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| of said pigments in security applications, coating composition and
bulk materials comprising said pigments and a detecting device for

excitation and reading said pigments.

Pigments having a viewing angle dependent shift of color, the so
called optically variable pigments, have made their proof as an
efficient, printable anti-copy device on bank notes and security
documents since 1987. Today, a large part of the world-wide
printed currency relies on optically variable copy protection
devices, and among these latter, optically variable ink (OVI™) has

acquired a preeminent place.

The viewing-angle dependent shift of color camnot be reproduced by
color copying equipment. Various different types of OVP materials
are commercially available today, all depend on interference thin
film structures. The hue, the color travel and the chromaticity of
the structures however depend upon on the material constituting
the layers, the sequence and the number of layers, the layer

thickness as well as on the production process.

Very brilliant colors are obtained with a first type of OVP, made
by physical vapor deposition according to e.g. US 4,705,300; US
4,705,356; US 4,721,217; US 4,779,898; US 4,930,866; US 5,084,351




2 3 JUL 2004 PCT/ EPO1/ 01644 and related. This OVP is constructed as a
thin-filmvapor- deposited Fabry -Perot resonator stack. Sinple-sandvy g

met al - diwb®%¢kidg-metal, as well as doubl e-sandw ch netal - gl tric-
netal -di el ectric-nmetal |ayer sequences are described. The %%F‘gm{lﬁr@t al

| ayer can be realized as opaque totally reflecting layer to yield a
maxi mumin reflectivity of the ingident light. The top netal |ayer(s) nust
be partially transparent, such that |light can be coupled in and out of the
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i nterference color. Another, second type of OVP, made according to EP
708, 154; DE 195, 25,503; US 5,624, 468, US 5, 401, 306; US 4,978, 394; US
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megaq iayer. Sncther part of the light travels through the

dielectric and is reflected at the bottom metal layer. Both
reflected parts of the incident light finally recombine and
interfere with each other. Constructive or destructive
interference results, depending on the thickness of the dielectric
layer and on the wavelength of the incident light. In the case of
white incident light, some of the light components, having
determined wavelengths, are reflected, whereas other components,
having other wavelengths, are not reflected. This gives rise to a

spectral selection, and hence to the appearance of color.

The path difference between the top-reflected and the bottom-
reflected part of the light depends noteworthy on the angle of

incidence, and so does the resulting interference color.

Another, second type of OVP, made according to EP 708,154; DE
195,25,503; US 5,624,468, US 5,401,306; US 4,978,3%94; US 4,344,987
and related, is based on cocated aluminum flakes. Mechanically
flattened aluminum particles are coated by chemical vapor
deposition (CVD) or by wet chemical methods with a dielectric
layer and a subsequent metal or second dielectric layer.

Interference colors result by the same effect as described above.




Interference colors .result by the sane effect as descri bed above. g{%
01/60924 3 2 3 J UL 2004 PCT/EPO1/01644 This type of OWP is cheapérd MHL 2004

~manuf actwplehaa the first type, but it also exhibits | esst/aroibicant
colors and | ess angl e- dependent color shift than the first type. Stil
another, third type of OVP is based on liquid crystal pignments. Such
pi gnents are, for exanple, nade according to EP 601, 483; EP 686,674 and
rel ated, is based on polynerized cholesteric liquid crystal (LC) phases.

Chol etsﬁ;,ﬁ;; ictrYLpa% esse £xhibid @rhfﬁ ﬁ%h uBLERR9E ﬁanOE goke

resul perlodlc var| 'on of e naterl S |n ex o?gref Cthﬂ
al ong pute iidiens iexhileipeniessilarilbiahe solbaseandhilessi anglier, has a
simlar effect on light scattering / Light transm ssion as a Fabry -Perot
'|nterﬁ@ﬂ@ﬂﬁ??ﬁeﬁﬁ:Oqlﬁh%ﬁﬁt?ﬁﬁ%e@?@aﬁlg?FaﬁﬁBﬁent of the cholesteric LC
phases, light of one circular polarizationis reflected in preference,
whereas the other circular polarization conponent is transmtted in
pr ef ersnidd antbthest, behihd orjyssl cb)g/ avrdaskbhaelgoouhiquiti srygpelof OVP
shows | ess bright colors t han a%ﬂreflectg8 basg OVP. Its

t

|
Shi L EHEor (F4E P HITRRER | FEm( . TABETERD (RESPEERBE ESWERdex of

refra f t A fgupkbaliyeg 8b1{MBrikaged on coated
mca f da erhsé% ( sé@dgsségérl dc?fril@ %581%4-'%(714 880 %% 3, 92% 659; rbs 4,086, 100; US

4, 323dﬂb&edﬁﬁrxb£ﬁﬁ§ﬁiﬂ_cthﬂaﬂ4ﬂL832ph@Sea 86h0198teUSCSLQOEhﬂ@§SlﬁS

o o0 s s YRR Bk o W S B BB SR B0

and agis-Asife RAdtiadlon ' 6f | ecéingcevibace oadeat BEsrdegaetibhe alwen the

flake.” The mca has the role of the dielectric. Only faint
direction perpendicular to the surface. This, in turn, has a
similar effect on light scattering / light transmission as a
Fabry-Perot interference stack. Due to the helical arrangemenf of
the cholesteric LC phases, light of one circular polarization is
reflected in preference, whereas the other circular polarization
component is transmitted in preference and must be absorbed by a
dark background. This type of OVP shows less bright colors than
metal-reflector based OVP. Its color shifting properties are
excellent, however, due to the rather low index of refraction of

the organic material.

A fourth type of OVP, based on coated mica flakes, is described in
US 3,874,890; US 3,926,659; US 4,086,100; US 4,323,554; US
4,565,581; US 4,744,832; US 4,867,793; US 5,302,139; Us 5,350,448;
uUs 5,693,134 and related. A high-refractive material, e.g. Ti02,
applied by wet chemical methods or by CVD, is used for the coating
and acts as a partially reflecting surface on both sides of the
mica flake. The mica has the role of the dielectric. Only faint
colors and weak color shifting properties are obtained with this

type of OVP, which is also known as “iridescent pigment”.

A fifth type of OVP is an all-polymer multi-layer light reflector/

transmitter foil according to US 3,711,176 (cE. W.J. Schrenk et




colors and weak color shifting properties are obtained with this tygg39ﬁL2%4
OVP, which is also known as "iridescent pignent". Afifth type of OVWP " TS
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4 al. "Critical Reviews of Optical_ Science and Technol ogy", CR39, . 1997, p
35-49). This foil, too, is an intefference device which exhibits
angl e- dependent spectral reflection and transm ssion properties, and could
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with the help of comrercially avail able decorative paints or sprays. It is
an object of the present invention to overcone the drawbacks of the prior
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ink features on bank notes is considerably decreased if no
distinction can be made between “security OVP” and *“decorative
OVP”. A counterfeiter could noteworthy reproduce bank notes on a
color copier and add the missing optically variable features with

the help of commercially available decorative paints or sprays.

It is an object of the present invention to overcome the drawbacks

of the prior art.

In particular it is an object to provide any kind of optically
variable pigments (OVP) which comprise -~ apart from the viewing
angle dependent color shift - additional features resulting in an

response upon external energy.

It is a further object to make “security OVP” materially different
from “decorative OVP” while retaining good color shifting
properties.

A further object consists in providing “security OVP” with means

for an easy and reliable distinction in particular from “deco-

rative OVP~ .




for an easy and reliable distinction in particular from"deco- rative %NFﬁL
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as well as machine-authenticated at |ow and at high speed. It is a further
object to provide methods for manufacturing "security OVP', in particular

by using the sanme equi pnment and #Hrocess as are used for the production of
decorative OVP without significantly increasing the production cost. These
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Particularly the objects are solved by pigments comprising an
interference structure of at least two thin film layers of
different materials said pigments having a viewing angle dependent
shift of color and at least one of said layers comprises at least

one luminescent material

In a first embodiment the OVP has a structure comprising at least
one light-transmitting dielectric layer with a first and a second
surface essentially parallel to each other and at least one semi-
transparent, partially reflecting layer arranged on each of said
first and second surfaces of the dielectric layer with the
luminescent material being comprised in at least one of the

dielectric layers.

In a second embodiment the OVP has a structure comprising an
opaque totally reflecting layer having first and second surfaces
essentially parallel to each other and at least one sequence
arranged on at least one of said first and second surfaces of the
opagque totally reflecting layer, said sequence comprises at least
one dielectric layer and at least one semi-transparent partially

reflecting layer with the dielectric layer of said sequence being




one dielectric layer and at | east one sem -transparent partially

reflecting layer with the dielectric layer of said sequence being WO 27 j LZW&
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| ayer and the |um nescent material being conprised in at |east one of the
dielectric layers. The partially reflecting and partially transmtting top

| ayer has a thickness in the rangg of 5 to 25 nm Preferably the sem -
transparent partiaIIy reercting | ayer is chosen fromnetal, netal-oxides
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l'ayer Ragog thickness in the range of SO to 150 nm Pignents of the Iatter
type can"have a symmetric C/MF2/ Al/MF2/Cr structure, in order to yield
equal reflecting properties for both sides. The central aluntnuntlayer

acts as a tot% reflector. In -
ectric layer is of a low refractlve index material hav1ng iy

an index of refraction not exceeding 1.50, under the precondition
that the material does not comprise luminescent material.
Preferably the material is chosen from MgF,, S$i0O,, AlF;.Low
refractive index dielectrics result in a high angle-dependent
color shift. The thickness of the dielectric depends on the
desired OVP color; it is of the order of 200 to 600 nm. Gold-to-

green OVP e.g. has a MgF:; layer of 440 nm, green-to-blue OVP one of
385 nm thickness.

