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ABSTRACT

Opaque flakes, such as pigment or bright flake used in paints and 1nks, have a selected
shape and/or other indicia to provide a covert security feature to an object. In some
embodiments the composition includes base pigment, and the opaque covert flakes match the
visual characteristics of the base pigment. In another embodiment, opaque covert flakes are

mixed in the carrier with base pigment at a concentration sufficient to avoid changing the

appearance of the composition. In another embodiment, opaque covert flakes are mixed 1n a
clear or tinted varnish base that can be applied over an existing security feature. Shaped opaque

covert flakes are not readily detectable by causal observation, but in some embodiments are
easily seen at 50X magnification. In manufacturing the flakes a sheet of embossed frames are

provided having symbols or indicia within; upon removing a coating from the sheet the coating

material tends to break along frame lines and the resulting flakes are substantially uniform in

S1ZE.
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PROVISION OF FRAMES OR BORDERS AROUND OPAQUE FLAKES FOR COVERT
SECURITY APPLICATIONS

FIELD OF THE INVENTION
The present invention relates generally to thin-film pigment flakes, and more

particularly to providing a border or frame around taggent flakes for use in a coating

composition.

BACKGROUND OF THE INVENTION

Specialty pigments have been developed for use in security applications, such as anti-
counterfeiting devices printed on banknotes, packaging of high-value items, seals for containers,
and even for direct application to commercial items. For example, the U.S. twenty-dollar
Federal Reserve Note currently uses optically variable ink. The number “20” printed in the
lower-right corner of the face of the note changes color as the viewing angle changes. This is an
overt anti-counterfeiting device. The color-shifting effect is not reproducible by ordinary color
photocopiers, and someone receiving a note can observe whether it has the color-shifting security
feature to determine the note’s authenticity.

Other high-value documents and objects use similar measures. For example,
iridescent pigments or diffractive pigments are used in paints and inks that are applied directly to
an article, such as a stock certificate, passport, original product packaging, or to seals that are
applied to an article. Security features that are more difficult to counterfeit are desirable as
counterteiters continue to become more sophisticated.

One anti-counterfeiting approach uses microscopic symbols on multi-layer color-
shifting pigment flakes. The symbols are formed on at least one of the layers of the multi-layer
color-shifting pigment flakes by a local change of an optical property(s), such as reflectivity.
The multi-layer color-shifting pigment flakes generally include a Fabry Perot-type structure
having an absorbing layer separated from a reflective layer by a spacer layer. The reflective
layer 1s typically a layer of metal, which renders the pigment flake essentially opaque. If a large
portion of these types of pigment flakes are mixed with other pigment, the resultant color might

be significantly different from the pigment, and if too few of these flakes are mixed with other

pigment, they might be difficult to find.
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Another technique uses epoxy-encapsulated shaped flakes of polyethylene
terephthalate (“PET"). A reflective layer 1s deposited on a roll of PET, and then the PET 1s cut
into pieces. The flakes are coated or encapsulated with epoxy to improve the durability of the
reflective layer. These flakes are available 1n a variety of shapes, such as square, rectangle,
hexagon, and “apostrophe,” and a selection of reflective metallic tints, such as silver, pewter,
gold, and copper. However, the epoxy layer and the relatively thick PET substrate (which
typically has a minimum thickness of about 13 microns (0.5 mils) for use in vacuum deposition
processes) result in a relatively thick flake, typically greater than 14 microns. Unfortunately,
such a thick flake is not desirable for use in covert applications where the thickness is
substantially greater than the base pigment. Similarly, such thick flakes do not flow well 1n 1nks,
and create lumps 1n paint. When paint includes a thick flake that creates a rough surface, a
relatively thick clear topcoat 1s typically applied over the rough surface.

It is desirable to mark objects with covert anti-counterfeiting devices that overcome
the limitations of the techniques discussed above.

This invention relates to providing flakes which have taggents or covert symbols
stamped or embossed or etched therein by mechanical means or formed by laser means, wherein
the covert symbols can be seen with a microscope. In order to preserve the integrity of the
symbols, a frame is provided around all of or part of covert symbols so that when the individual
flakes are removed from the support structure they are deposited on, the majority of flakes break
along the frame lines provided instead of breaking in a less controlled unpredictable manner
wherein break lines would otherwise occur with greater frequency through and about the
symbols. In some instances parallel frame lines may be provided so that the flakes break into a
ribbon; 1n a preferred embodiment of this invention, flakes and more particularly one or more
symbols within a flake will have a framed grooved border on four or fewer sides about the one or
more symbols, so that the flakes break in uniform squares or rectangles along the fame lines. Of
course triangular or hexagonal flakes may be provided as well in this manner, by pre-framing
symbols on three sides, prior to removing the flakes from their backing. A conventional release
layer 1s provided so that the flakes can easily be removed from their backing or support layer and
so that upon removal, the flakes break up along the faming lines. Frames can be made in a

similar manner in which the symbols are made; using a laser, etching or stamping of the film that
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1S upon the substrate; 1n a preferred embodiment, the frames are provided in the same process

along with the formation of the symbols.

It 1s therefore an object of this invention, to provide flakes having symbols thereon,
and wherein the symbols have or had, frames or borders embossed, etched or lasered into the

tflake for protecting the symbols during the process of separating flakes from their temporary

support backing.

In one aspect, this invention relates to a method of producing flakes having covert
symbols therein, wherein convert symbols within the flakes are substantially preserved in the

process of removing the flakes from their temporary support backing.

SUMMARY OF THE INVENTION

In accordance with this invention, there 1s provided, a foil comprising a substrate
having a releasable material deposited thereon in the form of one or more thin film layers for
forming flakes once removed from the substrate, the one or more thin film layers having a
plurality of symbols formed therein at least some of the symbols having frames surrounding the
symbols.

In accordance with another aspect of the invention, there 1s provided, a coating
composition comprising: a carrier; and a plurality of single-layer inorganic dielectric covert
taggent flakes dispersed 1n the carrier, wherein the flakes are surrounded by a frame.

