may be part of a reading device
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for the authentication. In a first enbodinment the said indicia are
represented by a 1 - dinmensional or a 2-dinensional barcode, and the inage
retri evedwbyotdei@sect ro-optic canera in digital formiscamebyeesssi ng a
correspondi ng al gorithm The information contained in the barcode is
retrieved, if necessary, decrypted, and conpared with information stored in
a data base, hereby identifying the ibgm and optionally updating the data
base with suppl enentary information, e.g. about the itenms history. The
camera may be part of a reading deviceequi pped Wi th own comrunication
capabi | i te@sipred paithofown c eSS tGPHevprRaPL3iEkeEs LTPPEE phbné

t he tri | of the i ti Ki ' i :
e oL Sl L 0 L OB, AR08, 865, 4 B HRP e A10AT

conmmuni Cation; deyika: {oWi ¢ drifg 0Op18X¥6hapaagbtReMBBAYE phohedls dmtetraiinal
server reached via a communi calion network. In a second enbodi nrent the said

![Edi c: a aressepresentBe ?ydatna al pasaumeeyc bedeeifhadrt hdocai§e rdfy i &F& by
e el ectrooptic canmera_(readi device) in digital farmis ana '

a corr%sﬁ&m%ﬂﬂfQﬁﬁ¥Q%ﬂd%%h?%cRgPlﬁéééﬂmﬂﬁ(ﬁf%hiﬁ%eéﬁiyr??ﬂ%¥ykzz%g G
| nfor mat . SOMANC dR JNG £0Rd S {21 | QYA COpaadstLh

I nformati on stored 1n a data base, hereby identifying the item and

optionally updating the data base. A s in the first enbodi nent, the data

base nmay be either located in the reading device (built-i h bl
menory) ,I%ra oReapndxeBPRGLTMSBEY &Sy e"ffclr?gdlr%ﬁ’a{”aa g%ﬁ%uﬁ?ég?g%ﬂgéét %g’?el?% Tﬁe

al phanunerj g code. .can PRI NLLd Ysid9idagbandeved 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 communication
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 (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 liquid
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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font or a special machine identifiable font. Alternatively, the

al phanuneric code can be visually read and either sent via a comrunication
syst em ( ewQ.200mi2e608et or SMS) to a data center for vali e#aeTiEreoo9nozbecked
agai nst data provided with the itemin formof a | abel, reference mark or
anot her al phanuneric code. The marking of the present invention, made of
polynmeric liquid crystal material haviyjg determ ned opti cal
characteristics, can be used for the secure tracking and tracing of itens,
articles or goods with an individualized, counterfeit - resistant code for
t he secure tracking and tracing of said items, articles or goods.The
applicati L vi dual i_zed, d nto a good, or %en1re U|res a

vari abl e fgho?ﬂﬁﬁfﬁﬁ BPRNPEnGThr r?%ﬂ?v%? 3bfe SPFFoHa
printing pLocessSsi g Ua%l%mtee@nfgnﬁiwﬁ{ ?ﬁﬂtir@g’eﬁkb@@sbs Q\.h%&ﬂféfﬂéﬂthe

group o f continuous inkjet printing and op -on-denmand i nk- jet printing;
t hese privdrimple odessenadlioow poinbin@podocren- cont &be appitiedt | ofi dfhsai d
|nd|V|duaI|zed code onto any kind of surfaces. Said individualized code

al | ows tk@-’?%ﬁe‘?ﬁ: i $P¥aRF 3RRo Fse&ﬂ?sﬁnngﬁ@“} t 't 29T QUPaPEr CHUGEVSS (KT f e
cycl e. gq%{caériﬁt%gve%hdt ey c%’—chI—nﬁ i of y HRe; Q¢ gbrﬁlnt:&h%m by Kese

counterf rying copy uallzed code; sal

I ndi vi dught el cpdprovstsbe a(llllaabuerﬁ‘cﬁa" ta r eap $& anhonCawnitarfteidpyleisiadt s e

can be provided through a particular security nmaterial haV|ng particul ar
&

physi cal ,o%r 8féfadindigpidualizes opefei OBt RN aikdat @t | FTERRSHe eidifer

ConSt'tmﬁﬁ(léﬁduallzed 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 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 liquid crystal material having determined
20 optical characteristics, or an additive 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
articles, such as 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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incorporated in the marking. The particular security material can be a
polyneric liquid crystal material having determ ned opti cal

char act erwet2n@gi21@s an additive sel ected fromthe groupPofi/Er@dicomasgani c

| um nescent conpounds, the organic | um nescent conpounds, the |R-absorbers,
the magnetic materials, the forensic markers, and conbi nati ons thereof. The
mar ki ng of the present invention can 93 used on itens or articles, such as
val ue docunents, banknotes, passports;“identity docunents, driving

| i censes, official perm ssions, access docunments, stanps, tax stanps and
bander ol efer{dralparicxulmaringt obpace ppadust saadd aPBeHBRFc BePEfagddp |
transportation tickets, event tickets, |labels, foils, packaging (in

parti cul MRAFGHCUIRET hc ARGEETS pHARIGIDY 188§HFS)igeneral for marki ng spare
parts and consumer goods (in particular to address liability issues) . The
marking o f the present invention, applied to itens, goods, or articles is
sui t abl e Yy Wiy tde sksupeesentkingenntlonhy aappyied soch temskegodces,
goods or articles. Such secure tracking and tracing of an item or arti%#e
conpri se®mosrhbeley tife SHRisEbeeMARTDIES stiEhstRE £FWHpl YFAT P Faitihg
according to .the ipnvention tq the.] o] icl aced-na

storing &rﬁaﬁlﬁﬁ i¥n PBEF ér@ﬁq%eé]h%t%@gkeéo?{iém%ﬁ gaﬁl C éegi nggcga{é%ébﬂ?see;

as wel | as-ddia reecoids comralablee sdepsanfl dtpmautdientaealéhg tloonpiremess
article according to the authentication nmethod disclosed_herein,- and d )

i dent i f yinuFeawverttyerblor Bir$t| eommetaple ngtenst A€ RAUeAPPEYARE 8n REtHIY
di scl osed, her el s Ugng,Lhe LnforpaLion previouskynstgredificie 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 c¢) authenticating.the item or article according to

the authentication method disclosed herein; and d) identifying

the 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 to the 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 be
encrypted, so as to protect the information it contains upon
transmission from and to the data base. Said data base can be
part of a data base management system. All kind of encryption

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

type.

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
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the data base. Optionally the data base may hereby be updated wth new
information elenents related to the itemor article. The code applied to
the itemwo 20@od1608pr esents digital information, which iPsT@EPRIRWOI4BS a dat a
base, in order to identify the itemor good at a |ater stage. Said code may
be encrypted, so as to protect the information it contains upon

transm ssion fromand to the data base., Said data base can be part of a
dat a base managenent system Al kind of encryption algorithnms are
suitable, e.g. a public -private key of the RSA type. Said data base nay be
a |local degqulzask; frdved atetbiatserher aut henticati on device.

Alternatively, it may be a renpte data base, linked to the authentication
device through a wired or wirel ess connection. A local data base nmay al so

be updat efl equl Al OULBCLEMDlS S ehghent N 1AVEYEIBR! APPLdes L BRxPiasen!

i nvention provi applicati'on of the individual marking by a

vari abl ei T ineit n pr ioft i ngher odesk vilefler redrksngnk-by etapr ivaiiaple-

ei ther usi n%:tt he continuous ink-jet, or the drop -on -degﬂnd (DCD.? i.nk- jet
or val ¥Ye-13EQrpatinn ngrprsdasds PIGRRAT r i SFefRKFEE prd ntBFsISEo S ed
for nunberi and _codi ng, appl, i I 0 ndit i OpL-Nghd N drddud o
presses, %thggep%r fJiS(:lS’Igar P{/lgsu‘{:%lgﬁﬁég% epélﬁér)Q?’:lt'nk-Bkj g%ljléprﬁrt rs are single

nozzl e coptdmuousikifkt jot Paivéejer (priardald esrs@sdéer Ondmettialevetk-
defl ected printers) and drop -on- demand ink- jet, in particular valyve-
jet, prirtetrs. pTansessi.de tOMMARlynt WsEd, cEOErt TRITPSFEANT netPeadfANE- 19

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 or

multi level deflected printers) and drop-on-demand ink-jet, in

particular valve-jet, printers.

