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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to security devic-
es suitable for use in security documents such as ban-
knotes, identity documents, passports, certificates and
the like, as well as methods for manufacturing such se-
curity devices.

BACKGROUND TO THE INVENTION

[0002] To preventcounterfeiting and to enable authen-
ticity to be checked, security documents are typically pro-
vided with one or more security devices which are difficult
or impossible to replicate accurately with commonly
available means such as photocopiers, scanners orcom-
mercial printers.

[0003] One well known type of security device is a dif-
fractive device comprising a diffractive surface relief
structure, such as a diffraction grating or hologram. The
majority of diffractive security devices are in the form of
applied foils and have the entirety of their diffractive relief
structure coated with a layer of reflective metal (such as
aluminium or copper), or a high refractive index (HRI)
metal oxide coating. These coatings are typically provid-
ed by vacuum coating using methods such as sputtering,
electron beam evaporation or resistance boat evapora-
tion. The transfer of the device to the host substrate re-
quires the use of specialist application equipment, and
restricts the location of the device to a specific area on
the host substrate.

[0004] It would be advantageous to increase the ease
and flexibility of providing such diffractive devices to a
host substrate. Furthermore, in order to further improve
the security of such devices, it would be advantageous
to provide unique (or "personalised") diffractive security
devices, in order to further increase the difficulty of coun-
terfeiting. However, although efforts have been made to
provide personalisation for diffractive security devices,
these have been on the whole unsatisfactory.

[0005] There has been recent interest in so-called
"printed" holograms, where metallic inks are provided to
a surface relief structure by analogue printing techniques
such as flexography or gravure, or via toner transfer or
cold transfer where an adhesive is printed before appli-
cation of afoil. However, diffractive security devices man-
ufactured in this way have an undesirable metallic reflec-
tive appearance, and are inherently susceptible to repli-
cation by laser reactive foils widely available within the
graphics industry. GB-A-2493856 discloses the use of
printing a high refractive index protective coating over an
entire diffractive surface relief with the aim of preventing
contact copying by providing a flat surface over the relief.
[0006] Laser ablation of metallised foil diffractive se-
curity devices is another technique that may be used to
provide personalisation. However, this is difficult and time
consuming to do, and is not applicable to transparent
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holograms where the diffractive effect is visible in both
reflection and transmission (and which are desirable as
they can be applied over forms of identification data, for
example).

[0007] There is therefore a need in the art to increase
the ease of manufacturing unique, personalised security
devices.

[0008] US2003/0194578 describes a security article
according to the preamble of claim 14 and describes em-
ploying particle scattering and luminescent technology
for security articles based on scattering, electronic, mag-
netic and/or light properties to provide compound phys-
ical coloration responsive to various portions of the elec-
tromagnetic spectrum, including ultraviolet, ambient and
infrared.

[0009] WO2011/116419 discloses high refractive in-
dex coatings and their use in the protection of surface
relief structures.

[0010] WO2010/049676 discloses an optically varia-
ble security device comprising an optically variable relief
microstructure, a high refractive index layer and a reflec-
tive metal layer.

SUMMARY OF THE INVENTION

[0011] Inaccordance with afirst aspect of the invention
there is provided a method of forming a security device,
the method comprising: selectively providing a high re-
fractive index (HRI) layer to a first outwardly facing sur-
face of a security device substrate, the HRI layer com-
prising a substantially transparent host material and par-
ticles having a dimension along at least one axis less
than 200nm, preferably less than 100nm, such that they
are substantially non-scattering to visible light and the
HRI layer is substantially transparent to visible light, and
wherein; the particles have a refractive index of at least
1.8 and are present within the host material in a propor-
tion such that the resultant refractive index of the HRI
layeris at least 1.6, and further wherein; the first outward-
ly facing surface of the security device substrate com-
prises a diffractive or refractive surface relief structure,
and the HRI layer is selectively provided to said surface
relief structure.

[0012] The method according to the first aspect of the
invention overcomes the problems outlined above in the
background to the invention section. The selective pro-
vision of the HRI layer overcomes the problems associ-
ated with current "printed" techniques, and allows a high
degree of personalisation to be provided to the security
device.

[0013] Thefirstoutwardly facing surface of the security
device substrate comprises a surface relief structure and
the HRI layer is selectively provided to said surface relief
structure. The expression "surface relief is used to refer
to a non-planar part of the outwardly facing surface of
the security device substrate, and typically defines a plu-
rality of elevations and depressions. The security device
substrate may comprise a support layer and a surface
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relief structure layer within which the surface relief struc-
ture is formed. The surface relief structure of the surface
relief structure layer then forms part of the outwardly fac-
ing surface of the security device substrate. Such a sur-
face relief structure layer may comprise an embossing
material into which the surface relief structure is em-
bossed.

[0014] Within this invention the "security device sub-
strate" may be considered as a "precursor” to the finished
security device.

[0015] In particularly advantageous embodiments, the
surface relief structure is a diffractive surface relief struc-
ture. The diffractive surface relief structure may be a dif-
fraction grating (such as a square grating, sinusoidal grat-
ing, sawtooth grating or blazed grating), a hologram sur-
face relief or another diffractive device that exhibits dif-
ferent appearances, e.g. diffractive colours and holo-
graphic replays, at different viewing angles. For the pur-
poses of this specification, such surface relief structures
will be referred to as diffractive optically variable image
devices (DOVIDs).

[0016] The selective provision of the HRI layer to such
a surface relief is particularly advantageous as the re-
gion(s) in which the HRI layer is applied exhibits bright
diffractive replay. The HRI layer can therefore be selec-
tively provided in the form of indicia, such that when the
security device is viewed, the bright diffractive replay ex-
hibited to the viewer is in the form of the indicia. The HRI
layer may be selectively provided so as to define indicia,
preferably a letter, digit, geometric shape, image, graphic
or alphanumeric text. The indicia may define information.
The invention is particularly advantageous when the HRI
layer is provided by inkjet printing, which allows for high
speed, high resolution provision of personalised security
devices.

[0017] For example, it is envisaged that a plurality of
security device substrates may be provided, each with
the same pre-formed surface relief structure, which may
be formed by methods known in the art such as stamping
or embossing. Each security device substrate may then
be provided with an HRI layer having a different form
such thateach finished security device exhibits a different
effect to a viewer.

[0018] Preferably, the resultant refractive index of the
HRI layer is greater than the refractive index of the se-
curity device substrate by at least 0.2, more preferably
by atleast 0.3. Where the security device substrate com-
prises a surface relief structure and the HRI layer is se-
lectively provided to said surface relief structure, the re-
sultant refractive index of the HRI layer is greater than
the refractive index of the surface relief structure by at
least 0.2, more preferably by at least 0.3.

[0019] The high refractive index property of the HRI
layer is provided by the particles having a refractive index
of at least 1.8. Preferably, the particles have a refractive
index in the range of 1.8 to 2.9, preferably in the range
of 2.0 to 2.5. Due to the presence of the particles having
a high refractive index, the resultant refractive index of
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the HRI layer is at least 1.6. Typically, the host material
has a refractive indexin the range of 1.3 to 1.8, preferably
1.4 to 1.6, and the particles are present in a proportion
such that the resultant refractive index of the HRI layer
is in the range of 1.6 to 2.5, preferably 1.7 to 2.2. There-
fore, the material forming the HRI layer typically compris-
es 1to 75%, preferably 5 to 50% and more preferably 15
to 20% by weight of the high refractive index particles.
[0020] The particles are typically provided as a disper-
sion within said host material. The particles are typically
nanocrystalline particles.

[0021] The particles comprise at least one metal oxide
selected from: titanium dioxide, alumina, zirconia, zinc
oxide, or mixed oxides thereof. Titanium dioxide is a par-
ticularly preferred metal oxide, and has a high refractive
index of -2.9 at 550nm. Titanium dioxide particles may
be provided in anatase or rutile form.

[0022] It will be appreciated that the particles may typ-
ically not be perfectly spherical. The particles have a di-
mension along atleast one axis (which may be a diameter
for a perfectly spherical particle) substantially less than
the scattering dimension, which according to Weber’s
formula, gives the maximum scattering efficiency of a
particle. Preferably the particles have a dimension along
at least one axis of less than 50nm.

[0023] Weber’s formula:

D = 2\/n(nl — n2),

where n1 is the refractive index of the particles, n2 is the
refractive index of the host material, and X is the wave-
length of the incident light, gives a dimension D of parti-
cles required for optimal scattering power. Taking Tita-
nium dioxide as an example, for visible light, particles
having dimension of 170-280nm along at least one axis
scatter light most efficiently for blue through to red wave-
lengths where there is a refractive index difference of 1.5
between the particles and the host material.

[0024] However, below 200nm, preferably below
100nm and more preferably below 50nm, the scattering
power of the particles in the HRI layer progressively re-
duces to zero, meaning that the visible light incident on
the HRI layer is able to be transmitted. Therefore the HRI
layer, through the inclusion of the particles, advanta-
geously acquires a high refractive index whilst also re-
maining substantially transparent to visible light (as the
host material is also substantially transparent to visible
light), here meaning that visible light is able to pass
through it. The term "transparent" may also include
"translucent". Where the first outwardly facing surface of
the security device substrate comprises a diffractive sur-
face relief structure, the transparent nature of the HRI
layer advantageously allows the optical effect provided
by the surface relief structure to be maintained, and
viewed in both reflection and transmission.