In accordance with the invention there 1s further provided, a plurality of covert flakes having
frames about indicia disposed on each flake for providing lines about which the flakes will break

upon removal from a substrate onto which they were backed.

In accordance with another aspect of the invention, a method is provided for producing
flakes having indicia thereon, the method comprising the steps of: providing a substrate coated
with a release layer; providing an optical coating of one or more layers upon the release layer;
inscribing indicia in the form of one or more symbols in a plurality of regions upon the optical
coating; mnscribing a frame about the indicia, in each region; removing the optical coating from
the release layer such that the coating is broken into flakes in the form framed indicia.

In yet another aspect of the invention, flakes are provided which have at least one
symbol thereon, wherein the flakes were separated from adjacent flakes by separating along

frames or borders etched, lasered or embossed into the sheet prior to their removal.
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In accordance with this invention, there is provided, a foil comprising a substrate having a
releasable material deposited thereon in the form of one or more thin film layers for forming

flakes once removed from the substrate, the one or more thin film layers having a plurality of
symbols formed therein at least some of the symbols having frames surrounding the symbols.

In accordance with another aspect of the invention, there is provided, a coating
composition comprising: a carrier; and a plurality of single-layer inorganic dielectric covert
taggent flakes dispersed in the carrier, wherein the flakes have indicia thereon are surrounded by
a frame.

In accordance with the invention there is further provided, a plurality of covert flakes
having frames about indicia disposed on each flake for providing lines about which the tlakes
will break upon removal from a substrate onto which they were backed.

A coating composition includes covert opaque flakes less than about 10 microns thick
with identifying indicia. Examples of identifying indicia include selected flake shape(s) and/or
compositions. The covert flakes are typically dispersed in a carrier, such as a varnish base, paint
vehicle or ink vehicle, to form a coating composition. The covert flakes are dispersed 1n
sufficiently dilute concentration so that the covert flakes are not easily detectable in the coating
composition by casual observation and are colored to match the color of a base pigment or have
a different optical characteristic, such as being highly reflective (“bright” or “silver™). The
shapes of selectively shaped covert flakes are not discerned by unaided human vision, but can be
seen under about 50 X to 300 X magnification. In one embodiment, the covert tlakes appear to
be essentially identical to base pigment flakes in the composition, but are made of different thin-

film layers that are detectable using standard analytical methods.

In a particular embodiment the covert flakes are a single layer of a shaped mnorganic
dielectric material, such as ZnS. The thickness of the single layer of inorganic dielectric material
is selected to provide a covert flake that has color to match mica-based nacreous base pigment.

A composition according to an embodiment of the present invention 1s applied to an
object to provide a covert security feature. A pigmented composition may be used to print a field
(e.g. an image) on the object, and a varnish composition with a low concentration of opaque
security flakes may be used to overprint an existing image on the object. In an embodiment ot

the invention, covert flake 1s mixed with base pigment to provide a covert security feature to
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1mages printed with the composition that look substantially similar to images printed with only

the base pigment.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a plan view of a portion of a document with a security feature according to an

embodiment of the present invention.

Fig. 2A 1s a simplified view of a portion of a deposition substrate having an embossed

portion and a non-embossed portion.

Fig. 2B 1s a simplified view of a portion of another deposition substrate 11’ having an
embossed portion 13° and a non-embossed portion 15’

Fig. 3A 1s a simplified plan view of a portion 14A of the security feature 14 shown 1n
Fig. 1.

Fig. 3B 1s a simplified cross section of a bright pigment flake 20 according to an
embodiment of the present invention.

Fig. 3C 1s a simplified cross section of a bright flake 20’ providing an elemental
fingerprint.

Fig. 3D 1s a simplified cross section of a color-shifting pigment flake 30 according to
another embodiment of the present invention.

Fig. 4 1s a cross section of a varnish with opaque covert flakes dispersed in a carrier

according to an embodiment of the present invention.

Fig. 5 1s a cross section of base flakes and opaque covert flakes dispersed in a binder

according to another embodiment of the present invention.

Fig. 6 1s a flow chart of a method of making pigment flake according to an

embodiment of the present invention.

Fig. 7 1s a photograph of a sheet bearing a plurality of Euro symbols each framed by a

square frame or border embossed into the substrate.

F1g. 8 1s a photograph of a plurality of Mg-Gn color shifting flakes each bearing the
Euro symbol and most having a full or partial frame surrounding the symbol.

Fig. 9 1s a photograph of a plurality of Mg-Gn pn symbols on flakes wherein the flakes
have broken randomly preserving some symbols and destroying others due to the fracture lines

as a result of the absence of frames.
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Fig. 10 1s a photograph of a plurality of framed symbols within a greater number ot
flakes absent any covert symbols or frames where a ratio of framed symbols to other flakes i1s
1:10.

Fig. 11 is a photograph of a plurality of p symbols some of which are cracked through
the symbols and some of which have plural symbols on a single flake; the great distribution in
particle size 1s evidenced here in this photograph due to the absence of providing frames or
borders about the symbols.

Fig. 12 1s an embodiment in accordance with this invention wherein a flake has color
shifting properties, magnetic properties, and bears a covert feature within the flake.

Fig. 13 1s a photograph of security features wherein covert flakes are aligned to

provide an overt security feature bearing the covert feature within flakes.

DETAILED DESCRIPTION OF THE INVENTION
I. Introduction

Flakes for covert security applications are not typically seen by casual observation.
Some sort of inspection technique, such as inspection under a microscope or analytical
technique, such as elemental analysis, is used. In one embodiment, opaque flakes containing
indicia, such as a particular shape, substantially match the visual characteristics of a bulk
pigment or other substance they are mixed with. In a particular embodiment, a single-layer
inorganic opaque flake having a selected shape 1s mixed with an iridescent mica-based flake or
other base pigment. For the purpose of this discussion, a “single layer” of inorganic material
includes multiple layers of the same 1norganic material built up upon each other.