The opaque totally reflecting layer is selected from metals or
metal allo?s such as aluminium, silver, copper, cobalt-nickel

alloy, aluminium alloys.

Most preferred is aluminium with a reflectivity of nearly 99% over
the whole spectral domain of interest. The totally reflecting
layer has a thickness in the range of 50 to 150 am.

Pigments of the latter type can have a symmetric Cr/MgF:/Al/MgF,/Cr
structure, in order to yield equal reflecting properties for both
gides. The central aluminum layer acts as a total reflector. In

the context of the present invention it is sufficient to consider

the half of the OVP structure, i.e. the basic Cr/MgF,/Al stack.




the context of the present invention it is sufficient to consider the half
of the OVP structure, i.e. the basic C/MF2/ A stack. WO 01/60924 7 23 JUL 2004
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"partially reflecting”, "sem -transparent”, "opaque", "totally

reflecting”, "dielectric", "hue", "color” , "chromaticity", etc. relate o
those parts of the el ectromagnet¥c spectrum perceptible for a human

bei ng. The terns and expressions used throughout this application are

defined according to Ronpp Chem e Lexi kon, ed. J. Falbe, M Regitz, 9.
edition, Georg Thiene, Stuttgart New York, 1992. These pignments consist of
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descri@ggn'n the prior art. The color-shifting properties of these types of
OVP aré noteworthy related to the realizable path difference, within the
dielectric, between orthogonal incidence and grazing incidence. The

incident beamis diffracteqd according to Snell's law, nl *sin(a) = n2
*sin(1B)e toFBFe2Rd SHBTRSSAPESt HESLe SPEOUTROU e it iapPlifditdes &re he
mat er i ; n ad .arangd - r [ 9sRAGIIVe am anrgl t t he
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path L within the dielectric, interns of the dielectric

These pigments consist of flakes, which are of the order of 20 to

30 um large, and about 1 um thick.

In still another embodiment of the invention, the luminescent ions
are incorporated into a dielectric coating applied te an aluminum
flakes, to yield OVP of the above menticned second type. Said
dielectric coating can again be applied either by chemical vapor
deposition, e.g. using a fluidized-bed reactor, or, alternatively,

by wet chemical methods, as described in the prior art.

The color-shifting properties of these types of OVP are noteworthy
related to the realizable path difference, within the dielectric,
between orthogonal incidence and grazing incidence. The incident
beam is diffracted according to Snell’s law, mp*sin(a) = np*sin(B),
where n; and n; are the respective refraction indices of the
materials 1 and 2, and o and P are the respective beam angles to
the normal. Assuming n; = 1 (air), the grazing angle incidence (o =
90°) condition is described as sin(B) = 1/n,. The maximum length of
the light path L within the dielectric, in terms of the dielectric
thickness d, is then given by I = d / sgrt(1-1/n,’). The following

table illustrates this relationship at the example of a few




thickness d, is then given by L = d / sgrt (1-1/n22) . The follow ng?3} JULZW&
tabl e |IIustrates this relatlonshlp at the exanple of a few2 3 J UL 200
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density, indicated where available): n2(L/d)P ALF31. 231. 726”%

MgF21. 381. 450. 72 CaF21. 231. 720. 57 CaF21. 461. 371.0 Si O21.451. 380.9

LaF31.551. 310. 8 CeF31.631.270.8 Pl¥-21.751.22 Si 3N42.001.15 Ti 022.201. 12 The
dielectric layer of the O/P flake can conprise at |east one |um nescent
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i ron (Be3tilakdien.: Particularily preferred are rare-earth ions, Preferably
“the rare earths ions are selected fromthe group consisting of yttrium
(Y3+), praseodym um (Pr3+) , neodym um (Nd3}) , samarium (SnB+) , europium
(Eu3+) , terbiumg (Tb3+) SMQ?FOSIUH1(Dy +) . hol mum (Ho3+) , erbium
(Er3+) , thullun1 (Tn8+) an %Y bi um (YBb3+) Such doping is not easily
practi @dfhe withiMPE2 as the?dlelectrlc ohagause of the relatively snal

ionic radius of the My2+ ion pm, conpared to the radii of the
trival ¥Fzrare- edr3® i ons (86 102 pm), &d%f the' simultaneous need for
char gecg@pensat h0R, 1.72 0.57

CaF, . 1.46 1.37 1.0

510, 1.45 1.38 0.9

LaF; 1.55 1.31 0.8

CeF; 1.63 1.27 0.8

PbF, 1.75 1.22

SiaN, 2.00 1.15

TiO, 2.20 1.12

The dielectric layer of the OVP flake can comprise at least one
luminescent ion. Especially interesting for the purpose of the
present invention are the trivalent ions of certain transition
elements such as chromium {(Cr®*}), iron (Fe'}, etc. Particularily
preferred are rare-earth ions, Preferably the rare earths ions are
selected from the group consisting of yttrium (Y**)}, praseodymium ™
(Px**), neodymium (Nd’*), samarium (Sm®*), europium (Eu®*), terbium
(Tb?*), dysprosium (Dy**), holmium (Ho*), erbium (Er®*), thulium

(Tm®*) and ytterbium (Yb*).

Such doping is not easily practicable with MgF, as the dielectric,
because of the relatively small ionic radius of the Mg*" ion (72
pm), compared to the radii of the trivalent rare-earth ions (86 -
102 pm), and of the simultaneous need for charge compensation.
Although the co-evaporation of Mng with trivalent rare earth
fluorides ylelds chemically doped materials, the narrow MgF, host

lattice can not accommodate for the strain induced by the

voluminous doping ions, which tend in consequence to form clusters




Al t hough the co-evaporation of MgF2 with trivalent rare earth. quongquzma
yields chem cally doped materials, the narrow MJFz host lattice can not
accomodaifsfedbay NE strain induced by the volum nous doppefiEp@idissdVhi ch

tend in consequence to formclusters . 2 3 J UL 2004 WO 01/60924

PCT/ EP01101644 9 apart. Clustered excited rare-earth ions undergo rapid

non- radiative deactivation, and go | um nescence is observed. The

dielectric layer containing said Tum nescent naterial is selected fromthe

group consj st f_di.fl uorides of the cand _ nai [ OUR _Qr, Zi NC or
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the Ln3+ ions. The positive excess charge of the Ln3+ dopant nust be
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by a sodiumion (Na', 10 .. Ani oni c conpensation is easily achieved by
anneal Ma§nt GEOWAL 8Fi FnrnoEx FaeRiuBut 9% Gfomixtgas dwmreqh tIe %resence

of an heat- I L) Leie b; 500},C i r
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allowi ng for an easy_incqQrporation.of _theg, lumnescent paterial |n;,
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f | uor i Hewewért r Chakget coapensation can be brought about either
anionically, by replacing a fluoride ion (F", 133 pm) by an oxide
ion (0%, 140 pm), or cationically, by replacing a calcium ion
(Cca®*, 100 pm) by a scdium jon (Na*, 102 pm). Anionic compensation
is easily achieved by annealing the material in oxygen, but is not
practicable in the presence of an heat-sensitive carrier web.
Cationic compensation requires a carefully controlled,
simultaneous co-doping with equal amount of Ln** and Na® ions

during the sputtering process.

Dielectric materials, also allowing for an easy incorporation of
the luminescent material in particular the trivalent rare-earth
ions however without charge compensation, are selected from the
group consisting of trifluorides of rare earths, trifluorides of
bismuth, or mixtures thereof, complex fluorides of trivalent rare
earth ions or bismuth and monovalent alkaline ions or divalent
alkaline-earth or transition ions, in particular zink and mixtures
thereof. Particularly preferred are trifluorides of yttrium and in
particular the non-luminescent ions, i.e. YF;, LaFa., CeFj, GdF,,
LuF;, and BiF; or, altermatively, among their complex fluorides,
@.g. ALNF,, Aeln,Fs, ALn,Fi,, etc., wherein A is a monovalent

alkaline ion, preferably selected among Li*, Na*, K"; Re is a

divalent alkaline-earth or transition iocn, preferably selected




earth ions or bisnuth and nonoval ent al kaline ions or dival ent

al kaline-earth or transition ions, in particular zink and m xtures 23 JUL 2004
t hereof . \Pahlkssshar!y preferred are triflucrides of yttriLgeéﬁgi' .
particularat e non-lum nescent ions, i.e. YF3, LaF3, CeF3, }hﬂfﬂFB, and