[0025] The particles may have an elongate geometry
(such as in the form of a "rod") having a dimension along
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at least one axis of less than 200nm, preferably less than
100nm and more preferably less than 50nm, and are ori-
entated such that they are substantially non-scattering
to visible light (i.e. orientated such that light is incident
upon a particle facet having a dimension along at least
one axis of less than 200nm, preferably less than 100nm
and more preferably less than 50nm).

[0026] Typically, the particles have an average particle
size (which for the purposes of this specification may be
an average particle diameter or average particle dimen-
sion) of less than 200nm, preferably less than 100nm
and more preferably less than 50nm. The average par-
ticle size is preferably substantially less than the scatter-
ing dimension given by Weber’s formula.

[0027] Typically the thickness of such a HRI layer is of
the order of 1 um or less.

[0028] Throughout this specification, the term "visible
light" refers to light having a wavelength within the visible
spectrum, which is approximately 400 to 750nm. Itis most
preferable that the visible light is white light, i.e. contains
all the visible wavelengths in more or less even propor-
tion. It is however envisaged that non-visible light, such
as light in the infra-red or UV regions of the electromag-
netic spectrum, may be incident on the HRI layer.
[0029] Throughout this specification, the term "viewing
in reflection" refers to viewing the security device with
both the viewer and the light source positioned on the
same side of the device. The term "viewing in transmis-
sion" refers to viewing the device with the viewer and the
light source positioned on opposing sides of the device.
Although in practice viewing in reflection under ambient
lighting conditions may exhibit some transmissive ef-
fects, and conversely viewing in transmission under am-
bient lighting conditions may exhibit some reflection ef-
fects, for the purposes of this specification, these are
substantially ignored.

[0030] The selectively providing the HRI layer is pref-
erably performed by a printing process, typically by one
of inkjet printing, flexographic printing or gravure printing.
The use of adigital printing process such as inkjet printing
is particularly advantageous as it allows ease of person-
alisation of the security device, and also enables fast,
high resolution selective provision of the HRI layer. For
inkjet printing, the host material comprises a carrier fluid
acting as a suitable delivery host, preferably a volatile
organic compound such as nitrocellulose, acrylics, cel-
lulose acetate butyrate, vinyl chloride copolymers, and
polyvinylbutyrate. As well as the particle dimension along
at least one axis allowing for a substantially transparent
HRI layer, the dimension along at least one axis of less
than 200nm, preferably less than 100nm and more pref-
erably less than 50nm is an order of magnitude smaller
than typical inkjet printer nozzle aperture sizes (which
are of the order ~10um) and therefore do not substan-
tially affect the rheology of the flow through the nozzle.
[0031] Alternatively, the host material may comprise a
suitable clear ink or coating to allow selective provision
of the HRI layer by analogue printing methods such as
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flexography and gravure. Suitable materials for such inks
or coatings include vinyl resins such as UCAR™ VMCA
Solution Vinyl Resin or UCAR™ VCMH Solution Vinyl
Resin, both of which are supplied by The Dow Chemical
Company and which are carboxy-functional terpolymers
comprised of vinyl chloride, vinyl acetate and maleic acid
[0032] The HRI layer may be substantially colourless.
In alternative embodiments, the HRI layer further com-
prises a colourant such that the HRI layer exhibits a first
colour to a viewer. The colour exhibited by a coloured
region of the HRI layer is due to the absorption, by the
colourant, of a particular wavelength, or range of wave-
lengths, of visible light, and the colour is exhibited when
viewed in either reflection or transmission. The colourant
used in a coloured region of the HRI layer may be a pig-
ment or a dye. The use of such a colourant advanta-
geously allows the security device to exhibit a coloured
"tint" in the region(s) where the HRI layer has been se-
lectively provided.

[0033] Inembodiments,the HRIlayer may further com-
prise a dispersion of scattering particles having a dimen-
sion along at least one axis such that the HRI layer ex-
hibits a first colour when viewed in reflection and a sec-
ond, different colour when viewed in transmission. The
exhibition of different colours when viewed in transmitted
and reflected light is a result of scattering of the incident
light by the scattering particles. The scattering particles
preferably have a dimension along at least one axis of
the order of that of the incident light, and are preferably
chosen such that they exhibit the Tyndall effect. Although
it is envisaged that particles exhibiting other scattering
effects may be used (for example Rayleigh scattering),
Tyndall scattering is preferred as the optical effects are
easily perceived. Preferably the individual scattering par-
ticles of the dispersion have a dimension along at least
one axis (and typically an average particle size) in the
range of 100nm to 900nm and more preferably 200nm
to 700nm. The dispersion of scattering particles is pref-
erably a colloidal dispersion.

[0034] Preferably the individual particles of the disper-
sion have a dimension D along at least one axis substan-
tially according to

D =2A/m(ny —ny);

wherein L is the wavelength of light incident on the HRI
layer, n, is the refractive index of the particles and n, is
the refractive index of the host material, and have a di-
mension along at least one axis so as to provide a sig-
nificant difference between red and blue scattering effi-
ciency in order to exhibit the different effects in reflection
and transmission.

[0035] Under the Tyndall effect, the scattering power
of the scattering particles is proportional to the fourth
power of the frequency of incident light, and so incident
light having a shorter wavelength is more strongly scat-
tered by the scattering particles. This means that shorter
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wavelength light is more reflected by the HRI layer, and
longer wavelength light is more transmitted. For the case
of visible light incident on an HRI layer comprising such
a dispersion of scattering particles, this means that in
reflected light the HRI layer exhibits a blue colour (i.e.
shorter wavelengths of the visible spectrum) and in trans-
mitted light the HRI layer exhibits an orange colour (i.e.
longer wavelengths of the visible spectrum). This change
in colour provides a striking optical effect to a viewer.
[0036] Examples of materials that may be used in par-
ticulate form to exhibit the Tyndall effectinclude materials
that follow Weber’s law of scattering efficiency, for ex-
ample the metal oxides (titanium dioxide, alumina, zirco-
nia, zinc oxide, or mixed oxides thereof) discussed
above. Other materials may be used as would be under-
stood by those skilled in the art. A dispersion of transition
metal nanoparticles may be used in order to exhibit the
"inverse-Tyndall" effect, as is described in Canadian pat-
ent application CA2781785.

[0037] Where the HRI layer comprises scattering par-
ticles, it remains substantially transparent to visible light.
[0038] In embodiments, the method may further com-
prise selectively providing an optical effect layer to the
HRI layer. The optical effect layer may comprise a col-
ourant such that the optical effect layer exhibits a first
colour to a viewer in the same manner as described
above.

[0039] The optical effect layer may comprise a disper-
sion of scattering particles having a dimension along at
least one axis such that the optical effect layer exhibits
a first colour when viewed in reflection, and a second,
different colour when viewed in transmission in the same
manner as described above. Preferably the individual
scattering particles of the dispersion have a dimension
along at least one axis (and typically an average particle
size) in the range of 100nm to 900nm, preferably in the
range of 200nm to 700nm.

[0040] Preferably the individual particles of the disper-
sion have a dimension D along at least one axis substan-
tially according to

D =2A/m(ny —ny);

wherein L\ is the wavelength of light incident on the optical
effect layer, n, is the refractive index of the particles and
n, is the refractive index of a host material of the optical
effect layer.

[0041] The optical effect layer may comprise a disper-
sion of transition metal nanoparticles in order that it ex-
hibits the inverse Tyndall effect, as explained above.
[0042] The optical effect layer is typically selectively
provided so as to at least partially overlap with the HRI
layer. In other words the optical effect layer typically cov-
ers at least a part of the material of the HRI layer.
[0043] Although itis envisaged that in most cases the
optical effect layer will be provided to a substantially col-
ourless HRI layer in order to provide a resultant coloured
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optical effect, the optical effect layer may also be selec-
tively provided to an HRI layer comprising a colourant or
dispersion of scattering particles such that the overall
effect exhibited to a viewer comprises the resultant (or
"mixing") of the coloured effects exhibited by the HRI lay-
er and the optical effect layer.

[0044] Advantageously, the optical effect layer may be
selectively provided so as to define indicia, preferably a
letter, digit, geometric shape, image, graphic or alpha-
numeric text. The indicia may define information. The
optical effect layer may be selectively provided by digital
printing means, such as inkjet printing, or by analogue
printing processes such as flexography or gravure.
[0045] The optical effectlayer is substantially transpar-
ent to visible light.

[0046] As hasbeendescribed above, the first outward-
ly facing surface of the security device substrate may
comprise a diffractive surface relief structure, with the
HRI layer selectively provided to said surface relief. The
first outwardly facing surface of the security device sub-
strate may comprise a refractive surface relief structure,
and the HRI layer is selectively provided to said refractive
surface relief structure. The first outwardly facing surface
of the security device may comprise at least one refrac-
tive structure such as a lens or microprism and the HRI
layer is selectively provided to said at least one refractive
structure. Here the term "refractive structure" refers to a
structure that provides an optical effect primarily through
refractive effects. For example, the HRI layer may be
provided so as to form a high refractive index coating on
underpowered lenses. The at least one refractive struc-
ture is typically provided as an array. For example, the
HRI layer may be selectively provided to an array of lens-
es or other refractive structures such as prisms.

