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A LASER MARKED DEVICE

RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Patent Application
Serial No. 61/437,157, filed January 28, 2011, which is incorporated herein in its entirety

by reference.

TECHNICAL FIELD

[0002] The present invention generally relates to a laser marked device, and
more particularly relates to an optical device projecting one or more synthetically
magnified images that has been laser marked with one or more static two dimensional

(2D) images.

BACKGROUND AND SUMMARY OF THE INVENTION

[0003] Micro-optic  film materials projecting synthetic images generally comprise
(a) a light-transmitting  polymeric substrate, (b) an arrangement of micro-sized image
icons located on or within the polymeric substrate, and (c) an arrangement of focusing
elements (e.g., microlenses). The image icon and focusing element arrangements are
configured such that when the arrangement of image icons is viewed through the
arrangement of focusing elements, one or more synthetic images are projected. These
projected images may show a number of different optical effects. Material
constructions capable of presenting such effects are described in U.S. Patent No.
7,333,268 to Steenblik et al., U.S. Patent No. 7,468,842 to Steenblik et al., U.S. Patent
No. 7,738,175 to Steenblik et al., U.S. Patent No. 7,830,627 to Commander et al., U.S.
Patent Application Publication No. 2009/0008923 to Kaule et al.; U.S. Patent Application
Publication No. 2010/0177094 to Kaule et al.; U.S. Patent Application Publication No.
2010/0182221 to Kaule et al.; European Patent Application No. 08784548.3 (or
European Publication No. 2162294) to Kaule et al.; and European Patent Application No.

08759342.2 (or European Publication No. 2164713) to Kaule.
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[0004] These film materia Is may be used as security devices for authentication

of banknotes, secure documents and products. For banknotes and secure documents,
these materia Is are typica lly used in the form of a strip or thread and either partially
embedded within the banknote or document, or applied to a surface thereof. For
passports or other identification (ID) docu ments, these materia Is could be used as a full
laminate or embedded as an anti-counterfeit featu re in polycarbonate passports.

[0005] Secure documents made up of fused multilayer polymer film materia Is
have become increasingly popular in recent years. Common forms of these secure
documents include passport data pages and ID cards in which multiple layers of
polycarbonate, polyethylene  terephtha late (PET), glycol-modified polyethylene

terephtha late (PETG), and other thermoplastic polymers have been fused together to
form a secure, indivisi ble structu re. Such products are often formed from a number of
layers of a single type of polymer, such as polycarbonate, with some of the layers
containi ng different polycarbonate compositions. Some of the different layer
com positions include opague layers and clear layers. The clear layers may either
contain or be free of laser markable materia Is.

[0006] An object of the present invention isto increase the com plexity and thus
the counterfeit-resista nce of these secure documents by incorporati ng laser markable
or laser marked optica | (e. g., micro-optic) film materia Is. The static 2D images laser
marked on, within, or below these film materia Is help determine the authenticity of the
documents (e.g., documents having financial value, identity documents, non-secure
documents) and prod ucts that employ them . The inventive materia Is may also be used
simply for brand enha ncement purposes (e. g., as (or as part of) a prod uct label) with the
laser marked 2D image providi ng, for example, a company logo or other brand
identifier.

[0007] Laser persona lization is widely used as a means to add customized
persona lization data to secure docu ments at the point of issue. This persona lization

feature further protects a secure docu ment being issued by a government or corporate
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entity by allowing the issuer to personalize the document with the intended recipient's
personal information. By way of the present invention, this type of personalization
feature has been incorporated onto, into, or below an optical film material suitable for
use with secure documents thereby enhancing the security features of these
documents. In the past, micro-optic systems capable of presenting synthetic images did
not contain laser markable substrate materials. Also, to this point in time, laser
markable products have not contained micro-optic systems capable of presenting
synthetic images.
[0008] Laser marking micro-optic film materials has in the past been deemed
impracticable (i.e., not capable of being put into practice) due to the risk of causing
permanent damage to these materials. As is known to those skilled in the art, laser
writing causes overheating and swelling of these film materials, which results in
bubbling, separation, or delamination at interfaces within the structure, and/or
permanent damage to the microlenses and/or micro-sized image icons, thus causing
permanent distortion of the synthetic images.
[0009] The present inventors have developed a method for laser marking a
device that embodies or comprises an optical film material without physically damaging
the material or distorting the image(s) projected by the material.
[0010] In particular, the present invention provides a method for laser marking
one or more static 2D images on or within a device that embodies or comprises an
optical film material that projects at least one synthetically magnified image, the
method comprising:
identifying one or more layers or interfaces within the optical film

material that may be damaged by laser energy, or by heat and gas generated by

laser absorption within a laser receptive layer (hereinafter referred to as "laser

sensitive layer or interface");

either positioning one or more layers markable by laser energy above the

laser sensitive layer or interface (hereinafter referred to as "laser markable
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layer"), positioni ng one or more thermal spacer layers and one or more laser
marka ble layers below the optica | fil m materia I, the therma | spacer layer(s) being
located between the optical film materia | and the one or more laser marka ble
layers, modifyi ng the laser sensitive interface to increase the bond strength
and/or therma | resistance of the interface, or replacing the laser sensitive layer
with a layer made from a materia | with a higher bond strength and/or a higher
therma | resistance;
optiona lly, molding the layers together using heat and pressure to form a
device that embodies the optical flm material (e.g., a card or com posite
structure); and
exposing the device to laser energy so as to mark one or more static 2D
images on or into the one or more laser markable layers.
[0011] The term "above", as used herein, is intended to mean a layer that is
closer to a source of laser energy than another layer in the inventive device, while the
term "below", as used herein, is intended to mean a layer that is farther from the laser
energy source tha n another layer in the inventive device.
[0012] The term "laser markable" or any variant thereof, as used herein, is
intended to mean capable of physical or chemical modification induced or formed by a
laser including, but not limited to, carbonizi ng, engraving, engraving with or without
color change, engravi ng with surface carbonization, color change or interna | blackening,
laser marking by coating removal, ablation, bleaching, melting, swelling, and
vaporization, and the like. The term "laser marked" or any variant thereof, as used
herein, is intended to mean carrying or displaying any mark formed by a laser or laser-
like device.
[0013] The present invention also provides a laser markable optical device,
which com prises:
an optical film material that comprises one or more optiona Ily

