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(54)
PROTECTIVE COATING LAYER

(57) A method for introducing a reflective, refractive,
and/or diffractive variable and/or non-variable image to
a substrate (102) by use of thermal transfer printing in-
cludes simultaneously transferring a defined portion
(110A, 110B) of each of a protective coating layer (112),
an image layer (114), and an adhesive layer (116) from
a carrier film (126) of a transfer ribbon (108) to the sub-
strate by applying heat (124) to the transfer ribbon. The
defined portions of the image layer and the protective
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coating layer are adhered to the substrate using the ad-
hesive layer. Subsequent to transferring the protective
coating layer, the image layer, and the adhesive layer,
durability is provided to the image layer by cross-linking
the protective coating layer that is over the image layer
by exposing the protective coating layer to a radiation
source after the defined portions of the protective coating
layer, the image layer, and the adhesive layer are trans-
ferred from the carrier film.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
Patent Application No. 16/667,190, which was filed on
October 29, 2019, which claims priority to U.S. Provision-
al Application No. 62/753,428, which was filed October
31, 2018. The entire disclosures of these applications
are incorporated herein by reference.

FIELD

[0002] The presentdisclosure relates to thermal trans-
fer ribbon printing of reflective, refractive, and/or diffrac-
tive images onto a substrate.

BACKGROUND

[0003] Figure 1 illustrates a cross-sectional view of a
known substrate 10 that includes a metallic image intro-
duced thereto with a dry metallic layer. The substrate 10
includes metal layer 14 and adhesive layer 16 adhered
thereto. The metal layer 14 and the adhesive layer 16
may be disposed on a surface 12 of the substrate as a
portion of an image. The adhesive layer 16 adheres the
metal layer 14 to the surface 12 of the substrate 10 to
form each of the individual metallic printed objects on the
surface 12. In alternative embodiments, the metal layer
14 may be an ink or paint that may be ink printed or ink-
dropped onto the surface 12 of the substrate 10.

[0004] Handling of the identification card, however,
can damage the integrity of the metal layer 14. For ex-
ample, the metal layer 14 may rub off the substrate 10
when the identification card is moved into and/or out of
a wallet or pocket. Therefore, after the metal layer 14 is
adhered to the surface 12 of the substrate 10, a laminate
film 18 is subsequently placed over the top of the metal
layer 14 such that the laminate film 18 is coupled with
the metal layer 14 and the surface 12 of the substrate
10. For example, the laminate film 18 may be a patch or
strip of laminate material that extends over the entire sur-
face on the card.

[0005] This laminate film 18 may interfere with other
components of the identification card, such as magnetic
strips, holograms, or the like, may be aesthetically un-
pleasing, or the like. Additionally, applying the laminate
film 18 reduces the brightness, reflectiveness, or the like,
of the metal layer 14. For example, the metal layer 14
may be have a mirror-like reflectiveness or may be a
bright metallic finish prior to the application of the film 18.
After applying the laminate film 18, the laminate film 18
reduces the brightness of the metallic finish of the metal
layer 14, reduces the reflectiveness of the metal layer
14, or the like. The laminate film may also delaminate
over time starting at the edge of the card.

[0006] Inalternative embodiments, the metallicimages
may be introduced onto the substrate as a paint or ink
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that may be dropped or painted onto the substrate. The
metallic images may be introduced onto substrates by
depositing metallic ink or paint onto the surface of the
substrate. However, use of ink is a messy process and
additional ink may splatter onto one or more surfaces of
the substrate. Additionally, the amount and size of me-
tallic particles to create a bright, shiny metallic image is
limited to the size of the dispensing nozzle. And further-
more, the dispensing nozzle may become clogged with
dry ink or paint between applications.

[0007] Optionally, the metal layer 14 can be thermal
transfer printed froma carrier ribbon that includes a highly
crosslinked base layer. This highly crosslinked base layer
can be a polymer layer that is between the supporting
carrier of the ribbon and the metal layer 14. The highly
crosslinked base layer can be cross-linked prior to trans-
ferring the metal layer 14 to the substrate 10 and can be
transferred to the substrate 10 with the metal layer 14 to
protect the metal layer 14. But, highly crosslinked base
layers can be difficult to transfer from the carrier ribbon
due to the crosslinking of the base layer. Therefore, the
portion of the metal layer 14 and the base layer that is
transferred can be less sharp or less defined than if the
base layer were not crosslinked.

BRIEF DESCRIPTION

[0008] Inone or more embodiments of the subject mat-
ter described herein, a method for introducing a reflec-
tive, refractive, and/or diffractive metallic variable and/or
non-variable image to a substrate by use of thermal trans-
fer printing includes simultaneously transferring a de-
fined portion of each of a protective coating layer, a metal
layer, and an adhesive layer from a carrier film of a ther-
mal transfer ribbon to the substrate by applying heat to
the thermal transfer ribbon. The method includes adher-
ing the defined portions of the metal layer and the pro-
tective coating layer that were transferred to the substrate
using the adhesive layer and, subsequent to transferring
the defined portions of the protective coating layer, the
metal layer, and the adhesive layer, providing durability
to the defined portion of the metal layer that is transferred
to the substrate by cross-linking the defined portion of
the protective coating layer that is over the defined portion
of the metal layer by exposing the protective coating layer
to a radiation source after the defined portions of the pro-
tective coating layer, the metal layer, and the adhesive
layer are transferred from the carrier film.

[0009] Inone or more embodiments of the subject mat-
ter described herein, a system for introducing a reflective,
refractive, and/or diffractive metallic variable and/or non-
variable image to a substrate by use of thermal transfer
printing includes a thermal transfer ribbon comprising a
protective coating layer, a metal layer, and an adhesive
layer. A defined portion of each of the proactive coating
layer, the metal layer, and the adhesive layer are simul-
taneously transferred from a carrier film of the thermal
transfer ribbon to the substrate by applying heat to the
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thermal transfer ribbon. The defined portions of the metal
layer and the protective coating layer that were trans-
ferred are adhered to the substrate using the adhesive
layer. Subsequent to transferring the defined portions of
the protective coating layer, the metal layer, and the ad-
hesive layer, the defined portion of the protective coating
layer is cross-linked by exposing the protective coating
layer to a radiation source after the defined portions of
the protective coating layer, the metal layer, and the ad-
hesive layer are transferred from the carrier film. Cross-
linking the defined portion of the protective coating layer
provides durability to the defined portion of the metal layer
that is transferred to the substrate.

[0010] In one or more embodiments, a method in-
cludes simultaneously transferring a defined portion of
each of a protective coating layer, a metal layer, and an
adhesive layer from a carrier film of a thermal transfer
ribbon to a substrate by applying heat to the thermal
transfer ribbon. The method includes adhering the de-
fined portions of the metal layer and the protective coating
layer that were transferred to the substrate using the ad-
hesive layer and, subsequent to transferring the defined
portions of the protective coating layer, the metal layer,
and the adhesive layer, providing durability to the defined
portion of the metal layer that is transferred to the sub-
strate by cross-linking the defined portion of the protec-
tive coating layer that is over the defined portion of the
metal layer by exposing the protective coating layer to a
radiation source. The defined portions of the protective
coating layer, the metal layer, and the adhesive layer that
are transferred include only necessary amounts of the
protective coating layer and the metal layer to form one
or more of a variable or non-variable image being intro-
duced onto the substrate and no additional amount of
the protective coating layer or the metal layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The presentinventive subject matter will be bet-
ter understood from reading the following description of
non-limiting embodiments, with reference to the attached
drawings (which are not necessarily drawn to scale),
wherein below:

Figure 1 illustrates a known substrate;

Figure 2 illustrates a top view of a substrate in ac-
cordance with one or more embodiments of the in-
ventive subject matter described herein;

Figure 3 illustrates a cross-sectional view of the sub-
strate of Figure 2;

Figure 4 illustrates a cross-sectional view of defined
portions of a protective coating layer, animage layer,
and an adhesive layer transferred to the substrate
of Figure 2 in accordance with one embodiment;
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Figure 5 illustrates a magnified cross-sectional view
of the defined portions of Figure 4; and

Figure 6 illustrates a flowchart of a method of intro-
ducing an image to a substrate in accordance with
one embodiment.