15 To provide for an entirely covert and machine readable
marking, nematic liquid crystal materials are used. To provide
for an overt or semi-covert and machine readable wmarking,
cholesteric or chiral-nematic 1liquid 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. 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 dark colored
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marking, nematic liquid crystal materials are used. To provide for an overt
or sem -covert and machine readable marking, cholesteric or chiral

-nemat i ¢ Woqoésdizesogst al materials are used. Descri pti onPofi/EPh@9Domds ngs For
a more conpl ete understanding of the present invention reference is nade to
the detail ed description of the invention and the attached drawings . Fig.!|
schematical ly depicts a cardboard packaging, e.g. a pharmaceuti cal
packaging, carrying representative markings a ) , b ) , c ) according to
the invention, which are printed with liquid crystal material at different

| ocati ons on sai Hackgupeafd padkadi RYACkaLRCKEBERENE Data Matri X code on a

particul arly dark, col oredbackgr bl
Data Matrix deSBRAYS ackyr % nﬁagfiﬁlxg%dgolofcg b@&éﬁgggﬁgddg?% |ght

colored parts; cc)18pove. g Dﬁlaa Cléz{gt gh¥kcada 0hgAtwWablerbackgresnd. F| g. 2
shows i mages captured from an E 00 data matrix code printed with UV-

cured |iquid €ryshals(kQpatat MatalixonodeabedacwhibeabdckggopnC Data Matri x
code retrieved froma bl ack background, under right- circular polarized
white ﬂlght iI'lum nation, haV|ng aright- circular polarizing filter in

front of
bl ack/v\tht Fack ?‘8ﬁnd'ma§ne%’ 'J;%%‘]Eﬁ? Ci rcuﬁa&rgoﬁg??gg{jlﬁah\{%?e&é?glﬁ 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
illumination, 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 1light

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

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

20 camera.

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 applied
in a liquid state to the surface of a substrate, and thereupon
polymerized (cured) in the oxdered liquid crystal state by
30 irradiation with UV light or with electron beam radiation, as

known by the skilled in the art.
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illumnation, having a right -circular polarizing filter in front of the
CMOS canera. ¢ ) LC Data Matrix code retrieved froma black/white

backgr ourmiQ 200vdiencosi ght - ci rcul ar pol ari zed white |ight PpCTEPRevaIZIE; havi ng
no filter in front of the CMOS canera . d ) LC Data Matrix code retrieved
froma bl ack/white background, under unpolarized white light illum nation,
having no filter in front of the CMOS ganmera. Detail ed Description of the
Invention In a first enbodi nent, the nmarking of the present invention is
made of a liquid crystal precursor material, which is applied in a liquid
state to the surface of a substrate, and thereupon polynerized (cured) in
LS Serafle A0l PLYOLEL {gskgr!a 1 B Qf Wirlis ld e vgt@nus
el ectron béamradiatro I'ed Tn the art.

crystal nat epbadbm@ppti et i %Ii’g&n@f@@dlmﬁut§of husf a mrtbmpni@ Odfrystal
ol igonmeric precursor of a liquid crystal polymer. Said precursor conprises
at |east Pakymewat Faifli pueguespat AOURMGIRG % bPAgbneRe SEMR tHghoku A

oligo havi ng. pol. yneri zabl e grou Suj_t.abl e nematic_|iqui r
Tononers BVETELORRAEFe G R AETST o Or BIERLIoH st s “lderme Bifving
acid 4 - p%élyrﬁéflﬂ&(]@lg HrORsYY! keuhbwt evbrh 41 iRharY |aRes st Gfiondieizdi C
acid 4 - [ (I -oxo-2-propenyl) oxy] butoxy]-, 2 - nethyl -1,4 -phenyl ene
ester, beozodligoners ar¢4§r¢mlthaogﬁeppopényisa@uy}aheaoay¢h-gsz -
benzoic acid 4-[4-([(1l-oxo-2-propenyl)oxy] butoxyl -1,4-
phenylene ester,
10 benzoic acid 4-[4-[(l-oxo-2-propenyl)oxy] Dbutoxyl-, 2-
methyl-1,4-phenylene ester,
benzoic acid 4-[4-[(1-oxo-2-propenyl)oxyl hexoxyl-, 2-
methyl-1,4-phenylene ester,
benzoic acid 4-[4-[(1l-oxo-2-propenyl)oxy] butoxycarboxyl] -

15 1,4-phenylene ester,
benzoic acid 4-[4—[(l-oxo-z—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 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 369, 651, 907 or 1300),

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

30 Suitable stabilizers are Florstab UvV-1 supplied by Kromachem,

and Genorad 16 supplied by Rahn.

SUBSTITUTE SHEET (RULE 26)



met hyl -1, 4 -phenyl ene ester, benzoic acid 4 - [4- [(I|-o0xo0-2-propenyl) oxy]
but oxycarboxy] - 1,4 -phenylene ester, benzoic acid 4 - [4-

[ (| - oxo- 2¥Pr28Wedy405 oxy] but oxycarboxy]-, 2-nmethyl-1, 4PERERYI0IESHNH3IBSEt er

and the conbi nations thereof . The nematic |liquid crystal nonomer or

ol i gonmer may be present in the precursor material in a range of 10%to 100%
by weight. In case the curing is perfoegred by W radiation, the precursor
mat erial conprises at | east one photoinitiator system conprising at |east
one photoinitiator and optionally a stabilizer. Suitable photoinitators can
be chosenThe opReheintbipter Prpabar Breecgt LRgdder PTHENT 6T MHFE G 1590) ,

Genoner (e.g. BP/EPD) of hes fre | cal inducers. Suitable stabilizers
are FIors?aga%ﬁgloghépgfe§£b§°Q% Hg%%gﬁ%'and Genorad 16 supplied by
Rahn. The photoinitiator nay be present in the precursor material in a range

of 0.5%to 5% by weight. For obtaining cholesteric (i.e. tw sted nenmatic)
phases, sEbu preziming ¢hrlesrerbnpll ses Bvisteedtnemetinl refag@dpantaithira

and o F iEESUrERTe, FOHI h RS DR Loar) CRExEhVEr braraers, (SRbaT ¢
furan-3, Baghyd Pl Sg feakh BET oth OYA DXYSEAXY) D¢ dhe dSR AR vER ofaR)
- hexahydrofuro [3, 2-b] furan-3, 6-di'yl bis (4- (aery | oyl oxybutoxy)
benzoat e) isof@fhi@aRn® R £ 6aR)sotiekddydswfluras [ 3, 2-b] furan-3 ,6-diyl bis
(4- (3R, 3aR, 6R, 6aR) ~-hexahydrofuro[3, 2-b] furan-3,6-diyl bis(4-
(acryloyloxyethoxy) benzoate) ,
10 (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) -2-methylbenzoate),
(3R, 3aR, 6R, 6aR) -hexahydrofuro[3, 2-b] furan-3,6-diyl bis(4-
15 (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) -hexahydrofuro [3, 2-b] furan-3,6-diyl bis(4-
(acryloyloxy) -2-methylbenzoate),
20 (3R, 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-
25 (acryloyloxy) -3,5-dimethylbenzoate) ,
(3R, 3aR, 6R, 6aR) ~hexahydrofuro[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),
30 (3R, 3aR, 6R, 6aR} -hexahydrofuro [3,2-b] furan-3,6-diyl bis(4-
(4- (4- (acryloyloxy)butoxy) benzoyloxy) -3 -methoxybenzoate,
(3R, 3aR, 69, 6aR) -hexahydrofuro [3,2-b] furan-3,6-diyl bis(4-
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(acryl oyl oxybut oxy) -2-nethyl benzoate) , (3R 3aR 6R, 6aR) -hexahydrofuro
[3 ,2-b] furan-3 ,6-diyl bis (4- (aeryl oyl oxybutoxy) -3-nethoxybenzoate)
(3R, 3aR WOeRp2R0s- hexahydrofuro [3 ,2-b] furan-3 , 6- diPgit/HPRE9(0d243% 4' -
(acryl oyl oxybut oxy) benzoyl oxy) -3-nethoxybenzoate) , (3R 3aR 6R 6aR)

- hexahydrofuro [3 ,2-b] furan-3 ,6-diyl bis (4- (acryl oyl oxy)

- 2-nmet hyl benzoate) , (3R 3aR 6R 6aR) p7hexahydrofuro [3, 2-b] furan-3,
6-diyl bis (4- (acryl oyl oxy) -3- nethy?benzoate) , (3R, 3aR, 6R, 6aR)

- hexahydrofuro [3 ,2-b] furan-3 ,6-diyl bis (4- (4- (acryl oyl oxy)butoxy)
benzoate) , (3RacxMQoy&Qxyeaﬁpxwﬁéﬁ@ﬁ?@ﬁ@furo [3,2- b] furan 3 6-diyl bis

4- I

Ehexgﬁggyo?ﬁlgﬁy% R 6%]6$%?2%Q%£82&é$€$§% %353%% zacryl oxyﬁs(4—
bg?éﬁzloEyé bi?agﬁ?qkwﬂc@@&ft&a@qg&azogaf» -heﬁahydrofuro [3 ,2-b] furan-3
3aR 6R SaR§3Rhé§<%hé/%r6"r‘%}o’¥ ?éd% 7 Xy% 52473 O%iyé ‘?’infoate{ 2 (3R
(acryl gyl oxy) F‘ ﬁ%&@dt%g) -'23m@%7h ﬁé&%‘&é@@ (3R, 3aR 6S, 6aR)

- hexahydr of ur o fdran-37,6-diyl bis (4-(acry Io Io ethoxy)benzoate)
, (3R 3aR 63%R, Bam)6sh@a&hyhlebim'@r?8&r<2l3)]2f@}%%r@'l T§iYhiR1g h4-

(acryl oyl oxybut,ox be zoa hexahydrofuro [3, 2-D]
furan- 3, 6-diy“ i %§¥ q%omy(oxy %?5?y eﬁggg%ﬁglbenzoate) , (3R, 3aR