encapsulated arrangements of focusing elements and one or more arrangements of
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image icons disposed on opposing sides of an optical spacer layer, at least a portion of
the focusing elements forming at least one synthetically magnified image of at least a
portion of the image icons; and

optionally, one or more layers located above and/or below the optical
film material,

wherein at least one arrangement or layer within or layer above or below
the optical film material is markable by laser energy, and

wherein static 2D images may be laser marked on or into the laser
markable arrangement(s) or layer(s) without damaging the focusing elements or the
image icons of the optical film material, and without causing bubbling, separation, or
delamination at any interface within the device.
[0014] In a first exemplary embodiment, the optical film material of the laser
markable optical device has one or more layers located above and/or below the film
material (hereinafter the inventive device in which the optical film material has layers
located above and also below the film material is sometimes referred to as a "composite
security structure™).
[0015] In one such embodiment, the laser markable device is made up of an
optical film material that comprises an arrangement of encapsulated refractive focusing
elements and an arrangement of image icons that are separated by an optical spacer
layer, and one or more layers located above or above and below the optical film
material, wherein one or more arrangements or layers located above the arrangement
of image icons is a laser markable arrangement or layer.
[0016] In another such embodiment, the arrangement(s) of focusing elements is
an arrangement of reflective focusing elements and one or more arrangements or layers
located above the arrangement of reflective focusing elements is a laser markable
arrangement or layer.
[0017] In yet another such embodiment, the laser markable device is made up of

an optical film material, one or more underlying laser markable layers, and one or more
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thermal spacer layers positioned between the optical film material and the one or more
underlying laser markable layers. In this embodiment, laser marking takes place
through the optical film material.

[0018] In yet a further such embodiment, the laser markable device is made up
of an optical film material that comprises an arrangement of focusing elements
embedded within an adhesive material, one or more underlying laser markable layers,
and an adhesive layer positioned between the optical film material and the one or more
underlying laser markable layers. In this embodiment, laser marking takes place
through the optical film material.

[0019] In a second exemplary embodiment, the optical film material of the laser
markable optical device is a stand-alone film material that is not covered or embedded.
[0020] In exemplary "stand alone" embodiments, the laser markable device is
made up of an optical film material that comprises an arrangement of refractive or
reflective focusing elements and an arrangement of image icons that are separated by a
laser markable layer that also functions as an optical spacer.

[0021] The present invention further provides a laser marked optical device that
basically comprises an optical film material as described above, and optionally one or
more layers located above and/or below the optical film material, wherein at least one
arrangement or layer of the optical film material or at least one layer above or below
the optical film material is a laser markable arrangement or layer, and wherein the laser
markable arrangement(s) or layer(s) has one or more laser marked static 2D images
thereon.

[0022] The present invention also provides sheet materials and base platforms
that are made from or employ the inventive laser markable or laser marked optical
device, as well as documents made from these materials. The term "documents", as
used herein designates documents of any kind having financial value, such as banknotes
or currency, and the like, or identity documents, such as passports, ID cards, driving

licenses, and the like, or other documents, such astags and labels. The inventive optical
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system is also contemplated for use with consumer goods as well as bags or packaging
used with consumer goods, such as potato chip bags.

[0023] Other features and advantages of the invention will be apparent to one of
ordinary skill from the following detailed description and accompanying drawings.
[0024] Unless otherwise defined, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. All publications, patent applications, patents and other
references mentioned herein are incorporated by reference in their entirety. In case of
conflict, the present specification, including definitions, will control. In addition, the

materials, methods, and examples are illustrative only and not intended to be limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The present disclosure may be better understood with reference to the
following drawings. Matching reference numerals designate corresponding parts
throughout the drawings, and components in the drawings are not necessarily to scale,
emphasis instead being placed upon clearly illustrating the principles of the present
disclosure.  While exemplary embodiments are disclosed in connection with the
drawings, there is no intent to limit the present disclosure to the embodiment or
embodiments disclosed herein. On the contrary, the intent isto cover all alternatives,
modifications and equivalents.

[0026] Particular features of the disclosed invention are illustrated by reference
to the accompanying drawings in which:

FIG. 1 is a cross-sectional side view of an exemplary embodiment of the laser
markable device of the present invention in the form of a composite security structure,
where the optical film material employs an arrangement of encapsulated refractive
focusing elements;

FIG. 2 is a cross-sectional side view of another exemplary embodiment of the

laser markable device of the present invention also inthe form of a composite security
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structure, where the optica | fil m materia | employs an arrangement of reflective focusi ng
elements;

FIG. 3 is a cross-sectiona | side view of an exem plary "sta nd alone” embodi ment
of the laser markable device of the present invention, where the optica | film materia |
com prises an arrangement of refractive focusi ng elements and an arra ngement of image
icons that are separated by a laser markable optica | spacer layer;

FIG. 4 is a cross-sectiona | side view of another exem plary "stand alone”
embodiment of the laser markable device of the present invention, where the optical
film materia | comprises an arrangement of reflective focusing elements and an
arrangement of image icons that are separated by a laser markable optica | spacer layer;

FIG. 5 is a cross-sectiona | side view of yet another exem plary embodi ment of the
inventive laser markable device, which is made up of an optical film materia I, an
underlyi ng laser markable layer, and a therma | spacer layer positioned between the
optica | film materia | and the underlying laser markable layer; and

FIG. 6 is a cross-sectiona | side view of a further exem plary embodiment of the
inventive laser markable device, which is made up of an optical film materia | with
adhesive embedded focusing elements, an underlyi ng laser markable layer and opaque
white layer, and an adhesive layer positioned between the optica | film materia | and the

underlyi ng laser markable layer.

DETAILED DESCRIPTION OFTHE INVENTION

[0027] By way of the present invention, the complexity and thus the counterfeit-
resista nce of known optica | (e. g., micro-optic) film materia Is, as well as documents that
employ these materials, are increased . In addition, several embodiments of the
inventive device described herein offer increased resistance to tampering or alteration
and wear. While embodi ments described herein have one or more laser markable
layers positioned above, within, or below the optica | film materia I, the invention is not

so limited. The present invention also contem plates a device in which laser markable
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layers are positioned on both sides of the optica | film materia I, possibly in com bination
with clear or laser receptive windows positioned over the film materia | in the composite
security structure.