[0047] Preferably, the security device substrate com-
prises a surface relief structure, and the HRI layer is se-
lectively provided to the surface relief structure. The sur-
face relief structure may be a diffractive surface relief
structure such as a diffraction grating, or may be a re-
fractive surface relief structure comprising at least one
refractive structure such as a lens or microprism.
[0048] Typically, the HRI layer is selectively provided
to the surface relief structure so as to cover less than
100% of the areal region of the surface relief structure,
typically less than 90%, more typically less than 75% and
even more typically less than 50%.

[0049] Asdescribed above, the HRI layer is selectively
provided to a surface relief structure. In a comparative
example, the HRI layer may be selectively provided in
the form of a surface relief. In this case, the HRI layer is
typically selectively provided to a planar part of the out-
wardly facing surface of the security device. The surface
relief formed by the HRIlayer may be a diffractive surface
relief structure such as a DOVID, which advantageously
removes the requirement for additional HRI coatings.
[0050] The surface relief structure formed by the HRI
layer in such a comparative example may comprise at
least one refractive structure such as a lens or micro-
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prism. Other examples of refractive structures that may
be formed by the HRI layer include corner cubes and
pyramidal structures. Such refractive structures are typ-
ically provided as an array. The pitch of such an array
(e.g. the width of a microprism) is preferably in the range
of 1-100m, more preferably 5-70pum, and the height of
the surface structure (e.g. the height of a microprism) is
preferably in the range of 1-100pm, more preferably
5-40pm.

[0051] Refractive structures formed by the selective
provision of an HRI layer in such comparative examples
may be subsequently varnished or coated without the
requirement for low refractive index overcoats, which are
difficult and expensive to produce.

[0052] In comparative examples where the HRI layer
is selectively provided in the form of a surface relief, the
host material may comprise an embossing resin, and said
surfacereliefis formed by embossing. Here, the HRI layer
is firstly selectively provided to the security device sub-
strate (for example in a desired region(s)) before being
embossed to form the required surface relief structure.
The HRI layer may befirstly selectively provided by digital
printing means such as inkjet printing, or by analogue
means such as flexography or gravure. Examples of suit-
able embossing resins include any thermoplastic poly-
mer for example a PMMA based resin.

[0053] Insome comparative examples, the host mate-
rial is radiation curable, preferably by UV radiation, and
the surface relief is formed by cast curing. The radiation
used to effect curing in the examples described above is
typically UV radiation but could comprise electron beam,
visible, or even infra-red or higher wavelength radiation,
depending upon the material, its absorbance and the
process used. Examples of suitable curable materials to
which HRI particles may be provided include UV curable
acrylic based clear embossing lacquers or those based
on other compounds such as nitro-cellulose. The curable
material could be elastomeric and therefore of increased
flexibility. An example of a suitable elastomeric curable
material is aliphatic urethane acrylate (with suitable
cross-linking additive such as polyaziridine).

[0054] The method of the invention may further com-
prise providing a substantially transparent protective lay-
er to the HRI layer so as to cover at least a part of the
HRI layer. Such a substantially transparent layer may
comprise an adhesive. Examples of suitable materials
for the protective layer include components such as ure-
thanes, methacrylates and carboxy-functional terpoly-
mers (such as UCAR™ VMCH and VMCA).

[0055] In particularly advantageous embodiments, at
least a region of the security device substrate is substan-
tially transparent. Where the first outwardly facing sur-
face of the security device substrate comprises a surface
relief structure (either pre-formed or formed by the HRI
layer itself), the substantially transparent region of the
security device substrate is in register with the surface
relief structure. This is particularly advantageous for the
personalisation of "transparent" DOVIDs, whose optical
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effects are visible in both reflection and transmission. The
selective provision of the HRI layer to such a surface
relief structure enables the optical effects of the DOVID
to be seen, in the region(s) of the HRI layer, in both re-
flection and transmission. The is a particular advantage
over state-of-the-art personalisation methods using laser
ablation of metal foils, as this technique is not applicable
to transparent DOVIDs.

[0056] The security device substrate may comprise
one of a security thread, strip, patch, label, transfer foil,
paper substrate or a polymer substrate, thereby forming
a security article. In such a case, the resultant security
article may be integrated into a security document, for
example in a transparent window region of the document,
or inserted as a window thread. In particularly advanta-
geous embodiments, the security device substrate com-
prises a polymer substrate of a passport data page or
banknote, and the HRI layer is selectively provided di-
rectly to said polymer substrate which has been pre-
formed with a diffractive surface relief structure. This ben-
eficially allows for simple personalisation of the final se-
curity document (i.e. passport or banknote).

[0057] Examples of polymer substrates include but are
not limited to, polypropylene, polyethylene, polycar-
bonate, polyvinyl chloride (PVC) and polyethylene
terephthalate (PET).

[0058] In embodiments, the security device formed by
the method of the first aspect is unique.

[0059] In accordance with a second aspect of the
present invention there is provided a method of manu-
facturing a plurality of security devices, wherein each se-
curity device is manufactured according to the method
of the firstaspect, and whereinthe HRI layer is selectively
provided in a different form for at least two of the plurality
of security devices.

[0060] Further disclosed is a method of forming a se-
curity document, the method comprising the method of
the first aspect, wherein the security device substrate
comprises at least a part of a substrate of the security
document. In other words, the security device substrate
may form a part of the substrate of the security document.
[0061] In embodiments, the security document is a
banknote and the security device substrate comprises a
paper or polymer substrate of the banknote. In embodi-
ments the security document is a passport or identifica-
tion card and the security device substrate comprises a
polymer substrate of the passport or identification card.
[0062] Further disclosed is a method of manufacturing
a plurality of security documents, wherein each security
document comprises a security device manufactured ac-
cording to the first aspect, or each security document is
manufactured as described above, and wherein the HRI
layer is selectively provided in a different form on at least
two of the plurality of security documents.

[0063] Furtherdisclosed is a method of manufacturing
a plurality of security documents, the method of manu-
facturing each document comprising the steps of: pro-
viding a security document substrate comprising a dif-
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fractive or refractive surface relief structure, and; selec-
tively providing a high refractive index (HRI) layer to said
diffractive or refractive surface relief structure, the HRI
layer comprising a substantially transparent host material
and particles having a dimension along at least one axis
less than 200nm, preferably less than 100nm, such that
they are substantially non-scattering to visible light and
the HRI layer is substantially transparent to visible light,
and wherein; the particles have a refractive index of at
least 1.8 and are present within the host material in a
proportion such that the resultant refractive index of the
HRI layer is at least 1.6, and wherein; the HRI layer is
provided in a different form for at least two of the plurality
of security documents.

[0064] A particular advantage of the present invention
is in the personalisation of security devices and security
documents. A plurality of security documents may be pro-
vided, each with substantially identical pre-formed sur-
face relief structures, typically diffractive surface relief
structures. Such pre-formed surface relief structures may
be considered as "blank" surface relief structures in that
each pre-formed surface relief exhibits substantially the
same optical effect to an observer. By selective provision
of a HRI layer onto the blank surface relief structures of
each document, a plurality of personalised documents
may be produced, with different documents exhibiting
different indicia through bright diffractive replay corre-
sponding to the selective provision of the HRI layer. The
HRI layer is provided in a different form for at least two
of the documents. The different form is typically different
indicia. Forexample, a plurality of passports may be man-
ufactured with different portraits corresponding to the
passport holders, the portraits having been printed onto
the blank surface relief structures with HRI material. In
another example, unique serial numbers may be printed
onto a plurality of documents (e.g. banknotes) using the
HRI material. Each banknote would then exhibit a differ-
ent serial number with bright diffractive replay. The ability
to selectively provide the HRIlayer through digital printing
means, such as inkjet printing, is particularly beneficial
and allows ease of personalisation.

[0065] Typical examples of security documents in-
clude a passport, banknote, security label, identification
card, driving licence or other document of value.

[0066] In accordance with a third aspect of the inven-
tion there is provided a security device comprising: a se-
curity device substrate having a first outwardly facing sur-
face; a high refractive index (HRI) layer selectively pro-
vided to said first outwardly facing surface, wherein the
HRI layer comprises a substantially transparent host ma-
terial and particles having a dimension along at least one
axis less than 200nm, preferably less than 100nm, such
that they are substantially non-scattering to visible light
and the HRI layer is substantially transparent to visible
light, and wherein; the particles have a refractive index
of at least 1.8 and are present within the host material in
a proportion such that the resultant refractive index of
the HRI layer is at least 1.6 and further wherein; the first
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outwardly facing surface of the security device substrate
comprises a diffractive or refractive surface relief struc-
ture, and the HRI layer is selectively provided to said
surface relief structure.

[0067] A preferred embodiment of the third aspect of
the invention is set out in claim 15 and has advantages
substantially as discussed above.

