1 SECURITY DOCUMENT W TH UPCONVERTI NG MATERI AL Thi s
invention relates to security docunents and is
particularly concerned wth providing a security
docunment with a covert security device whichis 5
detectable in order to verify the authenticity of the
security docunent. As used herein, the term"security
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25 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 patticular upconverting material used. This

30 -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




the authentication of security docunents. Hitherto,

t here have been proposals to use inks containing
upconverting materials as covert security devices in
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exposed to adverse conditions during use of the
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document comprising a substrate including at least one layer of polymeric

material and containing an upconverting fluorescent material, and at least one

25  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.

30 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 instancs, of



wavel engt h the upconverting naterial emts a signa

of el ectromagnetic radiation of a shorter wavel ength

and the coating containing the refractive pignent

enhances the signal emtted by the upconverting

material. 30 The substrate preferably includes a

pol yneric base | ayer. One exanple of such a base

| ayer is a transparent biaxially oriented polyneric

material of the type described in WO 83/00659.
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substantially transparent to the excitation wavelengths used to excite the
25 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

30 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 (CaCOg), barium sulphate (BaSO4) and zinc oxide (ZnO).
Examples of suitable binders include acrylics, polyester and polyurethane or



substantially transparent to the excitation

wavel engths used to excite the 25 upconverting
material. The refractive pignments are preferably

sel ected such that the difference between the
refractive index of the pignent and the refractive

i ndex of the substrate is large. The difference
between the refractive index of the pignent and the
refractive index of the binder is preferably also
large. In a particularly prelerred enbodi nent, the
refractive index of the pignent is at least 30 0.3
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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.

30 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.



10

15

20

30

20 substantially wthin the range from about 0.0025%
to about 0.25% by weight of the polyneric material.
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. 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 absarb and emit electromagnetic radiation at different wavelengths specific
to the upconverting material selected, it is possible to provide a high degree of



upconverting fluorescent material; providing the
substrate with at | east one opacifying coating
containing a refractive pigment; exposing the
upconverting material to el ectromagnetic radiati on of
a 20 selected wavelength to excite the upconverting
material; and detecting a signal of electronmagnetic
radiation emtted fromthe excited upconverting
material at a shorter wavel ength than the wavel ength
selected to excite the upconverting material. . In
one preferred enbodi nent, the el ectronagnetic
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low energy level, eg. infra-red radiation, and emits electromagnetic radiation at a
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25  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,

30 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



with a second enbodi rent of the invention; and Figure
3 is a sectional view through a security docunent in
accordance wth a third enbodi ment of the invention.
15 The security docunment 1 shown in Figure 1
conprises a substrate 10 in the formof a
transparent polyneric base |ayer 12, an opacifying
coating 14 applied to each side of the base |ayer

12, and a layer of printed indicia 16 applied to the
opaci fying coating 14 on eacl side of the docunment 1.
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25 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.

30 A further advantage of the embodirnent of Figure 1 is that because the
upconverting material 18 is dispersed unifo rmly 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



Preferably, the concentration of the upconverting

material 18 is not nore than about 1% by wei ght of

the polyneric material form ng the base |layer 12, and

10 nore preferably falls within the range from about

0.0025% to 0.25% by weight of the polyneric

material. In use, when it is desired to verify the

authenticity of the security docunent 1 an infra red

source 20, such as an infra red laser, emtting infra

red radi ation of a chosen wayel ength can be used to

excite the upconverting material 18 in the 15 base
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25 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

30 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.



fromthe covered and uncovered areas of the substrate
may al so be used for 5 authenticating particul ar
security docunments. Referring to Figure 2, there is
shown a nodified enbodi nent of a security docunent 2
in accordance with the invention. The security
docunent 2 Is simlar to that of Figure 1 and
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25 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
30 upconverting material 18, i 8' 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.



As in the enbodi nent of Figure 1, the authenticity of
the security docunent 2 may be verified by directing
infra red radiation froman infra red source (not
shown in Fig. 2) onto the security document 2 and
using a detector (also not shown in Fig 2) to detect
light signals emtted fromthe upconverting materi al
18 5 dispersed in the base |layer 12 of the substrate
10". In the enbodi nent of Figure 2, it is possible to
detect a stronger signal emtyped fromthe area of
the half wi ndow 25 on the side of the docunent 2 on
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security docunment 3 when the docunent 3 is exposed to
a beamof infrared radiation 21 froman infra red
source 20, than the signal energing fromthe
enbodi nent of Figure 2. 10 The security docunment 3
may include a full w ndow 15 with the opacifying
coatings 14, 14' and indicia 16, 16' being omtted in
areas 13, 13' of the outer surfaces of the polyneric
| ayers 26, 26" leaving the security device 17 in the
w ndow 15 vi sible from both gifdes of the document 3.
Alternatively, the security 5 docunent 3 nay have a
haﬂﬂ£ﬂﬂ§dOM/mtth only one of the opacifying coatings
14' being omitted In the area of the security
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depga?mgﬁc ar%%mt scope and spirit of the present
invention. |t wl I be understood that the invention
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Substrate mcludes one or more layers of polymeric material provided on a base

layer.