[0028] As noted above, the laser markable device of the present invention
basically comprises: an optical film materia | for projecti ng at least one synthetica Ily
magnified image that com prises one or more optiona lly encapsulated arrangements of
focusi ng elements and one or more arrangements of image icons that are disposed on
opposing sides of an optica | spacer layer; and optiona lly, one or more layers located
above and/or below the optica | film materia I, wherein at least one arrangement or layer
withi n or layer above or below the optica | fil m materia | is a laser markable arrangement
or layer. Hereinafter, use of the terms "a" and "an" and "the" and similar referents in
the context of describing the invention are to be construed to cover both the singular
and the plural, unless otherwise indicated herein or clearly contradicted by context. The
term "layer" will equally relate to both arrangements and layers located above, below,
or within the optica | fil m materia I.

[0029] The static 2D images (e.g., letters, numbers, symbols, pictures, digital
photogra phs, designs or machine readable information) are laser marked on or into the
laser markable layers of the laser markable device. The inventive device is designed to
enable a laser to visibly alter the laser markable layers without damaging the focusing
elements or the image icons of the optica | film materia I, and without causing bubbling,
separation, or delamination at any interface within the device.

[0030] The location of the laser markable layer(s) will determine which layer or
interface constitutes a vulnerable or sensitive layer that needs to be protected against
damage caused by exposure to laser energy. Because heat and gas are generated as the
laser markable layer(s) absorbs laser radiation, the layers and interfaces closest to this
laser markable layer(s) are susceptible to damage (eg., bubbling, separation, or

dela mination).
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[0031] In the case where it is desirable to mark into laser markable layers
located above the optical film material, the optical flm material and interface above the
optical film material are susceptible to damage that results as the laser markable
layer(s) absorbs laser energy and darkens, thereby generating heat and gas due to the
absorption of laser energy, while in the case where it is desirable to mark into laser
markable layers located below the optical film material, the optical film material and
interface below the optical film material are particularly vulnerable to damage.

[0032] In the case where the focusing elements are reflective focusing elements;
the arrangement of reflective focusing elements constitutes the vulnerable or sensitive
layer due to the opacity of the reflective material.

[0033] To protect the sensitive layers and interfaces against damage caused by
exposure to laser energy and the byproducts of laser absorption in the laser markable
layer(s), the relative position of the laser markable layers within the inventive device are
considered, the concentration of laser energy absorbing ingredients within these layers,
interfacial bond strengths, and the laser light intensity used during laser marking are
selected, and in some exemplary embodiments thermal spacer layers are employed, so
that enough laser energy is absorbed within the laser markable layers to mark these
layers while avoiding damage to the sensitive layer or interface. In other exemplary
embodiments, the laser sensitive interface is modified to increase the bond strength
and/or thermal resistance of the interface, or the laser sensitive layer is replaced with a
layer made from a material with a higher bond strength and/or higher thermal
resistance. By way of example, the laser sensitive interface may be modified by
employing at the interface an adhesive film, a solvent welding primer composition or a
two part epoxy that forms a strong interfacial bond, or athermoplastic material that will
form a bond during the optional molding step of the inventive method.

[0034] Suitable laser markable layers may be prepared using thermoplastic
polymers. In a first category, thermoplastic polymers with good absorption and

carbonization may be used. These polymers are laser markable in the absence of so-
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called laser additives, which are com pounds absorbing light at the wavelength of the
laser used, and converting it to heat. Examples of these polymers, which produce
extensive blackeni ng in the area exposed to the laser, include polyethersu Ifone (PES),
polysulfone (PSU), polycarbonate (PC), and polyphenylene sulfide (PPS). In a second
category, thermoplastic  polymers with laser additives (e.g., pigments or special
additives) may be used. Examples of these polymers, which can be marked uniform ly
and with good quality, include polystyrene (PS), styrene acrylonitri le (SAN), acrylonitrile

butadiene styrene (ABS), PET, PETG, polybutylene terephtha late (PBT) and polyethylene.

Examples of these laser additives include carbon black, antimony metal, anti mony oxide,
tin-a ntimony mixed oxides, phosphorous-containi ng mixed oxides of iron, copper, tin
and/or antimony, mica (sheet silicate) coated with metal oxides. The laser markable
layers have preferred thicknesses ranging from about 5 to about 500 microns, more
prefera bly from about 25 to about 200 microns. In a preferred embodiment in which
the optica | film materia | is covered or forms part of the com posite security structu re,
the laser markable layers of the inventive laser markable device are laser markable
tra nsparent polycarbonate fil ms (thickness ranging from about 5 to about 500 microns)
that are availa ble from SABIC Innovative Plastics, One Plastics Ave., Pittsfield, MA 01201
("SABIC") under the product designation Lexan SD8B94 film. In a preferred embodiment

for the "stand alone" embodi ment in which the optica | fil m materia | is not covered or
embedded, the laser marka ble optica | spacer is a clear polycarbonate sheet (thickness
ranging from about 5 to about 500 microns) that is available from 3M, 3M Center, St.
Paul, MN 55144-100 ("3M" ) under the product designation Clear LE clear polyca rbonate

film.

[0035] These exem plary embodiments of the inventive laser markable device are
marked using any suita ble laser such as a pulsed Nd:YAG, Nd:Y0,, or FAYb laser, typica lly
having 1064, 532, or 355 nanometer (nm) laser wavelengths, galvanometer mou nted
mirrors, and a scan lens to enable marking over a two dimensiona |field. Any laser with

wavelengths within this range (as well as higher and lower wavelengths) and various
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control mechanisms may be used for this purpose. Other examples of suitable lasers
include COZ, Excimer, or doubled Nd:YAG lasers. The inventive device is irradiated with a
focused laser beam at given locations and pulse energies. The area irradiated by the
laser absorbs the laser energy and produces heat, resulting in carbonization which
causes a visible discoloration or darkening in the laser markable arrangement(s) or
layer(s). The visible discoloration serves as a "mark", and usually appears in a color
ranging from shades of gray to opaque black.

