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1 SECURI TY DOCUMENT W TH UPCONVERTI NG MA TERI AL Thi s
invention relates to security docunents and is
w@aoosiosasBar |y concerned with providing a secur PCAU2004/001365
docunent with a covert securqity device which is
detectable in order to verify the authenticity of - the
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stable energy level, the material emlts a photon of an energy level that is higher
than the individual energy of the two incident photons.

Upconverting materials generally have an unusual structure, and examples
of such materials include crystals or glasses doped with ions of rare earth metals,
such as ytterbium (Yb) or thulium (Tm). The energy level of the emitted photons,
and hence, the wavelength of the light emitted from such upconverting materials
is uniquely characteristic of the particular upconverting material used. This
makes upconverting materials of particular interest as covert security devices for
the authentication of security documents.

Hitherto, there have been proposals to use inks containing upconverting
materials as covert security devices in security documents. However, this has
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makes upconverting materials of particular interest as
covert security devices for the authentication of

W@ e@ansasy1 docunents. Hitherto, there have beenPCT/AU2004/001365
proposal s to use inks contaising upconverting
materials as covert security devices in security
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SIGRHOARGB S SHiGIaR D SEAN to Bt dateR B Bppfordiits anpepsiys. Thus
a ngGIll lﬁHrcfoﬂ‘P&n@gtéﬁﬁpéﬁrWérrﬂl hY ﬁﬁféﬂﬁné nofl Ubﬁaﬂ&ﬁépbi‘éﬂ over the

I sadvant age t the signal "emtted fromt
wholpcsmme |qﬁghaas@crurmy dosumediyt. ddthis thals! maa\msad\d@@tage that the
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enhanced. Accor di nbgeto one aspect of, the invention

t helte 1§ s asicovferita SEQ,UPTQ\Q' BocRRARIEY cgﬁﬁﬁ‘m&nﬁg cghtaining  an
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re%ggqt){lg\l/neg I% ggl%aentasg t oF ?l'nteon{vg%tlgrl{b?ﬁér%t f prowded "a security
document comprising a substrate including at least one layer of polymeric
material and containing an upconverting fluorescent material, and at least one
coating containing a refractive pigment applied to the substrate, wherein when the
security document is exposed to electromagnetic radiation of a particular
wavelength the upconverting material emits a signal of electromagnetic radiation
of a shorter wavelength and the coating containing the refractive pigment
enhances the signal emitted by the upconverting material.

The substrate preferably includes a polymeric base layer. One example of

" such a base layer is a transparent biaxially oriented polymeric material of the type

described in WO 83/00659. However, other types of base layers, for instance, of
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security docunment is exposed to el ectromagnetic

radi ati on of a particular wavel ength the upconverting
wWoreaos0smBl1 emits a signal of el ectromagneti c raPlCBHAU2004/001365

of a shorter wavel ength and ghe coating containing the

refractive pignent enhances the signal emtted by the
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Conveniently, the refractive pigments and binders are selected to be
substantially transparent to the excitation wavelengths used to excite the
upconverting material. The refractive pigments are preferably selected such that
the difference between the refractive index of the pigment and the refractive index
of the substrate is large. The difference between the refractive index of the
pigment and the refractive index of the binder is preferably also large. In a
particularly preferred embodiment, the refractive index of the pigment is at least
0.3 greater than the refractive index of either the substrate or the binder.
Examples of suitable refractive pigments include titanium dioxide (TiOz),
calcium carbonate (CaCQs), barium sulphate (BaSOs) and zinc oxide (ZnO).
Examples of suitable binders include acrylics, polyester and polyurethane or
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Conveniently, the refractive pignents and binders are
sel ected to be substantially transparent to the
wex@bsnsson wavel engt hs used to excite the upcPCIV/AD2G0MG01365
material. The refractive pigents are preferably
sel ected such that the difference between the
: I Pt kel
S Dl T b lE BB RY A b SR e oY Srosslinking
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greater than the refractive rndex of either the

prirdalpletaustaseor t he bi nder. Exanpl es of suitable
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acrylics, polyester and pol yurethane or4 fl ml a
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ne condensates an
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chosen so as to i rqve th%resmtan e of
t

wi t HRIUPPAPETHNG gnaipdak My e AncPgre F’g)ﬁ“ﬂt Ene ﬂe%taispgne layer
of 6(5?%’11%F|@'?‘¢ateﬁéf iR tRPe R ERIGh ?Fcﬁ:es‘éc CPhidiig %ah‘ibuﬁéw B@Iﬁvenlent for a

e Invention, there is provid met hod of
seommﬂacumenhgvmcrs@aaratcp @@mmtbasenlpyes ang/or at least one co-

eXTE{qp%QQ|y€1eﬁgflé§)qsr;q§r%§/ﬁ§gg$ri)gg%ﬁ% \Y/ 5 ﬁ{g%g@:ﬂerﬁﬁg material is
pre%@@rvﬁrfe*sbﬁgm‘ swal %ﬁﬁﬂﬂile;ﬂm Qlﬁe fﬁolyrﬁeﬁ@ enateribkaft pantular, for

| ayer of polyneric materi al applying a refractive
transparenly substiataseatite cBOY fCafcéJR?anf:‘H@% ubaterial eis Tyeferably