[0068] Further disclosed is a security article compris-
ing the security device of the third aspect, wherein the
security article is one of a security thread, strip, patch,
label, transfer foil, paper substrate or a polymer sub-
strate. The security device substrate may comprise at
least a part of the substrate of the security article.
[0069] Further disclosed is a security document com-
prising a security device according to the third aspect or
made in accordance with the first aspect, or a security
article as described above. The security device or article
may be located in a transparent window region of the
document, or inserted as a window thread, or affixed to
a surface of the document. Where the security device or
article comprises a polymer substrate, the polymer sub-
strate is typically a laminate for a data page of security
document such as a passport or identification card. An-
other scenario is that the polymer substrate could be the
substrate of a polymer banknote i.e. the security device
is formed directly on the polymer banknote substrate.
[0070] Furtherdisclosedisahighrefractiveindex (HRI)
coating composition for selective provision to a security
device substrate, comprising a substantially transparent
host material and a dispersion of particles, wherein; a
first subset of the particles have a dimension along at
least one axis less than 200nm, preferably less than
100nm and more preferably less than 50nm, such that
they are substantially non-scattering to visible light, and
wherein the first subset of particles have a refractive in-
dex of atleast 1.8 and are present within the host material
in a proportion such that the resultant refractive index of
the HRI coating is at least 1.6, and; a second subset of
particles have a dimension along at least one axis such
that the HRI coating layer exhibits a first colour when
viewed in reflection, and a second, different colour when
viewed in transmission.

BRIEF DESCRIPTION OF THE DRAWINGS

[0071] The invention will now be described with refer-
ence to the attached drawings, in which:

Figure 1 is a schematic plan view of a security doc-
ument comprising a security device according to an
embodiment of the present invention;

Figures 2a to 2c schematically outline the steps of
producing a security device according to an embod-
iment of the invention;

Figure 3 schematically illustrates an example sub-
strate comprising a surface relief;

Figures 4a to 4c schematically illustrate methods of
selectively providing a HRI layer according to com-
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parative examples;

Figures 5 and 6 are schematic cross-sectional views
of security devices according to further embodi-
ments of the invention;

Figures 7a and 7b schematically illustrate the visual
effect exhibited by a security device according to an
embodiment of the invention;

Figure 8 is a schematic cross-sections view of a se-
curity device according to a further embodiment of
the invention;

Figures 9a and 9b schematically illustrate the visual
effect exhibited by a security device according to an
embodiment of the invention;

Figures 10 to 13 illustrate example documents of val-
ue and methods for integrating a security device into
said documents of value, and;

Figures 14a, 14b and 14c schematically illustrate ex-
ample security device substrates to which a HRI lay-
er may be selectively provided.

DETAILED DESCRIPTION OF THE DRAWINGS

[0072] The following description will refer to an HRI
layer comprising nanocrystalline particles of Titanium di-
oxide. However, as has been highlighted above, the
skilled person will understand that particles of other metal
oxides such as alumina, zirconia, zinc oxide or mixed
oxides thereof may be used to generate the high refrac-
tive index of the HRI layer.

[0073] Figure 1 is a schematic plan view of a security
document 100, in this case a banknote. The banknote
comprises a substrate 10, which may comprise paper or
polymer, and a security device 20. The security device
20 comprises a diffractive optically variable element, in
this particular example displaying "£" symbol that exhibits
an optically variable effect (e.g. different diffractive col-
ours at different viewing angles of the document 100).
Other possible security devices and information present
on the substrate 10 of the banknote 100 have been omit-
ted from Figure 1 for clarity purposes.

[0074] Figures 2ato 2c schematically outline the steps
of producing such a security device 20. Figure 2a is a
cross sectional view of the security device 20 along X-
X. In this example the substrate of the security device
20 is a polymer and is a part of the polymer substrate of
the banknote 100 itself. In other examples, the substrate
of the security device 20 may be a substantially trans-
parent polymer integrated into a half-window or through-
window of a paper banknote. As schematically illustrated
in Figure 2a, at step 1 a substrate comprising a diffractive
surface relief structure 22 is provided. The surface relief
may have been provided by methods known in the art,
such as embossing. In this example, the diffractive sur-
face relief structure is a diffraction grating 22, such as a
square grating, sinusoidal grating, sawtooth grating or
blazed grating (although other types of structure or en-
visaged) that exhibits different diffractive colours at dif-
ferent viewing angles. In other examples, the diffractive
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surface relief structure may be a hologram surface relief
that exhibits an optically variable holographicimage com-
prising a plurality of objects. By selectively providing the
HRIlayer to such a surface relief, only the desired objects
of the holographic image may be exhibited, thus allowing
for personalisation.

[0075] At step 2, as shown at Figure 2b, a high refrac-
tive index (HRI) layer 30 is selectively provided to the
diffraction grating 22. In this example, the HRI layer is
selectively provided, by inkjet printing, so as to define the
"£" symbol as shownin Figure 1. As a result, when viewed
in reflection, the "£" symbol is exhibited to a viewer due
to the selective provision of the HRI layer in this form
over the diffraction grating 22. The diffraction grating 22
exhibits bright diffractive reply in the form of the "£" sym-
bol where the HRI layer has been applied.

[0076] Although the present example the HRI layer is
printed so as to define a "£" symboal, it is envisaged that
the HRI layer may be printed so as to define any desired
image or indicia, advantageously allowing for a high de-
gree of personalisation of the security element 20.
[0077] The material forming the HRI layer comprises
nanocrystalline Titanium dioxide particles dispersed
within a substantially transparent host material, typically
as a colloidal dispersion. In order for the region of the
security device 20 comprising the HRI dispersion 30 to
exhibit bright diffractive replay, the resultant refractive
index of the HRI layer is preferably at least 1.6, more
preferably at least 1.8 and most preferably at least 2.0.
A preferred range for the resultant refractive index of the
HRI layer is 1.7 to 2.2. Titanium dioxide has a refractive
index of approximately 2.9, and therefore the material
forming the HRI layer comprises approximately 15-20%
by weight of Titanium dioxide.

[0078] Examples of the substantially transparent host
material suitable as a delivery host for inkjet printing in-
clude nitrocellulose, acrylics, cellulose acetate butyrate,
vinyl chloride copolymers, and polyvinylbutyrate. As has
been described above, inkjet printing advantageously
provides for ease of personalisation of such a security
device 20.

[0079] Itisimportant that the HRI layer is substantially
transparentto visible light such that the optical effect pro-
duced by the relief structure 22 is exhibited to a viewer
in reflection. Due to the requirement for the HRI layer to
be substantially transparent, the Titanium dioxide parti-
cles need to be substantially non-scattering to visible
light. Titanium dioxide particles have very low scattering
power at dimensions of less than 100nm, and subse-
quently the preferred particle size of the Titanium dioxide
particles in the dispersion is less than 100nm, and pref-
erably less than 50nm.

[0080] If the substrate 10 is substantially transparent
to visible light, the optical effect produced by the relief
structure 22 is also visible in transmitted light.

[0081] At step 3, as shown in Figure 2c, a protective
varnish 40 may be applied so as to substantially cover
the whole of the relief structure 22 including the selec-
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tively provided HRI layer 30. The varnish not only protects
the surface relief of the security device but also prevents
counterfeiting by contact copying or similar methods as
the surface relief 22 is not available at the outer surface
of the security device. The varnish 40 may comprise an
adhesive.

[0082] In the example illustrated in Figures 2a to 2c,
the surface relief 22 is an outwardly-facing surface relief,
protruding from the substrate 10. Itis also envisaged that
the surface relief may be embedded into the outwardly-
facing surface of the substrate 10 (an inwardly-facing sur-
face relief), as schematically illustrated in Figure 3. The
HRIlayerand varnish may be applied in the same manner
as described above in relation to Figures 2a to 2c. Ex-
amples of a varnish 40 that may be used in step 3 include
components such as urethanes, methacrylates and car-
boxy-functional terpolymers (such as UCAR™ VMCH
and VMCA).

[0083] Figures 14a to 14c show further examples of
security device substrates onto which a HRI layer may
be selectively provided. In Figure 14a, the security device
substrate comprises a support layer 11 and an emboss-
ing layer 23 disposed upon and covering the support lay-
er. A surface relief 22, such as a diffraction grating, is
formed in the embossing layer 23, with the surface relief
forming a part of the outwardly facing surface of the se-
curity device substrate. In Figure 14a, the embossing lay-
er substantially completely covers the support layer. Fig-
ure 14b shows a similar security device substrate to that
of 14a, where the embossing layer covers only a part of
the support layer 11, and the surface relief 22 forms part
ofthe outwardly facing surface of the security device sub-
strate. The HRI layer may then be selectively provided
to the surface relief 22.

[0084] Figures 14c schematically illustrates a security
device substrate comprising a support layer 11 and an
embossing layer 23 comprising a refractive surface relief
structure, inthis case an array of microlenses 24, to which
a HRI layer may be selectively provided. The provision
of a HRI layer onto lenses may advantageously allow for
the use of thinner lenses to be used, reducing the overall
thickness of a security device and associated security
document.

[0085] In some examples, similarly to as shown in Fig-
ure 3, a surface relief structure may be formed within an
outer surface of a support layer, for example by emboss-
ing.

[0086] The supportlayer may comprise a polymer ma-
terial such as polypropylene, polyethylene, polycar-
bonate, polyvinyl chloride (PVC) and polyethylene
terephthalate (PET). Suitable embossing materials in-
clude any thermoplastic polymer for example a PMMA
based resin. In some cases the support layer of the se-
curity device substrate may form a part of a security ar-
ticle or security document.

[0087] Although the HRI layer 30 described above in
relation to Figures 2a to 2c was selectively provided by
inkjet printing, other forms of selective provision are en-
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visaged, such as analogue print methods including flex-
ography, lithography or gravure.