DETAILED DESCRIPTION

[0012] While some examples of the use of this inven-
tive technology are described in connection with a sub-
strate representing a card, such as financial cards, se-
curity cards, and identification cards, this technology may
be used in other printing applications. For example, one
or more embodiments of the inventive subject matter de-
scribed herein can be used to print variable information
(e.g., the information is different for each of several indi-
vidual units being printed upon) and/or invariable infor-
mation (e.g., the information is the same for all individual
units being printed upon) on medical containers (e.g., IV
bags, medication bottles, etc.), packaging (e.g., boxes,
bags, envelopes, shipping labels, etc.), clothing labels
(e.g., clothing sizes, tags, etc.), household goods (e.g.,
labels on items such as plates, bowls, cups, etc.), elec-
tronics (e.g., logos, serial numbers, etc.), consumable
products (e.g., wine or beer bottles, container labels such
as cansorjars, etc.), consumer products (e.g., eye glass-
es, sunglasses, jewelry, etc.), point-of-purchase dis-
plays, or the like. For example, the substrate on which
thermal transfer occurs can include any of a variety of
surfaces, such as but not limited to security cards, iden-
tification cards, financial cards, packaging (e.g., luxury
packaging, envelopes, boxes, etc.), medical devices
(e.g., pill bottles, IV bags, etc.), or the like. The examples
of objects on which the printing may occur that are pro-
vided herein are not all the possible objects on which the
images can be printed using the inventive subject matter.
Any object on which thermal transfer printing can be per-
formed can be printed upon using the inventive subject
matter described herein. The images that are printed can
include one or more images such as numbers, letters,
characters, logos, shapes, or the like. The images may
be introduced onto the substrate as a dry layer.

[0013] Figure 2illustrates atop view of a substrate 102.
Figure 3 illustrates a side view of the substrate 102. The
substrate 102 has a surface 104 onto which an image
106 is thermally printed onto from using a thermal transfer
ribbon 108. The surface 104 may be a front surface or a
back surface of the substrate 102, and the image 106
may be visible on the front or back surface of the substrate
102. The substrate 102 may be a planar or substantially
planar card, such as an identification card, security card,
or financial card. In alternative embodiments, the sub-
strate 102 may have any alternative non-planar shape
and/or size. Forexample, the surface 104 of the substrate
102 may be a curved or wavy surface, may be non-planar
relative to the body of the substrate 102, or the like. In
the illustrated embodiment, the image 106 is the letter
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"A". The image 106 may be a variable image (e.g., a
different letter is printed onto each of several individual
substrates being printed upon) or a non-variable image
(e.g., the same letter "A" is printed on all individual sub-
strates being printed upon. For example, the substrate
102 may be an identification card or a security card. The
image 106 on every card may include the same logo (e.g.,
anon-variable image), and/or may include unique name,
numbers, or the like for each owner of the card (e.g.,
variable image). In one or more embodiments, the image
106 may be holographic, and may be reflective, refrac-
tive, and/or diffractive holograms.

[0014] In one or more alternative embodiments, the
substrate 102 may be a medication bottle, and every
medication bottle may include the same prescription
name (e.g., non-variable information), and/or may in-
clude unique prescription protocols for each individual
user of the medication (e.g., variable information). In an
alternative embodiment, the substrate 102 may be a ship-
ping container, and every shipping container may include
the same company logo (e.g., non-variable information),
and/or may include unique shipping addresses for the
destination of each shipping container (e.g., variable in-
formation). Alternatively, the substrate 102 may be sur-
face of luxury packaging, such as a bag or box in which
a product is stored prior to sale.

[0015] The thermal transfer ribbon 108 includes plural
layers of materials that are carried on a carrier film 126
across the surface 104 of the substrate 102 in the direc-
tion 122. The thermal transfer ribbon 108 includes an
adhesive layer 116, an image layer 114, and a protective
coating layer 112. In one or more embodiments, the im-
age layer may include one or more materials such as
metals, mixed metal alloys, metal oxides, non-metallic
materials, or the like, that may display or show an image
on the surface of the substrate. The components of the
protective coating layer 112 will be described in more
detail below. The layers of the thermal transfer ribbon
108, along with the substrate 102 shown in Figures 2 and
3 are forillustrative purposes only and may not be drawn
to scale. For example, each of the plural layers of the
ribbon 108 may have a thickness that may be common
or unique relative to the thickness of each other layer of
the ribbon 108, and each layer of the ribbon 108 may
have a thickness that is less than the thickness of the
substrate 102.

[0016] As the thermal transfer ribbon 108 moves in the
direction 122 substantially parallel to the surface 104 of
the substrate 102, heat 124 is applied to the thermal
transferribbon 108. The application of the heat 124 trans-
fers defined portions 110A, 110B of each of the protective
coating layer 112, the image layer 114, and the adhesive
layer 116 from the carrier film 126 of the thermal transfer
ribbon 108 to the surface 104 of the substrate 102. For
example, as illustrated in Figure 2, the defined portions
110A, 110B define areas of the image 106, and a non-
defined portion 120 defines an area outside of the image
106.
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[0017] The defined portions 11 0OA, 110B are just that
which is needed to form the image 106 on the substrate
102 and nothing more. For example, only the defined
portion 110A, 110B of the protective coating layer 112
are transferred onto the substrate 102 with the defined
portions of the image layer 114 and the adhesive layer
116. The protective coating layer 112 does not extend
over the sides of the image layer 114 and adhesive layer
116, for example as shown in Figure 1.

[0018] Transferring the defined portions 110A, 110B
of the image layer 114 to the substrate 102 forms a con-
tinuous shape or image on the substrate 102 using the
portion of the image layer 114 that is transferred. For
example, the image layer may include a material (metallic
material, a non-metallic material, or the like), and the ma-
terial may be used to display the shape or image on the
substrate. In one embodiment, the continuous shape
may be a single letter, a single number, or an object of
a logo that has a unitary body. In alternative embodi-
ments, the continuous shape is may be a continuous
sheet or coating over the entire substrate 102. In the il-
lustrated embodiment of Figure 2, the image 106 is that
of the letter A, however the image may be any single or
plural different letters, numbers, logos or decorative im-
ages, or the like. The transferred defined portions 110A,
110B of the image layer 114 form the shape of the image
106 on the substrate 102.

[0019] In one or more embodiments, the image may
display and/or include security details. For example, the
image may be an optical variable image such that viewing
the image from one perspective may display one display,
and viewing the image from a different perspective may
display a different display orimage. Optionally, the image
may display and/or include letters, numbers, shapes,
symbols, or the like, that may be arranged on the surface
of the substrate in a predetermined arrangement. For
example, the image may display personal information
about an owner of the substate, expiration information
about a product associated with the substrate, directions
regarding consumption and/or usage about the product
associated with the substrate, logo designs (e.g., com-
pany and/or team logos, or the like), or the like.