GBSV SHATS, T8 P B P Fb Yhifeh Bcre. 1

ond®prsi@A&d ehtibGdimenpahé lCOhb@ﬂl‘a’ﬂ@@Of/HpC@INel‘fmg rraaterlal IS not more
securlti%/docurrent whi ch has a co- extru]ded ase |la

thagnahait 1% Py aNeIObh ! BEXRAIVIEIIC, BIajRURl @nchiigre preferably falls
sut%ft&;(ﬁéingmn%B gb3Ysh: q-Bh it 08Py 'a’%uﬁ'@tﬁ%aﬂ)y Mizight of

prefe y presen SR quantities in
thepmdlymreric enatetialc i al . n particular, for transparent

o col b e ruEOR, Biaerepy T PEoRueTing, BTRReL imprelergply mixed

e D, 48, SO0 ROSRICAYAIGIE, af PTsascos through tho
extupternandt dieg. nethisi assists motoredueing a uniform distribution of the
upconverting material throughout the at least one layer of polymeric material.
Suitable apparatus for achieving this may include : scroll dies and barrier or twin
screw extruders, eg. of the Werner Pflieder ZSK type. The upconverting material
may be added to the polymeric material in the form of a master batch, for
example through a loss-in-weight screw feeder.

Preferably, the upconverting material is mixed with the polymeric material,
eg. in an extruder barrel, at an elevated temperature. For materials such as
polypropylene, typical extrusion temperatures may fall substantially within the

range from about 230°C to 250°C.
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t han about 1% by wei ght of the polyneric material, and
nore preferably falls substantially within the range
wo csosdseut 0. 0025% t o about 0.25% by wei ght 0OPCT/AB2004/001365
polymeric material. n the exrusion process, the
upconverting material is preferably m xed uniformy
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ola fb eta e Aoreiieiels dehes uft ioo8 §F Lbitecidas, eo-
TmPNiNGBHPNERY IS, AfHdRigh ¢H/RtIs/Ibpealr WitklioRS df Wofne transition
screw ext _rzuder_,os, eg, of "the rner Pflieder ZSK type. o
metetie @geomiver tNitlg sraaf Rebdayada@lpa ooeer found to exhibit

o PEAF PR 2o f e OB g 8 ool sucn
ion&risdlaaaMayides heudhpa® MEMACRY CEMACI;pICsMnBIsx @idvRbiMnCly, and

the polyneric material, (\alg.@m an extruder barr?l, at .
tungstaie «rustals, teipheratNa¥. (VEQn)arat lexampless @& rsuiiable upconverting

. . " | N
T D e L

C. SinAhg cazevafrd biakiallp oviented polymeriesubstrate, tiee enisilsstructure
or BENoraSSiasRotorel RSabbEbe8chel o S TlBplse voias or a
28 S, SonEFidingare SclangEprses s dpARanari i o

cr yAteorsingoiweal fuvithdr aspest of therieventionsithenisnpravided a method
eqg., .Ti Ni M.,.and Re hgve al so heen found to
of ity the gL Re SeenBy S ReREnaddBE: ¢rystal o
whi e VA : i : Iy taini
LG RNl N ot oeee ol oontaning an
upcanvegsing tuoegeeniigatesakh as Nay (WCU) . Exanpl es of

o1 el B RUBS By R NGEE e BPating o' cifaining o
reflticBvé didre®tt | ented pol yneric substrate, the crystal
str uc?ure of the upconverting nmaterial is prefer

sel @¥IQRING dthas UpSRNvastiRg aateiald 40 o?leatrpm%ﬁﬂes?abéigﬁon of a
solg B AN e, IR SRS ThageRasshel b 21

I nveetecting d signal io$ glectvordagneticeatizdioof ensttéd yfrorg theeexcited
upggl{vg%?rsd ?rllattériglf ataass %llj'treirtvyavdeolgHg n%he{:not éiv?ai\Pe%ngth selected to
excite the upconverting material.

“In one preferred embodiment, the electromagnetic radiation selected to
excite the upconverting material is infra-red radiation, and the signal of
electromagnetic radiation emitted from the upconverting material falls within the
visible spectrum. In this case an infra-red laser may be used to excite the
upconverting material at the selected wavelength. It is, however, possible to use
an upconverting material which is excited by electromagnetic radiation in the
visible spectrum and to emit signals of ultraviolet radiation.