[0088] In the embodiments described above, the HRI
layer is selectively provided to a pre-formed surface relief
structure. In some comparative examples, such an HRI
material may be used to form a relief structure, as will
now be described. Figures 4a to 4c schematically illus-
trate how a relief structure may be formed from an HRI
material using radiation curing. Here, nanocrystalline Ti-
tanium dioxide particles are dispersed within a suitable
radiation-curable host material and the resultant radia-
tion-curable HRI material is selectively provided to a sub-
strate in a manner as described below.

[0089] Inoneexample, shownin Figure 4a, aradiation-
curable HRI material is applied to the outer surface of a
substantially cylindrical casting cylinder 200 by an appli-
cator 210. The outer surface 205 of the casting cylinder
200 carries the inverse surface relief of the desired sur-
face relief structure. Excess material may be removed
by doctor blade 210 if desired, for example in the forma-
tion of refractive structures.

[0090] A substrate 10, such as a polymer substrate for
a banknote, is then introduced to a nip 260 defined be-
tween the casting cylinder 200 and a firstimpression roll-
er 230, such that the material on the casting cylinder is
transferred to the substrate 10. Having been formed into
the correct surface relief structure, the curable HRI ma-
terial is cured by exposing it to appropriate curing energy
such as radiation R from a source 250. This preferably
takes place while the curable HRI material is in contact
with the surface relief of the casting cylinder, although if
the material is already sufficiently viscous this could be
performed after separation. In the example shown, the
curable HRI material is irradiated through the substrate
10, although the source 250 could alternatively be posi-
tioned above the substrate 10, e.g. inside cylinder 200 if
the cylinderis formed from a suitable transparent material
such as quartz.

[0091] The substrate 10, now comprising the cured
HRI material, passes through second nip 270 defined by
second impression roller 240 and the casting cylinder
200. The HRI surface relief structure 22, now affixed to
the substrate 10, separates from the casting cylinder
such that device 100 is formed. In this example, the cur-
able HRI material was applied directly to a document
substrate (e.g. a polymer banknote substrate), although
in other embodiments curable HRI material may be ap-
plied to a substrate for subsequent integration into a se-
curity document (for example through the use of a half-
window of full window).

[0092] Figure 4b illustrates a further example of man-
ufacturing such a security device using a flexographic
process. Substrate 10 is provided to a transfer roller 300,
where a curable HRI material is provided by applicator
roller 310 via respective annilox roller 310a. A doctor
blade (illustrated at 320) may optionally be used to re-
move excess material from the applicator roller 310. Op-
tionally, a doctor blade may be used to remove excess
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material from the annilox roller 310a. The substrate 10,
now comprising the curable HRI material 12, is subse-
quently introduced to casting cylinder 200, wherein the
outer surface 205 of the casting cylinder comprises the
inverse surface relief of the desired security device sur-
face relief.

[0093] The substrate 10 passes through first nip 260
defined by impression roller 230 and casting cylinder 200
to form the desired surface relief in the curable HRI ma-
terial, wherein subsequently the curable HRI material is
cured by radiation R in the same manner as described
above inrelation to Figure 4a. This preferably takes place
while the curable HRI material is in contact with the sur-
face relief 205 of the casting cylinder, although if the ma-
terial is already sufficiently viscous this could be per-
formed after separation. In the example shown, the ma-
terial is irradiated through the substrate 10 although the
source 250 could alternatively be positioned above the
substrate 10, e.g. inside cylinder 200 if the cylinder is
formed from a suitable transparent material such as
quartz.

[0094] The substrate, now comprising the cured HRI
material in the form of the desired surface relief, passes
through second nip 270 defined by second impression
roller 240, and the surface relief structure 22, now affixed
to the substrate 10, separates from the casting cylinder
such that device 100 is formed.

[0095] Figure 4c shows a further example of manufac-
turing such a security device, this time using inkjet print-
ing for selectively providing an initial layer of curable HRI
resin 12 to substrate 10. Here, substrate 10 is presented
to a print head 400 used to provide the curable HRI ma-
terial to the substrate 10, before the substrate 10, now
comprising the curable material 12, is subsequently in-
troduced to casting cylinder 200, wherein the outer sur-
face 205 of the casting cylinder comprises the inverse
surface relief of the desired surface relief. The HRI ma-
terial is cured and the security device 20 is formed in the
same way as described above in Figures 4a and 4b.
[0096] The use ofinkjet printing advantageously allows
the arrangement of the curable HRI material to be
changed quickly and easily. For example, one security
device may be printed so as the HRI surface relief struc-
ture is in the form of first indicia, and a different security
device may be printed where the HRI surface relief struc-
ture is in the form of a second, different indicia. This has
particular advantages in personalising security devices.
[0097] The radiation used to effect curing in the exam-
ples described above is typically UV radiation but could
comprise electron beam, visible, or even infra-red or
higher wavelength radiation, depending upon the mate-
rial, its absorbance and the process used. Examples of
suitable curable materials to which HRI particles may be
provided include UV curable acrylic based clear emboss-
ing lacquers or those based on other compounds such
as nitro-cellulose.

[0098] Theresultantrefractive index of the curable HRI
material is preferably atleast 1.6, more preferably atleast
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1.8 and most preferably at least 2.0. A preferred range
for the resultant refractive index of the HRI layer is 1.7
to 2.2. Titanium dioxide has a refractive index of approx-
imately 2.9, and is therefore the curable HRI material
comprises approximately 15-20% by weight of Titanium
dioxide.

[0099] The curable material could be elastomeric and
therefore of increased flexibility. An example of a suitable
elastomeric curable material is aliphatic urethane acr-
ylate (with suitable cross-linking additive such as
polyaziridine).

[0100] In other comparative examples, the surface re-
lief 22 may be formed by embossing rather than radiation
curing, in which case the Titanium dioxide nanocrystal-
line particles are added to a suitable embossing material,
and the surface relief structures embossed as is known
in the art. Suitable embossing materials include any ther-
moplastic polymer for example a PMMA based resin.
[0101] The surface relief structure 22 formed by the
embossing or radiation curing procedures outlined above
may be diffractive relief structures. In other embodi-
ments, the relief structures may comprise lenses or other
refraction-based structures such as microprisms. Further
examples of such structures include corner cubes and
pyramidal structures. Typically, such structures are
formed as an array.

[0102] Figure 5 is a schematic cross-sectional view of
a security device 20 according to a further embodiment
of the invention. Here, the selectively provided HRI layer
comprises two different coloured regions, indicated at 51
and 52. Region 51 comprises a dispersion of high refrac-
tive index Titanium dioxide nanocrystalline particles in
the manner described above, together with a first colour-
ant, such that region 51 exhibits a first colour to a viewer
50. Similarly, region 52 comprises a dispersion of high
refractive index Titanium dioxide nanocrystalline parti-
cles, together with a second colourant, such that region
52 exhibits a second colour, different from the first colour.
The colour exhibited by a coloured region of the HRI layer
is due to the absorption, by the colourant, of a particular
wavelength, or range of wavelengths, of visible light. The
colourant used in a coloured region of the HRI layer may
be a pigment or a dye.

[0103] The colourantused preferably has a particle di-
mension along at least one axis less than 100nm, more
preferably less than 50nm such that the colourant parti-
cles are substantially non-scattering to visible light. A col-
oured region of the HRIlayer comprising such a colourant
is thus substantially transparent (which includes translu-
cent) and exhibits substantially the same colour when
the device 20 is viewed in reflection and transmission.
For the purposes of this discussion, the coloured region
will be referred to as having a coloured "tint".

[0104] The use of colourant(s) in the HRI layer advan-
tageously provides a memorable optical effect to a view-
er. Although the example shown in Figure 5 shows two
different colouredregions 51 and 52, it will be appreciated
that both regions 51 and 52 may comprise the same col-
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ourant and therefore exhibit substantially the same col-
our. Furthermore, one, or three or more, coloured regions
of the HRI layer may be used.

[0105] Such coloured HRI inks may be selectively ap-
plied (in appropriate register where necessary) to the sur-
face relief 22 by inkjet printing, or analogue methods such
as lithography, flexographic or gravure printing.

[0106] Figure 6 is a schematic cross-sectional view of
a security device 20 according to a further embodiment
of the invention. Here, the HRI layer is selectively pro-
vided to a surface relief structure 22 and comprises a
coloured region 51 and a Tyndall-effect region 61. As
schematically illustrated in Figures 7a and 7b, which
show the security device 20 in plan view when viewed in
reflection and transmission, respectively, the coloured
region 51 is provided in the form of a "£" symbol, and the
Tyndall-effect region 62 is provided in the form of a "5"
symbol. The cross-section of Figure 6 is taken along the
line X-X" in Figures 7a and 7b. The surface relief 22 is a
diffractive surface relief structure.

[0107] The coloured region 51 is as described above
in relation to Figure 5. The Tyndall-effect region 61 com-
prises high refractive index Titanium dioxide nanocrys-
talline particles dispersed within a substantially transpar-
ent host material, and further comprises a dispersion of
particles having a dimension such that the Tyndall-effect
region exhibits the Tyndall effect.

[0108] The Tyndall effectis the effect of light scattering
by particles having a dimension below or substantially
equal to the wavelength of the incident light. Shorter
wavelength light is reflected due to scattering from these
particles, whereas longer wavelength light is substantial-
ly transmitted through the medium. Therefore, when
viewing the Tyndall-effect region 62 in reflected visible
light, the "5" will appear blue (due to the shorter wave-
length blue light of the visible spectrum being reflected),
and in transmitted light the "5" will appear orange (due
to the longer wavelengths of the visible spectrum being
transmitted).