Inorganic covert flakes are particularly desirable in applications where heat, solvents,
sunlight, or other factors may degrade organic flakes. For example, an inorganic covert flake
used 1n an explosive 1s detectable even after exposure to high temperatures and/or pressures, and
1s persistent in the environment. Flakes according to embodiments of the present invention also
are substantially thinner, typically less than about 10 microns, than conventional shaped flakes,
enabling their use 1n ink and produce a smooth surface finish in paints without having to use a
clear topcoat. Thin, inorganic flakes according to embodiments of the present invention also
have a density closer to the density of base pigment flakes made using similar techniques. Thick

flakes incorporating organic substrates often have a different density than thin-film base pigment
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flake, and may segregate, either before or during application while the carner 1s fluid. Flake
segregation i1s undesirable because 1t can result in an inconsistent ratio of covert and base flakes
in a composition, and may degrade the covert nature of the covert flakes if segregation results in

an unduly high concentration of covert flakes.

I1. Exemplary Opaque Flake

Fig. 1 1s a plan view of a portion of a document 10 with a security feature 12
according to an embodiment of the present invention. At least a portion 14 of the security
feature 12 1s printed with ink or paint including opaque flakes having indicia (hereinafter “covert
flakes™) mixed with bulk pigment, such as bulk pigment flakes. In one embodiment, the covert
flakes have a particular shape, such as being square, rectangular, trapezoidal, “diamond” shaped,
or round, for example. In another embodiment, the covert flakes include a grating pattern, with
or without having a selected shape. Preferably, the selected shape 1s provided by embossing,
etching or using a laser to create frames or borders along which the flakes will facture upon
removal from their temporary supporting substrate. In a particular embodiment, the grating
pattern has a grating spacing that 1s not optically active 1n the visible range of the spectrum. That
1s, these grating patterns do not form a visible diffraction grating. Covert flakes are also
sometimes referred to as taggent flakes, although not all taggent flakes are necessarily covert
flakes.

Generally, bulk pigment particles, including bulk pigment flakes, have an irregular
shape. In one embodiment, the covert flakes are distinguishable from bulk pigment flakes by
their shape. Alternatively, bulk pigment flakes have a first selected shape, and the covert flakes
have a second selected shape. Production of shaped pigment flakes is accomplished by a variety
of techniques, such as using a patterned substrate to deposit the flake material on the substrate
and then separating the flake from the substrate to obtain the pattern such as a frame or border, or
using a laser or other means to cut the patterned flakes from a sheet of flake material. The
selected shape of the covert flakes may be associated with a manufacturing facility, date of
manufacture, or other aspect of the document 10, or ink used in producing the document, for
example.

A roll coater 1s one type of apparatus that can be used to produce selectively shaped

or randomly shaped covert flakes according to embodiments of the invention. A roll of a sheet
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of polymer substrate material (also known as a “‘web”) 1s passed through a deposition zone(s)
and coated with one or more thin film layers. Multiple passes of the roll of polymer substrate
back and forth through the deposition zone(s) may be made. The thin film layer(s) 1s then
separated from the polymer substrate and processed into flake. Other apparatus and techniques
may be used.

It 1s generally desirable to limit the total thickness of thin film layers deposited (and
hence removed) from a roll of polymer film substrate to less than about 10 microns. PET is one
type of polymer film substrate used 1n roll coaters, and the PET filim substrate is usually at least
about 13 microns thick. Thinner PET film tends to thermally deform during vacuum deposition
processes. Both the heat in the deposition zone and the heat of condensation of the deposited
thin-film layer(s) increase the temperature of the polymer substrate as it passes through a
deposition zone. Thus, the minimum thickness of flake cut from and incorporating PET film 1s
about 13 microns.

In addition to, flakes having a selected shape preferably realized by embossing
frames into the substrate, along which the flakes will separate and break apart, the covert flakes
preferably include a one or more symbols, other forms of indicia within and bordered by the
frames, and/or a grating pattern. The grating pattern 1s embossed on a substrate used in a roll
coater prior to depositing thin film layers that are processed into flakes, or otherwise formed. In
a further embodiment, a selected amount (percentage) of the deposition substrate surface area is
embossed with a grating pattern or shape pattern to obtain a selected amount of covert flakes
when the thin film layers are stripped from the deposition substrate and processed into flakes.
This technique provides covert flakes with the same optical design (thin film layer composition
and thickness) as the base flake. For example, embossing 10% of the deposition substrate
surface area with a grating pattern and/or shape pattern would result in a pigment mixture having
about 10% covert flakes as 1s shown in Fig. 10. Different rolls of deposition substrate are
produced with different percentages of embossed surface area to obtain pigment mixtures having
different amounts covert flake, or are embossed with different patterns to obtain different shapes
and/or grating patterns.

Fig. 2A 1s a simplified view of a portion of a deposition substrate 11 having an
embossed portion 13 and a non-embossed portion 15. The embossed portion has a frame, which

1s exaggerated for purposes of illustration, and alternatively or optionally has a grating or
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symbol, for example, and the non-embossed portion is essentially smooth. Alternatively, the
non-embossed portion 1s embossed with a different frame, grating, or symbol. The ratio of the
surface area of the embossed portion 13 to the non-embossed portion 15 produces a selected
amount of taggent flake (produced from the embossed portion) having the same thin-film
structure as the base flake (produced from the non-embossed portion). The deposition substrate
11 travels from one roll 17 to another 19 through a deposition zone (not shown) in a roll coater,

but alternative embodiments use different types of substrates and deposition systems. Fig. 2B is

a simplified view of a portion of another deposition substrate 11’ having an embossed portion

13’ and a non-embossed portion 15 .

