WO 2007/129123PCT/GB2007/050246 1 Data Protection Structure
Optically variable diffractive structures and devices such as holograms
Wgrgﬁoc’ﬁ/ﬂ tHPinterference based devices are now used to provefthe/ GB2007/050246
authenticity of items of value and to grevent their fraudulent duplication for
example for banknotes, plastic cards, value documents such as fiscal
stamps, travel documentg stichraseRGorPotisangefor the authentication of
valuable goods as an anti-counterfeit measure. Scratch-off inks,
scratch-off hot foils and scratch-off labels are used to protect hidden
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" r?,\/lde increased opacity scratch-off labels. These applications are
a %5 i?&%ﬁ{/%{p‘ﬁﬁzgﬂfyfﬁ 8cFatch cards for phone-cards and lottery tickets,
vouchers and other items of value where a PIN number is protected by a
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the principle of optical diffraction are often used for anti-counterfeit and
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switches (purely diffraction grating devices and some hologr
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required for their production 2 These diffractive optically variable image
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optically variable image with characteristic features such as depth and parallax

(holograms) and movement features and image switches (purely diffraction grating
devices and some holographic devices). Such diffractive, optically variable image
forming devices are used as anti-counterfeit devices both because their effects are
highly recognisabie and cannot be duplicated by print technologies, and because specific
and difficult to replicate optical and engineering techniques are required for their

production.



There are various forms of pure diffraction grating devices in use as such
security devices, examples include US 45681411 which reveals a
Aifraptianeptical authenticating element and US 5034003 which reveals
another form of optical security device using diffraction gratinﬁg?ﬁ?&ﬂ%/lﬂsm‘m
form of pure diffraction grating security device can be produced by direct
writing by an electron beam and examples are WO 9318419, WO
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which describes a scratch card system consisting of a secure number
overlaid by a printed varnish, a soft adhesive and with a metallic or
holographic foil applied on top, one method of application being foil
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stamping parameters. In these scratch-off holographic foils, the adhesive
can be high opacity (black) using typically graphite powders or lower
opacity (‘Mute, using alternative fillers) to reduce smear as the adhesive
breaks up on removal as noted and described in WO 02/093474 Al. Often
the aluminium reflective layer is used to provide enhanced opacity and is
produced by vacuum metallising relatively thick layers of aluminium to
increase the light blocking capability. Multi layer scratch off foils (where

different adhesive or foil layers have different properties) are well known in
the nenaral foil and hot ectampnina foile field - for avamnle banknote Ar



It is known in the field to produce improved scratch foils with high opacity
by using very high opacity metallised layers typically aluminium,
sanetes pyoduced by multiple passing of the foil through a};@%}%ﬂ'&%%%& 0246
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WK Lillg,étr% defeat li rllt transmission comgromise and itis also knownto
A R Ry AR et itdth adeiaam hietdhero losranbigigits
harsHarsieisate aisieiy astberciereonolietts trelsumtiypical atarutkactuprgr use

at&ﬁl’dﬂﬁﬁql&!%és@ﬂﬁ@ﬁ&ﬁ@??fﬁ&?ﬂt@&hw&H@r]@&f&if_fléi_w&\!@lﬁ@%@éaggﬁﬁ_ VRt
raphi | , nising, the foil in a vacuum metalliser to
o T Do S8 R e nd
BRI ROR KO SRR FTRches Aflre reahirdsimg eyprisr il eystemelcan
bettrenigoetingtecmiers mattiasrmelpgrdpals aiseckgEavER FESHE VRS are
85BN {5 EINBR AOVANSBELRIBATILEOS th%m%%?m@ﬂqgs% (Ife%oa‘%’c‘rt%"%‘c';w
cBlass-en A ayer e ncrease e apacity ol e Toll and fle et
coating process potentiaify BJEHRE RS LR R B g YaENR ARofsadhgtine
apd b2 prefpbinrid erarekiefal@prbndapderTens mettodal amplitthtigpicsiiy foi
stelitpingd thenlapplieshsiea Oresessosl dyetstampiagsoriaghreleases, thehot
(AR fglpase layer from the PET carrier to transfers the scratch
adhesive layer and the aluminium layer and holographic emboss lacquer
and image onto a substrate to form a thin holographic scratch-off coating
Apoteadtains piLreratah-Thieretéstion sddivtied Higictaiamnsitissitmnigss,fols, either
pr?i?mia&ﬁtam@mhabwgm@@ih@pﬁﬁidhmgwﬁ@@%}r@g@%@m p@[!d M%qﬁr?‘?
ol r oils when the card and scratch fol
e et e e O oY e s s o
"QRE EP A FRE et BRI ABN R erble o ssahg on the
treasrsingn séthighridroitatis formmcestiachitiumt leyerman weduseiibag
hepgeibhef bt Ryerandtine 3llmightinakaarsrddstalisalien,of