[0109] This is schematically illustrated in Figures 7a
and 7b. Figure 7a shows the security device 20 in plan
form when viewed in reflection. The coloured region 51
comprises a blue colourantand has been selectively pro-
vided over the diffractive surface relief structure 22 in the
form of a "£" symbol, shown at 51a. The security device
therefore exhibits a diffractive optically variable effect
having a blue tint, in the form of a "£" symbol. The Tyndall-
effect region 61 has been provided in the form of a "5",
shown at 61a. In reflection, the security device 20 there-
fore exhibits a diffractive optically variable effect having
a blue tint, in the form of a "5" symbol.

[0110] However, when viewed in transmission, al-
though the "£" symbol will maintain its blue tint, the "5"
symbol will exhibit an orange tint due to the Tyndall effect.
This change in colour between reflective and transmis-
sive viewing provides a striking optical effect to the viewer
and enhances the security properties of the device 20.
[0111] Typically the individual particles of the disper-
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sion exhibiting the Tyndall effect have a dimension in the
range of 100-900nm, typically 200-700nm dependent on
the material.

[0112] Figure 8 is a schematic cross-sectional view of
a security device 20 according to a further embodiment
oftheinvention, where an optical effectlayeris selectively
provided to the HRI layer 30. Figures 9a and 9b sche-
matically represent the effect exhibited by such a device
when viewed in reflection and transmission, respectively.
[0113] As seenin Figure 8, the device 20 comprises a
substantially transparent substrate 10 and a diffractive
surface relief structure 22, in a similar manner to the em-
bodiments described above. A substantially transparent
HRI layer comprising regions 30a and 30b is selectively
provided to the surface relief 22. As shown in Figures 9a
and 9b, the HRI is selectively provided so as to define
the star-shaped diffractive structures shown at 22a, 22b
and 22c.

[0114] The optical effect layer comprises regions 71
and 81, and is selectively provided so as to at least par-
tially overlap with the regions 30a and 30b of the HRI
layer, as illustrated in Figure 8. A protective substantially
transparent varnish 40 is provided over the diffractive
surface relief structure of the security element 20. The
varnish may comprise an adhesive.

[0115] Region 71 of the optical effect layer comprises
a (in this case blue) colourant, such as a dye or pigment,
and is substantially transparent to visible light in a similar
manner to as described above. Region 71 is selectively
provided in the form of two "£" symbols, illustrated at 71a
and 71b. Region 81 of the optical effect layer comprises
a dispersion of Tyndall-effect particles such that it exhib-
its the Tyndall effect, and is selectively provided in the
form of two "5" symbols, as illustrated at 81a and 81b.
[0116] When viewed in reflection, both regions 71 and
81 of the optical effect layer exhibit a blue colour. As
schematically illustrated in Figure 9a, the "£" symbol 71a
and "5" symbol 81a partially overlap with diffractive struc-
ture 22a, providing a blue tint to the diffractive structure
in the regions of overlap. When viewed in transmission
however, while the "£" symbols defined by the colourant
region 71 maintain their blue exhibited colour, the "5"
symbols now exhibit an orange colour due to the Tyndall
effect generated by region 81 of the optical effect layer.
[0117] Security devices of the sort described above
can be incorporated into or applied to any article for which
an authenticity check is desirable. In particular, such de-
vices may be applied to or incorporated into documents
of value such as banknotes, passports, driving licences,
cheques, identification cards etc.

[0118] The security device or article can be arranged
either wholly on the surface of the base substrate of the
security document, as in the case of a stripe or patch, or
can be visible only partly on the surface of the document
substrate, e.g. in the form of a windowed security thread.
Security threads are now present in many of the world’s
currencies as well as vouchers, passports, travellers’
cheques and other documents. In many cases the thread



21 EP 3 687 828 B9 22

is provided in a partially embedded or windowed fashion
where the thread appears to weave in and out of the
paper and is visible in windows in one or both surfaces
of the base substrate. One method for producing paper
with so-called windowed threads can be found in EP-A-
0059056. EP-A-0860298 and WO-A-03095188 describe
different approaches for the embedding of wider partially
exposed threads into a paper substrate. Wide threads,
typically having a width of 2 to 6mm, are particularly use-
ful as the additional exposed thread surface area allows
for better use of optically variable devices, such as that
presently disclosed.

[0119] The security device or article may be subse-
quently incorporated into a paper or polymer base sub-
strate so that it is viewable from both sides of the finished
security substrate. Methods of incorporating security el-
ements in such amanner are described in EP-A-1141480
and WO-A-03054297. In the method described in EP-A-
1141480, one side of the security element is wholly ex-
posed at one surface of the substrate in which itis partially
embedded, and partially exposed in windows at the other
surface of the substrate.

[0120] Base substrates suitable for making security
substrates for security documents may be formed from
any conventional materials, including paper and polymer.
Techniques are known in the art for forming substantially
transparent regions in each of these types of substrate.
For example, WO-A-8300659 describes a polymer ban-
knote formed from a transparent substrate comprising
an opacifying coating on both sides of the substrate. The
opacifying coating is omitted in localised regions on both
sides of the substrate to form a transparentregion. In this
case the transparent substrate can be an integral part of
the security device or a separate security device can be
applied to the transparent substrate of the document.
WO-A-0039391 describes a method of making a trans-
parent region in a paper substrate. Other methods for
forming transparent regions in paper substrates are de-
scribed in EP-A-723501, EP-A-724519, WO-A-
03054297 and EP-A-1398174.

[0121] The security device may also be applied to one
side of a paper substrate so that portions are located in
an aperture formed in the paper substrate. An example
of a method of producing such an aperture can be found
in WO-A-03054297. An alternative method of incorporat-
ing a security element which is visible in apertures in one
side of a paper substrate and wholly exposed on the other
side of the paper substrate can be found in WO-A-
2000/39391.

[0122] Examples of suchdocuments ofvalue and tech-
niques for incorporating a security device will now be
described with reference to Figures 10 to 13.

[0123] Figure 10 depicts an exemplary document of
value 2100, here in the form of a banknote. Figure 10a
shows the banknote in plan view whilst Figure 10b shows
the same banknote in cross-section along the line Q-Q’.
In this case, the banknote is a polymer (or hybrid poly-
mer/paper) banknote, having a transparent substrate
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2102. Two opacifying layers 2103a and 2103b are ap-
plied to either side of the transparent substrate 2102,
which may take the form of opacifying coatings such as
white ink, or could be paper layers laminated to the sub-
strate 2102.

[0124] The opacifying layers 2103a and 2103b are
omitted across an area 2101 which forms a window within
which the security device 20 is located. As shown best
in the cross-section of Figure 10, a diffractive surface
relief 22 is provided on one surface of the substrate 2102.
This is typically pre-formed. A HRI layer is selectively
provided to the diffractive surface relief structure 22 as
described above with respect to any of the disclosed em-
bodiments, such that the device 20 displays bright dif-
fractive replay in window 2101 where the HRI layer has
been provided. Here the HRI layer is selectively provided
in the form of the character "A". The device 20 may be
viewed in transmission or reflection due to the transpar-
ent nature of the substrate 2102. It should be noted that
in modifications of this embodiment the window 2101
could be a half-window with the opacifying layer 2103b
continuing across all or part of the window. The banknote
may also comprise a series of windows or half-windows.
In this case different areas displayed by the security de-
vice could appear in different ones of the windows, with
different optical effects provided by selective printing of
the HRI layer in different windows.

[0125] Figure 11 shows such an example, although
here the banknote 2100 is a conventional paper-based
banknote provided with a security article 2105 in the form
of a security thread, which is inserted during paper-mak-
ing such that it is partially embedded into the paper so
that portions of the paper 2104 lie on either side of the
thread. This can be done using the techniques described
in EP0059056 where paper is not formed in the window
regions during the paper making process, thus exposing
the security thread incorporated between layers of the
paper. The security thread 2105 is exposed in window
regions 2101 of the banknote. Alternatively the window
regions 2101 may for example be formed by abrading
the surface of the paper in these regions after insertion
of the thread. The security device 20 is formed on the
thread 2105, which comprises a transparent substrate
with pre-formed diffractive relief structures 22 visible in
the window regions 2101. The HRI layer is selectively
provided, preferably by inkjet printing, to the diffractive
relief structures. As seen in Figure 11a, the HRI layer is
selectively printed in the form of an "A" in each window
region, although it will be appreciated that it may be print-
ed so as to define different indicia in each window. Such
flexibility in the provision of the HRI layer to the pre-
formed diffractive relief structures is a particular advan-
tage of the present invention, allowing ease of personal-
isation of security documents.

[0126] In Figure 12, the banknote 2100 is again a con-
ventional paper-based banknote, provided with a strip
element or insert 2108. The strip 2108 is based on a
transparent substrate and is inserted between two plies
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of paper 2109a and 2109b. The strip 2108 comprises a
pre-formed diffractive surface relief structure 22 and the
security device 20 is formed by selectively providing a
HRI layer to the relief structure 22. The paper plies 2109a
and 2109b are apertured across region 2101 to reveal
the security device 20, which in this case may be present
across the whole of the strip 2108 or could be localised
within the aperture region 2101.