It will be appreciated, that by selection of particular upconverting materials
which absorb and emit electromagnetic radiation at different wavelengths specific

to the upconverting material selected, it is possible to provide a high degree of
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providing a substrate including at | east one polyneric

| ayer containing an upconverting fluorescent nmaterial;
w@e@soshsay t he substrate with at | east one opaRCT/xiUny4/001365

coating containing a refractgve pignment; exposing the

upconverting material to el ectromagnetic radiation of
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at the selected wavelength. t is, however, possible to
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t
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upconverting materials which absorb an
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wﬂﬁ%eé‘écBhe érﬁbéé]ﬁe‘h‘?%?ﬂw\éqmﬁﬂgoﬁaéﬁd' al selected, it is

sible to provide a hig egree of 6 security as it
wi | Fighee @i isf acaﬂctlonaxlr vieoutireugbi a eesurity depuagu dn tagsordance

Wi BBl R B e KGR Ca. 't 15l so possible for

theTRd deBafify @OCUrRBRCT fsoveh GOFigine 1§ CdrepRsEY aeslistrate 10 in
that 1t only partly covers the substrate. n this case,

thesfcg“maloé aftratispaandnpolymedegbase dayer d@, fan mpasdying coatmg 14
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to tﬂéﬁpﬁbﬁﬁﬁg&iﬁaﬂﬁlg nandrs egth sive bhilendocumant 1. now be
descri bed, way of exanple only, with reference t
C heThe domsmbyaly 12 Sanies. an_ dPRemerting, flustpepent, material 18

dlSéSl%teldOUﬁ]lfOI‘YTll \AfVYHHU@‘é%F thé nfgargé etﬁ?gﬂﬂ*rhéné%éf@?@ fbfning the

ccordance rst e e i nvention;
base layer 12. The upconverting material 18 is preferably of the type which

absorbs electromagnetic radiation at a selected wavelength corresponding to a
low energy level, eg. infra-red radiation, and emits electromagnetic radiation at a
shorter wavelength corresponding to a higher energy level, eg. in the form of
visible light. The base layer 12 is preferably formed from a transparent biaxially
oriented polymeric material, such as biaxially oriented polypropylene, though
other materials may be used.

The opacifying coatings 14 applied to opposite surfaces of the base layer
12 each comprises at least one refractive pigment, such as titanium dioxide,
dispersed in a polymer or resin binder. As shown in Figure 1, the opacifying
coatings 14 and the indicia 16 printed on the coatings 14 are applied to the
transparent base layer 12 in such a manner as to cover the base layer 12 only
partially, leaving an area 13 of the base layer 12 uncovered to form a transparent
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Figure 2 is a sectional view through a security
docunent in accordance with a second enbodi nent of the
w0 poosnsasen; and Figure 3 is a sectional view tPCDAYR08/001365
security docunent in accordance with a third
enbodi nent of the invention. The security docunent 1
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rial 1 dispersed uniformy throughout the
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| evel, eqg. infra-red radiation, and emts

Pregrably; dhagcmqeatraw & ite, Laacoavgﬁmg dnatggiab 18nis; Rot more than
aquLﬁr‘f S rWél BP tﬁ'e E)'toﬂ}?%rlce Efds”cé@ﬁl 2 %ﬁjm eﬂTe bﬁs? hﬁy%r 12, and

ormo VIS ayer IS prefera

mofe)prmdrdlbhofalla wlltmnsmarmge frolax adloluy OcﬂOZﬁ%etd (G85%nky Mcelght of
materi a such a s biaxially oriented polypropylene,

thetﬂ’?&(f@ﬁ”% fderidlat eri al s may be used. The opacifyi ng

Coqhi s \/Merﬁi@@ bl@éiretdotoq}é‘?ﬂfiﬁé RS RR ? dtfthé Rechagedocument

Iayer 12 eac conpri ses at east one refractive
1 apugiramed soucde 28, siaheas aminfraoreddaser, spattingdiniia rgd radiation of

= oBRat Fpvlerlh Png® 1560 18 90 e Dpofiérindimbliia 18 im the

baéé‘%yéPQE'déﬂﬁslrﬂg‘Ht%%nﬁpﬂblbﬁéjllglﬁ bitmaly 2RI patticoiavavelength
layér 12 in such a manner as to cover the base | ayer

whmn de@@nctaauppm ihg, pa@lsuianngmweéﬁngsnaterﬁhdEb&&@ersed in the

wanRERRRbPER PR 17 o atb et 25 858 s Sistect an be used to
det\ét:m’rﬁbNIlPﬁ signals i de @rnmedttby ttb’e depcorevetiing suateriab 18nin order to
optically variabl e device (OVD), or an enbossing,

verﬁyélw authesiicisy of thestecyrity dpumeBt &t the uncovered area
2 P b tRol 34 g A 5 EIRERAR B wtvr corans
a higgrin r@frat&weqjlgmleat s Ti04, ﬁaﬁ@@nBaSO4TIZa§|Q;pwmréy dlap@rses the
VISIn?e I|ght S|gna s I%rZeeSrﬁlr’gtted by t}‘ng%p%gﬁ%elrtﬂg ma erlal 12? %L}f a?so enhances
or amplifies the emitted signal 22. This has advantageous effects in widening the
area over which the signals 22 are detectable and reducing the lower detection
limit (generally defined as the signal level detectable at a value equal or greater
than 3 times the background noise signal). This also enables the concentration of
the expensive upconverting material 18 in the base substrate 12 to be reduced,
which is also advantageous in the case of a security document 1 formed from a
transparent base substrate 12 and having a transparent portion or window 15.
A further advantage of the embodiment of Figure 1 is that because the
upconverting material 18 is dispersed uniformly throughout the base layer 12, the
signals 22 emitted from the upconverting material 18 can be detected at any

location on the security document 1. It will, however, be appreciated that signals
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quantities so that it does not affect the transparency
of the base l|ayer 12. Preferably, the concentration of
W b@sogasenverting material 18 is not nore thanP@au2o0ddh1365
by weight of the polyneric ngterial form ng the base
| ayer 12, and nore preferably falls wthin the range

emfitEéHT?r?tH?féfreQ o@ﬁ‘%ﬁo%vﬁ 20 Mot MRl AEtréhg bﬂm@ﬁ]gﬁ@éb%nce of

materi a n use, en it is desired to veri
thecopddifytnigodaafingf14t with sefcaativieypigowanidémthat ai@ai nfra red

