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; e3e 5~001T2n3464T 5Vk- WO 02/ 073250 PCT/ EP02/ 01586 Magnetic thin film
interference device or pignment and nethod of making it, printing ink or
coat i ng owopestison, security docuneat and use of such a megymaibeisghis film
interference device Field of invention The present invention is in the
field of optically variable pignents. In particular, it describes a

magnetic thin fi i ence devicq,_ a nethod of maki ghetic
thin filminterf @Eﬁ@&gﬂﬂ mme, a magnetic thin filn1intﬂmﬂﬁﬂEWﬂ mﬂm ment, a
printing ink or nmposition, a security docunen of

such a magnetic thin6f®m interference device, all ac cordingo¥% t he
definition of the patent clains. Background of the invention Optically

vari abl gagfagties thin Filal inteptarencel detrite @t ¢fiigminttarmniethyy dgEans
on bank notes and security docunents. A large part of the wor|d-w de

pri nt ed@akirgnd . Priiatizng dak,ogperating Compasidian,y sacrddy de%evi ces,

and farm,ggn;;hgﬁg, uis®2H SRk 'a”hﬁgn\és’tti'& %E;ti'n]?f”t"i'm Y3 tedlBeSdatle dd¥icd have
acquired a preemnent position since their first appearance on currency in
1987. Optically variable pigment (OVP) shows a view ng-angl e dependent
col or appearance whi ch cannot be reproduced by col or copyi ng equi pnent.
Various different types of OVP materials are commercially avail abl e today.
WO 02/ 073250 -2 PCT/ EP02/ 01586 Very brilliant colors are obtained with a

first type.Qqf R de by physical vapor deposition. This type of OVP is
con str%gFég ggwghWﬁFgaPPInlvapor-decpsited Fabry- Perot resonator stack.

Si npl e-sandwi ch netal -dielectric-netal, as well as doubl e-sandw ch

nmetal -dielectric-nmetal -dielectric-netal | ayer sequences _are described in
the priGReaPreseRE dayentdor LgyéfsFhpudiede of ORRYCRLlst Vaiakts Pig-
parti a'ljne\!nﬁé‘?‘”iﬂag‘i%’ic%‘iﬁ , 1 BRL gbls@hl HedN abhagPian!ied il R4 181 fifed e
Fabry-Perot resonator stack. Said optically variable thin-filmpmaterial is
obt ai neflemsnaecdaviimeous skcbodopfamekingesuicsi 2 mMagnedd cs didaqFdim e

detached fromits carrnier and_c .nuted_ int.q_a.pi i¢h i sts of
[l akes hevFRGeCE: SRvicR. oA BasPETIE Khtaa 4l ARERE Sk, Bl N e 1
pi gmentpednt bagf ehRubat edacihg tbpostitiodl,i BY seemydlyt dertuumepteagidaldhe f or
screen-printing or inta%]ioprinthg appli,cations. The optical variability

of sai dUBRRENBYUCHeR BESHRTAR FREBr FarBndBTEFFELEnPnERdate | Pkt 3% | i ng
upon ancEMeihbaks theodkdifttaondbel BAk parlRkaiatRg. S partially

reflected at The top neta ayer and partially transmtted, travelling
through the dielectric layer and refl ected back at the bottom netal | ayer.

Bot h reéégﬁéggugar%% %Eetq%vgg hggnt light finally reconbi ne and

Optically variable devices of various types are used as an effi-
cient anti-copy means on bank notes and security documents. A
large part of the world-wide printed currency relies on such op-
tically variable copy protection devices, and among these, fea-
tures printed with optically variable ink (OVI™) have acquired a
preeminent position since their first appearance on currency in
1987.

Optically variable pigment (OVP) shows a viewing-angle dependent
color appearance which cannot be reproduced by color copying
equipment. Various different types of OVP materials are commer-

cially available today.



interfere wwth each other. Constructive or destructive interference
results, depending on the thickness of the dielectric |ayer and on the
waveleng%ﬂoggwggﬁ incident light. In the case of white inerdgpbyéisght, sone
of the white |ight components, having determ ned wavel engths, are

refl ected, whereas other conponents, having other wavel engths, are not
reflected. This gives rise to a spectral selection, and hence to the

appear ance of col or. WD 02/ 073250 -.3 PCT/ EP02/ 01586 The path difference
between the top-reflected and the bottonreflected part of the |ight depends

t h . | e .of incid : does, .t h | t]
"ot or 1 e Prigld At cnRin M G SRR E i B P g
al um neEdd aephydBeankegdldyy ddpyddiaiiesh anmiis\wphardd dws i edpat ed by

chem cal vapor_deposition (CVD) or by wet chenmical nethods with a

di el ecEimIqtade@safd thinnfslddu araparetdapasi task Frbxry -Rénatl ixesanador

“Interf LS I ‘ ¥, 1ef t, SCrj bave.; This type
of C)\/P%:’t;eét C .e?é.gng)l%n S%E’#&Th 6‘1%%/ lﬁ%%igdrﬁ%g t%%rcst%ett%gle', 30533'9? Jtal a"’}SséiOy;hi bits
| ess  biglld-isanidwd @ho e tald dissle angl edeneideaiie len rori chdtial Naydhesdd rst

type. Large amounts of "optically variable" and "iridescent" pignent ' are
pr oduc SRIEEHELE FEFTGRAT v fth R ARtonoihs £RITMRERL | IRRIIS, t oys
and th j I i4.abl : rg%s?% [ of
coati ngndcé(#(rr?oes ipﬁqg%?lqﬁg%el%% tlgabp/gt%én%t%%q 1?1? opti ca E%/lftv'apsllfadgf‘etf rﬁ’l

f eat ur delgit [s@vk beotconnled diusiatut aily afedteaFebny-Réral emsatiaidmct i on
can be ecsa'f | i shed between "Security OVP' and "Decorative O/WP'. A
countertelter could noteworthy reproduce bank notes on a col or copier and
add the mssing optically variable features with the help of a comrercially

avai | abl e decorative paint or spray._ For these and other reasons, security

OvP mustaisk qRidEatdYevariapls Shinf iamaterias (e ohkained & ratqan:
CONMTer Gd 4 ' t JRES £B; ' éq@éﬁ ' hS.dS to
dope tEtlelads‘‘{eéc{'lusrir:'?l;geg'g'I 8\/ V\ﬁ hcya coé\};ert na'gfifeht f‘%afrf?é%ﬂu% %Iy%%%&c}i%ﬁb

al | ows fmdrevidrst lyarrher rgid eommatnwred fintid fee rpeigmémvel whixdh ssmmeidts i nto
correspondi ngklf%/ mar ked docunents: i) _a sinp "magneti c present/not

I
pr esent®f fEfkA% havihng dodianetey #f A0 thre fﬁagﬂ%ﬁrtd charikdieeas i% of the

feature;, iij) ri.pt.ed pattern of t d pon-mgnetic featuyr.es: and
V) a SRR A E0LE, BEREH AT IR T e a0 Sy
magnet idonfdd oo, igdaidmibOpn for tderddr Prethimanadd Gy iant ure. Such
magneti c OVP. has been proposed in US 4,838,648. A particular nmagnetic

mat er | ATIRLINGD AN GARKIFEL, i ncorporated into the OVP design. The OVP of
US 4,838,648 is of the netal (reflector)dielectric-netal (absorber)

mul til ayer Fabry-Perot type, and has preferably a magnetic cobalt-nickel

80: 20 d@Heyopisidaie vefialwility ayBrsaid tiquentel yelbes omsan pirefexrfdaty, t he

magnetic all o so, be present as ihe absorber e The glevi.c

accor diRf% f%@B%“éﬁ%ﬁsﬁ@?‘émﬁﬂ 9 HPThdAR c%@lyn%jsa]&? b ing a
degr adegb ot 4 Ciad 1 I TRANEEL typdad d | et a FlLy OMEF 1 SEEIBAE Ceiid Woplue to
the lower reflectivity of cobalt-nickel alloy, as conpared to alum num and

ii) thanekrk kAves B3 1 2hb5 st FRREREE FRAN B TRVeht B2 JFRTrqugly the t er

must n . ! pthot f i et and
of a g%%%%%%la{ q"rrgé}f%&é?t%é @?1%%%# er&aar/%a J(;':nI‘JS’/}?e\/er y %@v%rr%t%:lf ?la N

sat i sf yBaoith ol eed] tpaortss of the alddiddnydaight £imalleseecombiventand t o
rovide, security QP which is, made naterially different fromdecorati ve OVP
{hr oughLTHRE ToE PrhtReH (PERET 1 | CORST HAGHER | OF MOREFIFELVe interfed-

ence 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 white 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.