icke inium films, created by multiple aluminium coatings
R CE T D
Inglad 8d'gRgrePRi BN FhenheatrabiRip Serit Sreichy Eadhasite dieniorRigido be
- hentapitudb sheglerthya@rsttminidentjayeis cahilkeapioing jersedierd apaeity

seaRALICRSNGRYBYES, SFaCidREsIRe IHBINERA kverjqsiaw ﬂs%#;%él ically

q{.énto%élfggt (t);e}g\'%rr}lg&%r&. Jk\}gigr%sent |pvent!on séeks to'provid ?or a
9 gba protection Structure Raving AdvantayBS oM RABHR Gy WRR MRS
thy 2A{IRRIVER RA R EP BBjECHIR| G thRISH \RaAHER dbRs T dVRIB2A09 fipt évie Dt
thepdmtmé.abedediotogyaphiosse aighoeiiéaihdaviea o PYCRIVEIBHA NRWd by
vA¥RE P HRRRIAR PESCLRIER JO IS HICE S WD PRI gy &d g %HF‘%‘ I%Qc!n%

de |ﬁ:e WFMCRJ creases the opa_mtlz/ against one partlcuﬁar form ora tacl<<
Ca\ﬁﬁé'r'éyex Hig 6ot iR A BRE T st et riverro ok lavesk have
diigesnirrgaprr tirgrivemelieeendrtie ggheraldot rlid didbstiaen firsi asipaietdf for
ela@pease ikﬁﬁié‘%ﬁﬁéﬂ@i%@%@&rﬁmfgﬁﬁﬁr%&a%ﬁﬁ;@%ﬂ r%?%@ﬁtthard layers,
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layer (3- 8 micron) of high opacity black frangible scratch off coating which
increase the flexibility of the structure and allows the aluminium layers to
stretch and crack but ensures that because two (or more) aluminium films
are involved the cracks tend not line up in transmission and hence the
overall light through put though the cracks is greatly reduced. The black
(high opacity) frangible scratch off adhesive interlayer serves to reduce
the transmission of any light leakage through none aligned cracks in the

two aluminium layers and keeps the overall structure capable of being
aacilvy hraolken 11n for eecrateh off and neead to he nf an ontical deancitys (for



6 bend distorted and cracked. After the layered aluminium light l_)locking
layer would be added standard scratch off adhesives as known in the art

& 89b@reolas scratch off transfer structure to the substrate, In o
embodiment, this first 'inter-layer of scratch-off adhesive has a?]TéﬁB(%%%%Pm

denS|ty which is typically obtained through appropriate carbon dispersion

he aqheswe The inter-layer is as black as possible to eliminate light

see Age BY Hﬂﬁﬂer?gﬁ?&lons between the layers. A typical exemplary

constructlon would then be - hot stamping foil carrier (PET), release, then
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Joasra3d gdhiHerons, typically one form of high opacity, high carbon N
loading black scratch-off adhesive is used, a second metallised aluminium

layer (optionally one or more coatings) to add opacity under bending
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[ example copper for a gold effect, or alloys suc
Cg@%%%g%gr - umlnlum also for a gold effect or chrome for darker

effect or chrome aluminium alloys. The invention therefore prow_de_s fora
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cZating can potentially place an aluminium layer to increase the opacity of the foil, and
the wet coating process potentially layering the scratch-off adhesive tayers to give
various properties on the scratch foil layer. This material would typically be slit and then
applied by a process of hot stamping — which releases the hot stamped release layer
fromthe PET carrier to transfers the scratch adhesive layer and the aluminium layer and
holographic emboss lacquer and image onto a substrate to form a thin holographic
scratch-off coating over a PIN number.