[0020] The defined portions 11 0A, 110B of the image
layer 114 that is transferred onto the substrate 102 is
reflective, refractive, and/or diffractive. For example, in
one or more embodiments, the defined portions of the
material of the image layer that are transferred to the
surface of the substrate may be reflective, mirror-like, or
the like. For example, the material may be reflective such
that light or other radiation may reflect away from the
material of the image layer. The defined portions 11 0A,
110B of the image layer 114 that forms the image 106
may be mirror-like such that the material of the image
layer 114 may provide or be capable of reflecting light or
other radiation. Optionally, the topography of the material
of the image layer may be changed (e.g., embossed,
stamped, etched, or otherwise manipulated). Changing
the topography of the material of the image layer may
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cause the material of the image layer to be refractive
and/or diffractive. For example, light or other radiation
may diffract or bend around portions of the image. For
example, the defined portions of the material of the image
layer 114 may diffract or bend waves (e.g., of light)
around the edges of the image layer 114. As another
example, waves of light or other radiation may change
directions while traveling through the defined portions of
the image layer.

[0021] In one or more embodiments, the image layer
or metal layer may be referred to as a reflective layer, a
refractive layer, and/or a diffractive layer. For example,
the image layer may include one or more materials or
material compositions that may reflect, refract, and/or dif-
fract light or other radiation. The defined portions of the
material or material compositions of the image layer that
are transferred to the substrate may form the reflective,
refractive, and/or diffractive image on the surface of the
substrate. Nonlimiting examples of one or more of the
materials included in the image layer may include alumi-
num, chromium, indium, bismuth, tin, iron, copper, zinc,
niobium, zinc sulfide (ZnS), Nichrome (NiCr), stainless
steel, InSn or other soldering materials, tin oxide, iron
oxide, zinc oxide, idium tin oxide (ITO), or the like. Op-
tionally, the image layer may include an alternative metal
material, metal alloy, mixed metal alloy, metal oxide, or
the like. Optionally, the image layer may include one or
more non-metallic materials.

[0022] In one or more embodiments, the image layer
may include plurals layers coupled together within the
image layer. Defined portions of each of the plural layers
of the image layer may generate or create the reflective,
refractive, and/or diffractive image on the surface of the
substrate. In one embodiment, a first layer of the image
or metal layer may include a first material, and a second
layer of the image or metal layer may include a different,
second material. The first and second materials may re-
flect, refract, and/or diffract light or other sources of ra-
diation.

[0023] The defined portions 110A, 110B of each of the
adhesive layer 116, the image layer 114 and the protec-
tive coating layer 112 are simultaneously transferred onto
the substrate 102 from the carrier film 126 as the thermal
transfer ribbon 108 moves in the direction 122 relative to
the substrate 102. For example, the defined portions
110A, 110B of the adhesive layer 116, the image layer
114, and the protective coating layer 112 are transferred
all at one time and as a group onto the substrate 102.
Additionally, the non-defined portion 120 is not trans-
ferred onto the substrate 102 from the carrier film 126 as
the thermal transfer ribbon 108 moves in the direction
122 relative to the substrate 102. The defined portions
110A, 110B of the image layer 114 and the protective
coating layer 112 are adhered to the substrate 102 using
the adhesive layer 116.

[0024] Thedefined portions 110A, 110B that are trans-
ferred include only necessary amounts of the protective
coating layer 112 and the image layer 114 to form the
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variable and/or non-variable image 106 being introduced
onto the substrate 102 and no additional amount of the
protective coating layer 112 or the image layer 114. For
example, only the portions of the protective coating layer
112 that is over the portion of the image layer 114 is
transferred to the substrate 102. In one embodiment, the
protective coating layer 112 may be coupled with the im-
age layer 114 such that transferring the defined portion
of the image layer 114 necessarily transfers the corre-
sponding defined portion of the protective coating layer
112.

[0025] The defined portions 110A, 110B of the protec-
tive coating layer 112, the image layer 114, and the ad-
hesive layer 116 have sharp and non-filmy edges. For
example, transferring only the defined portions 110A,
110B leaves a clear outline or clear detail of a defined
edge of the image 106 relative to transferring an unnec-
essary amount of the protective coating layer 112 onto
the substrate 102. Only the defined portions 110A, 110B
of the image layer 114 that are used to form the indicia
(e.g., numbers, letters, characters, decorative designs,
or the like) on the substrate 102 are transferred to the
substrate 102 and no more. As one example, the sharp
edge may illustrate the image 106 as the number 8, but
a non-sharp or filmy edge may illustrate the image as a
snowman. For example, the interior holes of the number
8 may only be defined when each of the layers of the
thermal transfer ribbon 108 are transferred to the sub-
strate 102 having sharp edges (e.g., clear detail or outline
of the image 106). Alternatively, the interior holes of the
number 8 may not be visible if the layers of the thermal
transfer ribbon 108 do not have sharp, or have less sharp
edges (e.g., unclear detail or unclear outline of the image
106).

[0026] Figure 4 illustrates a cross-sectional view of the
defined portions 110A, 110B of the protective coating
layer 112, the image layer 114, and the adhesive layer
116 transferred to the substrate 102 in accordance with
one embodiment. Figure 5 illustrates a magnified cross-
sectional view of the defined portions. While the defined
portions 110A, 110B of each layer of the thermal transfer
ribbon 108 are illustrated extending a distance away from
the surface 104 of the substrate 102, Figures 4 and 5 are
not drawn to scale and each layer of defined portions
110A, 110B extends a minimal distance away from the
substrate 102. For example, the defined portions 110A,
110B may have a thickness such that the defined portions
110A, 110B may be visually substantially planar with the
surface 104 of the substrate 102. For example, the thick-
ness of the defined portions 110A, 110B on the surface
104 of the substrate 102 may not be visible unless under
a magnified view.

[0027] Subsequent to transferring the defined portions
110A, 110B of each of the protective coating layer 112,
the image layer 114, and the adhesive layer 116 to the
substrate 102, the defined portions 110A, 110B are ex-
posed to radiation 140 from a radiation source (not
shown). The radiation source may be a lamp or alterna-
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tive light source that emits ultraviolet rays, xenon, or the
like. Exposing the defined portions 110A, 110B to the
radiation 140 provides a durability to the defined portions
110A, 110B by cross-linking the defined portion 110A,
110B of the protective coating layer 112 that is over the
defined portions 110A, 110B of the image layer 114. The
protective coating layer 112 includes a polymeric transfer
material and a polymeric base material that are combined
as the single protective coating layer 112. In one embod-
iment, the polymeric transfer material may be disposed
on the carrierfilm 126 (of Figure 3) as the thermal transfer
ribbon 108 moves across the substrate 102 and the pol-
ymeric base material may be disposed between the pol-
ymeric transfer material and the image layer 114. The
protective coating layer 112 may be made of substantially
even parts of the polymeric base material and the poly-
meric transfer material. Alternatively, the protective coat-
ing layer 112 may have a larger percentage of weight of
one of the polymeric transfer or base materials than the
other. In one or more embodiments, the protective coat-
ing layer 112 may include individual layers of the poly-
meric transfer material and the polymeric base material.
For example, the protective coating layer 112 may be an
assembly of two or more layers of the polymeric transfer
and base material.

[0028] In one or more embodiments, cross-linking the
portion of the protective coating layer 112 may cross-link
the polymeric transfer material and the polymeric base
material with each other in the defined portions 11 0A,
110B of the protective coating layer 112 that was trans-
ferred. For example, exposure of the defined portions
110A, 110B of the protective coating layer 112 to the
radiation 140 chemically joins molecules of the polymeric
transfer material with molecules of the polymeric base
material by covalent bonds or chemical bonds. Addition-
ally, the defined portions 110A, 110B of the protective
coating layer 112 does not distort, change, melt, or the
like, upon exposure of the radiation 140. For example,
the radiation 140 cross-links the protective coating layer
112 without changing the integrity of the polymeric trans-
fer material and/or the polymeric base material, thereby
maintaining the integrity of the image layer 114 corre-
sponding to the defined portions 110A, 110B of the pro-
tective coating layer 112.