It is another goal of the present invention to incorporate said magnetic
properties into said O/P without degrading the O/P~s chromaticity and col or
shifting woepeihses. It is a further goal of the present ipoUIEEHR/0I586 O
provi de said magnetic OVP with as |arge as possible freedomfor selecting
the magnetic material. It is still another goal of the present invention to
provide se curity OVP which can be manufactured using the sanme equi pnent

WO 021 073250 -5 PCT/ EP02101586 and pr.acess that are used for the production
of "common", nonnmagnetic OVP, without significantly increasing the

production_cost ... mry o.the inventiqon The present invention refers to a
nmagnet &bet F?Ia%?’f ﬂ%ﬁ%?@ﬁ@@e@e 2 e%%d"@fg‘?%% 5’1?&/\/%2‘& g’c\’;'it&ﬂ'ng- angl e
dependeafleeked pRRGAGNGhe THgnEVRdpenidedtewd it onl 2Ker a®iA@K of

i ncluding at |east one |i ht-reflectln% reflector |ayer, at |east one

. li ght - tREASRPCEI NG Ak &asse they giesudit ingh dnterd eregiveasedOBi-ng absor ber

| ayer and at | east one magnetic |ayer. The nmagnetic |ayer is separated from
a dielectric layer by a reflector |ayer. According to a first preferred
enbodi mabthefr,a seagnel itypavBf Ove,ndgndteisead ayercdated slasdcuw tHliakesno

reflector_ | ayers.. The magnetjc_layer is s trically confined within_two
[ of | clBFhRRIGRL 1y dIARTAES AISURT, RAREHC L SEe: CO8ESA BNe TSR OvP
al ong o&eweg?tﬂrtﬂoqwcw)d%&« lbg)ﬁlwtd'd?ﬁn{i%a@. MREAPRALE Redigiied nent

of a nmaghetic P, the magnetic er is adjacent to only one reflector

| ayer, trdsull@yey iand@ @naeguendameradagretdasopdP diietliecdptiicc dlaygmpert i es
al ong l_el ef | ec r. Sl T i .di to the
present& git%\%r?t%{églr?r as %rgg éf?ﬁgctufsgg %glfvrab%r{a%%rﬁ?act% %gpid%%%%égaége, by

usi ng abeve.saised iy eyf URUERC chdapeaxdat imanfasituirke ttaothand b
angul ar color shift of a cqrrespondi ng_non-nmagneti¢ OVP, and at the sane
time t GYPRoviWE drf GIEUPH DI aRs Rl RN GNdOTE Firshd@Ssefnglap
021 073%eQerfiRlel /104 Api8G MR aanetd Gddhigydd | minterference device may

be conn1ghted to

Large amounts of “optically variable” and “iridescent” pigment

* are produced for merely decorative purposes (automotive paints,
lacquers, toys and the like), and are thus available to the com-
mon public in the form of coating compositions. The security po-
tential of optically variable ink features on bank notes is con-
siderably decreased if no clear distinction can be established
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 a com-

mercially available decorative paint or spray.

For these and other reasons, security OVP must be made materi-
ally distinguishable from the merely decorative, commercially |
available types of OVP. An effective way of doing this is to
dope the security OVP with a covert magnetic feature. The “mag-
netic OVP” allows noteworthy the implementation of different
levels of security into correspondingly marked documents:.i) a
simple Fmagnetic present/not present” feature; ii) identifica-
tion of the magnetic characteristics of the feature; iii) a

printed pattern of magnetic and non-magnetic features; and iv) a



obtain a magnetic thin filminterference pignment. Said magnetic thin film
interference pignent may be incorporated in a printing ink or coating
and/ or ORy@o56Be ty docurment. The invention is further ilpcugirozosss by
drawi ngs and exanples: Figure 1 shows a conventional OVP flake having a
5-layer design. Figure 2 shows the cross section of a first preferred
enbodi nent of a magnetic OVP according to the invention, having nagnetic
properties. A 7-layer design is enplaeyed. Figure 3 shows the cross section
of a second preferred enbodi mrent of a nmagnetic OVP according to the

i nventi qn AV magnetd ¢ properties. A 4-l.ayer design is, | oyed.

Fi gur e"%ggﬁg\ﬁsc é%%s%#&%ﬁ'o@%&owﬁwg&eﬁlh% Equ]%atgﬁgfpée m%té‘t?rhbove

havi ng ia FHeayRriries] ggridtcie W EYateanrsi sts of flakes, which are of the

order of 20 to 30 nmlarge, and about 1 nmthick. Said flake has a

symmetric "absorber / dielectric / reflector / dielectric; / absorber”

" layer i I i I L p ' .qn. bot h
si des. %ﬁ'tdgpgl)érsg?rebeel% gﬁr%ééi,ﬂﬁé}yﬁgﬂp%f%a IUySO'EhHiér?g('eé.%é.)' %ﬁjt %Z:lggrﬁder of

3 to 5 lam magmatitnmmatexrial ars cdra ddiien puegictegntinusportahet sintehitdie act

b ljtters, reflecti d t it ts of the incident |ight.
The di el dasiany, e V5B ' 4 B 1 O T wenat(sa e A ant
nat er i die 1€t A5 EEHCEBEBFbaL) inde iMHyAr Fabsy-IBr& §)pd CAhdiyd de,

to enabl e a high angl edependent color shift.. The thickness of the
di el ectoyafd P magmmelst @ rephrkt HekadP-80 2 Grllow a3 Wie twef laatar of

200 to M o- i -1 Q- X nm
MyF2) . 3 g%eyn't rAélefe]Tq%%%[%%%htﬂ;gﬁb escst %ﬁge%%ﬁf ’O?Lr a%a{rgqﬁ%@par%‘%g,r a WO
02/ 07323y dX&d HOYMESHR My tHe adbsorber lxved. ahe ddeicdigddording
reflecting nmetal_ or_netal alloy, and has a _thickness in the order, of 10 to
700 nmtF Gk BEIRAR hare %%W%vmt}?af |tfe PhQIhrAMngs of 11} ALPFREF ed

enbodi o ned 1 i t r tyd i id
monet | TR L o T e L G S e i Ve s 2,
2', anditwo dud Itaxthe | lgwes Bfctinite ot okalugricckel |alloy 4 asf

magneti c material is.disposed wthin sai flector |layers 3, .3 . Jesulting
in a sﬁ%aﬁecd ?ta%s%"rlﬂ.@rr? i & c’t:r)i Ctsr}e ﬁe%ﬁ%ce%rgﬁeﬁ%hef?% thdeﬁllrt%tor /
di el ectylie rachsidaidtfial 7-Tiayerlaass ) mudt gistteworine veomdley sthefid i C

| ayer sequence of a, second preferred enbodi nent of a magnetjic OVP

accor diFR"e SR Bridi e | FReE 1R ohid TAFIRR 1 RORE R Frrd phiral
absorb , i ' - r 4
bei ng o oy, BRE PR i Nerl (Mo MaC Ao M PP e
desi gn ¢enddponsd. Preferably, on a rel ease-coated R carrier foil C, an
absorber layer 1 of chromumis deposited, followed by a dielectric |ayer 2
of magnesium fluoride and a reflector |ayer 3 of alum num A magnetic |ayer
4 of mepheid ca NBNEt agoad SEPEke tPEbsdnt ativerititoriesd Ofrd$idd sasienty y
applied to a substrate_with the magnetic | ayer_ facing the substrate, by
e.g, uSVR W GpoksIrade drerlalhe dlfrrent |ERr deearatkve Oy type of

magnet i f@%gﬁl i : t ﬂ(‘g‘ i Sueh as Ni -
Co or I\ﬁll:e- ; it%%ﬁ g%%l‘?ocr%?(? el%g%u%adée suc a'ras eZO%?clailge%%%?r chrom um

di oxide Cr02, ferrites MFeZOg (wth Man ion or a cocktail. of ions selected
fromt youp cansisting o z*,  Ca2+, Srz*. Ba2* 2+ Coz*, Fe2*

N o e Andther coaf St R esai PEVens 1R o Hdoraatate e

eart h- i magrét fc Srtiff intyaseld 0w evbidlt | Qdgradihd e iV a

cocktail of ions, sel'ected fromthe group con |
chromaticity and coler shifting properties.-

<)

It is a further goal of the present invention to provide said
magnetic OVP with as large as possible freedom for selecting the

magnetic material.