6S, 6aR) - hexaRyssirf snspséls Tﬂebinfzwmﬁo [5; Dyl fliran{3;6-diyl bis(4-

acryl oyl oxybut ox - 3-met hoxyben
( ey Y (4’X%acryloylo£§but%g%5

%enzoyloxy) 3-methoxybenzoate),
10 (3R,3aR,GS,6aR)—hexahydrofuro[3,2—b]furan-3,6—d1yl bis(4-
(acryloyloxy) -2-methylbenzoate),
(3R, 3aR, 68, 6aR) -hexahydrofuro [3,2-b] furan-3,6-diyl bis(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] 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 continuous 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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(3R, 3aR, 6S ,baR) -hexahydrofuro [3 ,2-b] furan-3 ,6-diyl bis (4- (4" -
(acryl oyl oxybut oxy) benzoyl oxy) -3-nethoxybenzoate) , (3R 3aR 6S, 6aR)

- hexahydrwbun@/1285052- b] furan-3, 6-diyl bis (4- (acryl opCompr009/002435

- 2-net hyl benzoate) , (3R 3aR 6S, 6aR) -hexahydrofuro [3 ,2-b] furan-3,
6-diyl bis (4- (acryloyloxy) -3-nethyl benzoate) , (3R 3aR, 6S, 6aR)
-hexahydrofuro [3 ,2-b] furan-3, 6-diyk bis (4- (4- (acryl oyl oxy)butoxy)
benzoate) , (3R, 3aR, 6S, 6aR) -hexahygrofuro [3 ,2-b] furan-3 ,6-diyl bis
(4- (acryloyloxy) -3 ,5-dinethyl benzoate) , (3R 3aR 6S 16aR)_.

- hexahydrofstr o furthen] qaptin | &- dSAVat (40 (Lrdeder Yyl st its

benzoyl oxy) benzoate) , (3R, 3aR 6 -h f . 2- f =3,
6- di yl bi‘g?cﬁséﬂ %2— %éﬁry]ioo"gll 5 )“%ﬁ%%%%%%% ogy [bgéarlllz%a?;eﬁlrg{n 3R
3aR, 65, é@é@esm.aﬁﬂwiovﬁgco%ﬂek fdaiers3 56 diyk-Hés péinkdng( dinks

(acryl oyl oxy)' but ox enzoyl oxy) -3-methoxybenzoate) , and conbi nations
t her eof .arkheirmhiheal raopanct rhytbe3pr @dents Bt 2RECpr SOHVESHTtSatericdl 31 a

range of 0.1%tao 25% by i ght. _The King_i bl i, . dnk-
j et print¥thgusEd h&lp Sof C\tgfe?égélpnﬂf Fﬁ@oggﬁ?nk&i!"z? p(rﬁe g?&fehg 13’?"‘%6’1 l-esgcnobéillc#e"'r]rr‘and
I nk- jet é’%ﬁh’%ﬂ%{ ?8§Q£y Y S € M0gzLehi FagiAk et shY M@dlyeas) @lethyl-

printing. cation by i'nk- jet printing, the conpositionnmust further
contai n atofveandtone or MEK) 0 adjagsttantes vi szdwrlacetrtde | oathallues 3-

required by the said printing processes. Typical, K viscosity values far,.ink-

jet pri ntqw}i}ﬁk@%@%‘?ﬁthé’% an§@1Beng -t o gbfW§t%$ 2%‘@%? vegltjsk,e

whi ch Calyichloromethane, trichloromethane or trichlorocethylene are
10 technically suitable, but not desirable in printing inks

because of their toxicity.

The 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 a salt, such as lithium nitrate, lithium
perchlorate, tetrabutylammonium chloride ox tetrabutylammonium

20 tetrafluoroborate.

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

weight.

25 The precursor material preferably may further comprise
security materials, which 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 compounds, the

IR-absorbers, the magnetic materials, the forensic markers,
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be used are chosen fromthe group of the |l owviscosity, slightly polar and
aprotic organic solvents, such as nethylethyl -ketone (MEK) , acetone,

et hyl acetwDepoeigps 3 - et hoxypropi onate or tol uene. ChlPoTiRPA006805IF Vent s
| i ke dichloronethane, trichlorome thane or trichloroethylene are
technically suitable, but not desirable in printing inks because of their
toxicity. The solvent is conprised in+he ink- jet precursor material in a
range of 10%to 95% typically 55%to 85% by weight. In the case of
continuous ink- jet printing, the precursor material also conprises a

di ssol vecemdncorhingt boent theyppéal Congessratisnckangeri preud Mty e, 5%
lithiumperchlorate, tetrabutyl a ni Lhlorigde, or. tetraby [
tetraf | u%‘?’bb&luﬁ‘tlél.esﬂ’?éltsaF?mgggung‘s)en(fﬁ71 gocog(g"entfro %t i %ﬁ %%%éggg‘f;gog%to
5% by wei ghiner he npivﬁé:zuiragﬁ, MedR{ i @l oprief erabl Yy mayof urfdesn € 08P maEtker
security materials, Ich are present in low to noderate concentration, in
order to mawgebskst he resistance of the marking towards counterfeiting.

These security materials are selected fromthe group consisting of the
i norgati c | um nescent conpounds, the organic |umi nescent conpounds, the

| R-absor b@é%ég%%emﬁet kfioMBL gégri%sb]i)g/%ﬂ?i& Or8RSILG 1ML KEESr888 GRIENAL1 ONS

t her eof . ntration ranges are 0 5% for |um nescent conpounds,

0.1%to 1£8¢feartRinhseuhercheorprmgnet i tnvaneioal ssingd i0KBGEY tror 1% frg

forensic marker materials _ .
equipment comprises a mixture of at least one nematic
compound, at least one chiral inducer compound, an organic

10 solvent, and a photoinitiator.

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
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 1liquid crystal precursor mixture

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

about 0.5 wt% to about 15 wt¥%.

The liquid 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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The preferred cholesteric liquid crystal precursor material for carrying
out the present invention using ink- jet printing equi pnment conprises a

m xt ure oVoapodea®s one nenatic conmpound, at |east one @CIrERROOOMIGRT
conpound, an organic solvent, and a photoinitiator . Said nematic conpound
Is preferably of the acrylic- or bisacrylic type as disclosed in EP-A-O 216
712 and EP-B-0O 847 432, US-B- 6,589 ,445 , which are herein included by
ref erence. The preferred anount of thedhemati c conpound present in the
cholesteric liquid crystal precursor mxture is fromabout 10 wt % to about
60 Wt % nagenpsefdefbayetspnrabodishOretfigt agahogt 45 Mt % . The preferred
chiral inducers are selected fromthe derivatives of isosorbide and

i somanni de, disclosed in EP-B-O 739 403, GB-A-2 330 139, and US-B-6, 589,

445 | whi i n e Iugﬁq e Tk f hi ral .
I nducer p?%%gﬁ?rgghghg fcﬁgee erlé%m{ [ %ﬁ{l}gﬂgrﬁ%t g? gg‘e%gt%%s?%rl ytmg%pﬁlrlee falnrgl:;es
from abouthd®. ¥omabo b0 ah@ilcidb welrepeetenably furdfuaboYt d@menvidnho, akout
15 wt % The liquid crystal precursor material for producing a marking
accor dP ngSEackeR presaensionedti odrmyy Pudihensionpli swuhaste pirgmeisix
coloring agents,,.diluents, conducting salts, surface-active conpoungﬁﬂ
sur f ace dﬂ%%%ioﬁh%rﬁﬁgFﬁi 9“Mﬁ?iﬁﬁsggﬁ?b?yd§%8 ﬁ&%ﬁm?ﬂﬁiapgﬁﬁrgﬁﬁ in
agents. Thee MBEkaND DhatBerPr 868NELhENKERKLEBE b RIBh&RRLY JRIdLd tHrdde
formof indicia representing a uni que 1-dinénsional, a stacKed
1- di mensi syrebolegies 2ade nénsieomalt ilomeddde wrcamiided standards, and the
corresponding reading and decoding algorithms are known and

10 implemented in commercially available devices.