6. A security document as claimed in any one of claims 1 to 4 wherein the
upconverting material is dispersed in the base layer.

20 7. A security document as claimed in claim 4 wherein the upconverting
material is dispersed in the at least one layer of polymeric material provided on
the base layer.

8. A security document as claimed in any one of the preceding claims
wherein the coating contalning the refractive pigment is in intimate contact with
25 the at least one polymeric layer containing the upconverting material.



1. A security docunent conprising a substrate

i ncluding at | east one |ayer of polyneric materi al
and contai ni ng an upconverting fluorescent material,
and at |east one coating containing a refractive

pi gment applied to the substrate, wherein 5 when the
security docunent is exposed to el ectromagnetic

radi ati on of a particular wavel ength the
upconverting material emts a signal of

el ectromagnetic radiation of shorter wavel ength
and the coating containing the refractive pignent

en hgan c eSA tdé@urﬁy %@hm&m &4 BRINRA TiR CaryPER b Ithé rkgecedm claims
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is di spersed in the at least one layer of polyneric
material provided on the base layer. 8. A security
1@ocizrent sesurity docreubnt as elaiynedria adimt ltewisreineté bipder is a cross-
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wavelengths used to excite the upconverting material.

15. A security document as claimed in claim 13wherein the refractive index of
the pigment is larger than the refractive index of the substrate.

16. A security document as claimed in claim13 or claim 14 wherein the
20 refractive index of the pigment is larger than the refractive index of the binder.

17. A security document as claimed in claim 14 or claim1s , wherein the
refractive index of the pigment is at least 0.3 greater than the refractive index of
either the substrate or the binder.

18. A security document as claimed in any one of the preceding claims
25 wherein the substrate containing the upconverting fluorescent material is a



bi nder. 11. A security docunent as clainmed in claim?9
wherein the at | east one refractive pignent is
selected fromthe group including titani um di oxi de,
cal cium carbonate, barium sul phate and zi nc oxi de.

10 12. A security docunent as clainmed in claim10
wherein the binder is a cross- |inked polyneric
material. 13. A security docunent as claimed in claim
*10 or claim 11 wherein the binder is selected from
the group including acrylics, polyester and

pol yuret hane. 14. A security docunent as clained in
any one of clainms 10tol 2 wherein the 15 refractive

pi gmrent and the binder are %&bstantially transpar ent -
to the excitation wavelengths used to excite the
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22. A security document as claimed in any one of the preceding claims
wherein the concentration of upconverting material is not more than about 1% by
weight of the polymeric material.

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

24. 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
25 material; and applying a refractive coating to at least one surface of the substrate,
wherein the refractive coating contains at least one refractive pigment which
enhances signals emitted from the fluorescent upconverting material when the



10 emtted fromparts of the substrate covered by the

opaci fying coating is stronger than the signal
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uncovered by the opacifying coating. 21. A security

docunent as clained in any one of the preceding
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uniformy dispersed in the polyneric 15 material.
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upTonver MEHYInaS eFlpimedi B ank cameunt fclaims y24nite 27t wberein the

c ccomzdntratiertiofind MpRIrvEnting hiatdral i ' § ArRU
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a7 RY'YBUHBRRMA t he upconverting material is 10
m xed with the polynmeric material, in an extruder

15 bamr el A ottt sCCRiREL heRRGH 58! Gherein the concentration of

upconverting material falls substantially within the range from about 0.0025% to
about 0.25% by weight of the polymeric material,

30. A method as claimed in any one of claims 24 to 29 wherein the at least
one refractive pigment is dispersed in a polymeric or resin binder.

20 31. A method as claimed in any one of claims 24 to 30 wherein the at least
one refractive pigment is selected from the group including titanium dioxide,
calcium carbonate, barium sulphate and zinc oxide.