7 e TRl reBn v aR I harBrudaifongi, ot 1Bd FibdR emitec
frofXfid eotdledUREP My iebléred i bRlthé sublerabn$®ay a¥Ry bd2used for
causing it to emt visible lelu'ght signals 22 of a

authenticatingpariavier eeeurity @gerdgmeapends upon the

P A RSP R B B SRSTE ] B socury
doéighent 21in acesrdance! 96l the idebation.t Mael sapurity dgoamen? 2 is similar

emtted by the upconverting material in order t )
to thatiafyFigwe handerrrrespopdiyd trﬂf@r@@%ﬂumﬁrakch%%e_ent applied to

e singl ; b h
colfShaitin paHP; TheteRfio, Y Seblity Ao BN DYnbedEE KA taver
12 I foﬁm@@h fror&ajSGranQp@enh cpidolymleyicdnmbem' ialesontaming saml pconverting
i ght signa 2 emtted by.the ypconverting material

fluargoBtmaleds! 48 ol T comngS 1S4 b AN TEd & (Ghaese laver
1228nd Hifida 1851 2 PHARESEHESoSALIRAH cb&tiM‘?@'Wi ng the area

over which the signals 22 are ‘det ectabl e and reducing

t heThevgacudit docuroant Rndliffe () éroen dhat ofi dfigured1 48 thak the further

BT yansient ReSEE Palinidl 25,45 A8 oy Mot h§ ¥l surtace of
theePadd e5/et R oA b@MngitéfsdHWa@é AeNWithethe opacifying coatings

upconverting nateri al in the base substrate 12 to
14 ppplied e te owiar swiacesavidbe eplymesigdayrisidd, 2% case of

as f . .
subd T AeEH P BVERE 26 28 ) BR3BRRFA i3, teast one
co-polymef, urBixaeples \uinguigble o diaeeobeditentls inélubiegyobyptopylene,
is that because the upconvertipng nmaterial is dispersed
polyATHARTIA 97 FANSIAGH BRI ATBS B SHIcN POl DU ante Sy Do
e AhBthor affoldifteURE QRO IAJPBNER ifbs 1 $30uiRe 2, i that the
etected af any location on the security docunent 1. t
opatifyling boatingen4' &red apficiacicitadonbatidsiofibé s8betrate #@' (the lower

sicord) B h s P BB de Ry e e gL Ao e Polyfridrio layer
26", eThaJda¥RyiRh TRAhg 114 ARRINAICRR16 on the other side of the substrate
10' (the upper side in Fig. 2) are applied to the surface of the polymeric layer 26 in
such a manner as to leave an area 23 of the surface of the layer 26 uncovered to
form a “half window” 25 on that side of the security document 2. The uncovered
area 23 or “half window” 25 enables an observer to view the security device 17
from said other side of the security document 2, but the security device 17 is
obscured or at least partially obscured by the opacifying coating 14' and indicia
16' on said one side of the security document 2. The security device 17 may be
provided on the outer surface of either of the polymeric layers 26, 26' or even on
the outer surface of the base layer 12.
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The differences between the respective strengths of

the signals emtted fromthe covered and uncovered
wW@e@a®3881 t he substrate may al so be used for PCT/AU2004/001365

authenticating particular security docunents.

Referring to Figure 2, there is shown a nodified

teggﬁ?l nﬂ\@%ﬁr@%o@q}ﬁ&ﬁl&f' uqurgelcgﬂ@rﬁutﬁehﬁblwqw%@é@nw ddtument

e secC |ty ocunent I's simlar
2 mawtbeo%rﬁle@ljbye diregiidg dofra aeg oratiiatipn &fosn erc infraumed slosirce (not

onct o 2 B S S5 ERAEERS B Soing§ 958 (i o

shdvit iR fid 2P BetdcRMgRASIBARISRETHEd FronTie iU tp@bnvertmg material 18
contai nl ng an upconverting fluorescent materi al

dispersedfiy thgybasmtayeyd 210f tha subsiraiech0'si de of the base

layer, 12 |
I ke BB EL Bty 0 6 RESg ol AR BCLIAAS siona
emﬁfed':frghlf thelatga bhéie ha# windowers! ayehe side tdfahs doctntent 2 on
meric materi al 26 26' are ?row ded on

wh@brtﬁa@@a@ffyma €ogiing Maped indicta, 16'dp mwlleenﬁ"@s\ ihé% signal emitted
in tgg k?éél()ﬂtoef M8 ki \R/P\‘aowjf@'rf We’blrgrrfb%l?ﬁrhaﬂ?oﬁpi@h;%q t-ﬁ}hé Bffferences

sur aces of the ers 26

betWe@nStherreMeqmb)simngd:hé afylﬁe&@ﬁalszﬁhlt’miyfrmm dppasite sides of the
fromat | east on