It is still another goal of the present invention to provide se-

curity OVP which can be manufactured using the same equipment



WO 021073250 _g_ PCT/ EP02101586 sisting of Al13+, Cr3+, Fe3+, Ga3+, Bi 3+,
etc . ) , hexaferrites Mre~, 201s with Mselected fromthe group of divalent
i ons Ca2+yo §¥/@B2s0Baz+, etc., Ferovskites, etc. In the conperxiEpoiintiske
present invention, any kind of notdiamagnetic material nay noteworthy be
used to confer a particular nmagnetic property to the nagnetic O/P. Said
magnetic property nmay for instance be: strong (super-) paramagnetism
ferromagneti sm ferrinmagnetism antif.aryronmagnetism antiferrinmagnetism

etc. The material may be of the soft-magnetic, |owoercivity,

medi um LCivt hard- efi e .4t . may be laid out faor

det ect Fgln F}%%#?E%ngk a&gree%%ché Qf%ee' Paé’#éjtclté'%’r @%erﬁ?%ﬁﬁ? fruf¥Rer nor e
resul t magmietirn Ve, Mg RticutMetieird iseeh tly Hejcweeis ity e ictidtiono as

hi gh as 10000 Cersted. The deposition of the magnetic material is perfornmed
by theC®&%e nmethod as used for the deposition of the dielectric |ayer or of
"the netal layers of a nonmagnetic OVP of the first type nentioned above.
MgF2, chrom um or al um num can noteworthy be deposited by el ectron-beam
assi st Simmamynalf chepdmatendionVagnetic al |l oys, such as cobal t-nickel or

i ron-cobal t-boron, are conparable in nelting point and evaporation
characteristics wwth chromum and can therefore be deposited in a simlar

vay, giHen dildfs R0 ATVENYI oS R TR Anatpidtqe LUREIAIN ahrahi@er-t he

material's"Curie or Neel tenperature. For the deposition of oxide

mat er | e _Niétjﬁ@re,dé'@@ﬁ tqfo@‘f%rﬁimvﬁtng @Vé{eé’mﬂ%/ denpndent, but even

these TRIEHl Akl IGRASIAY £y P YR LeRINIIUGRy S0 ed8. depasid.l on
€ conpl C np ed” evapora

of nor em cal "conpositions, 10n-beamassi’s I"on

met hodsmpythd eyt @ped 1 it neefiiedc oyt ledtor desrear, e deaaafd eateor

| ayer 3,, 3' nmade of, a good light reflecting material, such as al um num
ot b B TR i o e TR JR et aF PRaS it 1SR mgnet ¢ OvP
VO 021 QF32658 iy REHIERRAL OLRAG: tahd @ tONld Bt hes iBYHANROUS g Orrrgood
optical performance as well "as for custoner-desi gnéd nmagneti'c properti es.

I n thi ;agnetid fliagresntis sreparatedfirm @ idielewtriah layer djucedefdEr-
havi ng ,exact|y the sane col or appearance and col or shifting properties, but
differéﬁ?rﬁﬁﬁ%%Pic properties. Using a correspondi ng magneti c detecting
device, known to the skilled in the art, they can easily be distinguished
fromeach other, as wel| as from non-nmagnetic OVP of the sane %g%ica

appear &FEOTIING &G F& Herth RFPRETe enkpdimenthehHhd RISt ishiBihedhe
opt i callauneariablfeand JRgNfdded Miitdid By dtledHdeCldeds. dhPRidsfal Iy

vari able“security “foil, which may be ap]%lﬁl ed to a docunent or to an
arti cl ayetpreflayvay s wmmetniepl ly cmiislads mihiiin two reafkettap@layeat i on

met hods, f . er i c :agequs e | oi.t.ed
securi teyréSu r%éo%@gglirg 13‘%% %%#c%%&o%?oﬁéﬁee stjracé;é/nettq}ez 3{1%)%63%% ﬁ{/s eresis
curve flddy revo |lraflRptid clapdersbdes. Due to their restricted third

di mensi on, such materials often show a very high squareness of their
hysteresis curve, together with a variable coercivity val ue whi ch depends

hot eworpzé%fg?iﬁecd aavesreé_&ﬂc}c KSESFe AFEE SIS A ABE &f Smatpskid GHE

deposition e magnetic' | ayer. Such materials may al.so be laid out to
show a tremagrssl Bardtetusien adjacent it cmlgnabiesrefigcteetlmyemn g~

Y e o R L O L
det ect itines tdlsn) sd el € e erof 14 Mo ayegr isildee Magnetic materials, such

as anor phous magnetic alloys or nmagnetic garnets of | ow nagnetic
saturation. Awde field is thus open for the engineering of O/P show ng

magnet iﬂfgﬁsﬁﬁ%f&%ﬁ Oél?ééf&fin? ‘(’)\?}%f&h&g&ﬁ’ : ot G rfdsftd dn Ufa s GUHK Gdai T ON

*the nere m Xi ng convent conventi onal magnetic
mat er i dlissula\@DEGEERS Chat) PCTLERSS DILNSH Sy diFingyehe ndiggrtdsedOVP

respectiyvely 4-]ayer netic P n ewo be C usl t he
‘same tyipaéy%¥ %/%%%rfﬁ)ee'po e i%%%?#%a%e é‘gfl’%a lﬁr}ﬁrﬁ%fmﬁsﬂgﬁ% ¢o1br
manuf acsni £t o Hfa t der EeEPEid 104 ahod-hayest 10 OVRgEid GatMthe same time

to provide an OVP with a wide variety of magnetic properties.




More than one |ayer of magnetic material may be present in the magnetic
OVP. In case of nultiple |ayers of magnetic material, said |ayers may be

ei ther ofwdgosage or of different magnetic materials; sapdTiERyBISSEOf
magnetic material may furthernore be either adjacent to each other or
separated from each other by layers of non-magnetic materials. Said
magnetic |ayer 4 may be nulti-layer stacks, preferably |ayered
superlattices. Layered superlattices-lgave been shown to di splay unusual

el ectromagnetic ' effects, such as G ant ©Mgnetoresi stance, non-linear high

freque [ onse, .unusuyal, nucl ear. magneti.c_r.esonance si gnatures tc..
The maditEt PESBRL5 FOPE a1 TR IERT SR o ST S PUn S aaiiRd to
addi ti gpahifaver maghetdethipr FRaN HaterFetende pldming,. D00 rsRHdHi®
| um nescence, _radi o-frequency or m crowave resonance absorption, etc..
Exanpl £8ipn fifd Apterigrenss 8 98essd M Lo ingofRprated e RpPintiad in
" Figurey e I &l [ g iR two totally reflector
Iayersl§F %E 8?%?E§kkﬁﬁd2¥éc€$ Fhsggggﬁkﬁgq%ﬁ%éggﬁ'for optimal conditions
of both, the optical and the magnetic function, the "standard" OVP | ayer