There is an additional light transmission test, or potential attack, that involves the card
substrate being additionally bent (distorted). In some cases with scratch foils when the
card and scratch foil is bent and curved and stretched (typically the card is curved to
stretch and crack the metal reflector of the holographic scratch-off coating) causing a set
of micro-cracks form in the aluminium layer can reduce the opacity of the metai layer and
thus allow light leakage and visualisation of the data. Thicker aluminium films created
by multiple aluminium coatings tend to increase the overall opacity but may still tend to



In particular, there is provided a construction similar to the above using
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urther increase opacity. The invention can provide for a scratch-off fo
construction as above with an enharced tape test protection to number
access by ensuring that the first high opacity scratch-off adhesive, layer
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opacity under ber{din stresses. The invention also provides for a
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tamper-evident substrate with an enhanced opacitywhen subjected to
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light absorbing scratch-off adhesive, with for example a minimum of two
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density and retained opaC|t?/ when bent or otherwise deformed. As such,
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adhesive (the interlayer) can have a high optical
second opaque metallic layers separated by a flexible light-absorbing separation
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layer.

Further, there can be provided a structure of scratch-off foil where the layers are
adjusted to enable the foil to withstand severe bending of the and foil by making the
aluminised layer resistant to micro cracking and light transmission and so to enable a
pass on a test involving light transmission when bent. This is achieved by using two or
more separated aluminium layers within the structure separated by a few micron layer (3-
8 micron) of high opacity black frangible scratch off coating which increase the flexibility
of the structure and allows the aluminium layers to stretch and crack but ensures that
because two (or more) aluminium films are involved the cracks tend not line up in
transmission and hence the overall light through put though the cracks is greatly
reduced. The black (high opacity) frangible scratch off adhesive interlayer serves to
reduce the transmission of any light leakage through none aligned cracks in the two
aluminium layers and keeps the overall structure capable of being easily broken up for
scratch off and need to be of an optical density (for the 3-8 um layer) of at least 0.D. 2.5
or above. The black light absorbing interlayer needs to be above a certain thickness to
allow sufficient light blocking and also to impart some flexibility to the structure and to

impart a cushion affect to allow the two aluminium films to move independently when



density - typically obtained with carbon dispersion in the adhesive - as

black as possible. It should be appreciated that the relatively soft
seratalr/efbeeating can achieve its relatively softness through jielIesi98 9h50246
a soft compound such as latex or wax 8 Yet further, the scratch-off

coating can comprise a heat-activate®l adhesive which can be either
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tevafapde anilye wittheefeetnate to the accompanying drawings in which:
Figure la shows a conventional scratch card with a conventional single

aluminium layer scratch foil protecting a PIN number and Figure Ib shows
SRR ?%ﬁéﬁ%i%ﬁ‘ﬂsmpfg%ﬁﬂi%ﬁg oFCEUAARY aFPrhaLSPArtishoRetical
densivotiemia dteaiieliabse hiovreaariRriatatesten inpeciedstraddhesive.
Tewr thtertla)ibreisnavb N il padsipuniendnee aget lgbbRledinampratehefons
b%ﬂpé‘e?i‘(ﬁel?éﬁ%@ protecting a PIN number and Figure 2b shows the result
of bending but wherein cracking in aluminium layers doesnot occur and
any light leakage is absorbed by the light absorbing interlayer in the same
Apldieicsb exerimbnirmpuacity and uit tbatinge nu mbesteeadrgUblindeter (PET),
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i - il..Turning first to Fig. 1 ere is illustrated a data
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carbon loading black scratch-off adhesive is used, a second metallised aluminium layer
(optionally one or more coatings) to add opacity under bending conditions, the second
scratch-off adhesive layer to affix scratch foil over the PIN number, typically 4-13 um
thickness.

The structure is characterised as containing two or more separate aluminium layers
separate by a small distance using a flexible light absorbing separation layerto allow the
aluminium layers to crack in different places under stretching and bending after
application to maintain opacity under bending.

In various embodiments metals other than aluminium could give different effects, for
example, copper for a gold effect, or alloys such as an alloy of copper ~ aluminium also
for a gold effect or chrome for darker effect or chrome aluminium alloys.

The invention therefore provides for a high opacity scratch-off foil opague to high
intensity light transmission under bending, stretching, and general deformation
conditions, characterised in that the foil construction consists of two (or more) separate
aluminium layers, separated by a light absorbing separator layer of thickness 3-8 um
layers typicaily, of high opacity light absorbing scratch-off adhesive with a final coating of
standard scratch-off adhesive.