[0036] In a preferred laser marking technique, a V-Lase 10 Watt Q-switched
1064 nanometer (nm) laser marking system is used to mark the inventive laser markable
device, the laser marking system producing laser light emission at a setting of 30,000
Hertz (Hz). The laser marking system is set to 80% of maximum power, and a scan
speed of 200 millimeters per second (mm/sec). These settings produce a high contrast
mark in the desired location within the inventive laser markable device without burning
or overexposure. The device to be laser marked is placed beneath the laser scanning
head of the laser marking system by an automatic loading mechanism or by hand
placement. Next, the laser is controlled by a computer using a data file containing the
marking pattern. A low power aiming beam is optionally used before the marking step
to verify the correct placement of the device. When a command is received by the laser
marking system, the focused laser will scan the areas to be marked with a pulsed laser
output, with scan speeds, pulse frequencies, and output power being modulated

according to the controlling data file. These are input variables that are adjusted
according to device type, thickness, and desired aesthetics of the mark(s) being written.

By making adjustments to these variables, lighter or darker marks may be made.
Settings are optimized for particular materials and marks, with all setting adjustments

monitored to avoid over-darkening, swelling, or burning the device.

[0037] As explained above, the optical film material of the laser markable optical

device of the present invention may or may not be covered or embedded.
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[0038] In one such exemplary embodiment, the laser markable device is made
up of an optical film material that comprises an arrangement of encapsulated refractive
focusing elements and an arrangement of image icons that are separated by an optical
spacer, and one or more layers located above and/or below the optical film material. In
one such embodiment, one or more layers located above the arrangement of image
icons are laser receptive layers, with an outermost layer being a transparent
thermoplastic material layer. The outermost transparent thermoplastic material layer
provides the inventive device with increased resistance to tampering or alteration and
wear.

[0039] The optical film material in this exemplary embodiment may be prepared
in accordance with the teachings of U.S. Patent No. 7,333,268 to Steenblik et al., U.S.
Patent No. 7,468,842 to Steenblik et al., and U.S. Patent No. 7,738,175 to Steenblik et
al., all of which are fully incorporated herein by reference as if fully set forth herein. As
described in these references, arrays of focusing elements and image icons can be
formed from avariety of materials such as substantially transparent or clear, colored or
colorless polymers such as acrylics, acrylated polyesters, acrylated urethanes, epoxies,
polycarbonates, polypropylenes, polyesters, urethanes, and the like, using a multiplicity
of methods that are known in the art of micro-optic and microstructure replication,
including extrusion (e.g., extrusion embossing, soft embossing), radiation cured casting,
and injection molding, reaction injection molding, and reaction casting. High refractive
index, colored or colorless materials having refractive indices (at 589 nm, 20°C) of more
than 1.5, 1.6, 1.7, or higher, such as those described in U.S. Patent Application
Publication No. us 2010/0109317 Al to Hoffmuller et al., may also be used in the
practice of the present invention.

[0040] An exemplary method of manufacture for the optical film material isto
form the icons as voids in a radiation cured liquid polymer (e.g., acrylated urethane)
that is cast against a base film (i.e., an optical spacer), such as 75 gauge adhesion-

promoted polyethylene terephthalate (PET) film, then to form the focusing elements as
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lenses from the radiation cured polymer onthe opposite face of the base film in correct
alignment or skew with respect to the icons, then to fill the icon voids with a submicron
particle pigmented coloring material by gravure-like doctor blading against the film
surface, and solidify the fill by suitable means (e.g., solvent removal, radiation curing, or
chemical reaction).

[0041] The refractive focusing elements of the optical film material are
encapsulated using a material having a refractive index that is substantially or
measurably different than the refractive index of the material used to form the focusing
elements. In particular, the difference in these refractive indices causes the focal length
of the focusing elements to converge onthe arrangement(s) of image icons.

[0042] The encapsulating material may be transparent, translucent, tinted, or
pigmented and may provide additional functionality for security and authentication
purposes, including support of automated currency authentication, verification,
tracking, counting and detection systems, that rely on optical effects, electrical
conductivity or electrical capacitance, magnetic field detection. Suitable materials can
include adhesives, gels, glues, lacquers, liquids, molded polymers, and polymers or other
materials containing organic or metallic dispersions, provided the refraction of light is
not completely disrupted.

[0043] The encapsulating material is applied to the focusing element
arrangement(s) by transparent printing, molding, sol-gel (chemical solution deposition),
curtain coating or blading, flood coating and open air drying/curing, coating and
ultraviolet (UV)/energy curing against a smooth cylinder, laminating with adhesive
backed film, anilox or metering roller, evaporation, chemical vapor deposition (CVD),
physical vapor deposition (PVD), or any other means of applying a substance to a
surface, including those described in U.S. Patent No. 7,333,268 to Steenblik et al., U.S.
Patent No. 7,468,842 to Steenblik et al., and U.S. Patent No. 7,738,175 to Steenblik et
al., all of which, as noted above, are fully incorporated herein by reference as if fully set

forth herein.
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[0044] The optical film material of this exemplary embodiment may further
comprise additional features, such as those described in U.S. Patent No. 7,333,268 to
Steenblik et al., U.S. Patent No. 7,468,842 to Steenblik et al.,, U.S. Patent No. 7,738,175
to Steenblik et al., and U.S. Patent Application Publication No. 2007/0273143 to Crane
et al. By way of example, enhanced optically variable effects may be formed by
combining or registering the synthetically magnified images generated by the optical
film materials with the static 2D images, such as those effects described in U.S. Patent
Application Publication No. 2007/0273143 to Crane et al.

[0045] In another exemplary embodiment, the arrangement(s) of focusing
elements of the inventive laser markable optical device is an arrangement of reflective
focusing elements and one or more layers located above the arrangement of reflective
focusing elements is a laser markable layer, with the layer located immediately above
the optical film material optionally being a transparent thermoplastic material layer.
The reflective focusing elements may be made reflective by metallization or by coating
with a high refractive index non-metallic material, such as zinc sulphide (ZnS) or indium
tin oxide (ITO).