sequen chrom um / magnesi um fl.yqride / m numi,s used o inplenent the
oot cal i IEVERT Lo d SatHoien [yuetratedl it YiRingt Snd Gradb e
accomodat e the nmagnetic functionality inits interior in the formof an ad
WO 021 073250 -11 PCT/ EPO2/ 01586 ditional |ayer of any desired nagnetic

el emenFigureoy oprhows pogenvensignad| O¥Fe fdakecharRingr pi & layelr Cesddmi.r st
absorber layer 1 of chromumis deposited, followed by a first dielectric

| ayer 2 of nmagnesium fluoride and a first reflector layer 3 of alum num
Then, tFheguregrzet showayehed cabseageretionmetfen first gepfertred etbldddweestby a
second reflector | ayer 3' of alum num é,second %ﬁeLectriq Iaygégg' of
magnesi um | uori @& EnBegnetisnQVEnEGFREFAINGy &L Fhey ANVRNGHEm 1%en
deposited, to fipaghethe p%@@ytcieQ!PAwLmay&ya@sargﬁc&s ERp1ekidd.ed in the
art will notice that any type of magnetic ma terial, anorphous”or
crystalline, such as a magnetic netal |ike iron, cobalt, nickel, etc.; or a

ooy nFIREEEo. bBPNC ke’ B REEk1PFD OR b, SACERY BrerBided eiic

sinple or a conpmextoxifda magietie oOvassexotiiher tiot &he Hewahedon,ehav-
garnets, perovskites etc. can be used as~the m ddl e magnetic | ayer between
two al um num r ef F8G iRIRRFeCs ProPessiesyadn biiley§ire SR/ v Iife qYipday
first preferred enbodi mrent of a nagnetic OVP, soft magnetic iron was used
as the magnetic function carrier. A 7-layer se

Figure 1 shows a cross section of an OVP of the first type de-

scribed above having a 5-layer design. Such pigment consists of
flakes, which are of the order of 20 to 30 um large, and about 1

pum thick. Said flake has a symmetric “absorber / dielectric /
reflector / dielectric / absorber” layer structure, in order to
provide for equal optical properties on both sides. The absorber
layers 1, 1’ are preferably thin (e.g. in the order of 3 to 5
nm) chromium or similar corrosion-resistant metal layers, which
act as beam-splitters, reflecting and transmitting parts of the
incident light. The dielectric layers 2, 2’ are preferably of a
low dielectric constant material, such as magnesium fluoride
(MgF;; n = 1.38) or silicon dioxide, to enable a high angle-
dependent color shift. The thickness of the dielectric layers 2,
2" determines the OVP's color and is of the order of 200 to 800
nm (e.g. gold-to-green: 440 nm MgF., green-to-blue: 385 nm MgF.).
A central, total light-reflecting reflector layer 3 is prefera-



guence was deposited by el ectron beam assi sted thermal evaporation onto a
rel ease-coated R carrier foil C as follows: Chromumnetal, 3.5 nmthick
(first ake@obens2deayer ) 2. MgF2, 385 nmthick (first diel ectimro2idmyer 2) 3.
Alum numnetal, 40 nmthick (first reflector layer 3) 4. Iron netal, 200 nm
thick (rmagnetic layer 4) 5. Alumnumnetal, 40 nmthick (second reflector

| ayer 3~) WO 021 073250 -12 PCT/ EP02101586 6. MgF2, 385 nmthick (second
dielectric layer 2') 7. Chromiumnetal7- 3.5 nmthick (second absorber |ayer
1~) Total optical path at orthogonal incidence: 530 nm After the

deposi tj,0n _hei l e , n fil £ Ny v fromthe
carri e%ﬂ'&mo? él,igf:ngwmuiog‘g Otft)régu}pi%gt%eerﬁ th%&%g%E%\%iwglc I ng
conposimekcafsallloya wad aaks ef tHiekngsy ipr eher adieanadditenlo afoanmgnetic
OVP, magnetic |ayer 4 was made of nickel netal, to yield a | owcoercivity
_optically variable pignent. Tn a further variant of the first preferred
enbodi f »a et . ty e «af..Go , to
yield ggﬁgﬁgu%}§§§9%i$P%§§%%?ica Q§]5§F#:§%gu%F§%£ﬁ??ghﬁﬁgﬁ&i?%%Eﬁgﬁgggnre
suscepembbdimentebécti magmetdah AP BEonrdiegr tmadghet ipresesundnvention.s own

magnetic.field, int 214 Mdz, regiqQn. In still further variant of the
1rot BPafelPaeao R OB L8 Rgal OSBRSS iy dr 4 TS e of
gadol i gile@realaye®syizg! @ Qplanenidws Wf 1Nt PIIGRNs Wi &Y | 3t least
ferromagneti c bel ow 16C, the Curie tenperature of gadoliniumnetal.

2. Low @@er degneyigolavies ¢ &fh magmeati G matesi adardiss i spoasse wiithdm

preferr [ f et4,c i : J. M o I

Bar khadoad Zernos s Joytal o o o REP I I Y Bk AN ber (o
as t he /mededieict rflen ¢t iref lemtorr/ maghdtdyer/ seflleuomg’s deylesitirdd: by

el ectro -begr1gssiste Hgggnal evaporation onto a rel ease-coated R carrier
foil OrHeLowet a 1B $853- 98T/ EP02/ 01586 -13_ 1. Chromi um netal ,
3.5 nmthick (first absorber layer 1) 2. MyFz, 440 nmthick (first
dielectric layer 2) 3. Alumnumnetal, 40 nmthick first reflector |ayer 3)
4. Fe5dCeBS -30BshowssdhenAahamat ic reyen isequange Nf a second pre-

ferred embodiment of a magnetic OVP according to the present in-

* vention. Said magnetic OVP comprises one absorber layer 1, one
dielectric layer 2 and at least one magnetic layer 4 being adja-
cent to one reflector layer 4. In this embodiment, a 4-layer de-
sign is required. Preferably, on a release-coated R carrier foil
C, an absorber layer 1 of chromium is deposited, followed by a
dielectric layer 2 of magnesium fluoride and a reflector layer 3
of aluminum. A magnetic layer 4 of magnetic material is depos-
ited at last. The device is subsequently applied to a substrate
with the magnetic layer facing the substrate, by e.g. using an
appropriate glue.

The magnetic layer 4 can be of any type of magnetic material,
e.g. iron, cobalt, nickel; magnetic alloys such as Ni-Co or Nd-
Fe-B; inorganic oxide compounds such as Fep0;, Fez0,, chromium di-
oxide CrO,, ferrites MFe,O, (with M an ion or a cocktail of ions
selected from the group comnsisting of Mg?**, ca®', sr?**, Ba®*', Mn?*,
Co?*, Fe?*, Ni%, cu?, zn®, etc.), garnets A;BsO;; (with A = a tri-
valent rare earth-ion or a cocktail of trivalent rare-earth ions

and B an ion or a cocktail of ions selected from the group con-



5. Alum numnetal, 40 nmthick (second reflector layer 3') 6. MyFz, 440 nm
thick (second dielectric layer 2') 7. Chromumnetal, 3.5 nmthick (second
absor ber @gyehihey Total optical path at orthogonal incidegpgaipokfzsem The
conpl ex anor phous Fe50Co025Si | oBI 5 all oy can al so advant ageously be
deposited by argon ion-beam assisted thermal evaporation. After the
deposition being conpleted, the thin film product was renoved fromthe
carrier, commnuted to a pignent, andgused in ' inks and coating
conpositions. This material shows a sharp Barkhausen discontinuity on
magneti zati,on change, i n_the netjg,.field range,below 1 Cersted. 3.~dedium
coer ei & 8&- ?blJBPOVng%VaﬁﬁfherBVﬂri358'6? bﬁ@aFFFEFtE?eME?F%hﬁ
“enbodi Ry & s215RGRA! EeokVRhed gTRAIYIBL ARGI1ENHLY iGRRAldRF eréfee gh2t he
conposition CoFe20Q was used as the nmagnetic function carrier. A 7-layer
sequen&&cnas Fexeskiseshy egicact r on- beam assi sted thermal evaporation onto a
"rel ease-coated (R) carrier foil (C as follows: 1. Chromumnetal, 3.5 nm
thick (first absorber layer 1) 2. MgFz, 385 nmthick (first dielectric
layer 2h ZheAlastitentroEt ahe $revadthiitiveriticst, 'amgf lkdeidood adr- 3) 4.
CoFe204,, 100 nmthick (magnetic layer 4) 5. Alum numnetal, 40 nmthick
(secon@lﬁm@&qlﬁ“ﬂa&?&ﬂa% ey DgHeNo R Ufeck Y& SRFRWBe REAEART ayer