32. A method of verifying the authenticity of a security document including:
providing a substrate including at least one polymeric layer containing an
25  upconverting fluorescent material;



28. A nethod as clained in any one of clains 24 to 27
wherein the concentration of the upconverting

material is not nore than about 1 % by wei ght of the
polymeric material. 15 29. A nethod as clained in

claim 28 wherein the concentration of wupconverting
material falls substantially within the range from

about 0.0025%to about 0.25% by wei ght of the

polymeric material. 30. A nmethod as clained in any

one of clains 24 to 29 wherel®d the at |east one
refractive pignent is dispersed in a polyneric or

resin bi poddinghe3dubsiatantithoat leastdnai spadifyiny edifing R8ntaining a
of GLiddibe Adnicht,30 Wherein the at |east one

refractive pigneént is selected fromthe group
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one upedny8flifid natBNAIN atc BhcHeR wAdeld LI
fluar es?entg mat er i aa; 15 epr ovie d?bﬁgqt dé@'%&g%ﬁebb@ selected to

I :
wi t FEP eUPGONYRIINg B1eneYi ng coating containing a
refractive pignent; exposing the upconverting
mat esi al ' j.at i, of a selecgted .
vvavgilg'enédi ﬁg?.gfdeggitcti e % gé},e %%ﬁno ?ggvk'ﬁ‘%{@ rhﬁeate Igﬂr%{pggrgﬁﬁ ragiation
det BRIEGI9FH{o axite gt unsPneringtmaeria) isdtira redadiatignpand the signal of
18 blbrbniagAtis ReNAIR! dfiflod HBRARY BpLIGHAR WAl ik whin the

shor.t.@r wavel engt h than the wavel engt l'ec
excYPRe SR onverting material . 33. A method as
claimed in claim32 wherein the el ectromagnetic

radgat i € ; XGi.t et h copvertin
ma?éer i _aﬁqpestﬁi%fﬁf%asggs r@d‘?i %’h %én 2 ?gﬁgﬂ %ﬁe‘”’}ﬁ'@'ﬁgf‘e G least one
10 ¥pebindeadingtanly pattl eavietnthe ubsteade, fandndiffdrent signals emitted
UPGRINY &hd IcBYeFER hba 4 Ceubbirsik !
spect.rum 340 A %gt hg%léogéllegl kgél‘r{rrsggpiﬁgc?u#{rrnaﬁf%r analysed to
15| Zuthenticalibiesioquiity dogimantast one opaci fyi ng coati ng
only partly covers the substrate, and different

si ggal sy el e coyer nd uncovered parts

of the sugst_{)g?) L nga(rng‘@a?{n@ﬁ?s%e%ectugg @%UQSPEQH@P'E&-@?‘H ng a

Segutpqtrpgﬂ hytngrahteast one layer of polymeric material; incorporating at least
one upconverting fluorescent material in the at least one layer of polymeric

material by an extrusion process; and applying a refractive coating to at least one
20 surface of the substrate.

36. A method as claimed in claim 35 wherein in the extrusion process, the
upconverting material is mixed uniformly with the co-extruded polymeric material
as it passes through the extruder and dies.

37. A method as claimed in claim 36 wherein the upconverting material is
25 mixed with a polymeric material, in an extruder barrel, at an elevated
temperature.



35. A nethod of manufacturing a security docunent
including : providing a substrate having at | east

one |l ayer of polynmeric material; incorporating at

| east one upconverting fluorescent material in the

at | east one layer of polyneric material by an

extrusi on process; and applying a refractive coating

to at |l east one 20 surface of the substrate. 36. A
method as clained in claim35 wherein in the

extrusion process, the wupconvesting material is

m xed uniformy with the co-extruded polyneric

maB8y i aA mmthddt apasiagimedt inr anyglonehef ebalmisu@ar taddt Wh@sin the
37 |.aj. [ .

ap el o GhctniEitnd Aaferdl ihol yotp el abole oy aefont o
mather palymerimmaierialxt r uder barrel, at an el evated
terrperature 16 38. A nmethod as clained in any one

[ to 37 er |nthe concentration of the
upé nveg‘S m?g‘cﬁjata&l iRoflaimr 88 t WhgTelAp iR conognirption  of
5w|eu;gtnnvefnngtmemlfmmbaamm¥ hlwuaﬂn th 9antgé f{mﬁ aséhft @%gzs% to
c er.ein e cqncentration o
up@%%g)r 5?/?18’1/%%?’%3?9 P%IY'PE” rU%tggagml ally within the
range from about 0.0025%to about 0.25% by wei ght of
the polyneric material.