Bi F3 or, alternatively, anong their conplex fluorides, e.g. ALnF4,

AeLn2F8, ALn3Fl.o, etc. , whereinqf is a nonovalent alkaline ion,

preferably sel ected anong Li+, Na+, K4; Ae is a divalent alkaline-earth or

transiti | + prefaraply. sel ected 2 3_J U.12004 01/60924

pCT EPBIEREE R R nong s BX Cat 40 gy 20 g 45 A\ PRLVRIPHG, Tapesearth
trival ¢ah,r prefesably iseileduenf ety el echtd aaing @+, bei BidCedn «HS+,
sor Bi3+. In the context of the present iInvention, the pure trifluorides or

mi xt ur EONtREteOf she prEsandh iavRtiian Chemirex tridluerides eEause the
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transi beeauskethat evapsratiieireditdtacmdridtd s oo tie! esimstr e bde group
consisting of trifluqgrides of elenments of the third main group or bisnmuth
or of PRt§grefPREraddi®d-on el enent ions or nixtures thereof, conplex
fluorides of elenments of the third main group or bisnuth and an al kal i ne
ion, an alkaline-earth ion or zinc or mxtures thereof. Particularily
adapt effoar €hEF3ncoeperadiisn wiferleimirtescent at£etal imgpartBidtlar af the

trival ent ransition .element. ion or, Na3ALF6._ Fluoride materjals are the
pr ef er FEGVE EPECFF?PEH%H fe(}re“'éeaﬂtd 19T i rfgjs'tje‘?ﬁtpp?lé‘.‘aﬁﬁ’gﬁ#%e%r%ave .
not enogbhkcgelOWIORCEME QiduiRlcorIUAMSREEIEME LiofidddGhf dTmdi$OE PHEON
bands are situated at |ow energy. Under such circunstances, the .
vi br at FbRakhazdcmaia: igavurofon g sewidddud ek T lent nusansit ionselement
Strongk&n%ngkbhﬁﬁgures thereof, complex fluorides of elements of the
third main group or bismuth and an alkaline jion, an alkaline-earth
ion or zinc or mixtures thereof. Particularily adapted are EF,
materials, wherein E is Al?*, @a*%, In®**, Bi®** or a trivalent

transition element ion or Na:AlFe.

Fluoride materials are the preferred dielectric hosts for said
luminescent ions. Fluorides have noteworthy a low-energy optical
phonon spectrum, i.e. their IR absorption bands are situated at

low energy. Under such circumstances, the vibrational deactivation -
of the embedded excited luminescent ions is strongly inhibited, ‘
resulting in a high luminescence yield and in long-lived excited
states. Fluorides are furthermore a rather uncommon host matrix in
commercially available luminescents. This adds favorably to the
security potential of the present invention. The luminescent ions
incorporated in the OVP can in this way be distinguished, e.g. by
their specific luminescence decay times, from simple mixtures of

commercial luminescents and non-security optically variable ink.

In any case, OVP having luminescence centers incorporated within
the Fabry-Perot resonance cavity can be distinguished from simple

mixtures of non-luminescent OVP and added luminescent material by
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cavity's resonance wavel ength is-angle- dependent, the’lum nescence
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The depoaditdonof BeBaukumtheseant tei el eelgdnaricdy eavedene-h ey foigme- by the

same nethod_as used for the deposition of the F2 layer. Fa can be
deposi {eReRienta BBE IBRLRAEFEIGSE dREERSdtigs@btained for different

incidence angles of the same exciting radiation will be different,
which makes it possible to determine that the luminescent is

located within the OVP’s cavity rather than outside of it.

The deposition of the luminescent dielectric layer can be
performed by the same method as used for the deposition of the MgF,
layer. MgF: can be deposited from a hot semi-melt by electron beam
sputtering. Rare-earth fluorides are more or less comparable in
melting point and evaporation characteristics with MgF,, and can
therefore be deposited by the very same technigque. The doping
elements can be added in beforehand tc the matrix fluoride; e.g.
2% of EuF; can be pre-melted with 98% of LaF:; to form a homogeneous
mixture, and this mixture can be used as a depositing material.
The following table gives an overview of melting and beoiling
points of some typical dielectric materials, useful in the context

of the present invention:




sputtering. Rare-earth fluorides are nore or |ess conparable in neltln?
poi nt and evaporation characteristics with MgF2, and can therefore bel 3 JUL
deposi t egydPsdodsy very sane techni que. The doping el enent q.cg,qﬁ.og@mqg]ded in
beforehand to the matrix fluoride; e.g. 2° of EuF3 can be pre-nelted with
98% of LaF3 to form a honogeneous mxture, and this m xture can be used
as a depositing material. The fokpowi ng table gives an overview of nelting
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context of the present invention: 23 J UL 2004 WO 01/ 60924 PCTI EPO1/ 01644
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| ant h ﬁes are equal 1 9g, very 5|n1la§23§u@h that in mxed trifluorides,

all of Zaid nmetal ions evaporate at practically the same rate under

el ect rcaFpeam sput t erl4g3°Condi ti ons2500t€ is a favorable condition for the
sputterjng of mxed of ﬂ ed materials,.Lanthanumtrifluoride is a

parti AtBr 1y preferrt@hioSt materi aFPHTRE context of the present

2004

|nventyﬁp 1152°C 2675°C
LaFa 1504°C 23590
CeF, 14329°C 2161°C
GdF, 1229°C 2427°C _
Lu¥F; 1182°C 2309°C ’

The physical and chemical properties, i.e. the preferred charge,
the ionic radii and the chemical affinities, of the ions of
yttrium and the lanthanides are equal or Qery similar, such that
in mixed trifluorides, all of said metal ions evaporate at
practically the same rate under electron beam sputtering
conditions. This is a favorable condition for the sputtering of
mixed or doped materials. Lanthanum trifluoride is a particularly
preferred host material in the context of the present invention,
because all other rare-earth trifluorides form extensive solid
solutions with LaFi, such that there is no ion clustering upon
crystallization, and concentration quenching at low active ion

concentrations can be largely avoided.

More than one active luminescent ion can be incorpofated into the
same dielectric host matrix, in order to realize a complex coding.
A security system can be realized based on such a coding, using a
set of different host matrices and a set of different luminescent
ions, incorporated into said host matrices. Customer-specific

luminescence-coded optically variable pigments can be cobtained in

this way.




because all other rare-earth trifluorides formextensive solid solutifgs
with LaF3, such that there is no ion clustering upon crystallization, HHLZ%ﬂ
concent r @ig @vsoatsenchi ng at | ow active ion concentrationspecanpaeoialoel y.
avoi ded. More than one active |lum nescent ion can be incorporated into the
same dielectric host matrix, in order to realize a conplex coding. A
security systemcan be realized bgged on such a coding, using a set of
different host matrices and a set of different |um nescent ions,
i ncor t Lt ' lage SlxuBlr SR T 1 'ﬂggﬁﬁggge-coded
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not suited for a high-speed reading application.. In a further enbodi nent
sai d |detecscand natesudreds famr érgég speeda neadiing pmliicatdmyound. In a
further enbodi ment the dielectric |ayer consists of two or nore sub-Ilayers
and the lum nescent material is conprised in at |east one of the
sub- | aypers. fdPensubenbypaifente sdial eaminescayd maddridlemselaeorddeic or
sub-l ayer which contains the |um nescent nmaterial is designated
her ei raffekabsorganicr SPMPEYayer. The first sub-layer is adjacent to at
| east one of the first or second surfaces of the opaque totally reflecting
| ayer and at |east the second sub-layer is of a material having a
refractmve furekeof embgddeat khssdikdectri@ layerardormilstrs MFZwmndbrALFS.

The F2 dielectric of cqnventional OVP of said first type can be
lw%mre sub-iayers an t%e 1um§nescent material is J%prised in at

least one of the sub-layers. The sub-layers are dielectric layers
by themselves. The sub-layer which contains the luminescent
material is designated hereinafter as the first sub-layer. The
first sub-layer is adjacent to at least one of the first or seccnd
surfaces of the opaque totally reflecting layer and at least the
second sub-layer is of a material having a refractive index of

equal or less than 1.50, in particular MgF, and AlF;.

The MgF, dielectric of conventional OVP of sald first type can be
substituted entirely or in part by one of the doped dielectric
materials e.g. yttrium / lanthanide fluoride. If e.g. the entire
MgF: layer is replaced by LnF; (Ln = ¥, La .. Lu), a higher index of
refraction results, with a concomitantly decreased angle-dependent
color shift. Preferably, according to the invention, only part of
the dielectric layer is replaced by LnF;, in order to save the
OVP’s color shifting properties. Preferably, the doped LnF; is
applied as an inner layer on top of the central aluminum
reflector. Particularly favorable conditions for retaining the
OVP’s color-shifting properties are obtained if the thickness of
the luminescent-doped layer is chosen to be less than 10% of the

total thickness of the dielectric.




substituted entirely or in part by one of the doped dielectric naterh%‘m
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and d2 indicate the thickness of the respective layers, and nl and n2
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accor difignkRethee '&Xé%ta'ﬁf"l\ﬁﬁr@%ceﬂd:eg déhdrs ALF3 has a | ower index of
refraction (n = 1.23) than F2 (n = 1. 38), and can thus easily conpensate -

for the introduction of an eqU|vaIent Iayer of LaF3 (a = 1.55).

To compensate for an eventually decrease in angle-dependent color-
shift caused by the presence of the LnF; layer, the MgF, part of
the dielectric can be replaced, according to the invention, by an
AlF; layer. Al¥; has a lower index of refraction (n = 1.23) than
MgF; (n = 1.38), and can thus easily compensate for the

introduction of an equivalent layer of LaF; {n = 1.55).