2') %@g%éﬁg 3 / @pum I 431¢ﬂ3 K
(seconggggso er ?%;é?@%&%@?gggta g%%%?%ﬁngatﬁua5&§$?ﬁg§§é;l| ci dence:
530 nmerHye m@yF€2T, Lnfséamicee beat atizming alsugest )apaarameEgreEisism ;b e edaposi t ed
by argon ion-.beamassi.sted thermal_evaporation. After the depqsition being
o) SPBERE AT e RGBS haEt R ATt SRS e Aot Tt nut eq
to a pndrEln,; dtE U mAtieHialanhyE G IdH HRReT dinithe Ak ORldweal |y
vari abl e patch containing magneti c O/P manufactured according to this
enbodi RORE SRl L3 c Mesdnm-Ioparsdyidy £% rhagd aanatd andgma i O tdr My of
securi ianfs ' | Iggle VeIl pT=led i nf ' |+
trans p?rét ar%lg}lr%ec%grs?é%raén é;g{:g)s‘b cr e;hlat&r or acce;ésﬁf(%ed’s _ﬂ{maig%éﬂﬂ:
property may furthermore result in remanent magnetism comprised

in between zero Oersted up to as high as 10'000 Oersted.

The deposition of the magnetic material is performed by the same
method as used for the deposition of the dielectric layer or of
the metal layers of a nonmagnetic OVP of the first type men-
tioned above. MgF,, chromium or aluminum can noteworthy be depos-
ited by electron-beam assisted thermal evaporation. Magnetic al-
loys, such as cobalt-nickel or iron-cobalt-boron, are comparable
in melting point and evaporation characteristics with chromium,
and can therefore be deposited in a similar way, given the depo-'
sition is performed at source temperatures above the material’s
Curie or Neel temperature. For the deposition of oxide materi-
als, higher deposition temperatures are generally required, but
even these materials can be deposited by e-beam techniques. For
the deposition of more complex chemical compositions, ion-beam

assisted evaporation methods wmay be employed.

The magnetic layer 4 is covered by a reflector layer 3, 3’ made
of a good light reflecting material, such as aluminum, aluminum.

alloy, chromium, silver, gold, etc. This allows the magnetic OVP



4. Hi gh coercivity greea-to-blue O/P In another variant of the first
preferred enbodi nent of a magnetic OVP, a high-coercivity, bariumferrite
mat eri al wah oidy3240Mposi ti on BaFel20ss was used as the nagpetriepof/asgd i on
carrier. A 7-layer sequence was deposited by el ectron-beam assisted thernmal
evaporation onto a rel ease-coated R carrier foil Cas follows: 1. Chrom um
nmetal, 3.5 nmthick (first absorber layer 1) 2. MgF2, 385 nmthick (first
dielectric layer 2) 3. Alum numnetal-940 nmthick (first reflector |ayer
3) 4. BaFelz019, 300 nmthick (magnetic layer 4) 5. Alumnumnetal, 40 nm

t hi ck ecan | (g r.3 , .t hi.C ielectric
_layer (ZB) 5% galzgﬁ'gnn]i%%%oﬁeﬁh%& aﬁé’\‘ﬁﬁ% ﬁé g(og%z(?%gglaéb%sl o:inneé&%%g‘%g’rc%%s Tot al
opt i cavepat hsatfoar duegomr -deciderde maodetin propRr@dled’/ 3230 thli% way,
PCT/ EPQ2/ 01586 The BaFe~, 20,,9 ferrite material can al so advantageously be
_ deposi Hed LBy Ry YR LG58 Afa SECHTEF 1 EmaTe R Bradused Altldr haveng
deposi biaBt bl et ¥R oxt BRplirald -
carri etre, 8?:o ';Eluteegl to ta“%?gneﬁ’?%fﬁ uésreaéﬁlf %jSi(r?lfs\e’gﬁ' tg'o ?}%ﬁé}@fé&%
conposbtitodd £ faremit magner 1va pirsipes: gistsc.h Usdmanianiony mespretdingOnRg -
cucocoSritfy SBEERTEEL diVase T SR e e e e o e e SR ¢
succes y r ‘f | er I I c rity
i nf or mebhoBase 1§ b dHest iddiulighiedc dridig dadDIgiidgn ds w1l &@ tFx@fm access
card. A special, not commonly avail abl e hardware was required to nmagnetize
t he 30DONCBRASNEF1CoMVE Wk FhisaSale QRthdal AORE3RANCE N order to wite said
security informaLion. The OVP according to the foregoing enbodi nents can be
i ncorporated into inks or coating conpositions and applied to articles by
any pr ifnt deg farthermore peigaddles ich wse itheagrimarsilik chtrederedrodyianst er
printing; .alternativel hey can be nplded or | amnated into plastic
mat or i SRLIThIHAIANAR Y SIRATST S S S B e Ghi . ST B8 & B3
havi ng tHRGNaY] GraH Al |RSuriithe B HoN S tWidIe Gnadf G A e e 5 aBeu-
principlg; as ifid optufally vari abl e pi neq;giaﬁych_ oils no%iﬁgrthy
conpri ¥€ngn o Yean artigle, areferalviphsi SRRYRA O A d at | east
one adglt#“%q_gll rﬁgrlleetlia%éé;%g lg%atttci%r?f %#hoéﬁ)re t han one magnetic |ayer 4
of magneti erial my be ﬁ}esen h The optically variable foil, in case

of multiple magnetic |ayers 4, said |ayers nmay be adjacent to each other or

separated by_ |l ayers of non-nagnetic terial. The nagnetic |ayers 4 may
WO 02/ 87 $35E ST PrapRh HOIE 6 o ANAHAIE B B (M SR ISR HRE 57 of

?Inlc/feﬁ{ ?gtﬁi@grﬁfﬂﬁod@é ofd alre pﬂﬁi‘&ﬁﬂé@'fdﬂ%f ahble tﬁé&ﬂe@%iﬂr{‘%f o the
hysteresis curve of thin-film magnetic materials. Due to their

restricted third dimension, such materials often show a very
high squareness of their hysteresis curve, together with a vari-
able coercivity value which depends noteworthy on the layer
thickness and on the parameters used in the deposition of the
magnetic’ilayer. Such materials may also be laid out to show a
pronounced Barkhausen effect, which enables their detection by
techniques known from electronic article surveillance (EAS) ap-
plications. Alternatively, nonlinear magnetization effects may
.be exploited for detection, through the choice of the appropri-
ate magnetic materials, such as amorphous magnetic alloys or
magnetic garnets of low magnetic saturation. A wide field is
thus open for the engineering of OVP showing magnetic effects
and properties, which are very difficult to counterfeit on the
mere basis of mixing conventional OVP with convéntional magnetic

materials.



may furthernore carry additional overt or covert properties, such
as,indicia, mcro-texture, lumnescence, radio-frequency or mcrowave
resonancwogimnsﬂhe magnetic | ayer side of the foil w || pog/ERppbisesl onto a
sub strate, using an appropriate transfer technique, such as hot- or
cold-stanping, in conjunction with an appropriate glue. 5.