. Ex |
subsdraieen; hemgfed i el E\@Lfﬁ@gﬁ%@w%og@%ﬁg U588 authenticate
pal*ﬁe{%ﬁts@éﬁluﬁg%o%ﬂﬁ\érﬁ{dom co- pol yners, such as

utyl ene-ter-polyners. Another difference is shown
in tbrwiuerindweves, be Epmwcataj thattmaieatdhef G dalff windpw 25, the

se%@\éppgltlrgembg cgtl-i-ﬁagrl C ayS ri%_e gf v&ln %%ﬁ ﬁbe embodiment of

FigaRPHi ef i§ %Mb@gsnbtéefcﬁrtherdpaaﬂyirfg:@oafngéwmpquyr@bmappned to
Iayer 26’ opaci fying coating 14 and indicia on

coverdhemére swa@cea oft the ralyseriatlayars 28.:3f sagpat neivdedeyy or half

2 applied to the surface of the polyneric
W'ngg"e\s FQ'g\a?lldﬁdwch a manner as to | eave an area 23 of

t heRéféfrﬂﬁngqflg@ﬂéey e |§@hm¢|®\aefmmar09rhbommehth®ﬂ & security
wi ndow' 25 on that side o f the security docune
doquiaeningd o @ceardaneg withy the jipventignaddie @%ﬂgﬂ%ﬁ %és a°'|'f“'|a" to the

emglggg‘ﬁ%ftr tot]gFlébFeWé N %%%h%c%ngﬁdociéfé‘r%ﬁ@é Sr%rﬁepélgeﬁave been

eécurity docune e securl
applied twe céifessoraling waets. dihesdfoteatite pacuiityl dichbenhﬂdzdas a base
aC|fy|n [ 14' and indicia

layBha e DMeTE 16, S G 114 NIBRGRP Vo e Bredgtah SRy ded on each
sid@edf'tﬁg H%&Jﬁzerlp{ 2"1&%1 )f:cgfns Qrzbomlfoﬁt{% ?ﬁ%@ﬁt@iﬁ@ p&Eibyirey coatings
14, 14' are applied to the outer surfaces of the polymeric layers 26, 26' and indicia
16, 16' is provided on the opacifying layers 14, 14', eg. by printing.

The security document 3 differs from the embodiment of Figure 2 in that
the upconverting fluorescent material 18, 18' is dispersed in the polymeric layers
26, 26' rather than in the base layer 12. It has been found that if the opacifying
layers 14, 14' are in intimate contact with the polymeric layers in which the
upconverting material 18, 18'is dispersed, a stronger signal 22 emerges from the
security document 3 when the document 3 is exposed to a beam of infra red
radiation 21 from an infra red source 20, than the signal emerging from the

embodiment of Figure 2.
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the outer surface of the base layer 12.9 As in the

enbodi nent of Figure the authenticity of the security
waelowans2ssl 2 may be verified by directing infraPeBaU2004/001365

radiation froman infra redqgource (not shown in Fig.

2) onto the security docunent 2 and using a detector

(al $Re E%(?uﬁtﬂ] uribrft PImay inelutrd 80| 'V\flﬁgéwsd SJMhSthe opacifying
enmitted fro e upconverting material dispersed
coatimgsbtd,e14'agrat inwficia his, slﬂbsbelageomltted trharmdat ﬁénpf dine outer

u Si b et ect a er sjgnal
suriagh, 8 e GonTRE T 28 n2EH HEVINg dRouTossbh CEYGE 17 in the
w1rfdo@ﬁ19fV|é|BI% ASBUWBRA sidedt e @Bchhférﬁl@c pfitgirietivesatthd Gecurity
and indicia 16" is applied, than the signal

docamwemtea may bae adwilioningpw withi enly anendiothe epagitying coatings 14,

%’gsiﬁ@g{@ \Béd fgé gﬁ%o ﬂh-gh'%%guslftg Q@&g?n??ﬁ{eygfgof‘éb%mble for the
opaHyirej Iceatihgtesi4of14' e belhgbplidce td ncdvee tceantife tsbefaces of the

hal f_ wi ndow may al so _be used to aut hent| cate
polwmetnpcl@wars 260178 5p that e nvindow gr) hall ywipdowy is peesent in the

sodhfy SPohEAL o hBSL Bl a e AL 130 B oy 12
theasubstratbetoebmwhnmwom aRi gpaqué. ort transhicent mnstenall esuch as a

for t aci f tings 14, 1 to
papdl, g TorBUerTRIcEAE VA cbe  sPceneilingy fRatpual Ape plovided in the
polgﬁerﬁoléﬁ(@?&? Loy %'n%waofraﬁébéréﬂtngﬁé 'Iéyé’lr qu #ethot necessarily
eferri to FlgureS there 1s shown a further
reopuh‘edd/vlnmnthemé isang &duwindpwdiscinessaciaity doaymentiance wi t h

e hiohe SProdRePS Tant ol Pl hBe Hraons may be
ma@é%ftﬂbspl’éﬁéfﬁadoémboaﬁﬁém@ddéébrﬂjéfd ﬁémwnm@up@rebamng from the