[0046] The optical system of this exemplary embodiment may also be prepared
using materials and fabrication techniques described in U.S. Patent No. 7,333,268 to
Steenblik et al., U.S. Patent No. 7,468,842 to Steenblik et al., and U.S. Patent No.
7,738,175 to Steenblik et al., and may also contain additional features as described in
these references as well as in U.S. Patent Application Publication No. 2007/0273143 to
Crane et al.

[0047] The transparent thermoplastic material layer located above the optical
film material in each of these embodiments is added to achieve a desired thickness of
the composite device for structural or other functional reasons, and may be positioned
at various locations in the composite device. If positioned as an outermost layer, it also
serves the purpose of providing the inventive device with increased resistance to

tampering or alteration and wear. This optional layer may be prepared from materials
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such as acrylonitrile  butadiene styrenes, ethylene vinyl acetates, polyacrylates,
polyamides, polycarbonates, polyesters, polyethylenes, polyethylene napthalates,
polyethylene terephthalates, polymethyl methacrylates, polypropylenes, polystyrenes,
polysulfones, polyurethanes, polyvinyl acetates, polyvinylidene chlorides, and the like.
The transparent thermoplastic material layer has a thickness ranging from about 5 to
about 500 microns, preferably from about 25 to about 150 microns, which includes
ranges of from about 50 to about 120 microns, and from about 80 to about 100
microns. In a preferred embodiment, the transparent thermoplastic material layer is a
clear polycarbonate film that is available from SABIC under the product designation
Lexan SD8B14 film.

[0048] The opaque or transparent thermoplastic or thermosetting material layer
optionally located below the optical film material as a base or support layer may be
prepared from materials such as acrylonitrile butadiene styrenes, ethylene vinyl
acetates, polyacrylates, polyamides, polycarbonates, polyesters, polyethylenes,
polyethylene napthalates, polyethylene terephthalates, polymethyl methacrylates,
polypropylenes, polystyrenes,  polysulfones,  polyurethanes, polyvinyl  acetates,
polyvinylidene chlorides, and the like. The opaque or transparent base layer, which may
contain organic or inorganic additives or fillers for opacity, has a preferred thickness
ranging from about 5 to about 500 microns, more preferably from about 25 to about
150 microns. In a preferred embodiment, this optional layer is an opaque white
polycarbonate film from SABIC with the product designation Lexan SD8B24 film.

[0049] In yet another exemplary embodiment, the inventive laser markable
device is made up of an optical film material, one or more underlying laser markable
layers, and one or more thermal spacer layers positioned between the optical film
material and the underlying laser markable layer(s). In this exemplary embodiment,
laser marking takes place through the optical film material.

[0050] The thermal spacer layer serves the purpose of isolating the optical film

material from the heat generated during the laser marking process. This layer(s) may be
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prepared from materia Is such as acrylics, acrylonitrile butadiene styrenes, ethylene vinyl
acetates, polyacrylates, polyamides, polycarbonates, polyesters, polyethylenes,
polyethylene  naptha lates, polyethylene terephtha lates, polymethyl methacrylates,
polypropylenes, polystyrenes,  polysulfones, polyuretha nes, polyvinyl acetates,
polyvinylidene chlorides, and the like, in the form of an adhesive (e.g., clear acrylic
thermoplastic adhesive) or sheet materia | (e.g., clear thermoplastic sheet materia 1), that
are transparent to laser marking radiation and do not contain laser marking additives.
The therma | spacer layer has a thickness ranging from about 5 to about 500 microns,
prefera bly from about 25 to about 150 microns. Thermal spacer layers having
thicknesses falling outside of the broader range noted above wil | either be too thin to
therma lly isolate the optica | film materia I, or too thick to be practical in an ID card or
secure document. In a preferred embodiment, the therma | spacer layer is a clear
polycarbonate fil m, which is available from SABIC under the product designation Lexan
SD8B14.

[0051] It is noted that the layers located above and/or below the optical film
materia | may include other features, such as windows, additiona | optica lly variable
devices, RFID chips, and various other features used in polymer security devices.

[0052] In exemplary "stand alone" embodiments, the laser markable device is
made up of an optical film materia | that com prises an arrangement of refractive or
reflective focusing elements and an arrangement of image icons that are separated by a
laser markable layer that also functions as an optica | spacer.

[0053] The same general rules described above also apply to these
embodiments. In particular, in the case where the focusing elements are refractive
focusing elements, the laser markable layer (i.e., the laser markable optica | spacer) is
positioned above the arrangement of image icons, while in the case where the focusing
elements are reflective focusing elements, the laser markable layer (i.e., the laser

marka ble optica | spacer) lies above the arrange ment of reflective focusing elements.
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[0054] The optical film material of the inventive device may be prepared as
described above with the exception that the optical spacer is now laser markable and
with the further exception that when the focusing elements are refractive focusing
elements, the focusing elements may either be open to the air or they may be
encapsulated in a polymer. The optical film material of the inventive device may also
contain additional features as described inthe listed references.
[0055] Images are marked in the laser receptive layer(s) of the inventive device
using a laser marking system set at a power level that provides a dark, legible mark. The
power level is specific to the maximum output power of the laser marking system and
its wavelength of operation, in addition to the frequency, scan speed and focused laser
spot size. Settings that are not suitable are those that leave an illegible mark that is
either too light to read ortoo bold, causing damage in the area of the mark.
[0056] Referring now to the drawings in detail, several of the exemplary
embodiments described above that have been prepared and laser marked are depicted.
The following description of these embodiments is not intended to be exhaustive orto
limit the invention to the precise forms depicted therein.
[0057] Example 1.

In this example, which is shown in FIG. 1, an optical film material 10
containing refractive lenses 12 encapsulated below a layer of a thermoset polymer 14,
an optical spacer 16, and image icons 18 was prepared and then embedded between a
150 micron thick base layer 20 prepared using an opaque white polycarbonate film from
SABIC with the product designation Lexan SD8B24 film, and a multi-layer construction
made up of three laser markable layers 22a, 22b, 22c of 150 micron thick laser markable
transparent polycarbonate film from SABIC with the product designation Lexan SD8B94
film, and a 150 micron thick outerlayer 24 prepared using a clear polycarbonate film
from SABIC with the product designation Lexan SD8B14 film.
[0058] An image was then marked in the Ilaser markable transparent

polycarbonate film layers 22a, 22b, 22c¢ using a V-Lase 10 Watt Q-switched 1064 nm
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laser marking system, which produced laser light emission at 30,000 Hz with a power
setting of 80%, and scan speed of 200 mm/sec. The resulting material or device
contained the laser marked image with no detectable damage to the optical film
material or internal interfaces.