[0029] Cross-linking the protective coating layer 112
forms an abrasion-resistance layer and/or a chemical-
resistance layer over the defined portion 110A of the im-
age layer 114 that was transferred. For example, the
chemically joined molecules of the transfer material and
the base material provide the abrasion-resistance layer
over the image layer 114 to improve the durability of the
image layer 114 relative to the transfer material and the
base material not cross-linking or relative to the transfer
material not cross-linking with itself. The abrasion-resist-
ance layer improves the durability (e.g., wear resistance,
abrasion resistance, chemical resistance, or the like) of
the defined portions 110A, 110B of the image layer 114.
For example, the abrasion-resistance and the chemical-
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resistance layer reduces the risk of the image 106
scratching or rubbing off from the substrate 102. The
cross-linked protective coating layer 112 provides dura-
bility only over the defined portions 110A, 110B of the
image layer 114, and not over the non-defined portion
120 (of Figures 2 and 3) outside of the image 106.
[0030] By cross-linking the protective coatinglayer 112
after the defined portions 110A, 110B of the protective
coating layer 112, the image layer 114, and the adhesive
layer 116 are transferred to the substrate 102, the defined
portions 110A, 110B have sharper and non-filmy edges.
For example, cross-linking the protective coating layer
112increases the durability of the protective coating layer
112, thereby increasing the difficulty of cutting or trans-
ferring a clean outline or detail of the image. Transferring
the defined portions 110A, 110B of the thermal transfer
ribbon 108 onto the substrate 102 prior to cross-linking
the protective coating layer 112 improves the sharpness,
the outline or detail, or the like, of the image 106 on the
substrate 102 relative to transferring the defined portions
110A, 110B after cross-linking the protective coating lay-
er 112.

[0031] Figure 6 illustrates a flowchart of one embodi-
ment of a method 600 for introducing a reflective, refrac-
tive, and/or diffractive variable and/or non-variable image
to a substrate 102 by use of thermal transfer printing.
The method 600 can be used to introduce variable and/or
non-variable metallicimages and/or non-metallicimages
in connection with cards such as financial cards, security
cards, and identification cards. Optionally, the method
600 may also be used to introduce variable and/or non-
variable images on medical containers, packaging ma-
terials, clothing labels, household goods, electronics, or
the like. The images may be metallic images, and may
be shades or hues of metallic silver or gold, or optionally
may include dyes or coloring such that the metallic im-
ages may be metallic shades or hues of any color of the
rainbow such as, but not limited to, metallic reds, orang-
es, yellows, greens, blues, indigos, violets, or the like.
The material used to form the images may be a reflective
material, a refractive material, and/or a diffractive mate-
rial. For example, the material used to form the images
may create a reflective image, a refractive image, and/or
a diffractive image on the surface of the substrate.
[0032] At 602, defined portions of each of a protective
coating layer 112, an image layer 114, and an adhesive
layer 116 are simultaneously transferred from a carrier
film 126 of a thermal transfer ribbon 108 to a substrate
102 by applying heat 124 to the thermal transfer ribbon
108. For example, the defined portions of the protective
coating layer 112, the image layer 114, and the adhesive
layer 116 that are transferred include only necessary
amounts of the protective coating layer 112 and the im-
age layer 114 to form the variable and/or non-variable
image being introduced onto the substrate 102. No ad-
ditional amount of the protective coating layer 112 or the
image layer 114 are transferred onto the substrate 102.
For example, only the defined portion of the protective
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coating layer 112 that is over the portion of the image
layer 114 is transferred to the substrate 102.

[0033] At 604, the transferred defined portions of the
image layer 114 and the protective coating layer 112 are
adhered to the surface 104 of the substrate 102 using
the adhesive layer 116. The image layer may include one
or more materials, such as metallic materials and/or non-
metallic materials. In one or more embodiments, the one
or more materials may be reflective, refractive, and/or
diffractive materials such that transferring the defined
portion of the material of the image layer may create or
form a reflective image, a refractive image, and/or dif-
fractive image on the surface of the substrate.

[0034] At 606, subsequent to transferring the defined
portions of the protective coating layer 112, the image
layer 114, and the adhesive layer 116, the defined portion
of the protective coating layer 112 are exposed to radi-
ation from a radiation source to cross-link the defined
portions of the protective coating layer 112 that are over
the defined portions of the image layer 114. For example,
cross-linking the protective coating layer 112 provides
durability to the defined portion of the image layer 114.
Additionally, the protective coating layer 112 includes a
polymerictransfer material and a polymeric base material
disposed between the polymeric transfer material and
the image layer 114. Cross-linking the protective coating
layer 112 cross-links the polymeric transfer material and
the polymeric base material with each other. Optionally,
cross-linking the protective coating layer 112 cross-links
the polymeric transfer material with itself. Additionally or
alternatively, cross-linking the protective coating layer
112 forms an abrasion-resistance and/or a chemical-re-
sistance layer on the defined portion of the transferred
image layer 114

[0035] While the above description describes transfer-
ring only an amount of material of the protective coating
layer, the image layer, and the adhesive layer on the
substrate necessary to form letters, numbers, charac-
ters, logos, and no more, alternatively the thermal trans-
fer ribbon 108 may apply much more of the image layer
and the protective coating layer to the substrate. For ex-
ample, the thermal transfer ribbon 108 may apply the
image layer and the protective coating over a larger area
such as, for example, an entire surface of the substrate
(e.g., the entire side of a financial or identification card),
a majority of the surface of the substrate, only a portion
of the surface of the substrate, or the like.

[0036] Inone or more embodiments of the subject mat-
ter described herein, a method for introducing a reflective
and/or diffractive metallic variable and/or non-variable
image to a substrate by use of thermal transfer printing
includes simultaneously transferring a defined portion of
each of a protective coating layer, a metal layer, and an
adhesive layer from a carrier film of a thermal transfer
ribbon to the substrate by applying heat to the thermal
transfer ribbon. The method includes adhering the de-
fined portions of the metal layer and the protective coating
layer that were transferred to the substrate using the ad-
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hesive layer and, subsequent to transferring the defined
portions of the protective coating layer, the metal layer,
and the adhesive layer, providing durability to the defined
portion of the metal layer that is transferred to the sub-
strate by cross-linking the defined portion of the protec-
tive coating layer that is over the defined portion of the
metal layer by exposing the protective coating layer to a
radiation source after the defined portions of the protec-
tive coating layer, the metal layer, and the adhesive layer
are transferred from the carrier film.

[0037] Optionally, the defined portions of the protective
coating layer, the metal layer, and the adhesive layer are
transferred to have sharp, defined, and non-filmy edges.
[0038] Optionally, the defined portions of the protective
coating layer, the metal layer, and the adhesive layer that
are transferred include only necessary amounts of the
protective coating layer and the metal layer to form the
variable and/or non-variable image being introduced on-
to the substrate and no additional amount of the protec-
tive coating layer or the metal layer.

[0039] Optionally, cross-linking the defined portion of
the protective coating layer that was transferred forms
one or more of an abrasion-resistant layer or a chemical-
resistance layer over the defined portion of the metal lay-
er that was transferred.

[0040] Optionally, the protective coating layer includes
a polymeric transfer material on the carrier film and a
polymeric base material on the polymeric transfer mate-
rial and cross-linking the portion of the protective coating
layer cross-links the polymeric transfer material and the
polymeric base material with each other in the defined
portion of the protective coating layer that was trans-
ferred.

[0041] Optionally, the protective coating layer includes
a polymeric transfer coat. Cross-linking the portion of the
protective coating layer cross-links the polymeric transfer
material of the defined portion of the protective coating
layer that was transferred.