Suitable 1l-dimensional and stacked 1-dimensional barxcode

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 1282, Code 128B, Code 128C,
Code 11, CPC Binary, DUN 14, EAN 2, EAN 5, EAN 8, EAN 13, GS1-
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, ArrayTag, 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 Color Barcode, HueCode, INTACTA.CODE, InterCode,
MaxiCode, mCode, MiniCode, PDF417, Micro PDF417, PDMark,

30 PaperDisk, 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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code. The synbology is preferably chosen anpbng those used in the retai
i ndustry for the marking of commercial goods. These synbol ogi es are

i nt er nat

iwoably2i@sogni zed standards, and the correspon#CmEPr@26D2335 and

decodi ng al gorithnms are known and inplenented in conmercially avail abl e

devi ces.

synbol ogi es are known to the skilled
nanes such as Plessey, U.P .C, Codabar, Code 25 - Non- interleaved 2 of

- Interleaved 2 of 5, Code 39, Code 93, Code 128, Code 128A, Code
128B, Cocderki8CorGede ibh cCRE Bindaris dEUNned iBANNEerngANomal siRnglardeAN

Code 25
13, GSl -
Dat aBar
PLANET,
avai |l abl

code,

Sui t abl e 1-di nensi onal and stacked 1-di nensi onal barcode

128 (formerly known as UCC/ EAN-128) , EAN 128, UCC 128, GSl
%/H§9§3¥3§0§pace Synmbol ogy (RSS) , | TF- 14, Pharnacode,

_ POSTNET, OneCode, Msl, PostBar, RWSCC / KIX, or Telepen. Suitable
2-di mensi onal barcode synbol ogi es are known to the skilled persan

Suikedrl s \Fens| syPesafey SREECEd FhBrachkeraf s ItAHeD é@(ﬁ:@? Snal |
Azt ec %%d%%g uIt %gggﬁ%@ge%.mde 1 , Code, 16K, Code 49, Color

( _ matri x, Datastrip Code, Dot Code A, EZcode,
H gh Capacity Col or Barcode, HueCode, | NTACTA .CCDE , InterCode, Maxi Code,

Commcode Find GBS o EBG4S " sRor Chqeucn i gl Fhaviliy 04

nd

yp

U traCodenMeideerde MVRGede, cYébern@odearianty ECE2Ghe Thiestatt dnvieasian.
built-inerror correction code and is defined in international standard

| SO CE
10

15

20

25

30

TR 2n2006ng is present in the form of a ECC200 data matrix
code on the surface of said packaging. Data Matrix ECC200 is a
public domain symbology. The marking can be applied to any
desired position on 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
color motive present on the packaging (b), or wholly be

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

The reading device for reading the marking of the present
invention can be constructed on the basis of commercially
available barcode readers, in particular on the basis of hand-
held 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, said reading equipment may be directly enabled

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
flat-bed scanners can also be used. CCD-camera based barcode
readers are known to the skilled person and are produced by

several industrial companies, such as AccuSort, Cognex, DVT,

SUBSTITUTE SHEET (RULE 26)
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Suitable font types for optical character recognition (OCR) are known to
the skilled person. Fig.l schematically shows a product packaging having a
chol est erwo 2besgui@scrystal nmarking of the present invenPComP20e0asking is
present in the formof a ECC200 data matrix code on the surface of said
packaging. Data Matrix ECC200 is a public donain symbol ogy. The marking can
be applied to any desired position onsphe 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 color notive present on the
packagi ndti{djoscagy, @mIdry 15 gl e SART oRSY SRR e &51€ col or | ess region of the
packaging (c) . The reading device for reading the marking of the present
invention can be constructed on the basis of comercially available barcode
readers, daidarddapdaticm td@ belsés oéafland hdbuiCED mEVOScov@rdise r ddd ng

equi pnrent, and reading stations used in the retail .in try. |
appr opr i A IFREHANG BF Phe OREr kc?%gsﬁ]’?ﬁafhé’p §ia11ab’1g§ft(‘?%§r8%9%§§§)gongn
1T um patdan, §abdpr eafi Ng1 ARk PENMo 1Y Aavdi I et t¥renabledHo dieat e

l'iquid crystal “codes. In other cases, the reading device can be further
adapt ed (meriatiedngs of Bktews r eh@f t helFeshahsBOsprE Rangpddilfessse QHIHFO-

Ccanner s SEIT Al SBoR8” 088hIBBCD Sy S Das G Bar tade Y cadere ard K To
t he skil &gl qearisen colbAar £i predkicefl dyyseypeal anddgsmbiial tdomsartitesecfuch
as ACCUSOIrnt’ acogggi):(icgﬂfMecnﬁgos fn?e’ntgnact):n’ lgia%lt(:’ g\ﬂlgl ’dleeé/eerneCnet %tpq:'ical
10 filters are used. Said adaptation may further comprise the
implementation of one or several particular 1ight sources
chosen from the group of spectrally selective (i.e. colored)
light sources, linear polarized 1light sources, left- and

right-circular polarized 1light sources, and combinations

15 thereof.

The light sources, however, can be chosen from ambient 1light,
incandescent 1light, laser diodes, light emitting diodes, and
all type of 1light 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 infrared
(1100-2500nm wavelength), or 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 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 corresponding to

the item carrying the said marking and code.
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Sai d adaptation of the reading device may conprise the inplenentation of
one or several optical filters chosen fromthe group of |inear polarizing
filters, woghey/eigsul ar polarizing filters, |eft-circul acTmEpRemiozi4ngy
filters, electrooptic polarization filters, wave-plates, and spectrally

sel ective color filters of any type, and combinations thereof. In a
particul ar enbodi ment at |east two diggerent optical filters are used. Said
adaptation may further conprise the inplementation of one or several
particular |ight sources chosen fromthe group of spectrally selective
(i.e. colored) light sources, |inear polarized Iight sources, left- and

right-circul ar polarized |ight sources d conbi nat i ons, er. !nﬁ | ght
Isour ce;_, Sr%vd _1,936'1%?- b &R, ﬁlPPoWQ%?gﬁt ??%?Fec?n(r}zln%sclgﬁoﬁq g A,A ’
aser di I ght 1t ' : ' i
‘%’c%% £ LI NG o QeS; c@ndraklayt e OkchaBhiédspeteesnhata
color filters, S%?d ﬁlght sodg%es n%@ hage gﬁlenissi%n g%ectrun1innfhe ’

spectral sorginy oflethieeviaid| enl i ghtefddD- falam base! errdich) exchargfestan

optical infrared (700-1100nm wavel ength) , the far optical_inf.rared
(1100- 25004 wilacengih) SnSFYRERE UFQDD0- ¥F3RH wavar erfyt r%“bﬂézf FF 0P %he

el ectromagnetic spegtr hd I n Vi hSndbus gof neslya enahl g0
read the %?ﬁcfélhrbgs %gt a soﬁgolA. a1£ ent i%(?g't%e %ecas %i ngfnmaﬁeaofat he c% ect
security yElErpBicei b alQNPriirsi EE t beaneaiss bon Smeanst y eelgenerits -bSaid
readi ng device delivers a digital information representative of the code
whi ch hasttsswmissidn, 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
obtained. 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 from

the component of the refractive index orthogonal to the

molecular axes.

Such nematic liquid 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 theﬁ be revealed with the help of a linear polarizing filter
placed on top of the marking 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

In a second embodiment, the marking of the present invention
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and pointing towards an entry in a data base corresponding to the item
carrying the said marking and code .Said digital information nay be

conpar ed WP2RO¥ L@ mat i on stored in the readi ng device BETHRYIBAMEThanged
bet ween the readi ng device and an external data base,- the exchange can
take place in encrypted form using e.g. a public/private encoding o f the
RSA type. Said exchange of informationcan take place by all kind of
transm ssion neans, e.g. wire -bound transm ssion, wreless radio |link,
infrared-link, etc... . In the particular case where no chiral inducer is
conpr i sedcpnsipes podc widrentat Btalses gfnénal i@uid qGrYsSErysPAl Ry meFatd

obt ai ned. _Such_pol s yusually characterized by bi L ng ' t he
nol ecul espf‘%mﬁngr i ﬁﬁgefsayg?l%@e _%?[P%m%%gi nﬁg p%e o%ﬁ%#t’ d?‘?lg% Tc’%)%?o%hd
t he ConpoagﬁiiedftbhehéeéﬁaﬁétaeofnQeéuBbeﬂstéhe nol ecul ar axes is
different Tromthe conmponent o f the refractive index orthogonal to the

nol ecul ar axes . Such nematic liquid crystal polynmer can serve a s a
security elenment, by using.its birefringent properties, in j C asg, |
acts aé aAV\éV%‘E{ﬁ%%i il& ify FFARST rlﬁ%i%% g&ﬁgsfiat%%nm&nt gh%i rgﬂé)%r
pol ar | zat 49R.. OhoHi 66 W' 93052%08ABEOR! A4 Ay Ols LINCKDRRS pf Nrépseete @
reflective subs rate, e presence or absence of the applied 1Tiquid crystal

pol ymer crarthgn be revgakedgw tdrddwiiiel p eof ahd neptrepehnari zimgehtidmer
pl aced on top o f the marking in appropriate orientation. In cas

transm ssFOBPELHLRY atBICTe| ?hgl?i%“?ré‘% | 8PFPIES 225 edGfP PofFYPi z?%gl%?f%?
needs to anggpﬁﬁeghgt255§mb§8k2§69§m wavelength range.
10
Cholesteric liquid crystal polymer (CLCP) pigments useful to
carry out the present invention are disclosed in EP 1 213 338
Bl; EP 0 685 749 Bl; DE 199 22 158 Al; EP 0 601 483 Al; DE 44
18 490 Al; EP 0 887 398 Bl, and W02006/063926. Reference is
15 also made to US 5,211,877, to US 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 corresponding
liquid crystal polymer film. 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 to be

marked. Preferred binders are chosen from the group of vinylic
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
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of the substrate in order to render the marking visible . In a second
enbodi nent, the marking of the present inventionconsists of pignment flakes
of a |iquwo200yri@s pol ynmer; said pignment flakes bei ng eocrmrPe@ew0i4ns a
coating conposition, applied to the surface of a substrate. A preferred
liquid crystal polynmer pignent is of the type described in WO 2008/ 000755
A, which is included by reference heQ%in. A mar king according to the
present invention conprising such a pi'gnent exhibits at |east two
reflection bands in the 200nmto 2500nm wavel ength range. Chol esteric

i quid crystabreml yimeredfTLCP) pi gnents useful to carry out the present
invention are disclosed in EP 1 213 338 Bl; EP 0 685 749 Bl; DE 199 22 158
Al; EP O 601 483 Al; DE 44 18 490 Al; EP 0 887 398 Bl, and WX006/ 063926 .