~dedi um coerc~.vity gold-to-greea OvP foil In a second preferred enbodi nent
of a magnetic OvP, a nedi um coercivitygi.ron oxide is used as the magnetic
function carrier in an O/P foil. A 4-layer sequence was deposited by

el ectron beam assi sted thernmal evaporation onto a rel ease-coated R carrier
foil Cas follows: 1. Chromumnetal, 3.5 nmthick (absorber |ayer 1) 2.
"MF2, &3 qmilugdr (Hhgheeld i ovp azy@épé?étfveﬂr Ui e N adme e NOvbhegk
(reflector |ayer 3) 4. Fez03, 500 nmthick (magnetic |layer 4) Total optical
path atiofiawRiidnalbe ieaeefrRetunh GHANT HeheeSTme nkyRe @%/ CREWERs 0

Aiter REUEINGE GRRNLEE 2 A DO fred PRk ABR ARSI Ing R R
gl ue camoArit Domahds apayéeddn-wemetiy OVBUMEnts using a hot-stanping die

of elongated form to forman optically variable nmagnetic track.
Aut hentication information was then magnetically witten into said security

track. Mof@tﬁ?éz@@&’éola st SETERNE D 3Rt bri AF by %@?eﬁé@é‘ﬁﬁw tegke EAS

green-to-blue OvP foil 1n a variant of the second ed enbodi ment of a
magnet iRagDELic OVPt | Iayeaseragﬁewlstml@rlaYeMSotlsm@BwstihemafagnBalc

functi on~c ier. The ons of a Barkhaus ctive EAS |
FesoCoIé;ang?o %er? o'f“?%%% %§7t1§ c ?c?@'i“?yoﬁlgg ‘? ?%llé ngT’ﬂ%ﬁ%ﬁSw ng
sequenarat@sisEppssied by ¥ei~ec&f Qﬂa@e@m@smﬁéeﬂal hesyrefu LYREORELEOBeONt 0 a
rel ease-coated R carrier foil C, as follows 1. Chromumnetal, 3.5 nmthick

(abscwtﬁﬁtn%&eﬁd1§c9ntNbgzeaQESOHh$¥H?Eks?ﬂﬁéﬁﬁé@rﬁ%oma9%¢h29t83rAPMn1num
metal, AQ e tOE Coh LRRLBEEPE hAVEFids. Said magnetic layer 4 may be

multi-layer stacks, preferably layered superlattices. Layered

superlattices have been shown to display unusual electromagnetic

" effects, such as Giant Magnetoresistance, non-linear high-
frequency response, unusual nuclear magnetic resonance signa-
tures, etc..

The magnetic OVP according to the invention may furthermore
carry additional overt or covert properties, such as indicia,
micro-texture, luminescence, radio-frequency or microwave reso-

nance absorption, etc..
' Examples

In the first preferred embodiment of a magnetic OVP, depicted in
Figure 2, the magnetic layer 4 is comprised within two totally
reflector layers 3, 3’ of the OVP stack. In order to provide for
optimal conditions of both, the optical and the magnetic func-
tion, the “standard” OVP layer sequence chromium / magnesium
fluoride / aluminum is used to implement the optical function.
The aluminum layer is “split in two”, in order to accommodate

the magnetic functionality in its interior in the form of an ad-



4. Fe64Coz5SiloBI'S, 200 nmthick (first magnetic |layer 4) 5. Nickel netal,
200 nmthick (second magnetic |ayer 4) Total optical path at orthogonal

i nci denceyp go¢3sm The FesaCo~sSi 10B15 naterial can al so adyxpor@ssws| y be
deposited by argon ion-beam assisted thermal evaporation. After the
deposition being conpleted, the foil was applied to security docunents
using a pre-printed, UV-activated glue patch and a cold-stanping die in the
formof optically variable nagnetic segurity seals. If the nickel layer is
in a nagnetized state t he Fe60C0,,SSi .0Bl's layer will not respond to the

Bar khausen erro f|eI h is. gn alternatin netic f|eId
havi nglééL arLtl't.l éfef? n&j.}:lsq eeofe%mt h gi* fFom
" demagnegiguagt.i on cycle homever the Barkhausen active material can be

detected through its characteristic response. It is then protected again by
a remagneti zation of the nickel |ayer. WD 02/073250 -18 d ains

PCT! EPBY Q1580 ko d BRI f Wi MIdierd ergee. devine nslio 2 4T ew ng

angl e dependent col or - appear ance,” conprisi g nc udi ng

?t Iheas)tf @ Jniighd -:gsefdlefpﬁsmdl ,eficadicwed aynera (B:l,ra: )dlﬂeélttﬁﬁlﬁd xalt},eer b2
I ght transmttln j.electric |ayer 2' at east one 1|1 t_-absor bl ng
absor b&f Fagaest 11%‘ fhuorige ang @asftig%ﬁ‘fe Lanar (%)og\ﬂ;émﬁl?‘il%al d

magnet i dndy @he ﬁadqeﬁsgz eRAIAte g rn%[&rféﬂc?'rﬁ‘é&éffal e adpos e d,

reflector l'ayer (3). 2. Magretic thin filminterference device accordlng to
cl ai m Zollowest éﬁyh asaethaigrmﬁladta;zerla(yer b et ddbypuisam wia Hecawd

refl ect ) netlc rference, devic

nccor IS YR KH marek 'z 0 SRR it A E TR e dewr
magnet ilay®@at al’ @f acHEgiRin (hf&?tt&iermdépbs)ﬂf&d} St O OF En Ddle 1o I megdreseng  of

t he grovp con5|st|ng of iragn, cobalt, nickel, gadolinium 4. Mgnetic thin
filmi V& MAHeHce 38K Eakeording to one of the clains 1 to 3, wherein
said nmagnetic |ayer (4) being an inorganic oxide conpound and/or a ferrite
of the formula Mre204 with M being an elenment or a cocktail of elenments se
| ect ed Theomkﬂidegidtrp tWen st iwi@.'.bmmdmﬁ yhaaramd tyrs of fddqpetdc s Fe,

Ni , d/ t of th | 3B50~ th, A bei
e: errent &'ﬁ.a&%g@é%%ﬁ% rn% eq(??%‘frﬁtsa %g%r:'tme%l? o?ﬁt?téﬁ@qv%f'pl%fm%e‘lr%g ﬁﬂﬁtar ged
i ons ofiroh, ldbbdlas, Riickél, J8c BU,ofch wegnddic 9114y¥, sieh ¥ ddabalt- BI}

and B belng an el ement or a_cocktall of elements selected fromthe WO
02/ 073Mskelyg gk Hpehretigen, terbium-iron, neodymium-iron-boron

etc.; or a magnetic refractory compound, such as a simple or a
complex oxide from the classes of ferrites, hexaferrites, gar-
nets, perovskites etc. can be used as the middle magnetic layerxr

between two aluminum reflector layers.
1. Soft magnetic green-to-blue OVP

In a first preferred embodiment of a magnetic OVP, soft magnetic
iron was used as the magnetic function carrier. A 7-layer se-
quence was deposited by electron beam assisted thermal evapora-

tion onto a release-coated R carrier foil C as follows:

Chromium metal, 3.5 nm thick (first absorber layer 1)
MgF., 385 nm thick (first dielectric layer 2)
Aluminum metal, 40 nm thick (first reflector layer 3)