Therefore, the security document 3 has a base |ayer 12
SCQ}?&JIM@?@WSE obwe presentinventiipar ent pol yneric materi al

ro f f
o ol T 50 OGP o whd BB YSEHAY{ 84 Ao n i
sp@a’ ifcatiopl iektbride tdeallowlternagivef ammbmétldbm gfoltwoeor anore of the
and indicia 16 is provided on

2
md@ygéglfsf%ﬁ@eqsz grw}t@ngg orjgvidepl ’frogg, the jtext; grydrayypgs. A\Fof these
s f
GBS pARRIERshuA RS bs IBMANR 8558 e phoion
, 1B willsaldo sipe uneldrstood hbapdhgrtermc“doanym&aﬂﬁ(,orﬂﬁ: grammatical

varﬂq,{g§er@]et {l]%gi h'ggs;g%g%,% %ailo}ll Is equnvalena(l tobﬁ’\e tgr(r)n n|‘|]Iwcludes and

should not be taken as excluding the presence of other elements or features.
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| ayers 14, 14' are in intimate contact with the
polyneric layers in which the upconverting materi al
waosas3i s di spersed, a stronger signal 22 enethab2004/001365
fromthe security docunent 3yphen the docunent 3 is
exposed to a beamof infra red radiation 21 from an
CLAIr_IY_?I gga red source 20, than the signal enmerging fromthe
ment of Figure 2.10 The security docunent 3 may
include a full wi ndow 15 with the opacifying coatings
14, fi
2, A]§Aé u?]‘igfj %%ﬁ%}rﬁ néﬁi\& Q%J‘Bgtrgfg ﬁrgtgﬁfbéh a’f’ é?e?s? f(]g\% layer of

pol&ﬁwericeﬂrattmltm sentainihy aiewpn@nilzértlrrg ﬂheremcedbme]ténal and at
visible fromboth sides of the docunent
leag} pRe FAliNG CONtaiTHRG & @ffﬁ?’ﬂ\/e WD%B@P@'%SP the\guibstraig.(wherein

whigh Y P RO R Ve, IARAC DY LRSI EARARAT Mulation of a
padiéular waa/edémgdh plos smpbbevéru ngt materiz @nhijs agsigmea taf rajectnmrnagnetic

to be |ed to co er the.entir surfa es of
radiEighet i 8 PRy MY SgAn I 9ATNFAGR G RG] i Tefractive

pig W'\élﬂ@ﬁh'aﬁc@é ?rﬁ—?é‘ibnérbrhht%cﬁﬁfi Whé LpcORFSHTRE materiBl. t hese
| atter cases, it is possible for the basé | ayer of the

substrate to be forned from an opaque or transl ucent
3. mat ardcdyrit HBEur%nﬁaQ%l%%\éH irf bl'a!rﬁuﬁm‘%?&ﬁtﬁb UMstfate includes
t he upconverting material 1 provi in the po ynmeric
anommem;c Base Iy/er. as a transparent base layer 12 is not
necessarily required when there is no full w ndow in
the security docunent. t will be appreciated that
4. vaerascurﬁ;dicﬂcbmmnérdnas aotali raédl einacliaims2 mnapeain ntheebase layer is
refe red enbodi nment.s de§cr| bed herein w thout
fmﬁ@ﬁ'&f ??%Qﬁr?ﬂEPQXWﬁgcdﬂa &Rlrit of the present
i nvent i on t wll be understood that the invention

dis | osed, and defi ned thi s speci ation extends
1 T RSB APHUTEDNGS SETSIHs MLFBIRC! B eHIndngrS s ate includes

aHa@Qéé{yé}Ltﬁ Jp%?hr'flﬁr%u%ﬁﬂéié}g?qd or evident fromthe text

raw n of these fferent conbinations
constitute various alternative aspects of the

6. | nvﬁnéééﬁ'?rty H{)%Mepf‘lﬁoclg’iﬁ*\%&qﬁr BHe td?glaﬁheztt%rﬁ”wherem the

nprises cal varian as us
sulbé‘treﬂesnmeiudés oabi anmiose ¢ay@ readfepolyimerichmateriahprovided on a base
"includes" and should not be taken as excluding the
laygf-esence of other elenments or features.11 CLAI MB

7. A security document as claimed in any one of claims 2 to 5 wherein the

upconverting material is dispersed in the base layer.

8. A security document as claimed in claim 5 wherein the upconverting
material is dispersed in the at least one layer of polymeric material provided on

the base layer.