In another embodiment of the invention the OVP-structure comprises
at least one light-transmitting dielectric layer with a first and
a second surface and at least one semi-transparent partially
reflecting layer of a high refractive index material, having an
index of refraction of at least 2.00 arranged on at least one of
the first and second surface of the dielectric material, wherein
the luminescent material being comprised in the high refractive
index material. In particular the luminescent ions are
incorporated into a high-refractive inorganic coating of mica
flakes, to yield OVP of the above mentioned fourth type. Said
inorganic coating can either be applied by chemical vapor
deposition, e.g. using a fluidized-bed reactor, or, alternatively,
by wet chemical methods, as described in the priocr art. In this

embodiment, the luminescence centers are not located within the




I n anot her enbodi nent of the invention the OVP-structure conprises at

| east one light-transnitting dielectric layer with a first and a secodd JUL Jp
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hi gh refractive index material, having an index of refraction of at |east
2.00 arranged on at |east one of -the first and second surface of the
dielectric material, wherein theTbum nescent material being conprised in

the high refractive index material. in particular the |um nescent ions are
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high refractive index materials are made of Fe203 or Ti Q2 The Invention is
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Preferred high refractive index materials are made of Fe,;0; or

Ti0,.

The invention is by no means restricted to OVP of the inorganic
type. In a further embodiment, the dielectric layer is of an
organic or a metal-organic polymer.

!
The manufacturing of all-polymer color Ehifting film and glitter
pigments is principally described in WO 99/36478. This optically
variable device is based on a stack of alternmating high- and low-
refractive index polymer layers. For example an alternating 209-
layer stack of Poly-ethylene-2,6-naphthalate (PEN) and Poly-
methyl-methacrylate (PMMA) is produced by coextrusion, to yield an
optically variable polymer foil which is shifting blue-to-red in
transmission, and yellow-to-cyan in reflection when going-from
normal to obligque incidence. Other polymers, such as Poly-
ethylene-terephthalate (PET), Poly-butylene-terepthalate (PBT),

etc. can be used to manufacture such polymer stacks, which can

also comprise more than two different types of polymers.




organic or a netal-organic polynmer. The manufacturing of all-polyner col or
shifting filmand glitter pignments is principally described in WO 23 JUL 2004
99/ 36478 wdti/cepptically variable device is based on a stegkerioisit
alternating high- and low refractive index polyner |ayers. For exanple an
alternating 209- |ayer stack of Poly-ethyl ene-2, 6-napht hal ate (PEN) and

Poly nmet hyl - net hacryl ate (PMVA) kg produced by coextrusion, to yield an
optically variable polyner foil which is shifting blue-to-red in
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materials by diffusion or by dissolution in the nolten state. In

parti cliight PesjshanhyfluweiriesaeytatmaieNad)s hakn e arefenead snkodimenbdl e
matri x_ftor. certain _highl l,i ght yesistant flugorescent rials..ln.a
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N, N - baﬁ,ao@rsg?n -ghksonr- et raind et Bt raced oxithide acid diimde
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WO 99, REw41R8, extellehe Tong-acinm igtgaflicyul tilayer optically variable o
foil, which has additional fluorescent properties (perylimde: |ast -
Such luminescent “perylimide”-doped PMMA is used, together with
PEN, in place of the undoped PMMA of example 1 of WO 99,36,478,
for the manufacturing of a multilayer optically variable foil,
which has additional fluorescent properties (perylimide: last
absorption maximum at 520 nm; emission maximum at 555 nm) . The so
obtained optically variable foil is subsequently comminuted to a
glitter pigment. Such luminescent optically variable foil or
pigment can be discriminated by its angular dependence of the
luminescence excitation and emission spectra from luminescents

which are merely present outside the optically variable stack.

The optically variable polymer stack can, according to WO
99/36478, noteworthy be designed as an optical filter, having
well-defined angular-dependent filtering characteristics. In an
implementation of this kind, the luminescence is chosen such that
it is only excitable and observable at well-defined incidence

angles.

The luminescent dye may be present either in at least one of the
layers of the polymer-multilayer stack, or in at least one of the
polymer components, or even in all of its components or layers.

Other types of luminescents than “perylimide”, and other types of
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Lum nescent qus gninted on the surface will mgrate into
component prior to co-extrusion. The printing process can also be

used to confer a specific pattern (indicia) to the luminescent
feature. Luminescent dyes printed on the surface will migrate into
the polymer under the influence of heat during the later stages of
treatment. After co-extrusion, the obtained multi-layer plastic

foil can be comminuted to a pigment, preferably using cryogenic
conditions.

The luminescent materials should preferably be soluble in, or
miscible with the polymer substrate, in order to avoid opacifying
of the latter by the presence of a second phase having a different
index of refraction. Molecular or polymeric luminescent materials
are suitable for the purpose of the invention. Colloidal
luminescent materials of organic, metal-organic or inorganic
nature are useful as well, under the condition that their particle
size does not exceed 50 nm.

In still another embodiment the luminescent OVP structure is based
on polymerized cholesteric liQuid crystal (LC) phases. The
luminescent can be part of the molecule crystal phase. i.e.
kovalently bonded to the cholesteric liquid crystal or it can be
incorporated in the form of a host-guest complex in the liquid

Crystal phase and be bonded by van-der Waals forces.
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treatnment. After co-extrusion, the obtained nulti-layer plastic - f0|I2qp@ULZML
be conmm gy fiskedA @ pignent, preferably using cryogenic cepgigpbPisss The

| um nescent materials should preferably be soluble in, or mscible with

t he pol yner substrate, in order to avoid opacifying of the latter by the
presence of a second phase havingiga different index of refraction.

Mol ecul ar or polyneric |lum nescent naterials are suitable for the purpose
of the.inve C e f._organi
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partially reflecting layer with the electrically conducting layer

of the high work function of said sequence being adjacent to the
totally reflecting layer and the luminescent material being

comprised in at least one of the dielectric layers.

Electroluminescence'devices, in particular organic electrolumines-
cence devices (Organic Light Emitting Diodes, OLEDs} are known in
the art and described, e.g. in US 3,995,299; US 4,164,431; US
4,539,507; US 4,720,432; US 4,769,292; US 5,736,754; US 5,759,709;
US 5,817,431 and numerous other patent publications.

An OLED device, according to the art, is a thin-film stack
comprising at least three different layers: a first electrically
conducting layer characterized by a first, higher electric work
function, such as indium tin oxide (ITO); followed by a dielectric
layer characterized by light-emitting capability, such as poly-
paraphenylvinylidene (PPV); followed by a second electrically
conducting layer characterized by a second, lower electric work
function, such as magnesium-silver alloy. If an electric potential
is applied to the device, such that the positive pole of the power
source is connected to the first conducting layer having the

higher electric work function, and the negative pole of the power

ource to the second conducting layer having the lower electric




partially reflecting layer with the electrically conducting |ayer of the
hi gh work function of said sequence being adjacent to the totally 23JUL2m4

reflecti ngobsaymnsand the | um nescent material being conprpsededimiady | east
one of the dielectric layers. Electrolum nescence devices, 1n particular

organi c el ectrol um nes- cence devices (Organic Light Emtting D odes,
OLEDS) are known in the art and dgscribed, e.g. in US 3,995,299, US
4,164, 431; US 4,539,507; US 4,720,432; US 4,769, 292; US 5,736, 754; US

° 759, 4%k £iiicR . 4ih Mk R OlSon OLREEGRALERE; Ul Leati ons. An CLED

device, according to the art, is a tac conprising at | east
t hree giifmbdtemeousiler snjediadtimiedaidaliglecontoclaper! apebugh said

characterized hy a.first jgher_electric work function, such as indium
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followed by a second el éctrically conducting |ayer characterize y a
seconddikd@etriékedayier wadat iinghaudlegulkak heasi pednesavessahder alloy. |f

an electri otential .is.appli tq.the device, suych that the positive
pol e o%gFﬁ 558%§%n958ﬂ955 C%Péﬂﬁg%gﬁgﬁ %}??EF?*?@%n%%ﬁ%HEang | ayer having
the higher electric work function, and the negative pole of the power

ource to the second conducting |ayer having the |ower electric WO 01/60924
19 2 3Mgue Sophistpcitedo DLEDsAevictds f rrtdndindote tinel atect comprhaege
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(el ect? eahFARaC ﬁcé);onductlng polymer, such as pdlythiophene, said
dielectric layers being sandwiched between said two conducting
layers, such that the p-conducting polymer faces the electrically
conducting layer having the higher electric work function, and the
n-conducting polymer faces the electrically conducting layer
having the lower electric work function. In this case, one of the

two polymer layers must also be the light emitter.

In other devices, the polymers of the dielectric layer do not
‘participate in light emission, but, instead, a thin layer of a
high-efficiency light-emitting dye, such as a porphyrinic
compound, is inserted between the p- and the n-conducting polymer

layers, to perform the light emitting function.
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In still other devices, molecular compounds, such as triarylamines
or naphtaphenylene benzidine (NPB), respectively oligo (hexa)-

thiophenes or aluminum hydroxyquinoline (Alg), are used as the p-

and the n-conducting materials.

According to the existing art, OLED’s are made for lighting or

display purposes and laid out such as to yield a maximum amount of

emitted light. For these reasons, the dielectric layer, as well as




Mor e sophi sticated OLED devices, according to the art, conprise tmo
dielectric layers, a first one of a hole- (p-) conducting polyner, ﬁﬁgjhlz
004

pol yvi nylg56has8 €. and a second one of an el ectron- (n-)pc¢qpdueid 4_@9

pol ymer, such as pol ythi ophene, said dielectric |ayers being sandw ched
bet ween said two conducting |ayers, such that the p-conducting pol yner
faces the electrically conductinggl ayer having the higher electric work
function, and the n- conducting polymer faces the electrically conducting
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excited bya current. For obtaining optical variability, the dielectric

| ayer, ofrth@edevice is a partially reflecting / partially transmitting
layer, such as to form, together with the dielectric layer, a
Fabry-Perot cavity, as known from other optically variable devices
disclosed in the prior art. Preferably, the partially reflecting /
partially transmitting layer has a reflection coefficient close to
0.38, which will result in about egual intensities of the front-
reflected ray and the transmitted, back-reflected and transmitted

ray.