[0127] A further embodiment is shown in Figure 13
where Figures 13(a) and (b) show the front and rear sides
of the document 2100 respectively, and Figure 13(c) is
a cross section along line Q-Q’. Security article 2110 is
a strip or band comprising a security device 20 according
to any of the embodiments described above. The security
article2110is formed into a security document 2100 com-
prising a fibrous substrate 2102, using a method de-
scribed in EP-A-1141480. The strip is incorporated into
the security document such thatitis fully exposed on one
side of the document (Figure 13(a)) and exposed in one
or more windows 2101 on the opposite side of the doc-
ument (Figure 13(b)). Again, the security device 20 is
formed on the strip 2110, which comprises a transparent
substrate with a pre-formed diffractive surface relief
structure 22 on one surface. The HRI layer is selectively
provided to the relief structure 22.

[0128] In Figure 13, the document of value 2100 is
again a conventional paper-based banknote and again
includes a strip element2110. In this case thereis a single
ply of paper. Alternatively a similar construction can be
achieved by providing paper 2102 with an aperture 2101
and adhering the strip element 2110 on to one side of
the paper 2102 across the aperture 2101. The aperture
may be formed during papermaking or after papermaking
for example by die-cutting or laser cutting.

[0129] In the examples described above in reference
to Figures 10 to 13, the HRI layer is selectively provided
to a diffractive surface relief structure pre-formed on the
transparent substrate. However, this is forillustrative pur-
poses, and the security device 20 of Figures 10 to 13
may be as described in any of the above embodiments.
[0130] As a further example, a plastic datapage for a
passport may be provided with a pre-formed diffractive
surface relief structure (for example formed by emboss-
ing), and the HRI layer is selectively provided to the dif-
fractive surface relief structure in the region(s) desired
to exhibit bright diffractive replay. This desired region
may be a portrait of the passport holder, for example. In
this manner a plurality of personalised passports may be
manufactured.

Claims

1. A method of forming a security device, the method
comprising:

selectively providing a high refractive index
(HRI) layer (30) to a first outwardly facing sur-
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face of a security device substrate (10), the HRI
layer comprising a substantially transparent
host material and particles having a dimension
along at least one axis less than 200nm, prefer-
ably less than 100nm, such that they are sub-
stantially non-scattering to visible light and the
HRI layer is substantially transparent to visible
light, and wherein;

the particles have a refractive index of at least
1.8 and are present within the host material in a
proportion such that the resultant refractive in-
dex of the HRI layer is at least 1.6, and further
wherein

the first outwardly facing surface of the security
device substrate comprises a diffractive or re-
fractive surface relief structure (22), and the HRI
layer is selectively provided to said surface relief
structure.

The method of claim 1, wherein the particles com-
prise atleast one metal oxide selected from: titanium
dioxide, alumina, zirconia, zinc oxide, or mixed ox-
ides thereof.

The method of claim 1 or claim 2, wherein the result-
ant refractive index of the HRI layer is in the range
of 1.6 to 2.5, preferably 1.7 to 2.2.

The method of any of the preceding claims, wherein
the selectively providing the HRI layer is performed
by a printing process, preferably wherein the printing
process is one of inkjet printing, flexographic printing
or gravure printing.

The method of any of the preceding claims, wherein
the HRI layer further comprises a colourant such that
the HRI layer exhibits a first colour to a viewer.

The method of any of claims 1 to 4, wherein the HRI
layer further comprises a dispersion of scattering
particles having a dimension along at least one axis
such that the HRI layer exhibits a first colour when
viewed in reflection and a second, different colour
when viewed in transmission.

The method of claim 6, wherein the individual parti-
cles of the dispersion have a dimension D along at
least one axis substantially according to

D =2A/m(ny —ny);

wherein A is the wavelength of light incident on the
HRI layer, n4 is the refractive index of the particles
and n, is the refractive index of the host material.

The method of any of the preceding claims, further
comprising selectively providing an optical effect lay-
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er to the HRI layer, preferably wherein the optical
effect layer comprises a colourant such that the op-
tical effect layer exhibits a first colour to a viewer, or
wherein the optical effect layer comprises a disper-
sion of scattering particles having a dimension along
at least one axis such that the optical effect layer
exhibits a first colour when viewed in reflection, and
a second, different colour when viewed in transmis-
sion.

The method of any of the preceding claims, wherein
the diffractive surface relief structure is a hologram
surface relief or a diffraction grating.

The method of any of the preceding claims, wherein
the surface relief structure comprises at least one
refractive structure such as a lens or microprism.

The method of any of the preceding claims, wherein
the HRI layer is selectively provided so as to define
indicia, preferably a letter, digit, geometric shape,
image, graphic or alphanumeric text.

The method of any of the preceding claims, wherein
the security device substrate comprises one of a se-
curity thread, strip, patch, label, transfer foil, paper
substrate or a polymer substrate.

A method of manufacturing a plurality of security de-
vices, wherein each security device is manufactured
according to the method of any of the preceding
claims and wherein the HRI layer is selectively pro-
vided in a different form for at least two of the plurality
of security devices.

A security device comprising:

a security device substrate having a first out-
wardly facing surface;

a high refractive index (HRI) layer selectively
provided to said first outwardly facing surface,
wherein the HRI layer comprises a substantially
transparent host material and particles having a
dimension along at least one axis less than
200nm, preferably less than 100nm, such that
they are substantially non-scattering to visible
light and the HRI layer is substantially transpar-
ent to visible light, and wherein;

the particles have a refractive index of at least
1.8 and are present within the host material in a
proportion such that the resultant refractive in-
dex of the HRI layer is at least 1.6, character-
ised in that:

the first outwardly facing surface of the security
device substrate comprises a diffractive or re-
fractive surface relief structure, and the HRI lay-
er is selectively provided to said surface relief
structure.

15

20

25

30

35

40

45

50

55

14

15. The security device of claim 14, wherein the diffrac-

tive surface relief structure is a hologram surface re-
lief or a diffraction grating; or wherein the surface
relief structure comprises at least one refractive
structure such as a lens or microprism.

Patentanspriiche

Verfahren zur Bildung einer Sicherheitsvorrichtung,
wobei das Verfahren umfasst:

Selektives Bereitstellen einer Schicht (30) mit
hohem Brechungsindex (HRI) auf einer nach
aullen gewandten Oberflache eines Sicher-
heitsvorrichtungssubstrats (10), wobei die HRI-
Schicht ein wesentlich transparentes Host-Ma-
terial und Teilchen umfasst, die eine Dimension
entlang zumindest einer Achse von weniger als
200 nm, vorzugsweise weniger als 100 nm der-
art aufweisen, dass sie wesentlich nicht streu-
end fir sichtbares Lichtsind und die HRI-Schicht
fir sichtbares Licht wesentlich transparent ist,
und wobei;

die Teilchen einen Brechungsindex von zumin-
dest 1,8 aufweisen und innerhalb des Host-Ma-
terials in einem Verhaltnis derart vorliegen, dass
der resultierende Brechungsindex der HRI-
Schicht zumindest 1,6 betragt, und ferner wobei
die erste nach auRen gewandte Oberflache des
Sicherheitsvorrichtungssubstrats eine beugen-
de oder brechende Oberflachenreliefstruktur
(22) umfasst, und die HRI-Schicht der Oberfla-
chenreliefstruktur selektiv bereitgestellt wird.

Verfahren nach Anspruch 1, wobei die Teilchen zu-
mindest ein Metalloxid umfassen, das aus Folgen-
den selektiert ist: Titandioxid, Aluminiumoxid, Zirko-
nia, Zinkoxid oder gemischte Oxide davon.

Verfahren nach Anspruch 1 oder Anspruch 2, wobei
der resultierende Brechungsindex der HRI-Schicht
im Bereich von 1,6 bis 2,5, vorzugsweise 1,7 bis 2,2
liegt.

Verfahren nach irgendeinem der vorhergehenden
Anspriiche, wobei das selektive Bereitstellen der
HRI-Schicht durch einen Druckprozess durchge-
fuhrt wird, vorzugsweise wobei der Druckprozess ei-
ner von Inkjet-Druck, Flexodruck oder Tiefdruck ist.

Verfahren nach irgendeinem der vorhergehenden
Anspriiche, wobei die HRI-Schicht ferner einen
Farbstoff derart umfasst, dass die HRI-Schicht ei-
nem Betrachter eine erste Farbe zeigt.

Verfahren nach irgendeinem der Anspriiche 1 bis 4,
wobei die HRI-Schicht ferner eine Feinverteilung
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streuender Teilchen umfasst, die eine Dimension
entlang zumindest einer Achse derart aufweisen,
dass die HRI-Schicht, wenn in Spiegelung betrach-
tet, eine erste Farbe zeigt und, wenn in Transmission
betrachtet, eine zweite, verschiedene Farbe zeigt.

Verfahren nach Anspruch 6, wobei die individuellen
Teilchen der Feinverteilung eine Dimension D ent-
lang zumindest einer Achse wesentlich geman

D =2i/a(n1 — n2) aufweisen;

wobei A die Wellenlange von Licht ist, das auf die
HRI-Schicht fallt, n; der Brechungsindex der Teil-
chen ist und n, der Brechungsindex des Host-Mate-
rials ist.