Ref erenceg] 54 al ta 21 214087 fayt 0 P¥R fard®d 3 1T ok e US @rthhedd, 24
6 . Suchq%%ﬁ?icﬁgggﬁgée aokﬁ?cﬁnesg ofayaegbrder ofy? to 10 mcroneters and
a flake séigeueityhenauaierand, 1GHicH OGyw cporseeats, iandlave bt AieRaF 3L

conm nuting a corresponding liquid crystal polynmer film , The preferred

f1 akesS f oron@entFaEHe pr &bn?rgﬁ%n‘t:?on”ﬁa‘(ﬁ%%gt ﬁitéknjé§§l?ga’f‘ﬁi rERE ST 1
to 10 mcrometers..and a a ' ; [ he d1age Pfe 2 tnd0
m cr omet e?%l?nrs%?%é%tg%l?? hgrg%%oglgfﬁggkgo%?iggggﬁgt IaIrtgagt one binder as a
mandat or yg £empoBeRki seRhyonst | yhef urdierarpignent snesyest eompodeds, the
addi tives, photoinitiators, etc. may be present, as required by the .
appl i cat i orgambTedYMANESERBES GPFRAEIT .0 BRee nARKBBSOPPEF &r r & hi TRIBIRE AT e

chosen fréﬁ%éi@% é?u ﬁg \féygﬂéic 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, coloring agents, diluents,
conducting salts, surface-active compounds, surface adhesion
promoters, wetting agents, defoamers, and dispersing agents,
as known in the art.
20
The authentication and identification of the liquid crystal
marking according to the present invention requires a 1light
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 unpolarized (e.g.
ambient) 1light and detecting the marking’s reflection through
a circular or linear polarizing 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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resins, acrylic resins, styrene-naleic anhydride copol yner resins,

pol yacetal resins, polyester resins, fatty acid nodified polyester resins
and W cuwongoymn@sers and ol i goners, such as acryl at es PCTiRrgé0980185 S,
epoxi des andm xtures thereof . Said coating conposition may preferably
conprise further security materials, which are present in lowto noderate
concentration, in order to increase igg resistance towards counterfeiting.
These security materials are selected fromthe group consisting of the

i norgani ¢ | um nescent conpounds, the organic |um nescent conmpounds, the IR
absorbers, the magnetic materials, the forensic markers, and conbi nations

e gD UG 4 o0 0082 BB, (o5l oS b s gt

conmpound _ ers or maghetic materials, and 0.8%&@6
to 1% f omyf omensi ghamr §etroet echosen Teraecamymdate zeat t ildghdr sondicsisons,
the coating conposition for producing a marking accordin o the present
i nvent i o imepx wakesri zeshpt 1Bt dPOEICESgmeiftis THFoitdg gaiﬁfé?eéiﬁﬁg 5,

conducting salts, surface -actiy rfﬁﬁg | on pronoters
wetti nstg fgaé‘rﬁc?,s'défgaaﬁé'r 't & Cd‘flsa%g@?l%g@q?gegfﬁsﬁ as Enown s?'n the art . The

authentication and identification of the [iquid crystal marking according
to the present invention requires a light source and nust be done in one of
the fol | awi ngllvayssesi Xebedtiamimayi kg tHerfirrmghgbyi Eeci®cuVaFhofkhe

et pol ST zod,! | AN el el gLl R eSSt Qe e s
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 color filters. The
detection is preferably carried out in the visible 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) 1light sources, linear polarized 1light
sources, left circular polarized 1light sources, ‘and right

20 circular polarized light sources.

Fig.2 shows images taken from ECC200 Data matrix codes printed
with liquid crystal material on coated cardboard. These images
clearly illustrate the advantage of using the polarizing
25 properties of the 1liguid crystal material marking for the
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 filtexr 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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anbient) light and detecting the marking's reflection through a circular or
linear polarizing filter, iii) by a conmbination of circular or linear

pol ari zedwol2besm2nedsi on and detection through a circul ar POT/HPROVQMAN243S

pol arizing filter.The illum nation of a marked itemor article is thus
performed by a |ight source chosen fromunpolarized |ight sources, |inear
pol arized Iight sources, left circularypolarized Iight sources, and right
Elrcular po!aLiZﬁd Li?ht sources. In all cases, detection may be perforned
y eye or_wth the help of electro-optic detection equipnent, such a

BhOt ogel | light a SO eRegotantRre. Ifafghtﬁ"?ou%‘ggeﬁﬁdw?ﬁ% ocgltgelctﬁsjoﬁy nay
e made of_c | r rticular |ight
emtters %ﬂ%g%éfégfo%gﬁ%%#ﬁ&e%sé eé%%t?ae%@i%%gﬁ&%?%%g%ﬁigiérri ed out ign

the visible region (400-700nm wavel ength) of the el ectromagnetic spectrum
In a particular enbodiment the illumnation of the marking for

aut henti cEti iy mmefeswedr aptiefe, FRe periBHifbd CEyiShglat mg§§§{19t wof the

differgnt_|ight | ected f 1 ' i
i ght SOREBENT | nERTSRBIAR: 2 e8| RE SO0 Colt T EFE cMFeiFar T ST

| i ght sou 5o 2N | ghbieheguliargRol vy i aeddddifte s@eteesingi meadssveh
| mages ta%gaﬁéf rom E\;CCZOO Data matri X code_squri nted with |liquid crystal
nmateri al @m sodfiedarapdbearairciiese pebaeszen@af Lytert udheal@ &g FAfht age

o U0 e POl o 210 DLODSRLLES 0Lt Nl LG ELY LBl o7 Sl s

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 a reflection band in these regions.

15
The cholesteric liquid crystal polymer 1is, 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,
remains 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 Ilong
30 wavelength end of the spectrum, typically in the infrared or

red region, whereas higher amounts of inducer generate a
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background. Most advantageous is a conbination of polarized |ight for
illumnation and the use of a polarizing filter in front of the canera. Al
i mges wewo 2b@kemodi t h the sane |ight source and with tireTERR®WIDOIIBTF a
settings, all in black and white node, and with or w thout polarizing
filters before thelight source and/or the canmera. The inmages were
digitallytreated for maxi num contrast gnd optinum brightness. In a
preferred option, the liquid crystal marking of the present invention is
rendered visible under unpol arized (preferably anbi ent% l'i ght a passive
det ect i ngreebectiorh Bang | Phearthsy aresittind pBPAYTSFngdfi | %= ert

mar ki ng can, however | sq bg 1 d i £ a Qfﬁ}i- t uf, g, de
vi si bl e s%%%? %ﬂ??ﬁoﬁ?aodﬁ%mﬁ%%eggﬁﬁﬁﬁgg“e.éﬁ In the ﬁﬁfﬁg¥£dﬁfggi8ﬁh?;%o
to 2500nm-ugyehength) preferably in the near optical infrared (700-11O0nm

wavel ength)™, in the far optical infrared (1100-2500nm wavel ength) or in
the UV (200-400nm wavel ength) region of the electromagnetic spectrum given

that the marking has a _reflection _band in ese reqions,.. T | e '

i qui d” cryStERrE AR yRER T a15g, ]P?spﬁégurte? gggpgjc I}C%ﬁ/&ssselégt %\?% rcg‘_}ﬁeéc?or
whose r ef %ﬁ&ﬁé@?, band  camrungdgaseensnbar tirfuddie £doeltompgnel iTeft
spectrum by an appropriate choice of its helical pitch. Said pitch

not ewor t hyr dépeadsightt e Triatdlo mitalemaresupténdr dor nempadtdlvea ERPRF LS

i nducer conpound in the |iquid crystal precursor, and_an.the t erat ure of
pol yner i zet TeRl2Af t BP 1 3HE $7EI P2 at gn, thfe A&GIELTSS t 9 Hnd h]leesfrfné"éarfrhleée

reflectiog,golor; ol thg guterigh, E8MILAGLEXERhe reflection of left
10 circular polarized light, whereas isosorbide derivatives are
known to induce the reflection of right circular polarized

light.