The totally reflecting electrode can be an aluminum layer, coated
with a thin layer of indium-tin-oxide (ITO), as the high-work- P
function (hole-injecting) electrode. The partially reflecting /
partially transmitting electrode can be a thin (3 to 4 nm)

chromium layer, playing the role of the low-work-function
{electron-injecting) electrode. The dielectric can be made of
poly-paraphenylvinylidene (PPV), as the light-emitting material.

The skilled in the art can easily derive other suitable material

combinations from the existing disclosures on OLED technology

According to the invention, the same multilayer stack combines
thus the functions of an electroluminescent (OLED) device and of
an optically variable device (OVD). This is achieved through the

combination of a dielectric layer or multilayer with light-




conbined dielectric layers, is (are) chosen to have an overall thickness

of between about 200 nmand 800 nm The back el ectrode of the device §sUk
total refw@ot/éaagd | ayer, and the front el ectrode of the derdEEPIIAI644
partially reflecting / partially transmtting |ayer, such as to form
together with the dielectric layer, a Fabry-Perot cavity, as known from

ot her optically variable devices 2di sclosed in the prior art. Preferably,

the partially reflecting / partially transmtting |layer has a reflection
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t echnotagyiédechndeng ion tphepgentdels, oxeddwctsor@lyul til ayer stack conbi nes

thus the functions of an el ectrol um nescent (OLED) device and of an
optically variable device (OVD). This is achi eved through the conbination
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device (OLED-OVD). He may also opt to use an inorganic, light-
emitting dielectric, as described in the earlier disclosures on
electroluminescent devices. Or he may opt to use combinations of
organic and inorganic materials for makin§ the dielectric, light-

enitting layer.

The OLED-OVD according to the invention can be used as such, in
the form of an optically variable, light emitting foil. This foil
can be applied to currency, documents, articles and the like, by
methods such as hot- or cold-stamping or the like, as a security
element. Electric connections to the electrodes can be provided,
in order to probe the light-emitting capability of the applied

security foil.

Alternatively, the OLED-OVD according to the invention can be
ground to pigment flakes and used in a printing ink or coating
composition, for printing indicia on security documents or
articles, or for coating articles. In this case, an electron-
emitting testing equipment can be provided for exciting the
electroluminescent OVP flakes in the printed ink or coating

composition, in order to authenticate the security feature.




partially reflecting, electrodes disposed on said first and second
surfaces, respectively, of said dielectric layer or multilayer, \/\herep?.JUILl 2004
i0

said firgiogfidesecond el ectrodes have hol e- and el ectron- pegfgpoRfordsdl €C
h

properties, respectively. Conbining the present disclosure wth the
state-of-the-art disclosures on OLED technol ogy, the skilled in the art
can realize nunerous alternativeygnbodi nents of an OLED-optically variable
device (OLED-OVD). He may al so opt to use an inorganic, light- emtting
dielectric, as described in the earlier disclosures on electrolum nescent
devices. O he may opt to use conbinations of organic and inorganic
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capability of the applied security foil. Alternatjvel t he OLED- OVD.
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docunenis of articles,”or“for coating articles. In this case, an el ectron-
em ttingot esheagnegnifient wish Beng-ow eV crllaxeindmipn hean also be
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authenticated at a first, elenentary |evel by the naked eye, T
characterization of the color shifting properties, "as well as a
quantitative assessment of the OVP luminescence in terms of
emission wavelengths, intensity and decay time can be performed.
The luminescent OVP according to the present invention is
furthermore well suited for the high speed detection on currency

processing machines.




t hrough observation of its angl e-dependent color shift. At a nore advanced

| evel, e.g. at vending points, sinple supplenentary neans such as a 23 JUL 2004
~11'V-1anp wo oweaaral | phot oel ectric |um nescence detecting geyiep6/dgly be

enpl oyed for an enhanced authenticity check. A 50 to 100 tinmes magnifier

with | ong-wave Willum nation can also be wused to check for the

| um nescence of the individual pigmgent flakes. Finally, at the |evel of

the central banks, a quantitative characterization of the color shifting
proper fgyg pIES well as a quantitative assessnment of the OVP | um nescence

in terns 0O em ssion wavel engths, intensity and decay tinme can be

performed. The | um nescent OVP according to the present invention is

‘furtheppor |l .suit.ed for .the hjgh speed_ detection on currency

processi ggﬁg%ﬁFﬁﬁﬁ ﬁﬁDéﬁﬁ?ﬁﬁﬁhﬁiﬁbﬁF Set D¥okhe Peilpwdrgoesampdespl es
The invention is further illustrated by the foll ow ng exanples: 1.

Gol d-to-green OVP with green |um nescence A sodi um conpensated CaF2 : Th, Na
phosphér @Ridptepsres OVR witlhy greget haminestahaee of cal cium fluori de

(92 parts by weight), terbiumfluoride (6.7 parts by weight) and sodi um
fluoride (1.3 parts by weight) at 1500C. A 5 | ayer sequence was deposited

by PVDAOBodiafrtbmpesateld @use, : TE) NAMHASHHG | ' -148 Na
(2.5-W TbF3 in bga?FZ), 480 nm'thick Al umnum %%’%F&%“éﬁm meltif
CaF2: ThoSgthey asmixtyre iof caloium 48uomide hi2R pa&htsnbunwedghk) ,4 nm

thick takbedh PLBrike’ (e WY d B RIS POE ™ 81 o s Fodride (1.3

parts by weight) at 1500°C.

A 5 layer sequence was deposited by PVD on a carrier as follows:

Chromium metal, 4 um thick
CaF,;:Tb,Na (2.5% TbF; in CaF.), 480 nm thick
Aluminum metal, 40 nm thick
CaF;:Tb,Na (2.5% TbF:; in CaF;), 480 nm thick

Chromium metal, 4 nm thick

Optical path at orthogonal incidence: 600 nm {(n = 1.25).

The terbium luminescence is activated by long wave UV.

2. Gold-to-green OVP with red luminescence

A 7 layer sequence was deposited by PVD on a carrier as follows:
Chromium metal, 4 nm thick

MgF,, 208 nm thick
LarF,:Eu (1% EuFlF, in LaF3), 205 mm thick
Aluminum metal, 40 anm thick

LaF;:Eu (1% EuF, in LaF;), 205 nm thick
MgF,, 208 nm thick

Chromium metal, 4 nm thick




The terbium | um nescence is activated by | ong wave UV. 2. ol d-to-green OVP
with red |um nescence A 7 | ayer sequence was deposited by PVD on a carpijefy 2004

as foll ous; omumnetal, 4 nmthick MgF2, 208 nm t hi chcbafpd 1Y (1W
EuF3 in 56,%52‘ 05 run thick Alumnumnetal, 40 nmthi (IgﬁlrLaFé: Eu (1w

EuF3 in LaF3), 205 nmthick MF2, 208 ma thick Chromumnetal, 4 urn
thick 2 3 JUL 2004 WO 01/60924 PCJI EP01101644 24 Total optical path at
ort hogonal i ncidence: 605 nm e europium |l um nescence is activated by

| ong wave W 3. Color-shift conpensated .gol.d:to-gre QVP with XR

| umi ne'E‘é'é@ﬂseORt#c?%yB?tgeaEeﬁEggxﬁggnﬁgpd%@gi@rﬁ?g‘P ™% carrier as

foll Oggsle %%%@hﬂMheséehb@ ik gletAbRbedHy NBrdiwird afd: Nd (3% NdF3
, m

in La Ick Alumnumnetal, 40 nmthick LaF3 : Nd (3 % NdF3 in
LaF3), 200 rimthick A F3 240 rimthick Chromumnetal, 4 nmthick Total

optical path at orthogonal incidence:. 605 nm_ T ' ' S
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wavel engths in the visible or in the near infrared. 4. Col or-shift

conpensat ed gol d-to-green OVP with IR lum nescence A 7 | ayer sequence was
deposiAe? byy@wDsequancer Wasr deposditeshvdy R¥R AR @nGRiEier Ahnkehiews:

Chromium metal, 4 nm thick

AlF;, 240 nm thick

LaFi;:Nd (3% NAF; i]':l LaF;}, 200 nm thick
Aluminum metal, 40 nm thick

LaF;:Nd (3% NdF, in LaFi), 200 nm thick
AlF,;, 240 nm thick

Chromium metal, 4 nm thick

Total optical path at orthogonal incidence: 605 nm.
The neodymium luminescence is activated by long wave UV, or,
alternatively, at selected Nd absorption wavelengths in the

visible or in the near infrared.

4. Color-shift compensated gold-to-green OVP with IR luminescence

A 7 layer sequence was deposited by PVD on a carrier as follows:
Chromium metal, 4 nm thick

MgF., 395 nm thick

LaF;:Yb (5% YbF; in LaF;), 40 nm thick

aluminum metal, 40 nm thick

LaF.:Yb (5% YbF: in LaF:), 40 nm thick

MgF., 395 nm thick

Chromium metal, 4 nm thick

Total optical path at orthogonal incidence: 607 nm.