[0042] Optionally, transferring the defined portion of
the protective coating layer includes transferring only the
defined portion of the protective coating layer that is over
the portion of the metal layer that is transferred to the
substrate.

[0043] Optionally, the protective coating layer is cou-
pled with the metal layer such that transferring the defined
portion of the metal layer necessarily transfers the cor-
responding defined portion of the protective coating lay-
er.

[0044] Optionally, the defined portion of the metal layer
that is transferred is reflective.

[0045] Optionally, the defined portion of the metal layer
that is transferred is diffractive.

[0046] Optionally, transferring the defined portion of
the metal layer to the substrate includes forming a con-
tinuous metal shape on the substrate using the defined
portion of the metal layer that is transferred.

[0047] Optionally, the image thatis formed on the sub-
strate by the metal layer is a variable image.
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[0048] Optionally, the image that is formed on the sub-
strate by the metal layer is a non-variable image.
[0049] Optionally, the variable and/or non-variable im-
age is visible on a front surface or back surface of the
substrate.

[0050] Optionally, transferring the defined portions of
the protective coating layer, the metal layer and the ad-
hesive layer includes printing a number, letter, or logo on
one or more of an identification card, a financial card, a
security card, a medical container, a medical device,
packaging materials, clothing, an electronic, a consum-
able product, or a consumer product.

[0051] Optionally, transferring the defined portions of
the protective coating layer, the metal layer, and the ad-
hesive layer includes transferring the metal layer and the
protective coating layer to a majority of a surface of the
substrate.

[0052] Inone or more embodiments of the subject mat-
ter described herein, a system forintroducing a reflective,
refractive, and/or diffractive metallic variable and/or non-
variable image to a substrate by use of thermal transfer
printing includes a thermal transfer ribbon comprising a
protective coating layer, a metal layer, and an adhesive
layer. A defined portion of each of the proactive coating
layer, the metal layer, and the adhesive layer are simul-
taneously transferred from a carrier film of the thermal
transfer ribbon to the substrate by applying heat to the
thermal transfer ribbon. The defined portions of the metal
layer and the protective coating layer that were trans-
ferred are adhered to the substrate using the adhesive
layer. Subsequent to transferring the defined portions of
the protective coating layer, the metal layer, and the ad-
hesive layer, the defined portion of the protective coating
layer is cross-linked by exposing the protective coating
layer to a radiation source after the defined portions of
the protective coating layer, the metal layer, and the ad-
hesive layer are transferred from the carrier film. Cross-
linking the defined portion of the protective coating layer
provides durability to the defined portion of the metal layer
that is transferred to the substrate.

[0053] Optionally, the defined portions of the protective
coating layer, the metal layer, and the adhesive layer are
transferred to have sharp, defined, and non-filmy edges.
[0054] Optionally, the defined portions of the protective
coating layer, the metal layer, and the adhesive layer that
are transferred include only necessary amounts of the
protective coating layer and the metal layer to form the
variable and/or non-variable image being introduced on-
to the substrate and no additional material of the protec-
tive coating layer or the metal layer.

[0055] Optionally, cross-linking the defined portion of
the protective coating layer that was transferred forms
one or more of an abrasion-resistant layer or a chemical-
resistant layer over the defined portion of the metal layer
that was transferred.

[0056] Optionally, the protective coating layerincludes
a polymeric transfer material on the carrier film and a
polymeric base material on the polymeric transfer mate-
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rial. Cross-linking the portion of the protective coating
layer cross-links the polymeric transfer material and the
polymeric base material with each other in the defined
portion of the protective coating layer that was trans-
ferred.

[0057] Optionally, the protective coating layer includes
a polymeric transfer material. Cross-linking the portion
of the protective coating layer cross-links the polymeric
transfer material of the defined portion of the protective
coating layer that was transferred.

[0058] Optionally, only the defined portion of the pro-
tective coating layer that is over the portion of the metal
layer that is transferred to the substrate is configured to
be transferred.

[0059] Optionally, the protective coating layer is cou-
pled with the metal layer such that transferring the defined
portion of the metal layer necessarily transfers the cor-
responding defined portion of the protective coating lay-
er.

[0060] Optionally, the defined portion of the metal layer
that is transferred is reflective.

[0061] Optionally, the defined portion of the metal layer
that is transferred is diffractive.

[0062] Optionally,the defined portion of the metal layer
forms a continuous metal shape on the substrate using
the defined portion of the metal layer that is transferred.
[0063] Optionally, the image thatis formed on the sub-
strate by the metal layer is a variable image.

[0064] Optionally, the image thatis formed on the sub-
strate by the metal layer is a non-variable image.
[0065] Optionally, the variable and/or non-variable im-
age is visible on a front surface or a back surface of the
substrate.

[0066] Optionally, transferring the defined portions of
the protective coating layer, the metal layer and the ad-
hesive layer includes printing a number, letter, or logo on
one or more of an identification card, a financial card, a
security card, a medical container, a medical device,
packaging materials, clothing, an electronic, a consum-
able product, or a consumer product.

[0067] Optionally, the protective coating layer, the met-
al layer, and the adhesive layer are configured to be
transferred to a majority of a surface of the substrate.
[0068] Inone or more embodiments of the subject mat-
ter described herein, a method includes simultaneously
transferring a defined portion of each of a protective coat-
ing layer, a metal layer, and an adhesive layer from a
carrier film of a thermal transfer ribbon to a substrate by
applying heat to the thermal transfer ribbon. The method
includes adhering the defined portions of the metal layer
and the protective coating layer that were transferred to
the substrate using the adhesive layer and, subsequent
to transferring the defined portions of the protective coat-
ing layer, the metal layer, and the adhesive layer, pro-
viding durability to the defined portion of the metal layer
that is transferred to the substrate by cross-linking the
defined portion of the protective coating layer that is over
the defined portion of the metal layer by exposing the
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protective coating layer to a radiation source. The defined
portions of the protective coating layer, the metal layer,
and the adhesive layer that are transferred include only
necessary amounts of the protective coating layer and
the metal layer to form one or more of a variable or non-
variable image being introduced onto the substrate and
no additional amount of the protective coating layer or
the metal layer.

[0069] Inone or more embodiments of the subject mat-
ter described herein, a method for introducing one or
more of a reflective, refractive, or diffractive image to a
substrate by use of thermal transfer printing may include
simultaneously transferring a defined portion of each of
a protective coating layer, an image layer, and an adhe-
sive layer from a carrier film of a thermal transfer ribbon
to the substrate while the thermal transfer ribbon moves
in a direction along a surface of the substrate by applying
heatto the defined portions of the thermal transfer ribbon.
The image layer may include a material that is one or
more of a reflective material, a refractive material, or a
diffractive material. The defined portions of the image
layer and the protective coating layer that were trans-
ferred to the substrate may be adhered using the adhe-
sive layer. Subsequent to transferring the defined por-
tions of the protective coating layer, the image layer, and
the adhesive layer, durability is provided to the defined
portion of the image layer that is transferred to the sub-
strate by cross-linking the defined portion of the protec-
tive coating layer that is over the defined portion of the
image layer by exposing the defined portions to a radia-
tion source after the defined portions of the protective
coating layer, the image layer, and the adhesive layer
are transferred from the carrier film.

[0070] Optionally, the defined portions of the protective
coating layer, the image layer, and the adhesive layer
are transferred to have defined edges.

[0071] Optionally, the defined portions of the protective
coating layer, the image layer, and the adhesive layer
that are transferred include only necessary amounts of
the protective coating layer and the image layer to form
one or more of a variable or non-variable image on the
substrate and no additional amount of protective coating
layer or the image layer.

[0072] Optionally, cross-linking the defined portion of
the protective coating layer that was transferred forms
an abrasion-resistant layer and/or a chemical-resistant
layer over the defined portion of the image layer that was
transferred.