[0059] Example 2.

In this example, which is shown in FIG. 2, an optical film material 26
containing metalized reflective lenses 28, an optical spacer 30, and image icons 32 was
prepared and then embedded between a 150 micron thick Lexan SD8B24 opaque white
polycarbonate film base layer 34, and a multi-layer construction made up of a 150
micron thick Lexan SD8B14 clear polycarbonate innerlayer 36, and three 150 micron
thick Lexan SD8B94 laser markable transparent polycarbonate film overlayers 38a, 38b,
38c.

[0060] An image was then marked in the laser markable transparent
polycarbonate film layers 38a, 38b, 38c using the same laser marking system and
settings as set forth above in Example 1. The resulting material or device again
contained the laser marked image with no detectable damage to the optical film
material or internal interfaces.

[0061] Example 3.

In this example, which is shown in FIG. 3, an optical film material 40
containing refractive lenses 42, a laser markable optical spacer 44, and image icons 46
was prepared. The laser markable optical spacer 44 was a 50 micron thick, clear
polycarbonate sheet from 3M, 3M Center, St. Paul, MN 55144-100 ("3M") under the
product designation Clear LE clear polycarbonate film. An array of refractive lenses 42
with a 58 micron focal length were formed on an uppermost surface of the optical
spacer 44, and a 3 micron thick arrangement or layer of pigmented image icons 46 was
formed on the lowermost surface of the optical spacer 44. The prepared micro-optic

film material projected synthetically magnified images with sharp focus.
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[0062] An image was marked in the optical spacer 44 using the same laser
marking system and settings as set forth above in Example 1. The resulting material or
device contained the laser marked image with no detectable damage to the refractive
lenses 42. In this example, the lenses were transparent enough to the 1064nm laser
light to allow transmission of the laser into the laser markable optical spacer 44 without
damaging the lenses 42, or introducing significant swelling or distortion of the synthetic
images, yet producing indelible marking or darkening within the structure.
[0063] Example 4.

In this example, which is shown in FIG. 4, an optical film material 48
containing reflective lenses 50, a laser markable optical spacer 52, and image icons 54
was prepared. The laser markable optical spacer 52 was a 50 micron thick, clear
polycarbonate sheet from 3M, 3M Center, St. Paul, MN 55144-100 ("3M") under the
product designation Clear LE clear polycarbonate film. An array of reflective lenses 50
with a 52 micron focal length were formed on the lowermost surface of the optical
spacer 52, and a 3 micron thick arrangement or layer of pigmented image icons 54 was
formed on the uppermost surface of the optical spacer 52. The prepared micro-optic
film material projected synthetically magnified images with sharp focus.
[0064] An image was marked in the optical spacer 52 using the same laser
marking system and settings as set forth above in Example 1. The resulting material or
device contained the laser marked image with no detectable damage to the reflective
lenses 50. In this example, the image icons were transparent enough to the 1064nm
laser light to allow transmission of the laser into the laser markable optical spacer 52
without damaging the image icons 54, or introducing significant swelling or distortion of
the synthetic images, yet producing indelible marking or darkening within the structure.
[0065] Example 5.

In this example, which is shown in FIG. 5, an optical film material 56
containing refractive lenses 58 encapsulated below a layer of a thermoset polymer 60,

an optical spacer 62, and image icons 64 was prepared. A thermal spacer layer 66 in the
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form of a clear polycarbonate film from SABIC with the product designation SD8B14,
having a thickness of 150 microns, was then applied to the underside of the optical film
material 56 using acrylic thermoplastic adhesive. A 150 micron thick laser markable
transparent polycarbonate film 68 from SABIC with the product designation Lexan
SD8B94 film was then applied to the underside of the thermal spacer layer 66.

[0066] An image was marked in the laser markable film 68 using a V-Lase 10
Watt Q-switched 1064 nm laser marking system at the following settings: 30,000 Hz,
80% power, and scan speed of 200 mm/sec. The resulting material or device contained
the laser marked image with no detectable damage to the optical film material 56, or
delamination between layers of the device.

[0067] Example 6.

In this example, which is shown in FIG. 6, an optical film material 70
containing refractive lenses 72 encapsulated below a layer of acrylic thermoplastic
adhesive 74, an optical spacer 76, and image icons 78 was prepared. The optical film
material 70 was backcoated with a 5 micron thick layer of acrylic adhesive 80 and then
die cut into a 19 mm (0.75 inch) diameter circle. Above the die cut optical film material
70 was placed a layer of 150 micron thick clear polycarbonate film 82 from SABIC under
the product designation Lexan SD8B14 film. A 150 micron thick laser markable
transparent polycarbonate film 84 from SABIC with the product designation Lexan
SD8B94 film was then applied to the adhesive coated underside of the optical film
material 70, followed by a 150 micron thick layer of opaque white polycarbonate film 86
from SABIC with the product designation Lexan SD8B24 film. This construction was
trimmed to a size of 89mm x 127mm, placed into a heated platen press and the layers
molded together at atemperature of 177 °C (350 °F) and a pressure of 15.8 megapascals
(2,286 psi) for a period of 10 minutes. The result was a composite card having a patch
of optical film material 70 molded therein.

[0068] An image was marked in the laser markable film 84 using a V-Lase 10

Watt Q-switched 1064 nm laser marking system at the following settings: 30,000 Hz, a
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scan speed of 200 mm/sec, and a power setting of 50%. The resulti ng com posite card
contained the laser marked image with no detecta ble damage to the optical film
materia | 70, or dela mination between layers of the card.

[0069] The inventive laser markable and laser marked device may be used in the
form of, for example, a sheet materia | for use in making, for example, banknotes,
passports, and the like, or it may adopt a thicker, more robust form for use as, for
example, a base platform for an ID card, high value or other security document. The
inventive device may also be used in the form of a security strip, thread, patch, or
overlay and mounted to a surface of, or at least partially embedded within a fibrous or
non-fiborous sheet materia | (e.g, banknote, passport, ID card, credit card, label), or
com mercia |l product (e.g, optica | disks, CDs, DVDs, packages of medica | drugs), etc., for
authentication purposes.