MyF2, 395 nmthick LaF3 :Yb (5% YbF3 in LaF3), 40 nmthick Al um num net al

40 urn thick LaF3 : Yb (S % YbF3 in LaF3), 40 run thick WMF2r 395 nnd 3 JUL 2004
~thick Chreomaumsoemstal , 4 rimthick Total optical path at orppegerPéiess

i nci dence: 607 nm 2 3 JUL 2004 WO 01/60924 PCT/EPO1 /01644 25 The
ytterbi um | um nescence is activated by 950 nmIR radi ation and observed in
the spectral range of 980-1000 nm25 5 Lum nescence-coded green-to-blue OVP

A 7 | ayer sequence was deposited by PVD on a.carrier as follows: Chrom um

net al , Thepddaradd. I Flumends thic % 5%
oEs 40 Sy |r:k%aF3) Tedeiee b ot fFdrea by rrgggl B, SR cahi At 8

Pr, ThOPSRAvVEm,im e (SERst mbl3rangs 10 me80F hoDAFRN., 166 nmthick MF2,
'200 run thick Chromiumnetal, 5 nm thick Total optlcal path at orthogona
i ncidence: 535 nm The Iuninescence is activated by | ong wave W 6.
Up-converting |l um nescent optically variable mca pignent Lum nescent-
oxi de, vanadate, or oxysulfide filnms can be prepared on glass substrates

by chemi-cZUnigsscangarades quaes)- teiblue @VPnet hod and appar at us
according to US 3,894, 164. This nethod can be adapted to the coating of

particles in a fluidized-bed reactor: Commercial, not coated m ca pignent
was suapandegeim seduaticl sk dusby Bosd Gy hemd esnt @ 8atPTRET akUES]9h480 -

500C. A stream of argon carrier gas was passed at a rate of about 400 m /
m nut e Chromium metal,” 5 nm thick

MgF:, 200 nm thick

LaF;:Pr,Tb, Tm (1% PrF; +0.5% TbF: +0.5% TmF; in LaFi), 166 nm thick
Aluminum metal, 40 nm thick |

LaF;:Pr,Th,Tm (1% PrF: +0.5% TbF; +0.5% TmFf, in LaF3), 166 nm thick
MgF;, 200 nm thick

Chromium metal, 5 nm thick

Total optical path at orthogonal incidence: 535 nm.

The luminescence is activated by long wave UV.

6. Up-converting luminescent optically wvariable mica pigment

Luminescent oxide, vanadate, or oxysulfide films can be prepared
on glass substrates by chemical vapor deposition (CVD) using the
method and apparatus according to US 3,894,164. This method can be

adapted to the coating of particles in a fluidized-bed reactor:

Commercial, not coated mica pigment was suspended in a fluidized-
bed reactor heated to a temperature of 480 - 500°C. A stream of
argon carrier gas was passed at a rate of about 400 ml / minute
through an evaporation furnace heated to about 220°C, containing
an intimate mixture of 92 mole percent of yttrium 2,2,6,6-

tetramethyl-3, 5-heptanedionate, 3 mole percent of erbium 2,2,6,6-

tetramethyl-3, S-heptanedionate, and 5 mole percent of ytterbium




t hrough an evaporation furnace heated to about 220C, containing an

intimate mxture of 92 nole percent of yttrium 2, 2,6, 6-

t et r amet Wy qugodzshept anedi onate, 3 nol e percent of erbi unp@rZrdbress 23 JUL 2004
tetramet hyl -3,5 -heptanedi onate, and 5 nole percent of ytterbium WO

01/ 60924 26 PCT/EPO1 /01644 2 3 JUL 2004
2,2,6,6-tetranet hyl -3, 5- hept anediggnate, and introduced as a first

reactant gas into the fluidized-bed reactor. A mxture of argon gas (500
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conponen es of the Mmca dielectric. This type of
| um nestattorOVRAtemstine depbdeidibpendéng corviendentd yoltdvisk deayen «f 7.
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the coating ‘of particles. One part by weight of commercial, untreated

al um rmmddlade gii gheMtC. (i . e. having an neat oxide surface) was suspended
in 5 parts of isopropanol. After the addition of | part of

tetraet hoxysilane and 0.1 parts of a 10% solution of terbiumnitrate in

vat er ,rHe Reidgh-Ofe £ P8 BEVEOUSdERNDENEnestehitokosed ngdded actimgriad wiee was
progressivel’y heated under stirring to 80C during 8 hours, cooled down and™
filtemikranhcamererpi 9hehllfaSVEri 08 BRENaFIEES Plathe mica

dielectric. This type of luminescent OVP shows no angle-dependent

excitation characteristics.
7. Luminescent optically variable aluminum flake pigment

Luminescent films on glass substrates can be produced by wet
chemical “sol-gel” methods, according to US 4,965,091. An
adaptation of this method can be used for the coating of

particles.

One part by weight of commercial, untreated aluminum flake pigment
(i.e. having an neat oxide surface) was suspended in 5 parts of
isopropanol. After the addition of 1 part of tetraethoxysilane and
0.1 parts of a 10% solution of terbium nitrate in water, 1 part of
5% aqueous ammonia solution was added. The mixture was
progressively heated under stirring to 80°C during 8 hours, cooled
down and filtered. The coated pigment was dried and annealed at
450°C, after which it exhibited a green terbium luminescence under

long-wave UV excitationm.

A second, metallic molybdenum coating was applied onto the

luminescent coating according the methods of the prier art, in




450C, after which it exhibited a green terbium | um nescence under

| ong-wave Wexcitation. A second, netallic nol ybdenum coating was apnggj 004
onto thewooansd¥escent coating accordi ng the net hods of thequEm/essds, |1n U/{DZ
01/60924 27 PCT/EPO1/01644 2 3 JUL 2004 order to create the Fabry -Perot
optical cavity, and hence the OVP. color shifting effect. 8. Lum nescent
optically variable organic pignen7 "Organic" |um nescent OVP was prepared

as follows: The |um nescent dye was N,

N - Bi s2abrdtot erbabut Yhehemtny, -t ey enpdiyarboxipigdce ched¥9p
known from sol ar concentrators. The foil material was

pol y- eER¥PEN8hiEELPEt BAESCE -(PET), having an index of refraction n = 1.57.
" Preformed clear PET foils of 5 um thickness and of 20 mthi ckness were
used as the starting materials. 5 mPET foil was coated with

N, N - Bgs(Buwhifestent- bpticahany Mardabied o=ty [pishomr boxi m de by
drawing it through a 0.1 % solution of the | um nescent dye in isopropanol.
The so coated and dried foil was subject to vacuumcoating with al um num

1O Qrafifc?| 96niALECLAR OFe A3 DG O0N L YA G LD © passes

require -l ayer conposite f n asse conprising: a
cover layer of clear 20 mPET foil a first layer of died and alum nized 5
pm PET foil, with the 140 nm al um num coating oriented towards the center

of t heTBRstWBIJCSGeRT-alYE MageN & -BiddrR 20 % Her d iyl Rhasunt 13y 9 of

or | ent o Pouhr anshctEBRaR R R HEL ki Hrol AL BN A s ) 1

PET foil

B The foil material was poly-ethylene-terephthalate (PET), having an
index of refraction mn = 1.57. Preformed clear PET foils of 5 um
thickness and of 20 um thickness were used as the starting

materials.

5 um PET foil was coated with N,N’-Bis(2,5-di-tert-butylphenyl)-3-
4-9-10-perylenedicarboximide by drawing it through a 0.1 %
solution of the luminescent dye in isopropanol. The so coated and
dﬁiéd foil was subject to vacuum-coating with aluminum, 40 nm on
one side; and 140 nm on the opposite side (multiple passes

required).

A 5-layer compesite foil was then assembled, comprising:

a cdvér layer of clear 20 um PET foil

a first layer of died.and aluminized 5 pm PET foil, with the 140
nm aluminum coating oriented towards the center of the assembly
a middle layer of clear 20 um PET foil

a second layer of died and aluminized 5 pm PET foil with the 140
nm aluminum coating oriented towards the center of the assembly

a cover layer of clear 20 um PET foil




WO 01/60924 28 2 3 JUL 2004 PCT/ EPO1/ 0161-1 This assenbly, having an
overal | thickness of 70 pm was subsequently rolled out (co-extruded)3 JUL 2004
using a bidossperature between 100 and 120 C, to a new 1ofdagkness
of 5 m ¥ﬂ% ftotal |l ength of the foil was hereby nultipliggﬁ@§%a ggctor of
14, and the respective thickness of the individual conponents was reduced
by a factor of 14. The resulting lti-layer foil had the follow ng
structure: PET (1.45 pm) Aluminum( 3 nnm) PET with |um nescent (350 nm
Alum num, (10 nm PET (1.45 pm Al um_num (1Q n PET with | um nescent (350
nm  AFBASnaREESORHY gé’i"’-@f@%‘ GHETRY (kg § @f PatHbd3Ren the outer
and t he_j ' aY%ek, ( "&H§d¥§fc fq t YgFer ot
resonagg%,ga_&gﬁ%l%%?sggp?% g’%cas(g_ofg n*d = Soq#lsn%r?%iggelml nlg a r%gél-ltlo(-gbl ue
col or BBtkkkAg16¥Pandhe 2ionteer,Medi af et diel aaviiki¥ss |G & unds eThe
principally needed to augnent the overall thickness of the primary stack,
in ordeetad leaghht ofhsheo foitly waisoransphayldpp¥ieat v e facteml et alée be

oyer seiEpgaresparfivd riiHBREA or Vo ANACORAN Mlbed MEE | e
of an rkfueadi by- al gakResCoRt 14eatilee rdgul tiaid imail o - 14 oEsi bitadyehk

machi ne detection of such a feature
following structure:

PET (1.45 pm)

Aluminum (2 nm) )
PET with luminescent (350 nm) o
Aluminum (10 nm)

PET (1.45 pm)

Aluminum (10 nm)

PET with luminescent (350 nm)

Aluminum (3 nm)

PET (1.45 pm)

The total optical path between the outer and the inner aluminum
layer, i.e. the optical length of the Fabry-Perot resonator,
amounts in this case to n*d = 550 nm, yielding a green-to-blue

color shifting OVP.