[0073] Optionally, transferring the defined portion of
the protective coating layer includes transferring only the
defined portion of the protective coating layer that is over
the portion of the image layer that is transferred to the
substrate.

[0074] Optionally, the protective coating layer is cou-
pled with the image layer such that transferring the de-
fined portion of the image layer necessarily transfers the
corresponding defined portion of the protective coating
layer.
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[0075] Optionally, transferring the defined portion of
the image layer to the substrate includes forming a con-
tinuous shape on the substrate using the defined portion
of the image layer that is transferred.

[0076] Optionally, non-defined portions of each of the
protective coating layer, the image layer, and the adhe-
sive layer are not transferred from the carrier film to the
substrate.

[0077] Optionally, the method may include moving the
thermal transfer ribbon in the direction that is parallel to
the surface of the substate to transfer the defined portion
of each of the protective coating layer, the image layer,
and the adhesive layer from the carrier film to the sub-
strate.

[0078] Inone or more embodiments of the subject mat-
ter described herein, a system forintroducing one or more
of a reflective image, a refractive image, or a diffractive
image to a substrate by use of thermal transfer printing
includes a thermal transfer that includes a protective
coating layer, animage layer, and an adhesive layer. The
image layer includes a material that is one or more of a
reflective material, a refractive material, or a diffractive
material. A defined portion of each of the protective coat-
ing layer, the image layer, and the adhesive layer may
be simultaneously transferred from a carrier film of the
thermal transfer ribbon to the substrate while the thermal
transfer ribbon is moving in a direction along a surface
of the substrate by applying heat to the defined portions
of the thermal transfer ribbon. The defined portions of
the image layer and the protective coating layer that were
transferred may be adhered to the substrate using the
adhesive layer. Subsequent to transferring the defined
portions of the protective coating layer, the image layer,
and the adhesive layer, the defined portion of the protec-
tive coating layer may be cross-linked by exposing the
protective coating layer to a radiation source after the
defined portions of the protective coatinglayer, the image
layer, and the adhesive layer are transferred from the
carrier film. Cross-linking the defined portion of the pro-
tective coating layer provides durability to the defined
portion of the image layer that is transferred to the sub-
strate.

[0079] Optionally, the defined portions of the protective
coating layer, the image layer, and the adhesive layer
may be transferred to have defined edges.

[0080] Optionally, the defined portions of the protective
coating layer, the image layer, and the adhesive layer
that are transferred include only necessary amounts of
the protective coating layer and the image layer to form
one or more of a variable or non-variable image on the
substrate and no additional amount of the protective coat-
ing layer or the image layer.

[0081] Optionally, cross-linking the defined portion of
the protective coating layer that was transferred forms
an abrasion-resistant and/or a chemical-resistant layer
over the defined portion of the image layer thatwas trans-
ferred.

[0082] Optionally, only the defined portion of the pro-
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tective coating layer that is over the defined portion of
the image layer that is transferred to the substrate may
be transferred.

[0083] Optionally, the protective coating layer may be
coupled with the image layer such that transferring the
defined portion of the image layer necessarily transfers
the corresponding defined portion of the protective coat-
ing layer.

[0084] Optionally, the material of the image layer may
be the reflective material. The defined portion of the im-
age layer may form a reflective image on the surface of
the substrate.

[0085] Optionally, the material of the image layer may
be adiffractive material. The defined portion of the image
layer may form a diffractive image on the surface of the
substrate.

[0086] Optionally, the defined portion of the image lay-
er may form a continuous shape on the substrate using
the defined portion of the image layer that is transferred.
[0087] Inone or more embodiments of the subject mat-
ter described herein, a method may include simultane-
ously transferring a defined portion of each of a protective
coating layer, animage layer, and an adhesive layer from
a carrier film of a thermal transfer ribbon to a substrate
while the thermal transfer ribbon is moving in a direction
along a surface of the substrate by selectively applying
thermal energy to the thermal transfer ribbon. The image
layer may include a material that is one or more of a
reflective material, a refractive material, or a diffractive
material. The defined portions of the image layer and the
protective coating layer that were transferred to the sub-
strate may be adhered to the substrate using the adhe-
sive layer. The defined portion of the image layer may
form one or more of a reflective image, arefractive image,
or a diffractive image. Subsequent to transferring the de-
fined portions of the protective coating laying, the image
layer, and the adhesive layer, durability may be provided
to the defined portion of the image layer that is transferred
to the substrate by cross-linking the defined portion of
the protective coating layerthatis over the defined portion
of the image layer by exposing the defined portion of the
protective coating layer to a radiation source. The defined
portions of the protective coating layer, the image layer,
and the adhesive layer that are transferred may include
only necessary amounts of the protective coating layer
and the image layer to form the one or more of the re-
flective image, the refractive image, or the diffractive im-
age on the substrate and no additional amount of one or
more of the protective coating layer or the image layer.
[0088] Optionally, the defined portions may be trans-
ferred to the substrate while the thermal transfer ribbon
moves in the direction along the surface of the substrate
by selectively applying thermal energy to the thermal
transfer ribbon. Non-defined portions defining unneces-
sary amounts of the protective coating layer and the im-
age layer may not be transferred to the substrate while
the thermal transfer ribbon moves in the direction along
the surface of the substrate.
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[0089] Itisto be understood thatthe above description
is intended to be illustrative, and not restrictive. For ex-
ample, the above-described embodiments (and/or as-
pects thereof) may be used in combination with each
other. In addition, many modifications may be made to
adapt a particular situation or material to the teachings
of the inventive subject matter without departing from its
scope. While the dimensions and types of materials de-
scribed herein are intended to define the parameters of
the inventive subject matter, they are by no means lim-
iting and are exemplary embodiments. Many other em-
bodiments will be apparent to one of ordinary skill in the
art upon reviewing the above description. The scope of
the inventive subject matter should, therefore, be deter-
mined with reference to the appended claims, along with
the full scope of equivalents to which such claims are
entitled. In the appended claims, the terms "including”
and "in which" are used as the plain-English equivalents
of the respective terms "comprising” and "wherein."
Moreover, in the following claims, the terms "first," "sec-
ond," and "third," etc. are used merely as labels, and are
not intended to impose numerical requirements on their
objects. Further, the limitations of the following claims
are not written in means-plus-function format and are not
intended to be interpreted based on 35 U.S.C. § 112(f),
unless and until such claim limitations expressly use the
phrase "means for" followed by a statement of function
void of further structure. For example, the recitation of a
"mechanism for," "module for," "device for," "unit for,"
"componentfor," "element for," "member for," "apparatus
for," "machine for," or "system for" is not to be interpreted
as invoking 35 U.S.C. § 112(f), and any claim that recites
one or more of these terms is not to be interpreted as a
means-plus-function claim.

[0090] This written description uses examples to dis-
close several embodiments of the inventive subject mat-
ter, and also to enable one of ordinary skill in the art to
practice the embodiments of inventive subject matter,
including making and using any devices or systems and
performing any incorporated methods. The patentable
scope of the inventive subject matter is defined by the
claims, and may include other examples that occur to
one of ordinary skill in the art. Such other examples are
intended to be within the scope of the claims if they have
structural elements that do not differ from the literal lan-
guage of the claims, or if they include equivalent struc-
tural elements with insubstantial differences from the lit-
eral languages of the claims. Certain embodiments of
the inventions may be found in the following numbered
clauses:

Clause 1. A method of introducing one or more of a
reflective, refractive, or diffractive image to a sub-
strate by use of thermal transfer printing, the method
comprising:

simultaneously transferring a defined portion of
each of a protective coating layer, an image lay-
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er, and an adhesive layer from a carrier film of
a thermal transfer ribbon to the substrate while
the thermal transfer ribbon moves in a direction
along a surface of the substrate by applying heat
to the defined portions of the thermal transfer
ribbon, the image layer including a material that
is one or more of a reflective material, a refrac-
tive material, or a diffractive material;

adhering the defined portions of the image layer
and the protective coating layer that were trans-
ferred to the substrate using the adhesive layer;
and

subsequent to transferring the defined portions
of the protective coating layer, the image layer,
and the adhesive layer, providing durability to
the defined portion of the image layer that is
transferred to the substrate by cross-linking the
defined portion of the protective coating layer
thatis over the defined portion of the image layer
by exposing the defined portions to a radiation
source after the defined portions of the protec-
tive coating layer, the image layer, and the ad-
hesive layer are transferred from the carrier film.