[0070] When used in the form of a base platform for an ID card, high value or
other security document, the base diameter of the refractive or reflective focusing
elements in the optica | film materia | is prefera bly less than about 50 microns, preferably
from about 5 to about 30 microns, and more prefera bly from about 10 to about 25
microns, whi le the tota | thickness of the inventive device is prefe rably less than or equal
to about 3 millimeters (mm) including (but not limited to) thicknesses: ranging from
about 1to about 3 mm; ranging from about 500 microns to about 1 mm; ranging from
about 200 to about 500 microns, ranging from about 50 to about 199 microns, and of
less tha n about 50 microns.

[0071] When used in the form of a security strip, thread, patch, or overlay, the
base diameter of the refractive or reflective focusing elements is prefera bly less than
about 50 microns, prefera bly from about 5 to about 30 microns, and more prefera bly
from about 10 to about 25 microns, while the tota | thickness of the inventive device is
prefera bly less tha n about 50 microns (more prefera bly, less than about 45 microns, and
most prefera bly, from about 10 to about 40 microns).

[0072] The security strips, threads, patches and overlays may be partially
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embedded within or mounted on a surface of a document. For partially embedded
strips and threads, portions thereof are exposed at the surface of the document at
spaced intervals along the length of the strip or thread at windows or apertures in the
document.

[0073] The inventive device may be at least partially incorporated in security
papers during manufacture by techniqgues commonly employed in the papermaking
industry. For example, the inventive device in the form of a strip or thread may be fed
into a cylinder mold papermaking machine, cylinder vat machine, or similar machine of
known type, resulting in total or partial embedment of the strip or thread within the
body of the finished paper.

[0074] The security strips, threads, patches and overlays may also be adhered or
bonded to a surface of a document with or without the use of an adhesive. Bonding
without the use of an adhesive may be achieved using, for example, thermal welding
techniques such as heated platen press, ultrasonic welding, vibration welding, and laser
fusing. Adhesives for adhering the inventive devices to a surface of a document may be
one of hot melt adhesives, heat activatable adhesives, pressure sensitive adhesives, and
polymeric laminating films. These adhesives are preferably crosslinkable in nature, such
as UV cured acrylic or epoxy.

[0075] In another contemplated embodiment, the inventive device forms part of
a label construction containing a transparent or translucent adhesive (i.e., the
transparent thermoplastic material layer). The inventive device may be placed on the
inside of a package, so that the synthetic images and static 2D images remain visible. In
this embodiment, the base diameter of the refractive or reflective focusing elements of
the optical film material is preferably less than about 50 microns, preferably from about
5 to about 30 microns, and more preferably from about 10 to about 25 microns, while
the total thickness of the inventive device is preferably less than about 200 microns
(more preferably, less than about 75 microns, and most preferably, from about 10 to

about 50 microns).
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[0076] While various embodiments of the present invention have been
described above, it should be understood that they have been presented by way of
example only, and not limitation. Thus, the breadth and scope of the present invention
should not be limited by any of the exemplary embodiments.

[0077] We claim:
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CLAIMS
1. A method for laser marking one or more static two dimensional images
on or within a device that embodies or comprises an optical film material, wherein the
optical film material projects at least one synthetically magnified image, wherein the
5 method comprises:
identifying one or more layers or interfaces within the optical film
material that may be damaged by laser energy, or by heat and gas generated by
laser absorption within a laser receptive layer;
either positioning one or more layers markable by laser energy above the
10 laser sensitive layer or interface, positioning one or more thermal spacer layers
and one or more laser markable layers below the optical film material, the one
or more thermal spacer layers being located between the optical film material
and the one or more laser markable layers, modifying the laser sensitive
interface to increase the bond strength and/or thermal resistance of the
15 interface, or replacing the laser sensitive layer with a layer made from a material
with a higher bond strength and/or a higher thermal resistance;
optionally, molding the layers together using heat and pressure to form a
device that embodies the optical film material; and
exposing the device to laser energy so as to mark one or more static two
20 dimensional images on or into the one or more laser markable layers.
2. The method of claim 1, wherein one or more laser markable layers are
positioned above the laser sensitive layer.
3. The method of claim 2, wherein the optical film material is made up of
one or more optionally encapsulated arrangements of refractive focusing elements and
25 one or more arrangements of image icons disposed on opposing sides of an optical
spacer layer, wherein the one or more arrangements of image icons constitute the one

or more layers within the optical film material that may be damaged by laser energy.
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4. The method of claim 2, wherein the optical film material is made up of
one or more optionally encapsulated arrangements of reflective focusing elements and
one or more arrangements of image icons disposed on opposing sides of an optical
spacer layer, wherein the one or more optionally encapsulated arrangements of
reflective focusing elements constitute the one or more layers within the optical film
material that may be damaged by laser energy.

5. The method of claim 1, wherein the one or more layers markable by laser
energy are prepared using thermoplastic polymers selected from the group of
polyethersulfone, polysulfone, polycarbonate, and polyphenylene sulfide.

6. The method of claim 5, wherein the one or more layers markable by laser
energy are laser markable transparent polycarbonate films.

7. The method of claim 5, wherein the one or more layers markable by laser
energy are laser markable clear polycarbonate sheets.

8. The method of claim 1, wherein the one or more layers markable by laser
energy are prepared using one or more laser additives and one or more thermoplastic
polymers selected from the group of polystyrene, styrene acrylonitrile, acrylonitrile
butadiene  styrene, polyethylene terephthalate, glycol-modified  polyethylene
terephthalate, polybutylene terephthalate and polyethylene.

9. The method of claim 8, wherein the one or more laser additives comprise
carbon black.

10. The method of claim 2, wherein the device is exposed to an amount of
laser energy sufficient to make a legible mark within a laser markable layer.

11. The method of claim 1, wherein one or more thermal spacer layers and
one or more laser markable layers are positioned below the optical film material, the
one or more thermal spacer layers being located between the optical film material and

the one or more laser markable layers.
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12. The method of claim 11, wherein the optical film material comprises an
arrangement of encapsulated refractive focusing elements and an arrangement of
image icons that are separated by an optical spacer layer.