A pigment flake with 1dentifying indicia provides a security feature even if it is
easily observable; however, 1f a pigment flake with 1dentifying indicia is not easily observable, a
counterfeiter might not even be aware that a covert flake 1s present. One embodiment of the
present invention uses covert pigment flake that has the same optical characteristics as the base

pigment. The covert pigment flakes are not seen by unaided human vision, but are visible under

magnification of about 50 X to 300 X. Covert pigment flakes having essentially the same visual
characteristics can be mixed with base pigment in a wide range of proportions without
significantly affecting the color of the composition. In some embodiments, covert pigment
flakes are readily identifiable in compositions having 5-10 weight % covert pigment flakes and
95-90 weight % base pigment flakes having similar appearance (e.g. color and/or color travel).
Often, shaped opaque covert flakes are easily identifiable in the field using hand-held
microscopes (e.g. “shirt-pocket” microscopes), and require less magnification to identify than
similar sized flakes having symbols.

Another approach 1s to use an opaque covert flake with a selected shape that is a
different color than the base flake. In one embodiment, the opaque covert flake is a bright
metallic (“silver”) flake having a thin-film layer of aluminum or other reflector between layers of
a dielectric material, such as MgF, Bright flake is generally highly reflective over a wide range
of visible wavelengths, and often does not have a characteristic color. Bright flake made with
gold and copper may appear yellowish and reddish, for example. It has been found that between
about 0.25 weight % to about 5 weight % of shaped (e.g. “diamond” shaped) bright flake in

colored base pigments can be added without causing a noticeable change in color, but are still

easily identifiable under 1lluminated magnification of about 50 X (i.e. 50 times magnification).
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Under illuminated magnification, both the shape and high brightness of the flake distinguish 1t
from the base flake. When less than about 0.25% of shaped bright flake 1s used the covert flakes
become difficult to detect because dilution with the base flake results in fewer shaped bright
flakes in the field of view.

When the amount of bright flake exceeds about 5 weight %, the color (e.g. hue) of
certain types of flakes, particularly dark colored flakes, changes. In these instances, too much
bright flake essentially “dilutes’ the color of the base pigment. However, using shaped bright
flake 1n compositions having color-shifting pigment is highly desirable because a single type of
shaped bright flake 1s added 1n small quantities to many different types (color and/or color travel)
of pigment flake, and a relatively small amount of shaped bright flake provides a covert security
feature. Similarly, dilution of color is not critical in applications where compositions containing
pigment and bright flake are not intended to replace or otherwise be indistinguishable from
compositions containing 100% pigment flake.

Pigments are often mixed 1n carriers to form paint or ink. Examples of carriers
include polyvinyl alcohol, polyvinyl acetate polyvinylpyrrolidone, poly(ethoxyethylene),
poly(methoxyethylene), poly(acrylic) acid, poly(acrylamide), poly(oxyethylene), poly(maleic
anhydride), hydroxyethyl cellulose, cellulose acetate, poly(sacchrides) such as gum arabic and
pectin, poly(acetals) such as polyvinylbutyral, poly(vinyl halides) such as polyvinyl chlonde and
polyvinylene chloride, poly(dienes) such as polybutadiene, poly(alkenes) such as polyethylene,
poly(acrylates) such as polymethyl acrylate, poly(methacrylates) such as poly
methylmethacrylate, poly(carbonates) such as poly(oxycarbonyl oxyhexamethylene, poly(esters)
such as polyethylene terephthalate, poly(urethanes), poly(siloxanes), poly(suphides),

poly(sulphones), poly(vinylnitriles), poly(acrylonitriles), poly(styrene), poly(phenylenes) such as
poly(2,5 dihydroxy-1,4-phenyleneethylene), poly(amides), natural rubbers, formaldahyde resins,

other polymers and mixtures of polymers and polymers with solvents.

Fig. 3A 1s a simplified plan view of a portion 14A of the security feature 14 shown
in Fig. 1. The portion 14A of the security feature is viewed under magnification, typically about
20 X-300 X, m order to see the shape of the flakes, which are typically about 5-100 microns
across, more typically about 20-40 microns across. The security feature was printed using ink
including base pigment particles 16 and a covert pigment flake 18 having a selected shape, in

this case a “diamond” shape. The optical characteristics and concentration of the covert pigment

10
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flake is chosen so as to not disturb the visual appearance of a composition made with the base

pigment particles.

The base pigment particles 16 are illustrated as being irregularly shaped tlakes.
Alternatively, base pigment flakes have a selected (i.e. regular) shape. Similarly, the covert
pigment flake 18 could have a grating. The addition of a grating further increases the difficulty
of counterfeiting. In some embodiments, the covert pigment flake 18 has generally the same
optical characteristics as the base pigment particles. Alternatively, the covert pigment tlake 18
has different optical characteristics as the base pigment particles but is present in sufficiently

small quantities so as not to disturb the visual appearance of a composition made with the base

pigment particles.

In a particular embodiment, the “diamond-shaped” covert flakes were bright flakes
about 25 microns by 35 microns across. The shaped flakes were made by embossing a diamond
pattern into a roll of PET deposition substrate material, and then depositing a standard thin-film
design for bright flake (e.g. about 100-60 nm of Al between layers of MgF, that are each about
400 nm thick). The total thickness for this bright flake is about 900 nm, which 1s about one
micron. The embossed pattern is also known as a “frame” (as opposed to a grating which 1s
intended to produce a pattern in or on the flake), and is positive in some embodiments and
negative in other embodiments. Aside from the diamond flakes themselves offering some
measure of a covert feature when distributed in some predetermined ratio with other irregular
shaped flakes, the diamond-shaped flakes may be embossed with additional covert symbols,
thereby providing two levels of covert features available to protect a device.

The combination of a metal layer with one or more dielectric layers facilitates
removal of the flake from the deposition substrate. A thin film stack having only dielectric
layers is brittle and often has residual stresses from the deposition process. Such thin film stacks
tend to break more randomly, resulting in fewer shaped flakes. An all-metal stack or single layer
1s difficult to process into patterned flakes according to the frame of the deposition substrate
because the metal is relatively ductile. In particular embodiments, metal-dielectric and
dielectric-metal-dielectric flake having a total thickness of between about 0.5 microns and about
3 microns provides a good combination of ductile and brittle characteristics that result 1n good
patterning of the flake when 1t is removed from the substrate and processed. In a particular

embodiment, shaped bright flake having a total thickness of about one micron of a ductile metal

11
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layer between brittle dielectric layers yielded about 90% diamond-shaped flakes from an

embossed deposition substrate.