Clause 2. The method of clause 1, wherein the de-
fined portions of the protective coating layer, the im-
age layer, and the adhesive layer are transferred to
have defined edges.

Clause 3. The method of clause 1, wherein the de-
fined portions of the protective coating layer, the im-
age layer, and the adhesive layer that are transferred
include only necessary amounts of the protective
coatinglayer and the image layer to form one or more
of a variable or non-variable image on the substrate
and no additional amount of the protective coating
layer or the image layer.

Clause 4. The method of clause 1, wherein cross-
linking the defined portion of the protective coating
layer that was transferred forms an abrasion-resist-
ant layer and/or a chemical-resistant layer over the
defined portion of the image layer that was trans-
ferred.

Clause 5. The method of clause 1, wherein transfer-
ring the defined portion of the protective coating layer
includes transferring only the defined portion of the
protective coating layer that is over the portion of the
image layer that is transferred to the substrate.

Clause 6. The method of clause 1, wherein the pro-
tective coating layer is coupled with the image layer
such that transferring the defined portion of the im-
age layer necessarily transfers the corresponding
defined portion of the protective coating layer.
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Clause 7. The method of clause 1, wherein transfer-
ring the defined portion of the image layer to the sub-
strate includes forming a continuous shape on the
substrate using the defined portion of the image layer
that is transferred.

Clause 8. The method of clause 1, wherein non-de-
fined portions of each of the protective coating layer,
theimage layer, and the adhesive layer are not trans-
ferred from the carrier film to the substrate.

Clause 9. The method of clause 1, further comprising
moving the thermal transfer ribbon in the direction
thatis parallel to the surface of the substrate to trans-
fer the defined portion of each of the protective coat-
ing layer, the image layer, and the adhesive layer
from the carrier film to the substrate.

Clause 10. A system for introducing one or more of
a reflective image, a refractive image, or diffractive
image to a substrate by use of thermal transfer print-
ing, the system comprising:

athermal transfer ribbon comprising a protective
coating layer, an image layer, and an adhesive
layer, wherein the image layer includes a mate-
rial that is one or more of a reflective material,
a refractive material, or a diffractive material,
wherein a defined portion of each of the protec-
tive coating layer, the image layer, and the ad-
hesive layer are configured to be simultaneously
transferred from a carrier film of the thermal
transferribbon to the substrate while the thermal
transfer ribbon is moving in a direction along a
surface of the substrate by applying heat to the
defined portions of the thermal transfer ribbon,

wherein the defined portions of the image layer
and the protective coating layer that were trans-
ferred are configured to be adhered to the sub-
strate using the adhesive layer, and

wherein, subsequent to transferring the defined
portions of the protective coating layer, the im-
age layer, and the adhesive layer, the defined
portion of the protective coating layer is config-
ured to be cross-linked by exposing the protec-
tive coating layer to a radiation source after the
defined portions of the protective coating layer,
the image layer, and the adhesive layer are
transferred from the carrier film, wherein cross-
linking the defined portion of the protective coat-
ing layer provides durability to the defined por-
tion of the image layer that is transferred to the
substrate.

Clause 11. The system of clause 10, wherein the
defined portions of the protective coating layer, the
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image layer, and the adhesive layer are transferred
to have defined edges.

Clause 12. The system of clause 10, wherein the
defined portions of the protective coating layer, the
image layer, and the adhesive layer that are trans-
ferred include only necessary amounts of the pro-
tective coating layer and the image layer to form one
or more of a variable or non-variable image on the
substrate and no additional amount of the protective
coating layer or the image layer.

Clause 13. The system of clause 10, wherein cross-
linking the defined portion of the protective coating
layer that was transferred forms an abrasion-resist-
ant layer and/or a chemical-resistant layer over the
defined portion of the image layer that was trans-
ferred. Clause 14. The system of clause 10, wherein
only the defined portion of the protective coating lay-
er that is over the defined portion of the image layer
that is transferred to the substrate is configured to
be transferred.

Clause 15. The system of clause 10, wherein the
protective coating layer is coupled with the image
layer such that transferring the defined portion of the
image layer necessarily transfers the corresponding
defined portion of the protective coating layer.

Clause 16. The system of clause 10, wherein the
material of the image layer is the reflective material,
wherein the defined portion of the image layer is con-
figured to form a reflective image on the surface of
the substrate.

Clause 17. The system of clause 10, wherein the
material of the image layer is the diffractive material,
wherein the defined portion of the image layer is con-
figured to form a diffractive image on the surface of
the substrate.

Clause 18. The system of clause 10, wherein the
defined portion of the image layer is configured to
form a continuous shape on the substrate using the
defined portion of the image layer that is transferred.

Clause 19. A method comprising:

simultaneously transferring a defined portion of
each of a protective coating layer, animage lay-
er, and an adhesive layer from a carrier film of
athermal transfer ribbon to a substrate while the
thermal transfer ribbon is moving in a direction
along a surface of the substrate by selectively
applying thermal energy to the thermal transfer
ribbon, the image layer comprising a material
that is one or more of a reflective material, a
refractive material, or a diffractive material;
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adhering the defined portions of the image layer
and the protective coating layer that were trans-
ferred to the substrate using the adhesive layer,
the defined portion of the image layer configured
to form one or more of a reflective image, a re-
fractive image, or a diffractive image; and

subsequent to transferring the defined portions
of the protective coating layer, the image layer,
and the adhesive layer, providing durability to
the defined portion of the image layer that is
transferred to the substrate by cross-linking the
defined portion of the protective coating layer
thatis over the defined portion of the image layer
by exposing the defined portion of the protective
coating layer to a radiation source,

wherein the defined portions of the protective
coating layer, the image layer, and the adhesive
layer that are transferred include only necessary
amounts of the protective coating layer and the
image layer to form one or more of the reflective
image, the refractive image, or the diffractive im-
age on the substrate and no additional amount
of one or more of the protective coating layer or
the image layer.

Clause 20. The method of clause 19, wherein the
defined portions are transferred to the substrate
while the thermal transfer ribbon moves in the direc-
tion along the surface of the substrate by selectively
applying the thermal energy to the thermal transfer
ribbon, and wherein non-defined portions defining
unnecessary amounts of the protective coating layer
and the image layer are not transferred to the sub-
strate while the thermal transfer ribbon moves in the
direction along the surface of the substrate.

[0091] The foregoing description of certain embodi-
ments of the present inventive subject matter will be bet-
ter understood when read in conjunction with the append-
ed drawings. To the extent that the figures illustrate dia-
grams of the functional blocks of various embodiments,
the functional blocks are not necessarily indicative of the
division between hardware circuitry. The various embod-
iments are not limited to the arrangements and instru-
mentality shown in the drawings.