Referring to Fig. 1 b, the device of Fig. la is shown in a manner in which
the substrate card 20 is deformed, i.e. bent such that when a high
Witernsitg light 22 is directed through the structure, the deformaliqn-aho%os024¢
structure serves to cause microcracks within the aluminium layer 14 such
that light 26 can escape therethrougty such that, when viewed from a
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appreciated, the present invention provides for a new structure of
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Yet further, the invention can provide for a manufacturing technique for. high opacity
scratch-off foils made by using alternating layers of metal and light absorbing scratch-off
adhesive, with for example a minimum of two layers of each, to give enhanced optical
density and retained optical density and retained opacity when bent or otherwise
deformed. As such, the invention provides for a scratch-off foil or scratch card made
using this method or containing this structure.

Preferably, the first layer of scratch-off adhesive (the interlayer) can have a high optical
density — typically obtained with carbon dispersion in the adhesive — as black as
possible.

It shouid be appreciated that the relatively soft scratch-off coating can achieve its
relatively softness through inclusion of a soft compound such as latex or wax



The typical construction according to the invention can be - hot stamping
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Turning now to Figs. 2a and 2b, there is illustrated an embodiment according to an
example of the present invention.

Here the structure 30 again comprises an holographic layer 32 on a first aluminium layer
34, but which first aluminium layer 34 is separated from a second aluminium layer 38 by



11 Claims A data protection device comprising an optically variable

diffractive scratch-layered structure overlying data to be protected,

Wieredr/ tkra28layered structure includes at least first and secopghapaad9o0s0246
metallic layers separated by a flexible light-absorbing separation layer. 2.A
device as claimed in Claim 1, whereih the said flexible separation layer

WO OPH SRR IR 66RN-QEREYE) o W Ry slevicadsoraimed b (Gjaimsl or 2,

wherein the flexible separation layer comprising an adhesive layer. 154.A

device as claimed in any one or more of Claims 1-3, wherein the
The second aluminium layer 38 likewise overlays, by way of a scratch-off adhesive layer

40, a PIN number 44 comprising the data to be secured.

This time, and with reference to Fig. 2b, when the substrate card 42 is deformed to
bending, the light 22 directed thereto, and viewed from a viewing position 24 does not
escape through the deformed layers of the structure since any microcracks appearing
within both the first and second aluminium layers 34, 38, will not be aligned such that it
does not prove possible to discern the data represented by the PIN number 44.

The overall structure of the embodiment illustrated in Figs 2a and 2b of the present
invention is shown further with reference b Fig. 3.

Here, the layered structure 32-40 is shown bonded to a carrier layer 46 by way of a
release layer 48.

As will be appreciated, the present invention provides for a new structure of scratch-off
foil where the various layers are arranged to enable the foil to withstand and pass a test
involving light transmission coupled with bending of the foil-bearing item. This is done by
using two aluminium layers within the structure separated by a few micron layer of light
blocking high opacity scratch off coating which increase the flexibility of the structure and
allows the aluminium layers to stretch and crack but ensures that because two (or more)
aluminium films are involved the cracks tend not line up in transmission and hence the
overall light through put though the cracks is greatly reduced and this new structure of
card now has improved opacity retention on bending tests

The typical construction according to the invention can be — hot stamping foil carrier
(PET), release, then the layers transferred onto card namely emboss lacquer carrying
micro replicated surface relief diffractive image, first metallised aluminium layer, first
intermediate scratch-off adhesive spacer layer to add elasticity — typically a few microns
(3 -8um) of one form of scratch off adhesive, typically a high opacity black light
absorbing scratch-off adhesive, second metallised aluminium layer to add opacity under
bending conditions, the second scratch-off adhesive layer to affix scratch foil over the
PIN number, typically 4 — 13 um thickness. Such an example of this invention is

characterised as containing two separate aluminium layers separated by a small



flexible separation layer achieves its opacity by way of carbon dispersion
therein. 5.A device as claimed in any one or more of Claims 1-4 and
FOP9AEIY12370high opacity holographic scratch-off foil devicecnasistingsoz4s
of a first layer containing an embossed diffractive image, a second

reflective layer consisting of a vacuulf deposited opaque metallic coatlng,
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claimed in Claim ereint eso black frangi escratc
efffEln A HPRRS aFRRPSR 187G ST GTERR, aeiey psich as an alloy o copper

aluminium also for a gold effect or chrome for a darker effect or chrome aluminium
alloys.