The thin-film layers were stripped from the deposition substrate and processed 1nto
flake using conventional techniques. The embossed diamond pattern provided lines along which
the thin-film layers broke into flakes having the selected diamond shape. In another
embodiment, the diamond-shaped flakes were about 12 microns by 16 microns and included a
grating on the major surface of the flakes. The grating was nominally 2000 lines/mm and did not

produce a noticeable diffractive effect in a composition when used as a taggent. The shape of the

12-by-16 micron flake was easily seen at 100 X magnification; however, the grating was not
casily seen at this magnification. The grating was readily apparent at 400 X magnification. In
other embodiments, a grating 1s coarser, and 1s easily seen at the same magnification (e.g. 50 X to

100 X) that 1s used to discern the shape of the taggent flakes. Thus, gratings used to provide a
security feature to taggent flakes do not have to be optically active 1n the visible portion of the
Spectrum.

In a particular embodiment, the base pigment particles are flakes of mica coated with
a layer of T10; or other dielectric material. The coating material typically has a relatively high
index of refraction. Mica is a naturally occurring mineral that is relatively inexpensive and
casily processed 1nto flake substrate. When mica flake substrate 1s coated with a layer of high-
index material of a selected thickness, a nacreous pigment flake 1s obtained. Mica flake substrate
can be coated with several alternative matenals using a variety of processes. Such pigments are
commonly known as “mica-based” pigments. A photocopy of an image printed with such

nacreous pigment does not look like the original, thus mica-based pigment flakes are desirable

for use to provide overt security features. However, shaping mica flake substrate or providing a
symbol on mica tlake substrate 1s impractical. Covert flake according to an embodiment of the
present invention 1s mixed with the mica-based pigment to enable a covert security feature to be
included 1n 1images printed with mica-based pigment flakes. Shaped pigment flakes made of a
single layer of inorganic dielectric material, such as TiO; or ZnS, have an appearance similar to a
mica-based pigment if the covert pigment flake has a thickness about five times the quarter-wave
optical thickness (“QWOT?”) at a wavelength in the visible spectrum. Typically, a single-layer
covert flake of ZnS intended to match the appearance of a mica-based pigment has a thickness of

about 60 nm to about 600 nm. Processing all-dielectric flake from a deposition
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substrate having an embossed diamond-shaped pattern tends to have a lower yield than a

counterpart metal-dielectric tlake.

Fig. 3B is a simplified cross section of a bright pigment flake 20 according to an
embodiment of the present invention. A reflective layer 22 is between two dielectric thin-film
layers 24, 26. The dielectric thin-film layers 24, 26, provide stiffness to the bright pigment flake
20 and facilitate removal of the pigment flake from the roll coater substrate. It 1s desirable to

keep the bright pigment flake less than 10 microns thick to provide a composition that dries or

cures to a smooth surface. In particular embodiments, the thickness of the flake 1s between about
1 micron and about 3 microns. Thinner flakes tend to be more difficult to process and handle
because they weigh so little, and thicker flakes are stronger, and hence more difficult to break
along the frame pattern.

The reflective layer 22 is typically a thin-film layer of a highly reflective metal such
as aluminum, platinum, gold, silver, or copper, or a moderately reflective metal, such as iron or
chromium. The reflective layer 22 is sufficiently thick to be opaque (reflective) in the visible
portion of the spectrum, but not so thick as to interfere with separation of the thin-film layers
from the substrate and subsequent processing into flake. In other words, a metal reflective layer
that was too thick would provide a ductile layer between the relatively brittle dielectric layers 24,
26 and tend to interfere with processing the deposited layers into flakes. Suitable materials for
the dielectric layers include ZnS, MgF,, S10,, Al,O3, T10;, Nb,Os, and Ta,0Os, among others. In
some embodiments, the dielectric thin-film layers 24, 26 also provide environmental protection

for the reflective layer 22.

The bright flake 20 has a selected shape, and optionally or alternatively has other
indicia, such as a surface (grating) pattern or an elemental fingerprint. In sufficiently low
concentrations, the bright flake 20 i1s added to colored pigment and colored compositions (e.g.
inks and paints). Shaped bright flake can be added to base (i.e. randomly shaped or alternatively
shaped) bright flake as a covert security feature.

Fig. 3C is a simplified cross section of a bright flake 20 with an elemental indicator

layer 28. The bright flake 20’ has reflective layers 227, 22" between dielectric layers 247, 26",
and a layer 28 providing an elemental indicator. The elemental indicator layer 28 1s a layer of
material that is not found in a base pigment that the bright flake will be used with, and that 1s

readily detectable using elemental analysis techniques, such as secondary 1on mass spectrometry
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(“SIMS™), energy dispersive X-ray (“EDX”) and Auger analysis. Furthermore, the elemental
indicator is present in the covert flake but not in the base flake, and micro-SIMS, micro-EDX or
micro-Auger analysis easily detects this difference. Merely adding the indicating element to the
pigment mixture (e.g. adding a small amount of a compound containing the indicating element to
the carrier) would not overcome this security feature.