The intermediate and the cover PET layers are principally needed
to augment the overall thickness of the primary stack, in order to
permit the co-extrusion to the required size. It would also be
possible in this case to incorporate the luminescent into the
cover layers, instead of into the Fabry-Perot dielectric layers.
The advantages of an “in cavity” luminescent feature, in
particular the possibility of machine detection of such a feature
with respect to a simple mixture of conventional OVP and

luminescent, are strongly in favor of an “in cavity” marking.




‘W th respect to a sinple m xture of conventional OVP and |um nescent, are
strongly in favor of an "in cavity" marking. 2 3 JUL 2004 WD 01/60924 73 JUL 2004
PCTI EPO1AL3 6éhe2P O El ectrolum nescen optically variabl &dy#sRless

El ectrol um nescent OVP was prepared as follows: On a

wat er - sol ubl e-rel ease-coated PET carrier foil, the followng |ayer

sequence was evaporated: 1. Chron8§n1(3.5 nm (electron injecting |ayer)

2. oligo-paraphenylvinylidene (350 rim 3. Indiumtin-oxide (S nn) (hole

I nj ectigng layer 4. A umnum (40 count.er-el ectrode) 5.
| andes RLge Ep i dEel Bar ity (R e St
A i go- paraphenyl vinylidene (350 nm 7. Chromium (3.5 nm (electron

injecting |ayer) The chromi um indiumtin-oxide and alum num|ayers were
evapor BLegtrpjusieescenih O washprgrarathas|fiqjolgwd aphenyl vi nyl i dene

| ayers r r vapgr. d. | d-00- D v nyl,l de S.

obt ai ngawgsﬁ?'ﬁ?ggse #L bé%%p%%ﬁ'&g%%r gggg%(f;féﬁo &aﬁﬁé}e@gli' tﬂg Egﬂ\ngng

1, 4- di (re{-eexgegduenbies wal exapiiayledaenzene through reaction with
potassiumtert-butoxylate in tetrahydrofurane, to yield a product of nean
nol ecul ar whi gRRrEPibRe (8rFermpf (BdE@TLrmme ingpating dastIded was det ached

fromthe cagrighsuit : [ o igpent. The OVP so produced
had a greeﬁéfos%fgg @8?%?ﬁE§%?9Pngﬁg%%%%Veﬁﬁ%Pye | ow green | um nescence
when subj ect.t bndinmgatinvexddeoris didchavgde iAjRcHingQ@yed) Cain s 1.

Pigments conprising an interference structure, r%ferably a
4. Aluminum (40 nm) {counter-electrode

5. Indium-tin-oxide (5 nm) (hole injecting layer)

(1))

. Oligo-paraphenylvinylidene (350 nm)

~1

. Chromium (3.5 nm) (electron injecting layer)}

The chromium, indium-tin-oxide and aluminum layers were evaporated
by electron-beam technique; the oligo-paraphenylvinylidene layers

were thermally evaporated.

The oligo-paraphenylvinylidene was obtained as the self-coupling
product of 1,4-dimethoxy-2,5-bis-chloromethyl-benzene through
reaction with potassium-tert-butoxylate in tetrahydrofurane, to

yield a product of mean molecular weight of the order of 1000.

The layer so produced was detached from the carrier with water and
ground to a pigment. The OVP so produced had a green-to-blue color
shift and showed a yellow-green luminescence when subject to a

negative corona discharge.




structure having at least two thin filmlayers of different materials,
said pignents having a view ng angl e dependent shift of color
characterized in that the interference structure has a |ight- tranantyjugnm4
dielectric layer which conprises at |east one | um nescent material.

Pi gment according to claim1, wherein the structure conprises at Ieast one
light-transmtting dielectric layer with a first and a second surface
essentially parallel to each other and @& | east one sem -transparent,
partially reflecting |layer arranged on.each of said first and second
surfaces .fRe dielectric layer with the |um nescent material being
conpri se lehgt | east one of the dielectric layers. 3. Pignent according to
claim7., wherein the structure conprises an opaque totally reflecting

| hayi t _and d | al | t
and ot Tbast BHETeRER SREETI g g iEeFEF Aol s fl i AL pIe!
second surfagesuefutbehopngyeat Aledhty ﬁmlmmr@mymyemmf debfrrant-

conprises at least one dielectric layer and at |east aonhe rent
partial |y refnaberidle ay?didhiRIoments RaYHd 2 MY 6 %]:Saer gaes%qrgéel%%g

bei ng adj acenéhggttgg céPéf"éﬂafé‘éﬂ@Héé@ {gVesaanthd tﬁﬂeﬂmt
mat eri al bei ng onprised 1n at |east one of the d|eIectr|

Pi gnment accorﬂtngcturelb@$nﬂ.1wﬂhﬂfﬂrﬁm$mﬂﬁﬁxmﬁn
totally reflecti el Ande SEGAN fzaces essentlally
rﬁp:g{, ﬁ%%/ angfl%?é?eas% nd o 2 qnat%yl

parallel to 52 one sequence arranged on at |east one
of said first and second surfaces of the opaque totally reflecting | ayer,

sai d sequence Cco I ses_a e ctr ducty \ 2 na
JUL 12004231 oft %’F%ha%??éjfrﬂﬁl%m%]ai ljfé;lgén:deﬁ/ drel ectrléckgfllaiecr&g’nd at

at least one light- transmittlng dielectriec layer with a first
and a second surface essentially parallel to each other and
at least one semi-transparent, partially reflecting layer
arranged on each of said fixst and second surfaces of the
dielectric layer with the luminescent material being

comprised in at least one of the dielectric layers.

3. Pigment according to claim 1, wherein the structure comprises
an opague totally reflecting layer having first and second
surfaces essentially parallel to each other and at least one
segquence arranged on at least one of said first and second

’ surfacee of the opague totally reflecting layer, =said
eequence comprises at least one dielectric layer and at least
one semi-transparent partially reflecting layex with the
dielectric layer of said sequence being adjacent to the
totally reflecting layer and the luminescent material being

comprised in at least one of the dielectric layers.

4. Pigment according to claim 1, wherein the structure comprises
an opaque totally reflecting layer having first and second
surfaces essentially parallel to each other and at least one
seguence arranged on at least one of said first and second
surfaces of the opaque totally reflecting layer, said

sequence compriges at least one electrically conducting layex




| east one seni-transparent partially reflecting layer with the
electrically conducting |ayer of the high work function of said sequence
bei ng adjacent to the totally reflecting |ayer and the | um nescent m
mat erial being conprised in at |east one of the dielectric Iayers.Zﬁ 2004
Pi gment according to one of the clainms 2 to 4 , wherein at |east one of

the dielectric layers conprises at least a first and a second sub-I ayer,
thus ‘being dielectric layers thensel ves3Wherein the |unminescent nateri al
being conprised in at |east one of the sub-layers 6. Pignment according to

claimb5 wherein the first .sub-layer is dj.age Saste NBrOF 4t at
first or secdd %B}Jf%é'éo%? Liblirf?}yl(%é{qféc ?(%J[a:ﬁ%l y%tnréeﬁfééc]iél ng Icaytraara‘v and
contai ns the J s Y eniBlierfirilp safchtatpdreasd] Itvh er estlon ol e A xege (Wi th of
a material having an refractive index of equal l.ess tha §9m'
particul ar MR®R mellw.cqﬂd@%ﬂ“%&@g’reﬁ M‘%f’%ﬂﬂ% lmo\ﬁ]%{erel nét e
structure co [ eﬁ-ﬁset 6 d I addrAn©d tHa G slilectrdfldaiorg Wit h
a first andrrcgf ssza?'o%nﬁ%lr ace an dategﬁligast one senj-transp rerét{jl partially
reflecting | dyprerofard hilgh Inefinesdens mader iadah@ing ,C%ﬁ?@ 1 ffex of
refraction of at |east Ry . st one of the first and
second surf adefit Cﬂ?eoé Szquc{aérﬁegré%g%é’%né%ﬁ elvxrl%'g'rei n the | um nescent
material being conprised in the high refractive index material. S. Pignment

according to claim1l wherejn the structure conpr.ise | eagh, s ORAUE
total |y 7ef | RAGHRPY RRGCTRMS FF iF& Oﬁ&‘%ea cg%@ghsdszsu% acé ?rl\’d at | east

one seni -t r angpaneinPat irdld Widieideald Navexyecoiprisas git daaske & ifdgst
material, having 2 3 J UL 2004 32 an.i ndex .of rdef rlactgrQ_LrE (?Lfay%tré east 2.00
arranged on a@nd eagecond sub-layer, thus belng dielecC :

themselves wherein the luminescent material being comprised

in at least one of the sub-layers.