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

MEK 55.7 wt¥%

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

2-methy1¥l,4—phenylene 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 907 1.30 wt%
LiClo4 1.20 wt¥%

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® BL18 5.0 wt%
30 MEK 64.6 wt%
Diethylene glycol 10.0 wt%
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As known to the skilled person, |ow anmounts of chiral inducer result in a
| ow helical twi sting and hence in a |arge helical pitch. Therefore, |ow
anount s ovoth@/keidosal i nducer generate a refl ection ban®CofEPRéDE/00HSEI t 1 Ng
pol ynmer at the | ong wavel ength end of the spectrum typically in the
infrared or red region, whereas higher anopunts of inducer generate
areflection band of the resulting pol yger at the short wavel ength end of
the spectrum typically in the blue or UV region. Attention nmust also be
paid to the handedness of the chiral inducer, i.e. whgt erw%det erm ned

i nducer resul t2CRaPQYL 1 eft or in a ri ght helical pitch; fesurfing in
respective op i j arization of the refl egtedytsght.

| somanni de de??gé%?vgkﬁgﬁ%ﬂﬂﬁ%a% to induce the reflection of left circular
pol ari zed |i gleyk®es®as i sosorbide derivatives are khown wo%i nduce the
refl ection of riqgt circular polarized Iight . Fbreaféer is given a typical
exanpl e of a d&wfestEtic liquid crystal pol ymer precu sOr %Bhposition,

whi ch %an be applied by the continuous ink- jet printing process: MEK 55.7
wt % benzoic acid 4 - [4- [(]-o0xo0-2-propenyl) oxy] butoxycarboxy] - ,

2- et hyl -p3 Jr phery® eBe1estier a4pol ymity(13RuBar b SréaR) - keékahieofQrD[N8; 2- b]
furan-3 ,6-diyl bis (4- (aczyloylox butoxy)benéoate) 1.70 W% |r acure.§07
1.3 0 Wt %3135 42 2upphied By Wacker.” Byk®-430° is a solution o

modified urea supplied by Byk. Byk®-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 composition, which can be

applied by the valve-jet printing process:

MEK 83.0 wt¥%
15 benzoic acid 4-[4-[(1-oxo-2-propenyl)oxy] butoxyl-, 2-
methyl-1,4-phenylene ester 14.7 wt%

(3R,3aR,6S,6aR)—hexahydrofuro[3,2-b]furan-3,6-diy1 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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The follow ng exanple is a typical cholesteric liquid crystal polyner

pi gnent conposition, which can be applied by the valve- jet

(dr op- on-wormewdiz1608k- jet printing process: Piolof orm ( PCTRP2®9IH0B3M % VEK

64.6 Wt % Di et hyl ene glycol 10 .0 wt %t hanol 8.0 wt % LC pol ynmer pignment 10.0

wt % Byk (r) -430 1.5 wt% Byk (r) -410 0.9 wt% Pioloform (r) BL18 is a

pol yvinyl butyral resin with the CAS BR} 63148-65-2 supplied by Wacker. Byk

(r) -430 is a solution of nodified urea supplied by Byk. Byk (r) -410 is a

solution of high nolecular urea nodified polar polyam de supplied by Byk.

The fol | oMlagm$s an alternative exanple of a cholesteric liquid crystal

pol ymer precursor conposition, which can be applied by the valve- jet

printing process: MEK 83 .0 wm % benzoic acid 4 - [4- [(]-o0xo0-2-propenyl)

oxy] butoxyl marking MebhYlah . 4teberylenecgster Idhilg Wndrk3RBg 3ebhphsikeR)

“hexahydrofuro [ 3 . 2-b] furan-3 ,6-diyl bis (4-

(acryl oyl oxy o oxyg hiemzodtieguidl 50cvy8tat gamuterd@l 0. Bawt txgBasdelt eymimed

i ndi cati ons and exenpl ary enbodi nents gi ven hereinbefaore, th ki]led

person’is end®etrtb %w%t%%%ﬁwsewgaabnéﬁﬁgwo Ofhe-Hot ddtentication

Lgrvrgpi“s?géd AME redaindBLF D9nb0hiaR, | heMRA136E Ghke [AMEBI & on by
the human eye, the marking being characterized in that it

is produced on a substrate by a variable information
printing process, and has the form of indicia representing

10 a unique code, allowing for its identification.

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

human eye.

15
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.
20
4. Marking according to c¢laim 3, wherein the cholesteric
liquid crystal material has a reflection band in the UV
spectrum corresponding to the 200 to 400mnm wavelength
range.
25
5. Marking according to claim 3, wherein the cholesteric
liquid crystal material has a reflection band in the
visible spectrum corresponding to the 400 to 700nm
wavelength range.
30

6. Marking according to claim 3, wherein the cholesteric
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polynmeric liquid crystal material having determ ned optical characteristics
which allow for its authentication and reading by a machine, as well as its
aut hent i caDi2009/2y606he hurman eye, the marki ng bei ng char acTaPe@emoidast hat it
is produced on a substrate by a variable information printing process, and
has the formof indicia representing a unique code, allowng for its
identification. 2 . Marking according4ﬁo claim1l , characterized in that at
| east part of the marking is invisible'to the unaided human eye . 3 .

Mar ki ng according to one of the clainms 1 to 2 , wherein said polyneric

| i qui d cryst dliqubtcer icalysitela ohgkedadr i babi qai dreflsciomntkand| in the
exhi biting col or and. an angl edependent ch e of color. . r Ki

accordi ng to dgaRes | SRR Wtﬁé”?ﬁ’r’cﬁpé%}a‘fg&*gc 15%ui ecr§>s‘)tc’al t%%loaﬂn%as

a reflection mqér%ttﬂ‘e | gegé;fggfﬁﬁggl@spg_l | Rl O 11Fe-22Q0 t yAm

wavel engt h range Mar cor g to aim3 , wherein thé

chol esteri c ldopigbponaira) vattrd alohass a rosfire ctavenl drayich irardee. vi si bl e
spectrum corresponding to the 400 to 700nm wavel ength range. 6 . Marking
according to claim3 , wherein the cholestericliquid crystal material has a

reflection bapd.i.n the infrar P r r I Rg+E0t h it0 +4R00Nm
wavel ength r%&mﬁ F5 4]3}'136%(?#2&% néjf]at?lg% gggg@ru% E%r rsésg’(})% i r%l to the
700 to || OOnmapvavaleidgtdh rang@id crystal material has a  second

reflection band in the 200 to 2500nm wavelength range.

10 8. Marking according to one of the claims 1 to 2, wherein
said polymeric liquid crystal material is a nematic liquid

crystal material, exhibiting optical birefringence.

9. Marking according to one of the claims 1 to 8, wherein

15 said polymeric liquid crystal material comprises further
security materials, selected from the group consisting of

the inorganic luminescent compounds, the organic
luminescent compounds, the IR-absorbers, the magnetic

materials, and the forensic markers, and the combinations

20 thereof.

10. Marking according to one of the claims 1 to 9, wherein
said substrate is selected from the group of reflecting

substrates, colored substrates, and transparent

25 substrates.

11. Marking according to one of the claims 1 to 9, wherein
said substrate is a patterned substrate, comprising at
least two different surface areas, each selected from the

30 group of white surface areas, black surface areas, colored

surface areas, reflecting surface areas, transparent
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7 . Marking according to one of the clains 4 to 6 , wherein the cholesteric
liquid crystal nmaterial has a second reflection band in the 200 to 2500nm
wavel engtworaemge1608 . Mar ki ng according to one of the clParm®2@091002435 ,
wherein said polyneric liquid crystal material is a nematic |liquid crystal
material, exhibiting optical birefringence, 9 . Marking according to one of
the clains 1 to 8, wherein said polyn§5ic liquid crystal material conprises
further security materials, selected ffomthe group consisting of the

i norgani ¢ | um nescent conpounds, the organic |um nescent conpounds, the

| R- absor ber s,sudfagegnedd s ared erdanddimaaiwhs hehdorehsi ¢ markers, and the
conbi nations thereof . 10. Marking according to one of the clains 1 to 9 ,
wherein said substrate is selected fromthe group of reflecting substrates,

col of ed sybstyahas,y adeLLATARANENt oSS Algs. ki ki g, a000rdldaie 410
one of thé clains t89 ) rein sard substrate 1s a patterned substrate,
conpri si ng atsdieasgudsralid fenente suifdieiar eas, each selected fromthe
group of white surface areas, black surface areas, colored surface areas,
reflecting surface areas, transparentsurface areas and comnbi nations

t hereof . 12. r.ki ng according to one_of th | ajnE: 1. t er.gl 3l d

substrat]eéltall\{é?ré?ri%d?sfgj.‘”gi§g I\tfé)r k?ﬁa aocfz:oﬁglgngd]tr%mgsne?o%% hge\bclvgilér]rrsesl?{to

9 , wherein s Sehdtal@ Cachiresedt heasicBE SeRer idacet BENtslement,
selected from the group consisting of the inorganic
luminescent compounds, the organic luminescent compounds,

10 the IR-absorbers, the magnetic materials, the forensic

markers and combinations thereof.

14. Marking according to c¢laim 13, wherein said security
element is present in the form of indicia.
15
15. Marking according to one of the claims 1 to 14, wherein
said substrate is selected from the group consisting of
the woven substrates, the non-woven substrates, the coated
substrates, the papers, the cardboards, the wooden
20 substrates, the glass substrates, the ceramic substrates,
the metal substrates, the = plastic substrates, the

textiles, and the leathers.