The elemental indicator layer 28 is not optically active because it 1s between the two
opaque reflective layers 227,227, The reflective layers 22, 22" are selected to be of the same
material used in the base flake, such as aluminum. Suitable materials for an elemental indicator
include platinum, iridium, osmium, vanadium, cobalt, and tungsten, among others. Those ot
skill in the art appreciate that the elemental indicator material chosen depends on the base
pigment it will be used with. In an alternative embodiment, the reflective layer of bright pigment
is of an elemental indicator material (see Fig. 3B, ref. num. 22). For example, covert bright or
colored pigment flake using platinum as the reflective layer 1s mixed with base bright flake or
colored pigment flake using aluminum as the reflective layer. In a further embodiment, the
amount of flake having the elemental indicator incorporated into a pigment mixture or
composition is chosen to provide a selected elemental ratio (e.g. aluminum to platinum) in the
pigment mixture. In an alternative or further embodiment, the material of the dielectric thin-tilm
layers 247,26 (Fig. 3B, ref. nums. 24, 26) is chosen to provide an elemental indicator.

Fig. 3D is a simplified cross section of a color-shifting pigment flake 30 according to
another embodiment of the present invention. The color-shifting pigment flake 30 1s generally
known as a symmetrical 5-layer Fabry-Perot interference flake. A thin film stack 32 includes a
reflective metal layer 34, two spacer layers 36A, 36B, and two absorber layers 38A, 38B. The
absorber layers are typically very thin, semi-opaque layers of chromium, carbon, or other
material. The reflector, spacer, and absorber layers are all optically active, that is, they
contribute to the optical performance of the color-shifting pigment flake. Each side of the flake
provides similar Fabry-Perot interference structures to incident light, and hence the flake 1s
optically symmetrical. Alternatively, the color-shifting pigment flake 1s an all-dielectric pigment
flake or a 3 layer flake such as an absorber/dielectric/absorber.

The color and color travel of the color-shifting pigment flake 1s determined by the
optical design of the flake, namely the material and thicknesses of the layers in the thin film

stack 32, as 1s well-known 1n the art of optically variable pigments. The optical design of the
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color-shifting pigment flake 30 is typically chosen to match the optical properties of the base
pigment flake that it will be mixed with. The color-shifting pigment flake 30 1s shaped (see Fig.
3A, ref. num. 18), and optionally or alternatively includes other indicia, such as a surface grating
pattern and/or elemental indicator.

For example, the reflective layer includes an elemental indicator, either a retlective
metal that is different than the base pigment flakes, or includes an additional elemental indicator
layer(s), which may or may not be optically active (see Fig. 3C, ref. num. 28). Alternatively or
additionally, the spacer layers 36A, 36B and/or the absorber layers 38A, 38B include an
elemental indicator. For example, if the base pigment flake uses MgF,, S10,, or Al,O3 as a
spacer layer material, the covert pigment flake 30 uses different spacer layer material, such as
TiO; or ZnS. Spacer and/or absorber indicator materials include elements that are easily
detected using elemental analysis.

[n some embodiments, using a different spacer material and/or reflector material
results in a covert pigment flake 30 that has different optical properties than the base flake. For
example, even if the covert and base flakes have similar color at normal incidence, the color
travel might be different. Generally, low-index spacer materials (such as MgF, and S10;)
provide more color travel (“fast shifting” pigments) than high-index spacer materials (such as
ZnS and TiO,). However, such covert flakes can be added in relatively high concentrations to
the base pigment flake, even if the color travel does not precisely match that of the base flake,
because most casual observers cannot detect the difference between a mixture according to an
embodiment of the invention and 100% base flake.

Fig. 4 is a cross section of a varnish 40 with covert flakes 42 dispersed 1n a carrier 44
according to an embodiment of the present invention. The carrier is clear or tinted, and the
covert flakes 42 are at a concentration selected to avoid casual visual detection. An optional
color coat or bright (e.g. “chromed’) coating 46 has been applied to an object 48 underneath the
varnish 40. The varnish 40 provides a covert security feature to the object without disturbing 1its
appearance. In a particular embodiment, the optional color coat 46 1s an image printed with
nacreous or color-shifting pigment to provide an overt security feature to the object. The object
1s a document, product, packaging, or seal, for example. The varnish 40 enables providing a
covert security feature to an object that already has a covert security feature without significantly

altering the appearance of the object. For example, if stock certificates have been printed with
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overt security features and it subsequently becomes desirable to provide a covert security feature
to the stock certificates, the overt security feature is over-printed with the varnish 40 or a similar
ink composition (i.e. an essentially clear ink composition containing covert flakes). In another
embodiment, an additional covert security feature is provided to an object already having one or
more covert security features. In a particular embodiment, the covert flakes make up not more
than 2% of the varnish.

Fig. 5 is a cross section of a composition 50 (e.g. ink or paint) including base pigment
flakes 16 and shaped covert flakes 18 dispersed in a binder or carrier 52 according to another
embodiment of the present invention. The covert flakes 18 have a selected shape or other
indicia, such as an elemental indicator or a surface grating pattern. The composition 50 has been
applied to an object 48, such as a label, product packaging, bank note, or consumer item.

Adding covert flake to an existing ink or paint composition provides a covert security
feature to images made of the ink or paint. For example, ink with color-shifting pigment 1s used
to provide a color-shifting image as an overt security feature on a bank note or other object.
Covert flake according to an embodiment of the present invention is added to the nk, and the
resultant mixture is used to print images that appear substantially similar as those printed with
the original ink. Thus, a casual observer of the bank note does not notice a change 1n the
appearance of the overt security feature (i.e. color-shifting image) after the covert security
feature is added. The indicia of the covert flake indicates a date-of-manufacture, a printing

location, and/or the source (manufacturer) of the ink, for example.

[1I. Experimental Results

A test standard using 100% magenta-to-green optically variable intaglio (“OVI")
pigment flake was produced and measured. Both bright and optically variable taggent samples
had a grating pattern of 2000 lines/mm, which made the taggent flakes easier to distinguish from
the base pigment flake (i.e. locate) and more difficult to counterfeit. The grating pattern was
clearly visible at about 400 X, and did not induce visible diffractive properties to images printed
with the test compositions. It is believed that the low portion of the taggent flakes 1n
combination with not being well oriented to the viewer avoided a diffractive etfect from
occurring. In an alternative embodiment, a finer grating pattern 1s included on shaped taggent

flakes. The shapes are identifiable under a microscope at a first magnification, but the grating
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pattern 1s not easily seen at this first magnification. The grating pattern 1s seen at a higher
magnification. It i1s believed that including such a grating pattern to taggent flake having a
selected shape or symbol turther enhances the covert nature of the taggent flake because a
counterfeiter might see the shape or a symbol under microscopic examination, but not see the
grating pattern, and hence not include it in a counterfeit article.