9. A security document as claimed in any one of the preceding claims
wherein the coating containing the refractive pigment is in intimate contact with
the at least one polymeric layer containing the upconverting material.
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2. A security docunent conprising a substrate

i ncluding at | east one | ayer of polyneric material and
WwW@omvsAms288ng a n upconverting fluorescent materPEI/AU2106/001365

at | east one coating contaiRing a refractive pignment

applied to the substrate, wherein when the security

doc i o] ol a1 Rk : ;
1002r ATEBkul, SUBRTER, 28, QaRfoatTP ! dhel B ) precidily claims
whareinginel cohtiey ecantaimagneheé crefaaittvel @igroént ishar highly refractive

way el ength and the coating containing the refractive
Op%‘i"é’ﬁ%? ihnces the signal enitted by the

upconverting material. 3. A security docunent as

claimed in claim11 wherein the substrate .includes fa )
ol HrgdGUtpeeumgplas claimeddEe:glaim 2 whelipnhe graciying coating

[ el B Fini i i

o PTGty Rl U ol e Pl vent SberS9g i B bBARRH or resin
bindecunment as clainmed in claim 1l wherein the substrate

i ncludes a base | ayer of paper or fibrous material. 6.

A security docunent as clained in any one of clains 2
121 0 A wbeurity ndddumentbas raddimedndhuclaisn ot® venenain éhéagtetemst one

of polynmeric material. proyided on,a base Jayer. 7. A .
refiactlyeiRgmank iesiecied oTmi HeIIQHRINEIIRY SradE) Ri4dq, ealium
capoNafd, YeliuhlSuIBRERMR Sihd@xiAs er i al is dispersed in

the base layer. . A security docunent as claimed in

claim5 wherein the upconverting material is dispersed

in : f fi s ki A b ‘
18,7 B Sy BBpimBACa: Plfhod igRAgiTa1 VindRhGEAEbinder is a cross
linkdcapolgoherric raalgriahe of the preceding clai ns wherein the

coating containing the refractive pignent is in

intimate contact with the at | east one polyneric |ayer
14gonAaéerdumig/ db?umpmgaslelatrhetgimmam al .or2ldith 12 veresrein the binder
, cu t as clainmed in any one of the precgedin | ai s
s Sales e rom e BEUPrECIEIRCAGRY s traly s et and Pl e

is a highly refractive opacifying coating. . A

security docunent as clained in claim9 whereij

9 th
150_pa¢f,\i S%Uﬁl_@/ g@%‘ﬂmﬁ@t_ %Soﬁ&@img@éna&nw @ng of @g‘?é”\se?T g%ﬂ i’B\e)@herein the
refRAHVE PigiehP ehdiefle! Bindeatey SEfstarftially &Pdrsparent to the excitation

wavelengths used to excite the upconverting material.

16. A security document as claimed in claim 14 wherein the refractive index of
the pigment is larger than the refractive index of the substrate.

17. A security document as claimed in claim 14 or claim 15 wherein the

refractive index of the pigment is larger than the refractive index of the binder.

18. A security document as claimed in claim 15 or claim 16, wherein the
refractive index of the pigment is at least 0.3 greater than the refractive index of
either the substrate or the binder.

19. A security document as claimed in any one of the preceding claims
wherein the substrate containing the wupconverting fluorescent material is a
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bi nder. 12. A security docunent as clained in claim 10

wherein the at | east one refractive pignent is
w@eiosos2861 f rom t he group including titani um di BXI/dB2004/001365

cal cium carbonate, barium sylgphate and zinc oxide. 13,

A security docunent as clainmed in claimwherein the

0 L.G.. Rt . .

trargéedéggﬁt Eﬁb Eeﬁére er?]rt?dl a{ﬁgc H%'&Bhi&plﬁpmﬁg "i‘%fraa&tﬁn/e Wﬁs‘lggrment is an
opAdifginky mtﬂlng whivhl Bcam:dlefd oniyt partigrovgy thectranspayent subsirate to

acrylics, poI ester an ur et hape C
forr@oa:wmﬂw ab 2 aasiane; i) i oo decrinedt WARHs bt fovered

gnent and the binder are
Hbgsé &mglc?dﬁt ganspar ent to the excitation
wavel engt hs used to exci te the upconverting material.
t ti

20, o BEPHEty docRTCtTEY ciffpa b Bt 16 ier i tho"HRichg coating
is apfliedadnly partiyden arfe sitle ofuthset sa&bﬁraté?and thempad]fylng coating is

ocunment as, clai.nmed i.n cl ai or cl
apRig PeRovE the entirisuTans o dhatihiher BB I RBRSsitp sice o
the'&fdshetd. ve i ndex of the binder. 18. A security

ocunent as claimed in claim15 or claim16, wherein

the refractive index of the pignent is at least 0.3
219" CRLEL Flﬁlla(ﬁo béu{t ﬂﬁe ﬁtea{sra‘é% ih kG 98 o?'d’lé(]ﬁ{ 1Q%ere|n the signal

'subst ra bi nder. A security docunent
emuta:l frech pm*tsaogltrmweulnﬁtratbecqmmeécbw@ecommﬁ/mm eoetlmg ishetronger
trat ng the upconverti rescent
thafuiie Sianah STeR TPERERER alt Mo Bt R 418 GatRverg bY the
5(9 &55[{9, the refractive pigment is an opacifying
P Xgl@ng vvh| ch is applied only partly over the
transparent substrate to forma wi ndow on at |east one
2251 & Qe @&ﬁ}fﬁéﬁtyagoélé%% W'éﬁy lohenot tﬁ@VFFéﬁédli-ﬁg claims
t he opaci tying coati ng. . security docunen
whereamrrlhdz |up>cohaenhmghm&‘tenat he upﬁormlyu aispessed nip itbe polymeric
a? I|ed only partly on one side of the substrate, and
éaopaci fying coating is applied to cover the entire
surface of the polyneric |ayer on the opposite side of
th bstr at A it t
23¢| :Aﬁg%(?ur{;a Eqﬁqm%mtepge{%%gﬁgﬁ"gfaun@enoneaséf Cthe precedn ing claims

wherein the concentration of upconverting material is not more than about 1% by

weight of the polymeric material.