6. Pigment according to claim 5 wherein the first sub-layexr is
adjacent to at least one of the first or second surfaces of

the opague totally reflecting layer and contains the
juminescent material and at least the second sub-layer is of

a material having an refractive index of equal or less than

1.50, in particular MgF, and Al¥;.

7. Pigment accoxding to claim 1 wherein the structure comprises

at least one light-transmitting dielectric layex with a first
and a second surface and at least one semi-transpaxent
partially reflecting layer of a high refractive index
material, having an index of refraction of at least 2.00
arranged on at least one of the first and second surface of
the dielectric material, wherein the luminescent material

being cemprised in the high refractive index material.

8. Pigment according to claim 1 wherein the structure comprises
at least one opague totally reflecting layer with a first and
a second surface and at least one semi-transpaxent partially

reflecting layer of a high refractive index material, having




one of the first and second surface of the dielectric material, wherein

the lum nescent material being conprised in the high refractive index
material. 9. Pignent according to claiml to 8 wherein at |east one OZ: tJUFZ[lBII
dielectric layers containing said | um nescent material is selected f.%m

the group consisting of trifluorides of rare wearths, trifluorides of

bi smuth, or m xtures thereof, conplex fluorides of trivalent rare earth

ions or bismuth and nonoval ent al kaline32ons or divalent alkaline-earth or
transition ions, in particular Zink and m xtures thereof. 10. Pi gment
according to claim9 wherein the rare earths are selected fromthe grou
consi sting ofamlﬁmﬂaxlaﬁdrEEanchémDidésat1leaS¢g%EﬂQsa§€éﬁﬁeﬂn8nt6togéa§

the claims 1 1o 8 whercin.al, |egst gng.gf Lhe.glebecihbcalaygbesantaining

sai d | un nesB8ht Fom thé group consisting o
trifluorides girekeaRnt Ghefeihethdi IGninescghoupaverbasnbehngoconpriped! &nt
transition element ion or mxtures thereof,  ,conplex fluorides of elenments
of the third waenhadebupesrachiveincend™areEiRat i ne ion, an al kaline-earth
ion or zinc or mxtures thereof. 12. Pigment according to one of clains 1
to 8, wherein at |least one of the dielectric |layers containing said

| umi nescent Fhtment| acsoxdinetee ¢laimt hetgrBuphedri? sat nye3¥t aPe| abriite
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| east one of ibredtabiegiomcthaygroumsontas snips ol tTif westdés® AAIERTAl is

sel ected fronéégghgsoggigfggéf éém%fﬁbismuth, or mixtures therecf, complex
fluorides of trivalent rare earth lons or bismuth and
monovalent alkaline ions or divalent alkaline-earth or

transition ions, in particular zink and mixtures thereof.

10. Pigment according to ¢laim S wherein the rare earths are
selected from the group consisting of yttrium and

lanthancides.

11. Pigments according to one of the claims 1 to 8 wherein at
least one of the dielectric layers containing said
luminescent material is selected from the group consisting ?f
rrifluorides of elements of the third main group or bismuth
or & trivalent transition element lon or mixtures therect,
complex fluorides of elements of the third main group oY

bismuth and an alkaline ion, an alkaline-earth ion or zinc or

mixtures thereof.

12. Pigment according to cne of claims 1 to 8, wherein at least
one of the dielectric layers containing said luminescent
! material is selected from the group consisting of difluorides

of the second main group or zinc or cadmium, or of mixtures

thereof.




brganic or netal -organic conpounds. 14. Pignment according to one of clains

.1 to 13, wherein said |lumnescent material is a transition el enent ion.

15. Optically variable pignment according to claiml to 13, wherein 2thalL 2004
transition elenment is a rare-earth ion. 16. Pignent according to one of
claims 1 to 13, wherein said |um nescent material is an organic or a

net al -organi ¢ conpound. 17. Pignment according to claim1l wherein the at

| east two |layers are of an organic thernggplastic polyneric nature and at

|l east one of the layers conprise an lunminescent material. 18. Pigment
according to cIa|n117 mher n said e N4l sql egt @d t rou
consist|%§1ﬁ Rt a8 %hﬁ@ 2o ﬁggaF@o?§§n%%a§gﬁpgungsgaﬁﬁk??gﬁgﬁ??on P

el ement ions, lidgsPaid ef Qmeraﬁele&tkhclQayeerCOBtgunnngaeeoﬂdlng to one
of the claims 1 to 18 wherein 0.1 to 10% of .the di ectrlc r £
repl aced by tH@mmﬂﬁﬂQQ§§c§ﬁFeﬁﬁﬁérF§ISe BCtﬁétEEHmf S PEauF r%§%§%§%§ °
according to %ﬁg. o £l MRrh1t8rgafiieOBBRpSLAAst he step of depositing at

| eapt one of t dicelectric | ayers containing the | um nescent material by
a physical vapor dep03|t|on met hod. 23 J UL 2004 34 21. Method according
to claim20 wherein,the net.h r YSikC ¥aPrer rdepesi hepeks saliact ed
from t he Xet hEdETENs iAERX l%% t:gpﬁ F gknghaﬁagnetron sputterlng t her mal
evaporati on, Qkﬂﬁhk@ﬁmh&aﬂhaesualedaenapnaabnbmonZEleWQBhodoﬂ@r produci ng
pi gments according to one of clains 1 to 16 conprising the step of
depositing at | east one of the dielectric |ayers containing the

| uni nescqit, by ichaThCariable pigment according to claim 1 to 13,

wherein the transition element is a rare-earth ion.

16. Pigment according to one of claims 1 to 13, wherein said

luminescent material is an organic or a metal-organic

compound.

17. Pigment according to claim 1 wherein the at least two layers
are of an organic thermoplastic polymeric nature and at least

one of the layers comprise an luminescent material.

18. Pigment according to claim 17 wherein said luminescent is
selected from the group consisting of organic compounds, -
metal-organic compounds and transition element ions, in

particular rare earth ions.

19. Pigment according to one of the claims 1 to 18 wherein 0.1 to
10% of the dielectric material are replaced by the

luminescent material.

20. Method for producing pigments according to one of claims 1 to
16 comprising the step of depositing at leapt one of the
dielectric layers containing the luminescent material by a

physical vapor deposition methed.




vapor deposition nethod. 23. Method according to claim 22 wherein the

met hod for chem cal vapor deposition is selected fromthe group consisting
of thermal reaction deposition, reactive sputtering and fluidized pgqUL 2004
coating. 24. Method for producing a pignment according to one of the clains

1 to 16 conprising the step of depositing at |east one of the dielectric

| ayers containing the |lum nescent materi by a wet chemi cal nethod, in
particular by controlled hydrolysis of éﬂecursor materials in solution

25. Met hod for produci ng optically variable pignments according to one of

| ayers cOh ai HoRG Ba AP EA R o Shar 2l uRERTHE O A e i

| ayers c nat eri y a nmethod selected from
extrusion or sapextdegposicid®. mebéc:m@mémm o oneli e ccorrldting phs 1

to 18 for securit l'i cations. at i ositio i cul ar
printing ink, SEB%%/?F%%Rgg MRGRRTAT %R ’gf%lﬂ-@gt % ‘F%Pdr%ht%a‘ft’% 18. 2 3
J UL 2004 35ef§ctf$ﬁLEé£h adsAidd CerAposLeibn 1y document, conprising a
llayer of the coating conposition, in particular of the pr|nt|ng i nk

according to claim27. 29. Bulk material conprising optically variable

pigﬁﬁntﬁﬂ% QQ ﬁ@ fgi &Hciﬁ%;§§§ﬁ3+fh]é%c$¥ﬁlﬁaﬁﬂgﬂﬁﬂ%EﬁEW&IHimth)tD
claiml erein e prg ts co 'S urd crystal optically vari abl e
pi gments, parig octdnaptymﬂngiwh&g e b sdepesitingrtd kedat ANHEE i8S ¢

phase. dielectric layers containing the luminescent by a chemical

vapor depositicn method.

23. Method according to claim 22 wherein the method for chemical
vapor deposition is selected from the group consisting of
thermal reaction deposition, reactive sputtering and

fluidized bed coating.

24. Method for producing a pigment according to one of the claims
1 to 16 comprising the step of depositing at least one of the

dielectric layers containing the luminescent material by &
wet chemical method, in particular by controlled hydrolysis

of precursor materials in solutiomn.

25. Method for producing optically variable pigments according to
one of the claims 17 or 18 comprising the step of producing
at least one of the layers containing said luminescent

material by a method selected from extrusion Or co-exXtrusion.

26. Use of pigments according to one of claimg 1 to 1B fox

security applications.

27. Coating composition, in particular printing ink, comprising

pigments according to one of ¢laims 1 to 18.




28.

29.

30.
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Article, in particular security document, comprising a layer

of the coating composition, in particular of the printing ink

according to claim 27.

Bulk material comprising opticelly variable pigments

according to cne of claims 1 to 18.

Pigments according to claim 1 wherein the pigments comprise
liguid crystal optically vaxiable pigments, particularly
having a cholesteric liquid crystal peclymeric phase.