In the illustrated embodiment the first layer of scratch-off adhesive (the interlayer) has a
high optical density to ensure it is light absorbing — typically obtained with carbon
dispersion in the adhesive — so the adhesive is made as high optical density (i.e. as
black) as possible.

Also provided is a material of enhanced optical opacity, having such a construction, and
employing such a technique of tayering metal layers with spacer layers to provide a
material of enhanced opacity and enhanced bend resistance and resistance to pin-holing
typical of metallised films to form an extremely high opacity light blocking layer.

To summarise therefore, the invention provides for an optically variable diffractive
scratch-off foil with very high opacity designed to reduce the light transmission of
holographic scratch off foils under bending transmissive techniques particularly useful in
the area of anti-counterfeit and authentication by the diffractive image and data
protection using scratch-off foils. These scratch-off foils are also tamper evident against
removal and alteration as the holographic image is destroyed by any attempt to remove
the device. These techniques can also be used to provide increased opacity scratch-off
labels. The invention provides for a new structure of scratch-off foil where the layers are
adjusted to enable to foil to withstand and pass a test involving light transmission
coupled with bending of the card. This is done by using multiple metallic for example
aluminium layers within the structure separated by for example a few micron layer of high
opacity light absorbing scratch-off coating which increase the flexibility of the structure
and allows the aluminium layers {o stretch and crack but ensuresthat because two (or
more) aluminium films are involved the cracks tend notline up in transmission and hence
the overall light through put though the cracks is greatily reduced and this new structure
of foil now has increased opacity against a light transmission test including bending
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12 A structure as claimed in Claim 5 or 6, wherein the light absorbing
black frangible scratch off layer is also of an optical density of 1.5 or
greater. A device as claimed in Claims 5, 6 or 7 and containing a multiple
number Sof combination structures of 0£aque metallic layers and high
opacity frangible soft scratch off layer c mbinations to provide a further
enhancement to the optical density of the structure and the maintenance

| density with bending of the holographic scratch off layer. 109.A
structure as claimed in any one or more of the preceding claims wherein
the opague metallic material is any of aluminium, chromium or COBEF_%}?VG
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of , , .
layered structure includes at least first and second opaque metallic

layers separated by a flexible light-absorbing separation layer.

2. A device as claimed in Claim 1, wherein the said flexible separation layer

comprises a scratch-off layer.

3. A device as claimed in Claim 1 or 2, wherein the flexible separation layer

comprising an adhesive layer.

4. A device as claimed in any one or more of Claims 1-3, wherein the
flexible separation layer achieves its opacity by way of carbon dispersion

therein.

5. A device as claimed in any one or more of Claims 1-4 and comprising a
high opacity holographic scratch-off foil device consisting of a first layer
containing an embossed diffractive image, a second reflective layer
consisting of a vacuum deposited opaque metallic coating, a third high
opacity light absorbing soft black frangible scratch-off layer, a second
opaque metallic layer and a second scratch off adhesive layer, the
structure being such that the opacity of the combination of layers is not
degraded by deformation and micro cracking of the opague metallic
layers, wherein the various scratch off adhesive are designed to be

frangible and easily removed to reveal underlying data.

6. A device as claimed in Claim 5, wherein the soft black frangible scratch

off layer has a thickness in the range of 3 to 8 microns.

MCSLLP
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A structure as claimed in Claim 5 or 6, wherein the light absorbing black

frangible scratch off layer is also of an optical density of 1.5 or greater.

A device as claimed in Claims 5, 6 or 7 and containing a multiple number
of combination structures of opaque metallic layers and high opacity
frangible soft scratch off layer combinations to provide a further
enhancement to the optical density of the structure and the maintenance

of optical density with bending of the holographic scratch off layer.

A structure as claimed in any one or more of the preceding claims
wherein the opaque metallic material is any of aluminium, chromium or

copper.

A scratch card containing a scratch off layer protecting data thereof, and
comprising a data protection device as claimed in any one or more of
Claims 1 to 9.