24. A security document as claimed in claim 22 wherein the concentration of
upconverting material is substantially within the range from about 0.0025% to
about 0.25% by weight of the polymeric material.

25. A method of manufacturing a security document including : providing a
substrate having at least one layer of polymeric material; incorporating at least
one upconverting fluorescent material in the at least one layer of polymeric
material; and applying a refractive coating to at least one surface of the substrate.
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emtted fromparts of the substrate covered by the
opaci fying coating is stronger than the signal emtted
w0 e@s0peRst s of the substrate which are uncoverpdI/hy2a0e01365
opaci fying coating. 22. A sqqurity docunent as clained
in any one of the preceding clainms wherein the
upc ' L al 1.8 -unidpr, ' r ' ol
2601 ArbE S dp el o 26 herekl TS RO Brfric material i
incomogatgdoinéo dhetdielease ondi layer| af pelymherieimatehial in an extrusion
concentration of upconverting material is not nore
Prof@a®h about 1% by wei ght of the polymeric material. 24.
A security docunent as claimed in claim22 wherein the
concentration of upconverti ag mat er.i al
e

[ | S .
27.subAtraathosl pg clpimach in feIMargeWhemindpole 6xinesisy, process, the
. . . \Y r > . .

updZiftRbicky gl A0 Wliof AR/ o6 eRRlBEd Royrger frateril
as it ppssas thiroggh tiseibxtrudéreanaedliesy at | east one | ayer of

pol yneric material; incorporating at |east one

upconverting fluorescent material in the at |east one
28.| ayArmethaeblagnelalmedrin edlaiad ; 2Gwhepii thequpronebrtang nvaderial is

.coating to at |east one surface of the suBstrﬁte 14
mixggl WitthelhRo Pohan@lic matpriah dnaidfm BXIHKer cPAMTeheat an elevated
terﬁ’p%?&fb\f@.”i ng material is incorporated into the at

I'east one | ayer of polynmeric material in an extrusion

process. 27. A method as clained in claim25 wherein

in gh usk O ess NYEfik kN es b &ai
2g'm' xédﬁ]ueﬁﬁ%r%ya\?mﬁ‘?%&tlﬁeaggpgﬁé? %eS%@Fy%m £¥ hinbfein the
coneingatiah ofitheé tppaswsrting mateghl isheoteroradihan ataltdice by weight of

28. A nethod .as clainmed in claim26 wherein the
the RRIYRGHE M3ERmt erial is mixed with the pol yneric

material, in an extruder barrel, at an el evated

tenperature. 29. A nethod as, clained in any, on

301 ahminelhotlo 357 AREG i HABBN Lt WRETRIR dhS. Gencentration of
upé&?ﬁ/ém’r?qn&ﬂepgril fié Is3bstantia) WA t@g%@gq m1d6AM% 0.0025% to

wel g e polymeric mat met hod as
aboutd).28% hynwelght of #8 pblgmeric matertaincent rati on of

31. A method as claimed in any one of claims 24 to 29 wherein the refractive
coating contains at least one refractive pigment which enhances signals emitted
from the fluorescent upconverting material when the security document is
exposed to electromagnetic radiation of a particular wavelength.

32. A method as claimed in claim 30 wherein the at least one refractive

pigment is dispersed in a polymeric or resin binder.

33. A method as claimed in claim 30 or claim 31 wherein the at least one
refractive pigment is selected from the group including titanium dioxide, calcium
carbonate, barium sulphate and zinc oxide.
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upconverting material falls substantially within the
range from about 0.0025% to about 0.25% by wei ght of

wo b@spsdsyneric material. 1. A nmethod as cl ai meRICT/AU200¢/001365
one of claims 24 to 29 whergigh the refractive coating
contains at |east one refractive pignment which

enh i .S. Lt ; f , . .
a4 o8NPl VBRI lluhAREY BEa SHHO33ment nguang:
ex poewiting acdustaterighaling dildiagt bne polymeripdayercedrtaining an
wavel ength. 32. A nmethod as clainmed in claim30
upgweding fypreggentanalerighe refractive pigment is
o BRI e SUBEIEIS 8 8 P bpEtyng Roahnsditining o
reflagtive pigmemtef ractive pignent is selected fromthe

roup incluyding titanj,um digxi.de, cal cium carbonate,..
bar AR e BPeERinG Biataa: do saleCkBmAERGYC ofediation of a
sel¥Slfwavdeddif 16 Bk HChbYoRferfing PRatekih), shecunent

Including: providing a substrate including at |east )
onedgiectingra signal of eleritaimaigngtiaradigdiony emiited from the excited
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