Iron metal, 200 nm thick (magnetic layer 4)

nn » W OB

Aluminum metal, 40 nm thick (second reflector layer 3')



group of triply charged ions of {Fe, A, G, Ti, V, O, M, or Co}. 5.
Magnetic thin filminterference device according to one of the clains 1 to
4, wher eiyio 98026 | ector layer (3, 3') being sel ected fr eariEPe2/grsesp

consi sting of alum num alum num alloys,.chrom um nickel, silver, gold. 6.
Magnetic thin filminterference device according to one of the clains 1 to
5, wherein said nmagnetic |ayer (4) being a magnetic mufti-Ilayer stack,
preferably a | ayered superlattice. 7.1Magnetic thin filminterference
device according to claim®6, wherein said mufti-layer stack containing at

| east two diff t gnetic.naterjials or at Jeast. one magnetic magnetic
and at | eas ’oﬁégelﬁ’dn- gﬁ’é‘fictgl eﬁeé:iqn%.éﬁ\?e]lﬁ%omf%ﬁ?r%g i)ng a magnetic
thin-filminterfierentemdayte®, mpsiendf tibék cabbyoNar ABBbELSL OIBPES Shpwi ng
a vi ewi ngangl e dependent col or-appearance, conprising a nufti-layer stack
i ncl udi ng ag'OFé&stOmﬁé‘alli FRtly &t enthegonadl] darcddeangasr 539, m81.) , at | east
"one light-transmtting dielectric layer (2, 2'), at |east one

| i ght - absor bi ng absorber layer (1, 1'), and at |east one nmagnetic |ayer

(4), cafpersichg depatigriormfbeing Glmnmﬂjdbﬁeﬂg ahk aereint rﬂ:ic:Ln# Iepwddckl wag ?n)
one side of an _absorher |ayer 1) epositing a reflector |ayer (3
3") on’-?&‘Péfegi 5&&9 rqq'te I e(ré]fo;]? ,c'ar?zﬁ’“lf‘)lrﬂﬁﬁ%ing iy BRIt i ayer
(4) onygaigd'inehi®G And Bty cBmpositio@ 02/ 073250 -20 PCT/ EP02101586 9.

Met hod for producing a magnetic thin-filminterference device according to
claim8, conprising the steps of: d) depositing a second reflector |ayer

(3') on. sai i Ce L ayerzq , it 0 diiel ectric | ayer
(2") orrzltns%i %ars%%gﬁ% CSr:fef eectfolrr tafez%) %m%s#ianﬁﬁ%ee%%%d

absor bevH,ayagnek e dmyeat i seonthdl S atidikel ayatal 2' 9o yRIAGNEIdw- t hin
filminterference pignent, obtajned by conm nuting the magnetic thin film

i nt er f SAGFEE VI 6&"%?‘3% orartal @ PAGMETE . 1~ Printing ink or coating
conposition containing nmagnetic thin filminterference pignent according to
claim10. |2. Security docunent conprising a magnetic thin filminterference
devi ce Iof apfmntheay aramslant o thwheligist tphre fagresd i embddimdntd mf & ender ence

devi ce i.gﬁpboli {.0 ) trate b prd nti.ng .or _coati t.echni que or
by a trr{a%ﬁ-‘s#er t'ech ?%rgée\flcp?le grab‘{ W%otrg’astfearﬁ# n%o%a?l% R ag‘i&'st e .Aqa
| 3. Thi mddilum-icdeard erine opteMtakly sunhistsle gigrent, aripigieid  fuaiistsi ng a
fi-rst layer which ic&r;prises a ferromagnetic material_ and a second | ayer

conpr i SIFE FRSGSRA &Q EPFFTMAh LY rHRRP b - TG BN IAIRPY S | ecting
Pr oper tiaSna®led 190 A bWl Gt e dRITOMBGNEINE PIORREL I Sy#¥n L he Tirst

| ayer

In still a further variant of the first preferred embodiment of
a magnetic OVP, magnetic layer 4 was made of gadolinium metal,
to yield optically variable pigment which is ferromagnetic below

16°C, the Curie temperature of gadolinium metal.
2. Low-coercivity gold-to-green OVP

In another variant of the first preferred ewbodiment of a mag-
netic OVP, a low-coercivity, amorphous, Barkhausen-active EAS
material of the composition FescCo,sS1i10B1z was used as the mag-
netic function carrier. A 7-layer sequence was deposited by
electron-beam assisted thermal evaporation onto a release-coated

R carrier foil C as follows:



are greater than the ferromagnetic properties of the second | ayer, and
wherein the reflecting properties of the second | ayer are greater than the
reflecti Rgops/@Redet i es of the ffirst |ayer. WO 021 073250 pe2EP02/01586

PCT/ EP02/ 01586 |1 4. Use of the thin filminterference device according to one
of the clainms 1 to 7, 10 and 13 for authenticating an itemby its optical

I nterference properties and by its magnetic prop erties. |S. Use according
to claim14 wherein the interferencegjglevice is part of a coating
conposition or a coating.

. AF . AF AFY FLY. AL. A LI, A | . A9. AFALY. A3n AT %A
L AL AYL. Af 97, é’xromf\um fnetAEL @ nm th:.é? fA\ rstgabsorberSlgyer 5&\9 °

% 01GHOR] @dhlr&a,frphbim&xﬁa&m catdslUlmal]said raU £pdd ol cal cal] ca] ca] ca]
cay] cay cay cal cal cal cay cay] cal] cal] cal] cal] cal] cal] cal] cakl
| val gb] W] éaU}%@}@é‘]’-@a‘jﬂ@'ﬁPéa] ¢aUsateig af-k?é?@a}”@ﬁbf—cﬁg}-‘cé@l}’%mﬁta] ca] ca] ca

~]ca] ca] caUhcaU&.&g '£J5] C%]O%a]nﬁnaghﬁ.%w (iamg.@nrg%lc layer (492$%
5. Aluminum metal, 40 nm thick (second reflector layer 3')
6. MgF,, 440 nm thick (second dielectric layer 2’)
7. Chromium metal, 3.5 nm thick (second absorber layer 1)
Total optical path at orthogonal incidence: 605 nm.

The complex amorphous FesoC0:5Si10B1s alloy can also advantageously

be deposited by argon ion-beam assisted thermal evaporation.

After the deposition being completed, the thin film product was
removed from the carrier, comminuted to a pigment, and used in

* inks and coating compositions.

This material shows a sharp Barkhausen discontinuity on magneti-

zation change in the magnetic field range below 1 Oersted.
3. Medium coercivity green-to-blue OVP

In another variant of the first preferred embodiment of a mag-
netic OVP, a medium-coercivity cobalt ferrite of the composition
CoFe,0, was used as the magnetic function carrier. A 7-layer se-
quence was deposited by electron-beam assisted thermal evapora-

tion onto a release-coated (R) carrier foil (C) as follows:

Chromium metal, 3.5 nm thick (first absorber layer 1)
MgF,, 385 nm thick (first dielectric layer 2)
Aluminum metal, 40 nm thick (first reflector layer 3)
CoFe,04, 100 nm thick (magnetic layer 4)

Aluminum metal, 40 nm thick (second reflection layer 3')

o 1 s W N U

MgF;, 385 nm thick (second dielectric layer 2/)



| wmhc”Yal] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca!
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MgF., 385 nm thick (first dielectric layer 2)

. Aluminum metal, 40 nm thick (first reflector layer 3)
BaFe;;019, 300 nm thick (magnetic layer 4)
. Aluminum metal, 40 nm thick (second reflector layer 3')

MgF., 385 nm thick (second dielectric layer 2’)

g o6y U W

. Chromium metal, 3.5 nm thick (second absorber layer 1')

Total optical path at orthogonal incidence: 530 nm.
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After the deposition being completed, the thin film product was
removed from the carrier, comminuted to a pigment, and used in

inks and coating compositions.

An optically variable patch containing magnetic OVP manufactured
according to this variant of the preferred embodiment was suc-
cessfully used as a track for irreversibly written magnetic se-
curity information, e.g. hidden authenticating information in a
credit or access card. A special, not commonly available hard-
ware was required to magnetize the 3000 Oersted coercivity bar-
ium ferrite material, in order to write said security informa-

© tion.

The OVP according to the foregoing embodiments can be incorpo-
rated into inks or coating compositions and applied to articles
by any printing or coating method, such as intaglio, silk screen
or transfer printing; alternatively they can be molded or lami-

nated into plastic material.

The present invention also discloses optically variable foils
having magnetic properties, which constructed according to the
same principles as said optically variable pigments. Such foils
noteworthy comprise an at least 4-layer stack, comprising an op-

tical part and at least one additional magnetic layer on top of
it.