The first test sample (“sample 17°) contained 90% (by weight) of the conventional
(base) magenta-to-green pigment flake mixed with 10% magenta-to-green OVI pigment flake
with a grating (“taggent flake™). The taggent flakes were easy to detect by routine microscopic
inspection, and the color performance of the mixture was the same as the test standard because
the color of the taggent flake was well matched to the color of the base flake. Close color
matching involves careful monitoring of the production of the taggent flake and a new optical
design for each color of taggent flake would generally be used to match each color of base flake.

Another approach 1s to use a standard taggent flake design that can be used with
many difterent colors of base flake. Bright taggent flake using an aluminum reflector layer
(giving the flake a “silver” appearance) was also evaluated. Fabrication of bright flake is
relatively simple and these flakes were very easy to detect at a concentration of 5% when mixed
with colored base pigment flakes. Bright taggent flakes are used with many colors of base
pigment to provide covet security features. The amount of bright taggent flakes in the
composition depends on the desired result. For example, the color performance of an intaglio
blend containing 5% bright taggent flake mixed with the magenta-to-green OVI base is
distinguishable in a side-by-side comparison from a composition of 100% magenta-to-green OVI
flake. A composition essentially indistinguishable from 100% magenta-to-green OVI flake uses
less than 5% bright flake, such as compositions with concentrations between about 0.25 weight
% and 3 weight % of bright taggent flake in magenta-to-green OVI flake. It is believed that
bright flake in concentrations greater than 5% may be added to pigment flake providing lighter
or less saturated color without noticeably changing the appearance of the composition. Bright
taggent flakes are easy to detect under modest magnification, even at concentrations below 1%,
because of the combination of having a selected shape and of being a different color (e.g.

“silver” instead of magenta).

V. Exemplary Methods
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Fig. 6 is a flow chart of a method 600 of making pigment flake according to an

embodiment of the present invention. A roll substrate having a non-embossed (“‘smooth™)

portion and an embossed portion in a selected ratio of the deposition surface area ot the roll

substrate is provided (step 602). In one embodiment, the embossed portion is embossed with a
frame for producing flakes having a selected shape. In an alternative embodiment, the embossed
portion is embossed with a grating pattern or symbol. In an alternative embodiment, the
substrate is patterned using a process other than embossing, such as laser ablation. At least one
thin film layer is deposited on the roll substrate (step 604), and the deposited thin film layer(s) 1s
processed into flake (step 606) to result in a flake mixture having a selected amount of taggent
flakes. The yield of taggent flake depends on factors such as the type of thin-film layers being
processed, the nature of the frame, grating pattern, or symbol, and processing parameters.

For example, referring to Figs. 2A and 2B, if 10% of the surface of the roll substrate
is embossed with a grating or symbol, then a yield of approximately 10% taggent flake having
the grating pattern or symbol is expected. If 10% of the surface of the roll substrate 1s embossed
with a diamond-shaped frame, then a yield of about 9% is expected for dielectric-metal-dielectric
flake because of the 10% yield loss processing the patterned portion of the thin film stack into
shaped flakes. Similarly, a yield of about 5% is expected for shaped all-dielectric tlake because
of the 50% yield loss processing the patterned portion of the thin film stack nto shaped flakes.

While the invention has been described above in terms of various specific
embodiments, an aspect of the invention which provides significant advantages will now be
described.

For example an embodiment of this invention which offers significant advantages 1s
the aspect of using frames or borders framing symbols or indicia framed by these borders on a
substrate material used to form a coating upon.

Turning now to Fig. 7, a photograph is shown of sheet bearing a plurality of Euro
symbols wherein each € symbol on the sheet has an embossed border around it. This 1s generally
accomplished by embossing an organic substrate, such as a PET substrate with the framed €
symbols, and subsequently coating the substrate with a removable coating. Fig. 8 1s a photograph
of the flakes after separation from their backing or substrate. This photograph clearly shows most
of the symbols to be intact with few cracks appearing into or through the symbols. By using this

invention, a very small portion of the flakes in the figure are broken in such a manner as to
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obscure the € symbol. However what 1s shown 1s that the frames are not present along all sides of
all tflakes after the flakes break apart from the substrate they were deposited on. Some flakes

have no borders and others may have one and up to four borders. However, this is
understandable. Since a frame border separates the flake from its nearest neighbour, when the
tlakes separate the border generally remains attached to one flake an not its adjacent flake on the
other side of that frame border. However the existence of the frame or border results in most of
the flakes breaking upon frame lines, on one side of the frame or the other providing relatively
uniform flakes with relatively straight edges. More often than not, each flake bearing a symbol
will have at least one border or frame segment attached to 1t after separating from the web or
substrate 1t was deposited on.

Fig. 9 1s a photograph of a plurality of Mg-Gn flakes bearing p symbols wherein the
flakes have broken randomly preserving some symbols and destroying others, due to stress
cracks and resulting apparently random fracture lines as a result of the absence of frames. Fig. 9
1llustrates stress cracks throughout the flakes causing the flakes to separate as a function of these
cracks. Furthermore, cracks continue to appear within flakes thereby obscuring symbols. The
provision of frames 1n accordance with this invention does not entirely prevent stress cracks,
however provides a means in which these cracks can be controlled to a greater extent, so as to
occur or be preferentially routed along the frame lines. In contrast to Fig. 9, the embodiment of
this invention shown 1n conjunction with Figs. 7 and 8 offers a manner in which the flakes can be
separated along predetermined borders thereby preserving the shape and integrity of the symbols
on the flakes to a much higher degree and generally does obscure the covert symbol within the
flake.