13. The method of claim 11, wherein the one or more thermal spacer layers
are prepared using a clear thermoplastic material.

14. The method of claim 11, wherein the one or more thermal spacer layers
have athickness ranging from about 5to about 500 microns.

15. The method of claim 11, wherein the device is exposed to an amount of
laser energy sufficient to make a legible mark within a laser markable layer.

16. A laser markable optical device, which comprises:

an optical film material that comprises one or more optionally
encapsulated arrangements of focusing elements and one or more arrangements

of image icons disposed on opposing sides of an optical spacer layer, at least a

portion of the focusing elements forming at least one synthetically magnified

image of at least a portion of the image icons; and

optionally, one or more layers located above and/or below the optical
film material,

wherein at least one arrangement or layer within or layer above or below
the optical film material is markable by laser energy, and

wherein static two dimensional images may be laser marked on or into
the one or more laser markable arrangements or layers without damaging the
focusing elements or the image icons of the optical film material.

17. The laser markable optical device of claim 16, wherein the optical film
material comprises an optionally encapsulated arrangement of refractive focusing
elements and an arrangement of image icons that are separated by an optical spacer
layer, wherein one or more arrangements or layers located above the arrangement of

image icons is a laser markable arrangement or layer.
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18. The laser markable optical device of claim 16, wherein one or more layers
are located above and/or below the optical film material.

19. The laser markable optical device of claim 18, wherein the one or more
layers located above and/or below the optical film material include one or more
transparent thermoplastic material layers that serve to achieve a desired overall
thickness of the device, or if positioned as an outermost layer, provide the device with
increased resistance to tampering or alteration and wear.

20. The laser markable optical device of claim 18, wherein the optical film
material comprises an arrangement of encapsulated refractive focusing elements and an
arrangement of image icons that are separated by an optical spacer layer, wherein one
or more arrangements or layers located above the arrangement of image icons is a laser
markable arrangement or layer.

21. The laser markable optical device of claim 20, wherein an outermost
layer located above the optical film material is a transparent thermoplastic material
layer.

22. The laser markable optical device of claim 21, wherein the transparent
thermoplastic material layer has athickness ranging from about 5to about 500 microns.

23. The laser markable optical device of claim 20, wherein the refractive
focusing elements are encapsulated using a material having a refractive index that is
substantially or measurably different than the refractive index of the material used to
form the focusing elements.

24, The laser markable optical device of claim 23, wherein the difference in
refractive indices causes the focal length of the focusing elements to converge on the
one or more arrangements of image icons.

25. The laser markable optical device of claim 23, wherein the encapsulating
material is transparent, translucent, tinted, or pigmented and optionally provides
additional functionality for security and authentication purposes, including support of

automated currency authentication, verification, tracking, counting and detection
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systems, that rely on optical effects, electrical conductivity or electrical capacitance,
magnetic field detection.

26. The laser markable optical device of claim 25, wherein the encapsulating
material is selected from the group of adhesives, gels, glues, lacquers, liquids, molded
polymers, and polymers or other materials containing organic or metallic dispersions,
provided the refraction of light is not completely disrupted.

27. The laser markable optical device of claim 16, wherein the optical film
material comprises an optionally encapsulated arrangement of reflective focusing
elements and an arrangement of image icons that are separated by an optical spacer
layer, wherein one or more arrangements or layers located above the optionally
encapsulated arrangement of reflective focusing elements is a laser markable
arrangement or layer.

28. The laser markable optical device of claim 27, wherein the reflective
focusing elements are metalized or coated with a high refractive index non-metallic
material.

29. The laser markable optical device of claim 28, wherein the reflective
focusing elements are coated with a high refractive index non-metallic material selected
from the group consisting of zinc sulphide, indium tin oxide, and combinations thereof.

30. The laser markable optical device of claim 16, which is a stand-alone
device that comprises an optical film material comprising an optionally encapsulated
arrangement of refractive or reflective focusing elements and an arrangement of image
icons that are separated by a laser markable optical spacer layer.

31. The laser markable optical device of claim 16, wherein the one or more
arrangements or layers markable by laser energy are prepared using thermoplastic
polymers selected from the group of polyethersulfone, polysulfone, polycarbonate, and
polyphenylene sulfide.

32. The laser markable optical device of claim 31, wherein the one or more

layers markable by laser energy are laser markable transparent polycarbonate films.

29



10

15

20

25

WO 2012/103441 PCT/US2012/022912

33. The laser markable optical device of claim 31, wherein the one or more
layers markable by laser energy are laser markable clear polycarbonate sheets.

34. The laser markable optical device of claim 16, wherein the one or more
layers markable by laser energy are prepared using one or more laser additives and one
or more thermoplastic polymers selected from the group of polystyrene, styrene
acrylonitrile, acrylonitrile  butadiene styrene, polyethylene terephthalate, glycol-
modified polyethylene terephthalate, polybutylene terephthalate and polyethylene.

35. The laser markable optical device of claim 34, wherein the one or more
laser additives comprise carbon black.

36. The laser markable optical device of claim 16, which is made up of the
optical film material, one or more underlying laser markable layers, and one or more
thermal spacer layers positioned between the optical film material and the one or more
underlying laser markable layers.

37. The laser markable optical device of claim 36, wherein the optical film
material comprises an arrangement of encapsulated refractive focusing elements and an
arrangement of image icons that are separated by an optical spacer layer.

38. The laser markable optical device of claim 36, wherein the one or more
thermal spacer layers are prepared using a clear thermoplastic material.

39. The laser markable optical device of claim 36, wherein the one or more
thermal spacer layers has athickness ranging from about 5 to about 500 microns.

40. A laser marked optical device prepared from the laser markable optical
device of claim 16, wherein the one or more laser markable arrangements or layers has

one or more laser marked static two dimensional images thereon.

41. A sheet material made from the laser markable optical device of claim 16.
42, A sheet material made from the laser marked optical device of claim 40.
43. A base platform made from the laser markable optical device of claim 16.
44, A base platform made from the laser marked optical device of claim 40.
45. A document made from the sheet material of claims 41 or 42.
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46. A document made from the base platform of claims 43 or 44,
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