[0092] As used herein, an element or step recited in
the singular and proceeded with the word "a" or "an"
should be understood as not excluding plural of said el-
ements or steps, unless such exclusion is explicitly stat-
ed. Furthermore, references to "one embodiment" or "an
embodiment" of the presently described inventive subject
matter are not intended to be interpreted as excluding
the existence of additional embodiments that also incor-
porate the recited features. Moreover, unless explicitly
stated to the contrary, embodiments "comprising," "com-

prises," "including," "includes," "having," or "has" an el-
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ement or a plurality of elements having a particular prop-
erty may include additional such elements not having that
property.

Claims

A method of introducing one or more of a reflective,
refractive, or diffractive image to a substrate by use
of thermal transfer printing, the method comprising:

simultaneously transferring a defined portion of
each of a protective coating layer, animage lay-
er, and an adhesive layer from a carrier film of
a thermal transfer ribbon to the substrate while
the thermal transfer ribbon moves in a direction
along a surface of the substrate by applying heat
to the defined portions of the thermal transfer
ribbon, the image layer including a material that
is one or more of a reflective material, a refrac-
tive material, or a diffractive material;

adhering the defined portions of the image layer
and the protective coating layer that were trans-
ferred to the substrate using the adhesive layer;
and

subsequent to transferring the defined portions
of the protective coating layer, the image layer,
and the adhesive layer, providing durability to
the defined portion of the image layer that is
transferred to the substrate by cross-linking the
defined portion of the protective coating layer
thatis over the defined portion of the image layer
by exposing the defined portions to a radiation
source after the defined portions of the protec-
tive coating layer, the image layer, and the ad-
hesive layer are transferred from the carrier film.

The method of claim 1, wherein the defined portions
of the protective coating layer, the image layer, and
the adhesive layer are transferred to have defined
edges or

wherein the defined portions of the protective coating
layer, the image layer, and the adhesive layer that
are transferred include only necessary amounts of
the protective coating layer and the image layer to
form one or more of a variable or non-variable image
on the substrate and no additional amount of the
protective coating layer or the image layer.

The method of claim 1, wherein cross-linking the de-
fined portion of the protective coating layer that was
transferred forms an abrasion-resistant layer and/or
a chemical-resistant layer over the defined portion
of the image layer that was transferred.

The method of claim 1, wherein transferring the de-
fined portion of the protective coating layer includes
transferring only the defined portion of the protective
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coating layer that is over the portion of the image
layer that is transferred to the substrate.

The method of claim 1, wherein the protective coat-
ing layer is coupled with the image layer such that
transferring the defined portion of the image layer
necessarily transfers the corresponding defined por-
tion of the protective coating layer.

The method of claim 1, wherein transferring the de-
fined portion of the image layer to the substrate in-
cludes forming a continuous shape on the substrate
using the defined portion of the image layer that is
transferred.

The method of claim 1, wherein non-defined portions
of each of the protective coating layer, the image
layer, and the adhesive layer are not transferred from
the carrier film to the substrate.

The method of claim 1, further comprising moving
the thermal transfer ribbon in the direction that is
parallel to the surface of the substrate to transfer the
defined portion of each of the protective coating lay-
er, the image layer, and the adhesive layer from the
carrier film to the substrate.

A system for introducing one or more of a reflective
image, a refractive image, or diffractive image to a
substrate by use of thermal transfer printing, the sys-
tem comprising:

athermal transfer ribbon comprising a protective
coating layer, an image layer, and an adhesive
layer, wherein the image layer includes a mate-
rial that is one or more of a reflective material,
a refractive material, or a diffractive material,
wherein a defined portion of each of the protec-
tive coating layer, the image layer, and the ad-
hesive layer are configured to be simultaneously
transferred from a carrier film of the thermal
transferribbon to the substrate while the thermal
transfer ribbon is moving in a direction along a
surface of the substrate by applying heat to the
defined portions of the thermal transfer ribbon,
wherein the defined portions of the image layer
and the protective coating layer that were trans-
ferred are configured to be adhered to the sub-
strate using the adhesive layer, and

wherein, subsequent to transferring the defined
portions of the protective coating layer, the im-
age layer, and the adhesive layer, the defined
portion of the protective coating layer is config-
ured to be cross-linked by exposing the protec-
tive coating layer to a radiation source after the
defined portions of the protective coating layer,
the image layer, and the adhesive layer are
transferred from the carrier film, wherein cross-
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linking the defined portion of the protective coat-
ing layer provides durability to the defined por-
tion of the image layer that is transferred to the
substrate.

The system of claim 9, wherein the defined portions
of the protective coating layer, the image layer, and
the adhesive layer are transferred to have defined
edges or

wherein the defined portions of the protective
coating layer, the image layer, and the adhesive
layer that are transferred include only necessary
amounts of the protective coating layer and the
image layer to form one or more of a variable or
non-variable image on the substrate and no ad-
ditional amount of the protective coating layer
or the image layer or

wherein cross-linking the defined portion of the
protective coating layer that was transferred
forms an abrasion-resistant layer and/or a
chemical-resistantlayer over the defined portion
of the image layer that was transferred.

The system of claim 9, wherein only the defined por-
tion of the protective coating layer that is over the
defined portion of the image layer that is transferred
to the substrate is configured to be transferred.

The system of claim 9, wherein the protective coating
layeris coupled with the image layer such that trans-
ferring the defined portion of the image layer neces-
sarily transfers the corresponding defined portion of
the protective coating layer.

The system of claim 9, wherein the material of the
image layer is the reflective material, wherein the
defined portion of the image layer is configured to
form a reflective image on the surface of the sub-
strate or

wherein the material of the image layer is the
diffractive material, wherein the defined portion
of the image layer is configured to form a diffrac-
tive image on the surface of the substrate or
wherein the defined portion of the image layer
is configured to form a continuous shape on the
substrate using the defined portion of the image
layer that is transferred.

14. A method comprising:

simultaneously transferring a defined portion of
each of a protective coating layer, animage lay-
er, and an adhesive layer from a carrier film of
athermal transfer ribbon to a substrate while the
thermal transfer ribbon is moving in a direction
along a surface of the substrate by selectively
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applying thermal energy to the thermal transfer
ribbon, the image layer comprising a material
that is one or more of a reflective material, a
refractive material, or a diffractive material;
adhering the defined portions of the image layer
and the protective coating layer that were trans-
ferred to the substrate using the adhesive layer,
the defined portion of the image layer configured
to form one or more of a reflective image, a re-
fractive image, or a diffractive image; and
subsequent to transferring the defined portions
of the protective coating layer, the image layer,
and the adhesive layer, providing durability to
the defined portion of the image layer that is
transferred to the substrate by cross-linking the
defined portion of the protective coating layer
that is over the defined portion of the image layer
by exposing the defined portion of the protective
coating layer to a radiation source,

wherein the defined portions of the protective
coating layer, the image layer, and the adhesive
layer that are transferred include only necessary
amounts of the protective coating layer and the
image layer to form one or more of the reflective
image, the refractive image, or the diffractive im-
age on the substrate and no additional amount
of one or more of the protective coating layer or
the image layer.

15. The method of claim 14, wherein the defined portions

are transferred to the substrate while the thermal
transfer ribbon moves in the direction along the sur-
face of the substrate by selectively applying the ther-
mal energy to the thermal transfer ribbon, and where-
in non-defined portions defining unnecessary
amounts of the protective coating layer and the im-
age layer are not transferred to the substrate while
the thermal transfer ribbon moves in the direction
along the surface of the substrate.
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Apply heat to a thermal transfer ribbon to simultaneously transfer defined

portions of each of a protective coating layer, an image layer, and an
adhesive layer from a thermal transfer ribbon to a substrate.
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Adhere the transferred defined portions of the image layer and the
protective coating layer to the substrate using the adhesive layer.
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Expose the protective coating layer to a radiation source to cross-link the
defined portion of the protective coating layer that is over the defined
portion of the image layer.
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