More than one magnetic layer 4 of magnetic material may be pres-
ent in the optically variable foil. in case of multiple magnetic
layers 4, said layers may be adjacent to each other or separated

by layers of non-magnetic material. The magnetic layers 4 may
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terials. The optically variable foil according to the invention
may furthermore carry additional overt or covert properties,
such as indicia, micro-texture, luminescence, radio-frequency or

microwave resonance, etc..

The magnetic layer side of the foil will be applied onto a sub-
strate, using an appropriate transfer technique, such as hot- or

cold-stamping, in conjunction with an appropriate glue.
5. Medium-coercivity gold-to-green OVP foil

In a second preferred embodiment of a magnetic OVP, a medium-
coercivity iron oxide is used as the magnetic function carrier
“in an OVP foil. A 4-layer sequence was deposited by electron-

beam assisted thermal evaporation onto a release-coated R car-
rier foil C as follows:

1. Chromium metal, 3.5 nm thick (absorber layer 1)

2. MgF;, 440 nm thick (dielectric layer 2)

3. Aluminum metal, 40 nm thick (reflector layer 3)

4, Fey03, 500 nm thick (magnetic layer 4)

Total optical path at orthogonal incidence: 605 nm.

The Fe,0; material can also advantageougly be deposited by argon
ion-beam asgisted thermal evaporation.

After the deposition being completed, the foil was coated with a
hot-melt glue composition and applied to security documents us-
ing a hot-stamping die of elongated form, to form an optically
variable magnetic track. Authentication information was then

magnetically written into said security track.
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6. Activatable-deactivatable EAS green-to-blue OVP foil

In a variant of the second preferred embodiment of a magnetic
OVP, a multilayer magnetic material was used as the magnetic
function carrier. The device consists of a Barkhausen-active EAS
layer of FegoCO158i10Bys, followed by a low-coercivity nickel
layer. The following sequence was deposited by electron beam as-
sisted thermal evaporation onto a release-coated R carrier foil
C, as follows:

1. Chromium metal, 3.5 nm thick (absorber layer 1)

2. MgF,, 385 nm thick (dielectric layer 2)

3. Aluminum metal, 40 nm thick (reflector 1éyer 3)

4. FegoC0158110B1s, 200 nm thick (first magnetic layer 4)

5. Nickel metal, 200 nm thick (second magnetic layer 4)

Total optical path at orthogonal incidence: 530 nm.

The FesoC0158110B1s material can also advantageously be deposited
by argon ion-beam assisted thermal evaporation.

After the deposition being completed, the foil was applied to
security documents using a pfe—printed, UvV-activated glue patch
and a cold-stamping die in the form of optically variable mag-

netic security seals.

If the nickel layer is in a magnetized state, the FegC0:581i10Bi1s
layer will not respond to the Barkhausen interrogating field,
which is an alternating magnetic field having a maximum field
strength below 5 Oersted. At the end of a demagnetization cycle,
however, the Barkhausen-active material can be detected through
its characteristic response. It is then protected again by a re-

magnetization of the nickel layer.
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1. Magnetic thin film interference device, showing a viewing-

angle dependent color-appearance, comprising a multi-layer
stack including at least one light-reflecting reflector layer
(3, 3/), at least one light-transmitting dielectric layer (2,
2’), at least one light-absorbing absorber layer (1, 1’), and
at leagt one magnetic layer (4), wherein said magnetic layer
(4) being separated from a dielectric layer (2) by a reflec-
tor layer (3).

2. Magnetic thin film interference device according to claim 1,
wherein said magnetic layer (4) being disposed within two re-
flector layers (3, 3’).

3. Magnetic thin film interference device according to claim 1
or 2, wherein said magnetic layer (4) being of a magnetic
metal or a magnetic metal alloy comprising a chemical element

of the group consisting of iron, cobalt, nickel, gadolinium.

4. Magnetic thin film interference device according to one of
the claims 1 to 3, wherein said magnetic layer (4) being an
inorganic oxide compound and/or a ferrite of the formula
MFe;04 with M being an element or a cocktail of elements se-
lected from the group consisting of doubly charged ions of
{Mmg, Mn, Co, Fe, Ni, Cu, 2Zn} and/or a garnet of the formula
A3Bs012, with A being an element or a cocktail of elements se-
lected from the group of triply charged ions of {Y, La, Ce,
Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, or Bi}, and B

being an element or a cocktail of elements selected from the



.ggghhiiiidE/ 10M

10MD10%VKE' () - 2&$10%VE' () - - #10%VE' () - S$10%VK' () - FS$10%VE' () - FS$10%WKE' () - Fi i
i ] kkxV4lo 03633485 10%&' () - ! @10%&' () - @O%& ()-"" 10%Z& () PCT/EP02/01586
109%Z& ()- 109%Z& ()- 10MK& | >mMmoooo}*SH= 10!x 10Z 10Z 10ZS 13$10%Z& () -

@) #109%Z&' ()- @, #10%Z& ()-z!i @10%&' ()-!s@10%& ()-ooooopqdESH= 10! x
10ZZ"10%Z& ()- @"10%Z& ()-"L10%Z& ()- @O0%Z& () -

10%Z& () -L10%Z& () -qqlrpr %stuur<.= .19-

101 f2" 109&' ()-!'US, "10%& ()-, &2"10%Z& ()-4S$"109%Z& ()-!$10%&' () - SL@10%Z& ()

g 40 RO ol R R % QeI O

or Co}.

5. Magnetic thin film interference device according to one of
the claims 1 to 4, wherein said reflector layer (3, 3’) being
selected from the group consisting of aluminum, aluminum al-

loys, . chromium, nickel, silver, gold.

6. Magnetic thin f£ilm interference device according to one of
the claims 1 to 5, wherein said magnetic layer (4) being =2

magnetic multi-layer stack, preferably a layered superlat-
tice.

7. Magnetic thin film interference device according to claim 6,
wherein said multi-layer stack containing at least two dif-
ferent magnetic materials or at least one magnetic magnetic

and at least one non-magnetic material.

8. Method for producing a magnetic thin-film interference de-
vice, made of optically variable pigments showing a viewing-
angle dependent color-appearance, comprising a multi-layer
stack including at least one light-reflecting reflector layer
(3, 3’), at least one light-transmitting dielectric layer (2,
2’), at least one light-absorbing absorber layer (i1, 1’), and
at least one magnetic layer (4), comprising the steps of:

a) depositing a dielectric layer (2, 2‘) on one sgide of an
absorber layer (1, 1’),

b) depositing a reflector layer (3, 3’) on said dielectric
layer (2, 2’), and

c) depositing a magnetic layer (4) on said reflector layer
(3, 37).
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d) depositing a second reflector layer (3’) on said magnetic
layer (4),
e) depositing a second dielectric layer (2’) on said second

reflector layer (3'), and
£) depositing a second absorber layer (1’) on said second
dielectric layer (27).

10.Magnetic thin film interference pigment, obtained by commin-

uting the magnetic thin f£film interference device of one of
claims 1 to 7.

11.Printing ink or coating composition containing magnetic thin

film interference pigment according to claim 10.

12.Security document comprising a magnetic thin film interfer-
ence device of one of claims 1 to 7, wherein the magnetic
thin film interference device beiné applied onto a substrate
by a printing or coating technique or by a transfer tech-

nique, preferably hot-stamping or a cold-stamping.

13.Thin £ilm inte;ference device, such as a foil or a pigment,
comprising a first layer which comprises a ferromagnetic ma-
terlal and a second layer comprising material selected from
the group of material having reflecting properties for light
and wherein the ferromagnetic properties of the first layer
are greater than the ferromagnetic properties of the second
layer, and wherein the reflecting properties of the second
layer are greater than the reflecting properties of the first

layer.
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14 .Use of the thin film interference device according to one of
the c¢laims 1 to 7, 10 and 13 for authenticating an item by

its optical interference properties and by its magnetic prop-
erties.

15.Use according to claim 14 wherein the interference device is

part of a coating composition or a coating.