Verfahren nach irgendeinem der vorhergehenden
Anspriche, das ferner umfasst, der HRI-Schicht ei-
ne Schicht optischen Effekts bereitzustellen, vor-
zugsweise wobeidie Schicht optischen Effekts einen
Farbstoff derart umfasst, dass die Schicht optischen
Effekts einem Betrachter eine erste Farbe zeigt, oder
wobei die Schicht optischen Effekts eine Feinvertei-
lung von streuenden Teilchen umfasst, die eine Di-
mension entlang zumindest einer Achse derart auf-
weisen, dass die Schicht optischen Effekts, wenn in
Spiegelung betrachtet, eine erste Farbe zeigt und,
wenn in Transmission betrachtet, eine zweite, ver-
schiedene Farbe zeigt.

Verfahren nach irgendeinem der vorhergehenden
Anspriiche, wobei die beugende Oberflachenrelief-
struktur ein Hologramm-Oberflachenrelief oder ein
Beugungsgitter ist.

Verfahren nach irgendeinem der vorhergehenden
Anspriche, wobei die Oberflachenreliefstruktur zu-
mindest eine Brechungsstruktur wie beispielsweise
eine Linse oder ein Mikroprisma umfasst.

Verfahren nach irgendeinem der vorhergehenden
Anspriiche, wobei die HRI-Schicht selektiv bereitge-
stellt ist, um Zeichen, vorzugsweise einen Buchsta-
ben, eine Ziffer, eine geometrische Form, ein Bild,
eine Grafik oder einen alphanumerischen Text zu
definieren.

Verfahren nach irgendeinem der vorhergehenden
Anspriiche, wobei das Sicherheitsvorrichtungssub-
strat eins von Folgenden umfasst: einen Sicherheits-
faden, einen Streifen, ein Patch, eine Etikette, eine
Transferfolie, ein Papiersubstrat oder ein Polymer-
substrat.

Verfahren zur Herstellung einer Vielzahl von Sicher-
heitsvorrichtungen, wobei jede Sicherheitsvorrich-
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tung gemanl dem Verfahren irgendeines der vorher-
gehenden Anspriiche hergestellt wird und wobei die
HRI-Schicht selektiv in einer verschiedenen Form
fir zumindest zwei der Vielzahl von Sicherheitsvor-
richtungen bereitgestellt wird.

14. Sicherheitsvorrichtung, umfassend:

Sicherheitsvorrichtungssubstrat mit einer nach
auflen gewandten Oberflache;

eine Schicht mit hohem Brechungsindex (HRI),
die aufeiner nach aulRen gewandten Oberflache
bereitgestellt ist, wobei die HRI-Schicht ein we-
sentlich transparentes Host-Material und Teil-
chen umfasst, die eine Dimension entlang zu-
mindest einer Achse von weniger als 200 nm,
vorzugsweise weniger als 100 nm derart aufwei-
sen, dass sie wesentlich nicht streuend fiir sicht-
bares Licht sind und die HRI-Schicht fir sicht-
bares Licht wesentlich transparent ist, und wo-
bei;

die Teilchen einen Brechungsindex von zumin-
dest 1,8 aufweisen und innerhalb des Host-Ma-
terials in einem Verhaltnis derart vorliegen, dass
der resultierende Brechungsindex der HRI-
Schicht zumindest 1,6 betragt, dadurch ge-
kennzeichnet, dass:

Die erste nach aulRen gewandte Oberflache des
Sicherheitsvorrichtungssubstrats eine beugen-
de oder brechende Oberflachenreliefstruktur
umfasst, und die HRI-Schicht der Oberflachen-
reliefstruktur selektiv bereitgestellt wird.

15. Sicherheitsvorrichtung nach Anspruch 14, wobei die

beugende Oberflachenreliefstruktur ein Holo-
gramm-Oberflachenrelief oder ein Beugungsgitter
ist; oder wobei die Oberflachenreliefstruktur zumin-
dest eine brechende Struktur, wie beispielsweise ei-
ne Linse oder ein Mikroprisma, umfasst.

Revendications

Procédé de formation d’un dispositif de sécurité, le
procédé comprenant les étapes consistant a :

appliquer sélectivement une couche (30) a indi-
ce de réfraction élevé (HRI pour high refractive
index) sur une premiere surface tournée vers
I'extérieur d’un substrat (10) de dispositif de sé-
curité, la couche HRI comprenant un matériau
héte sensiblement transparent et des particules
ayant une dimension, le long d’au moins un axe,
inférieure a 200 nm, de préférence inférieure a
100 nm, de sorte qu’elles sont sensiblementnon
diffusantes pour la lumiére visible et que la cou-
che HRI est sensiblement transparente pour la
lumiére visible, et dans lequel ;
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les particules ont un indice de réfraction d’au
moins 1,8 et sont présentes dans le matériau
héte dans une proportion telle que l'indice de
réfraction résultant de la couche HRI est d’au
moins 1,6, et en outre dans lequel

la premiére surface tournée vers I'extérieur du
substrat du dispositif de sécurité comprend une
structure en relief de surface diffractive ou ré-
fractive (22) et la couche HRI est sélectivement
fournie a ladite structure en relief de surface.

Procédé selon la revendication 1, dans lequel les
particules comprennent au moins un oxyde métalli-
que sélectionné parmi : 'oxyde de titane, I'alumine,
la zircone, I'oxyde de zinc ou leurs oxydes mixtes.

Procédé selon la revendication 1 ou de la revendi-
cation 2, dans lequel l'indice de réfraction résultant
de la couche HRI se situe dans la gamme de 1,6 a
2,5, de préférence de 1,7 a 2,2.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel la fourniture sélective de
la couche HRI est effectuée par un procédé d’'im-
pression, de préférence dans lequel le procédé d’'im-
pression est I'un parmi I'impression par jet, la flexo-
graphie ou I'héliogravure.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel la couche HRI comprend
en outre un colorant de sorte que la couche HRI pré-
sente une premiére couleur a un observateur.

Procédé selon I'une quelconque des revendications
1 a4, dans lequel la couche HRI comprend en outre
une dispersion de particules de diffusion ayant une
dimension le long d’au moins un axe de telle sorte
que la couche HRI présente une premiere couleur
lorsqu’elle est vue en réflexion et une deuxiéme cou-
leur différente lorsqu’elle est vue en transmission.

Procédé selon la revendication 6, dans lequel les
particules individuelles de la dispersion ont une di-
mension D le long d’au moins un axe sensiblement
selon

D=2Anni-ny,

ou A désigne la longueur d’'onde de la lumiére inci-
dente sur la couche HRI, n, représente l'indice de
réfraction des particules et n2 représente I'indice de
réfraction du matériau hote.

Procédé selon I'une quelconque des revendications
précédentes, comprenant en outre la fourniture sé-
lective d’'une couche a effet optique ala couche HRI,
de préférence dans lequel la couche a effet optique
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comprend un colorant de sorte que la couche a effet
optique présente une premiére couleur a un obser-
vateur, ou dans lequel la couche a effet optique com-
prend une dispersion de particules de diffusion ayant
une dimension le long d’au moins un axe de sorte
que la couche a effet optique présente une premiére
couleurlorsqu’elle estvue enréflexion et une deuxie-
me couleur différente lorsqu’elle est vue en trans-
mission.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel la structure en relief de
surface diffractive est un relief de surface structuré
de maniére holographique ou un réseau diffractif.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel la structure en relief de
surface comprend au moins une structure réfractive
telle gu’une lentille ou un microprisme.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel la couche HRI est sélecti-
vement fournie de maniére a définir des indices, de
préférence une lettre, un chiffre, une forme géomé-
trique, une image, un graphique ou un texte alpha-
numérique.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le substrat du dispositif de
sécurité comprend I'un parmi un fil, une bande, un
patch, une étiquette, une feuille de transfert, un subs-
trat en papier ou un substrat polymeére.

Procédé de fabrication d’'une pluralité de dispositifs
de sécurité, dans lequel chaque dispositif de sécurité
est fabriqué selon le procédé de I'une quelconque
des revendications précédentes et dans lequel la
couche HRI est fournie sélectivement sous une for-
me différente pour au moins deux de la pluralité de
dispositifs de sécurité.

Dispositif de sécurité comprenant :

un substrat de dispositif de sécurité ayant une
premiére surface tournée vers I'extérieur,

une couche a indice de réfraction élevé (HRI)
fournie sélectivement a ladite premiére surface
tournée vers I'extérieur, dans lequel la couche
HRI comprend un matériau héte sensiblement
transparent et des particules ayant une dimen-
sion, le long d’au moins un axe, inférieure a 200
nm, de préférence inférieure a 100 nm, de sorte
qu’elles sont sensiblement non diffusantes a la
lumiére visible et la couche HRI est sensible-
ment transparente a la lumiére visible, et dans
lequel ;

les particules ont un indice de réfraction d’au
moins 1,8 et sont présentes dans le matériau
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héte dans une proportion telle que l'indice de
réfraction résultant de la couche (HRI) est d’au
moins 1,6, caractérisé en ce que :

la premiére surface tournée vers I'extérieur du
substrat du dispositif de sécurité comprend une 5
structure en relief de surface diffractive ou ré-
fractive etla couche HRI est sélectivement four-

nie a ladite structure en relief de surface.

15. Dispositif de sécurité selon la revendication 14,dans 10
lequel la structure en relief de surface diffractive est
un relief de surface structuré de maniere hologra-
phique ou un réseau de diffraction, ou dans lequel
la structure en relief de surface comprend au moins
une structure réfractive telle qu’une lentille ouun mi- 15
croprisme.
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