16. Marking according to one of the claims 1 to 15, wherein
25 said marking is produced by a process selected from the
group of continuous ink-jet printing, drop-on-demand ink-

jet printing, and laser printing.
17. Marking according to one of the claims 1 to 16, wherein

30 said indicia representing a unique code are chosen from

the group of: 1-dimensional barcodes, stacked 1-
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selected fromthe group consisting of the inorganic |um nescent conpounds,
the organic | um nescent conpounds, the IR absorber s , the nmagnetic

mat er i al swotzh@/f20608nsi ¢ nmar kers and conbi nati ons t her eofPCI/EP2009/0B2485 ng
according to claim 13, wherein said security element is present in the form
of indicia. 15. Marking according to one of the clains 1 to 14, wherein
said substrate is selected fromthe gugup consi sting of the woven
substrates, the non-woven substrates, the coated substrates, the papers,

t he cardboards, the wooden substrates, the glass substrates, the ceramc
substrates, tdineret oabnsldsdratdss, tded p? edimensidsal dascodd. t extil es, and
the |l eathers. 16. Marking according to one of the clains 1 to 15, wherein
said marking is produced by a process selected fromthe group of continuous
ink- jet printing, drop -on-demand inkjet printing, and |aser printing. 17.
Mar ki ng according to one of the clains 1 to 16, wherein said indicia
represenisng Matkimgpeacodedang ebosdaifr am t hehgreip ekidl-ldidiemesisiiial
barcodes, stacked 1 -dinensional barcodes, and 2 -dinensional barcodes. 18.
Mar ki n§ accorkiRrepde disai selgctederfdian shhe 198PWRnSifonBEeSSBAr cdbF i -

selected fromth r oup f Plesse U..P .C , Codahar e 25 - -

i nterl eaved f?ﬁiafebagf', @8%@ 28°_ Tn -éﬁg&%aarfedg 9 C%%g%g& %88‘ e'\gg, Code

128, Code 1284 +LodaisBB &pde 128§ $9decdde OBC Biodrr W2ehUNcke 1AM 2

EATS5, EAN 8, EAN 13, GSI -12 8 (fornmerly known as UCC EAN
Code 128B, Code 128C, Code 11, CPC Binary, DUN 14, EAN 2,
EAN 5, EAN 8, EAN 13, GS1-128 (formerly known as UCC/EAN-

10 128), EAN 128, UCC 128, GS1 DataBar formerly Reduced Space

Symbology (RSS}, ITF-14, Pharmacode, PLANET, POSTNET,

OneCode, MSI, PostBar, RM4SCC / KIX, or Telepen.

19. Marking according to claim 17, wherein said 2-dimensional

15 barcode is selected from the group of 3-DI, ArrayTag,

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 Color Barcode, HueCede, INTACTA.CODE,

20 InterCode, MaxiCode, mCode, MiniCode, PDF417, Micro PDF417,

PDMark, PaperDisk, Optar, QR Code, Semacode, SmartCode,

Snowflake Code, ShotCode, SuperCode, Trillcode, UltraCode,
VeriCode, VSCode, WaterCode, and ECC200.

25 20. Marking according to one of the claims 1 to 19, wherein the
polymeric ligquid crystal material is present in the form of

pigment flakes comprised in a suitable binder.

21. Marking according to claim 20, wherein the binder is chosen
30 from the group consisting of the vinylic xresins, the
acrylic resins, the styreﬁe-maleic anhydride copolymer

resins, the polyacetal resins, the polyester resins, the

SUBSTITUTE SHEET (RULE 26)



10 128), EAN 128, UCC 128, GS|I DataBar fornerly Reduced Space Synbol ogy
(RSS), I TF- 14, Pharmacode, PLANET, POSTNET, OneCode, MSI, PostBar, RWASCC
/ KI' X, o woObBed%pesws 19. Marking according to claim1l7, WROEmPRIVISHEI4AS 2

-di nensi onal 15 barcode is selected fromthe group of 3 -DI, ArrayTag,

Azt ec Code, Small Aztec Code, bCODE, Bull seye, Codabl ock, Code 1 , Code,
16K, Code 49, Color code, CP Code, Datgd yphs, Datamatrix, Datastrip Code,
Dot Code A, EZcode, Hi gh Capacity Col or Barcode, HueCode, | NTACTA . CODE
20 | nter Code, Maxi Code, nCode, M ni Code, PDF417, Mcro PDF417, PDMark,
Paper Di sk, Opfatty QRdotle mdStinfhicate podiymsit@ade reSiosf | akd CbHe, Bhutdoee,
Super Code, Trillcode, U traCode, Veri Code, VSCode, WiterCode, and ECC200.
25 20. Marki nghe%Edrding to one of the clains 1 to 19, wherein the
polynmeric liquid crystal material is present in the formof pigment flakes
conprised in a suitable binder. 21. Marking according to claim 20, wherein
t he bi nd22.i sMatioben 80cdrdimy heo grbupm cofsi wrengln theHeindey| ie FRIFHB,

the acrylic rgsins,, the_styrene- el h i £Qpal Vi®fe 1est h
pol yacét al et FRRedpsH egPBF'g?gélhﬁs,%r}t ﬁ:e éat y acid E’{r%\lcﬁ fr?e %%f%/e%?%r
resins and thgeydoheres bifer epdrylaPes Mar kiimglaccetlkeng, t o eploxiimez0, and
wherein the binder is chosen 5 fromthe group consisting of the U/- cure
- abl e nmononer&CERENT I PRFeFReHROhcryl ates, vinyl ethers, epoxides and
conbi nations thereof. 23 . Itemor article carrying at | east one marking
according to

23. Item or article carrying at least one marking according to

10 one of the claims 1 to 22.

24. TItem or article according to claim 23, wherein said item
or article is chosen from the group of value documents,
banknotes, passports, identity documents, driving

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

consumer goods.

20 25. Use of a marking according to one of the claims 1 to 22

for tracking or tracing an item or article.

26. Use according to claim 25, wherein said item or article is
chosen from the group of value documents, banknotes,

25 passports, identity documents, driving licenses, official
permissions, access documents, stamps, tax stamps and
banderoles, transportation tickets, event tickets, labels,

foils, packaging, spare parts, and consumer goods.

30 27. Method for producing a marking according to one of claims

1 to 22, said method comprising the steps of
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10 one of the clainms 1 to 22. 24. Itemor article according to claim 23,
wherein said itemor article is chosen fromthe group of val ue docunents,
banknot eswopa®gposss, identity docunments, driving 15 | i eemaP300906343Ei al
per m ssions, access docunents, stanps, tax stanps and banderol es,
transportation tickets, event tickets, |abels, foils, packaging, spare
parts, and consuner goods . 20 25. Usef a marking according to one of the
claims 1 to 22 for tracking or tracing an itemor article. 26. Use
according to claim25, wherein said itemor article is chosen fromthe
group of val ue dedupmarsidinghlehciesstE-@assports, identity documents,

driving licenses, .official perm,ssians, acce do , be d

stanps and bandefd @QPSIY p%%&ﬁu&%st?%%a? 5%%@?%%keﬁs&s@%§beo§? to
foils, packaging, spaiq RA¥sHrAY CONSUHErEHePdsE U Ldia; Method for
produci ng a marki ng according to one of clainms 1 to 22, said nethod

conpri sing the stephafdeningy othei ngprliadsteenmpesiriorpplyi fea Prdared
crystal precursor cqnposition to said substrate, in the formof indicia; c
) hardeéning the appli¥BichiFod 3o 3% he ordered Iiquid crystal state.
28. Method according to claim 27, wherein the precursor conposition
conprises UWV- cure-able reactive nononers or oligoners, and the hardening
of the appli adetlosPposattondingestpl acdaliyn UZ7cur iwiggrein the precursor

composition comprises UV-cure-able reactive monomers oOr
oligomers, and the hardening of the applied composition

10 takes place by UV-curing.

29. Method for marking an item or article, said method
comprising the steps of
a) providing an item or article to be marked;
15 b) applying at least one marking according to one of

the claims 1 to 22 onto the said item or article.

30. Method according to one of claims 27 to 29, wherein the
unique code represented by the indicia is an encrypted
20 information, the method comprising the step of encrypting

said information.

31. Method for authenticating an item or article, said method
comprising the steps of
25 a) providing an item or article carrying a marking
according to one of the claims 1 to 22;

b) illuminating the marking on said article or item
with at least one quality of light from at least one
light source;

30 ¢) detecting the said marking’s determined optical

characteristics through the sensing of 1light
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29. Method for marking an itemor article, said method conprising the steps
of a ) providing an itemor article to be marked; b ) applying at |east one
mar ki ng awoap@ingoso one o f the clains 1 to 22 onto t hecsairdomviensdr
article. 30. Method according to one of clains 27 to 29, wherein the unique
code represented by the indicia is an encrypted infornation, the method
conprising the step of encrypting sal4 I nformation. 31. N@thod for
authenticating an itemor article, salé nmet hod conprising the steps of a)
providing an itemor article carrying a marking according to one of the
claims 1 to 22; b ) relfllewitral ibyg tiHee meerkkdiingg on sai d article or itemwth

at | east one quallty of light fromat | east one |i ourc detectln
the sai d marki ngds @@F@leﬁéwgprpéallEﬁQrﬁct%¥|sﬁ$k%F r%u %H%1 )

of lightreflected by the pgprLki ni § ~Qr ti S
aut henticity fron1t#§°5btec d@op?lcé% aré%?érPgﬁ%ggtggggkec%arﬁfn59#§5

32. Method accordi ngiakr®iglgai m 31, mhereln the marki ng conprises a
cholesteric liquid crystal material, exhibiting spectrally selective,
V|em4n@ angl e -dependent light reflection, the reflected |light having a

partlculfg. Method according to claim 31, wherein the wmarking
comprises a cholesteric liquid crystal material,
exhibiting spectrally selective, viewing angle-dependent
light reflection, the reflected light having a particular

10 sense. of circular polarization.