The cracks that do appear 1n the non-framed symbols appear and propagate in the
more fragile, glass-like, dielectric material but are stopped and rerouted to continue their
propagation along the frame lines provided in the sheet of framed symbols shown in Fig. 7. The
provision of frames produces the preferential rupture of the flakes along frame lines. Most of the
cracks observed in the flakes of Figure 8 do not go all the way through the total thickness of the
flakes, but are stopped at the level of the more elastic metallic core (Al/N1/Al) of the flakes
producing a shadowing effect detrimental to the readability of the originally embossed symbols.

The tlakes 1 both Figs 8 and 9 are about 1300 nm or 1.3 microns in thickness and
have a layer structure of 10nm Cr/ 480 nm MgF2/ 80 nm Al/ 50 nm Ni/ 80 nm Al 480 nm MgF?2
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/ 10 nm Cr. Ni is present to provide the magnetic layer for overt features.

Turning now to Fig. 10 is a photograph of a plurality of framed symbols within a
ereater number of flakes absent any covert symbols or frames where a ratio of framed symbols to
other flakes is 1:10. There are two interesting aspects of this embodiment. On a first level of
detection, one, equipped with a 100 x hand held microscope can detect the presence of covert
flakes with a Euro symbol thereon, and furthermore, one can also quickly approximate that the
ratio of covert to non-covert symbols is about 1:10. Yet still further, one can compare the ratio of
square symbols to randomly shaped flakes to provide some measure of authentication. Theretore,
shape, distribution, and identification of the symbols within framed shapes can be used to
determine if the coating is authentic within some range ot assurance.

Fig. 11 is a close-up detailed photograph of a plurality of u symbols some of which
are cracked through the symbols and some of which have plural symbols on a single flake; the
oreat distribution in particle size is evidenced here in this photograph due to the absence of
providing frames or borders about the symbols.

Fig. 12 illustrates an embodiment in accordance with this invention wherein a tlake
has color shifting properties, magnetic properties, and bears a covert feature within the flake.
Preferably the flake is also bordered by a frame to preserve its shape.

Turning now to Fig. 12, a pigment flake is shown having a magnetic layer sandwiched
between two aluminum reflective layers. Each of the aluminum layers in addition to an absorber
and dielectric layer provide color shifting layers on each side. Within the flake 1s stamped a
covert “euro” symbol thereon which can be seen with suitable magnification. The embodiment
shown in Fig. 13 utilizes a plurality of the flakes shown 1n Fig. 12 to provide a security features

that are both covert and overt.

The covert and overt features are illustrated in the photograph which 1s a compilation
of 3 photographs depicted by figure 13 where a large Euro symbol and a map of the continents
are shown on the upper right in the photograph and wherein a globe 1s shown on the upper left of
the photograph printed by silk screen in the presence of magnetic fields to create different visual
contrasts (rolling bar effect) in addition to the standard green to magenta color shifting.

In this instance the covert framed square flakes of about 30 microns 1n size bear a Euro

symbol about 17 microns across.
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Of course other optical designs, magnetic or non-magnetic, shapes or symbols can be
created as desired. By using the layer structure of the flake in Fig. 12, optically variable, special

magnetically alignable, and covert feature can be provided within a same security device.

By using frames in accordance with the teachings of this invention, particular shapes
having preferential side benefits may be utilized. For éxample, if the flakes are rectangular in
shape, instead of being square, preferentially orientation of the symbols can be achieved, using
magnetic shape anisotropy inherent of elongated flakes. Thus by providing a magnetic layer, for
example of Ni, and ensuring that the flakes separate as elongate flakes due to the frames being
designed I this manner, the flakes can be aligned as a function of their shape, and the symbols

may have a preferential orientation, or be more likely to orient by this process.

Although preferred embodiments of the invention relate to pigment flakes, it 1s possible
to use a non-symmetrical flake having features on one side such as optically variable features. In

this instance, approximately half of the flakes when examined will show the covert feature and

- other optical features, and the other half will not appear the same due to a lack of symmetry

within a flake. Notwithstanding, this may still offer a reasonable covert security feature, which

can be used to authenticate.
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What i1s claimed 1s:

1. A plurality of shaped opaque covert flakes, for providing overt features when magnetically
aligned, wherein each of the shaped opaque covert flakes has a covert feature visible under
magnification of 50x-300x and not visible by the unaided human eye, wherein each of the

plurality of shaped opaque inorganic covert taggent flakes are embossed with a same selected
embossing and wherein the flakes have a thickness less than 10 microns and comprise a

magnetic material for aligning the flakes by a magnetic field.

2. A plurality of shaped opaque covert tlakes, for providing overt features when magnetically

aligned, as defined in claim 1, wherein a first plurality of the shaped opaque inorganic taggent

flakes have a same shape.

3. A plurality of shaped opaque covert flakes, for providing overt features when magnetically
aligned, as defined in claim 1, wherein each 1n a first plurality of the shaped opaque inorganic

taggent flakes has a full or partial frame around the flake.

4. A plurality of shaped opaque covert flakes as defined in claim 3 wherein at least some of the

flakes have an embossing within the frame.

5. A plurality of shaped opaque covert flakes as defined in claim 4 wherein the flakes are

dispersed within a carrier to form a coating material.

6. A plurality of shaped opaque covert flakes as defined in claim 5 wherein the flakes are

rectangular in shape.

7. A plurality of shaped opaque covert flakes as defined in any one of claims 1 to 6 wherein the

flakes are flakes with color shifting properties.

8. A plurality of shaped opaque covert flakes as defined in any one of claims 1 to 6 wherein the

flakes are non-symmetrical flakes with color shifting properties.
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9. A plurality of shaped opaque covert flakes as defined in any one of claims 1 to 6 wherein the

flakes are elongate 1n shape.

10. A plurality of shaped opaque flakes as defined in any one of claims 1 to 6 wherein the flakes

are magnetically aligned to form an image.
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