33. Method according to one of claims 31 to 32, wherein said

light source is a spectrally selective light source.

15 34. Method according to claim 33, wherein said light source is
chosen from the group of ambient 1light, incandescent
light, laser diodes, light emitting diodes, and the light

sources having color filters.

20 35. Method according to one of claims 31 to 34, wherein the
light source is chosen to emit in a spectral domain 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-

25 400nm wavelength) region of the electromagnetic spectrum.

36. Method according to one of claims 31 to 35, wherein said
illuminating is performed by a 1light source chosen from
the group consisting of the unpolarized, linear polarized,

30 left circular polarized, and right circular polarized

light sources.
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10 sense of circular polarization. 33. Method according to one of clains 31
to 32, wherein said |ight source is a spectrally selective |ight source. 15
34. Met hosoaoondiong to claim 33, wherein said |ight soeCcTEP2@I®bsENn from
the group of ambient light, incandescent |ight, |aser diodes, |ight
emtting diodes, and the |ight sources having color filters. 20 35. Method
according to one of clains 31 to 34, erein the Iight source is chosen to
emt in a spectral domain of the group'consisting of the visible (400-700nm
wavel ength) , the near optical infrared (700-11OOwm wavel ength) , the far
opti cal infrared (1100- 2500nm wavel engt h) and the WV (200- 25 400nm

mavelength) ion of the_el ectromagnetic spectru 36. t hod_accordi to
one of ci%i m%"T hadh B5CORAErEi FXaPhe |I°Iﬁ.mFﬁaolf‘T‘ﬁgrglls f)%r:ggs'ne By Ilagﬁt

sour ce_chosen Jqm tr.%gf&%&fé”&?éStééwdofﬂgﬁtuneehéee;edartal nedkd in

pol ari zed, 3 eft circular arized, and right circular polarized |ight
sources. 37. MymMethadesrding to one of clains 31 to 36, wherein at |east
two different said |ight sources are used in conjunction. 5 38. Method
according to one of clain131 to 37, wherein said detecting is perfornmed

gy Cias ooilaedl PRALSRALEL ) H8T SO8R. IRt N6 OEBUR FONRREELRN Faildl®

| i near po ari eTTOCT T a ari zi ng t circular polarizing 10

filters and E&QéﬂﬁﬁijOIQpbb%behé@Jﬁﬁiﬂgl§mnﬂeb@$.one optical filter
chosen from the group consisting of the linear polarizing,
left circular polarizing, right circular polarizing

10 filters and the electro-optic polarization switches.

39. Method according to claim 38, wherein said optical filter

is combined with a color filter.

15 40. Method according to one of claims 38 to 39, wherein at
least two different said optical filters are used in

conjunction.

41. Method according to one of claims 31 to 40, wherein said

20 detecting is performed by eye.

42, Method according to one of claims 31 to 40, wherein said
detecting 1is performed by an electro-optic detection
equipment.

25

43. Method according to claim 42, wherein said electro-optic
detecting equipment is chosen from the group consisting of
the photocells, linear CCD image sensor arrays, 2-
dimensional CCD image sensor arrays, linear CMOS image

30 sensor arrays, 2-dimensional CMOS image sensor arrays.
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39. Method according to claim 38, wherein said optical filter is conbined
with a color filter. 15 40. Method according to one of clains 38 to 39,
wher ei n awvol2e@sizidodo di fferent said optical filters arePaTam2000/002435
conjunction. 41. Method according to one of clains 31 to 40, wherein said O
detecting is perfornmed by eye. 42. Method according to one of clainms 31 to
40, wherein said detecting is performgg by an el ectro-optic detection

equi pnent . 5 43. Method according to claim42, wherein said electro-optic
detecting equi pment is chosen fromthe group consisting_of the,ghoto elés,
| i near @@ i Mafersknsor ariesifpingi @@nst bRA Q?”(:Dairﬁ&g&esen§%3r ar“fea%

|l i near CMOS iqﬁ§$.0.sen§%% arra.suog-dinensional CMOS i mage sensor
arrays.44.|wﬁ g o9 %i%%ﬁ g anh itemor article, said nethod

conprising the sgepprofridihgPr aMi di tém avd t efcakclar t eakeytaygr ya ngnaarkiarki ng
according to one of the clains 1 to 22; 5 b ) illumnating the marking on
said article or itemcabtrdiag teasneord g§hgl clpisge [ &t 22iom at | east one

O B0 b SR L EAESRETLRY 4 PR o Ot 0
fromthe indicia of ;the ARrKieAG Wkl IEQRRL igd 1SigHtedridh &t least one
light source;
c) reading the indicia represented by the marking,
deriving corresponding information;

10 d) correlating the information retrieved £from the
indicia of the marking with information stored in a
data base;

e) obtaining confirmation or denial concerning the
item’s or article’s identity.

15

45. Method according to claim 44, comprising the further step
of authenticating said item of article using the method

according to one of claims 31 to 43.

20 46. Method according to one of claims 44 to 45, wherein the
indicia are read with the help of an electro-optic image

SEensor array.

47. Method according to claims 46 wherein the electro-optic

25 image sensor array is chosen from the group consisting of
the 1linear CCD image sensor arrays, 2-dimensional CCD

image sensor arrays, linear CMOS image sensor arrays, and

2-dimensional CMOS image sensor arrays.

30 48. Method according to one of claims 44 to 47, wherein

information about the item or article is stored in the
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data base ; e ) obtaining confirmation or denial concerning the items or
article's identity. 15 45. Method according to claim44, conprising the
further sWERM2E¥Fhenticating said itemof article usi RETHERINEIHSY
according to one of clains 31 to 43. 20 46. Method according to one of
clains 44 to 45, wherein the indicia are read with the help of an

el ectro-optic inmage sensor array. 47. AMthod according to clains 46 wherein
the electro-optic 25 i mage sensor array is chosen fromthe group consisting
of the linear _CCD i mage sensor arrays, 2-dinensional CCD i nage sensor
arrays, |ineaf@edPBSEmage sensor arrays, and 2-di mensional CMOS i mage
sensor arrays. 30 48. Method according to one of clains 44 to 47, wherein
information about the itemor article is stored in thedatabase . 49. Method

accordi ngot o weeh6d elcdiordi4d to 48neWrs e¢Daihe inf ofdrat BoN weeahangerMet h

the database takes place in encrypted form 50. Method according to one of

clains 44 to ¥fovmatern terchandpie widde rtdiw es@tedasgy thEesndbPéfdeofimhe
ormation, the nethod conprising the step of

marking is encrypted in
decryp?ing sa?%ggﬁ?g?ﬂa%?gﬂi 51. Method for the secure tracking or tracing
of an itemor article, using a marking according to one of the clains 1

50. Method according to one of claims 44 to 49, wherein the
unique code represented by the indicia of the marking is
encrypted information, the method comprising the step of

10 decrypting said information.

51. Method for the secure tracking or tracing of an item or
article, using a marking according to one of the claims 1
to 22, comprising the first commutable steps of

15 a) applying a said marking to the item or article
according to one of the claims 27 to 30;
b) storing information related to the marked item or
article in a data base;
and the second commutable steps of
20 c) authenticating the item or article according to one
of the claims 31 to 43;

d) identifying the item or article, according to one of
the claims 44 to 50, using the information stored in
the data base;

25 and the optional step of
e) updating the data base with new information elements

related to the item or article.
52. Method according to claim 51, wherein said item or article

30 is chosen from the group of value documents, banknotes,

passports, identity documents, driving 1licenses, official
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to 22, conprising the first commutable steps of a ) applying a said marking
to the itemor article according to one of the clains 27 to 30 ; b )
storing iWPSPHWARI®A rel ated to the narked item or arti clPETIER2¢)988343S base;
and the second comrutabl e steps of ¢ ) authenticating the itemor article
according to one of the clainms 31 to 43; d ) identifying the itemor
article, according to one of the claingy44 to 50, using the information
stored in the data base; and the optional step of e ) updating the data
base with new information elenents related to the itemor _artic

Met hod accor dPRETEESEPEPm 53CCRABr ePRCEIFRTP enPbP™BPFt i cF& sSEﬁB‘EQn F‘Pgm
the group of BQEH@r? EH”E'EEént@QlEQ‘Etl%% RRIRY t Svdfient § LY. d9CUTEBRES s,

drivi ng | i censes I ci al per sSions, access document S, Sstanps, tax stanps

and bander ol espilsangporitayiog, t ipHetsscaveidalt i @ketcm,cdsabels@arém barts,
packagi ng, pharmaceutical products, spare parts, and consuner goods .
and consumer goods.

5
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