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PATTERNED ARTICLES AND METHODS FOR
COATING SUBSTRATES WITH A PATTERNED LAYER

Field of the Invention

[001] The disclosure generally relates to patterned articles and methods of forming
patterned articles by coating substrates with at least one patterned layer. More particularly,
the disclosure relates to patterned articles and methods of forming patterned articles by
coating an outer surface of a substrate with at least one patterned layer which is visible on the

outer surface and not visible on an inner surface of the substrate.

Summary of the Invention

[002] The disclosure is generally directed to patterned articles including a substantially
transparent substrate having at least one optical property, the substrate further having an outer
surface and an inner surface; and at least one patterned layer on the outer surface of the
substrate, the at least one patterned layer visible on the outer surface and having at least one
optical property substantially matching the at least one optical property of the substrate,
whereby visibility of the at least one patterned layer is at least partially restricted through the

inner surface.

[003] The disclosure is further generally directed to methods of forming a patterned article
including at least partially matching at least one optical property of at least one patterned
coating material with at least one optical property of a substantially transparent substrate
having an outer surface and an inner surface and forming at least one patterned layer on the

outer surface of the substrate by depositing the at least one patterned coating material on the
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outer surface, whereby visibility of the at least one patterned layer is at least partially

restricted through the inner surface.

Brief Description of the Drawings

[004] The disclosure will now be made, by way of example, with reference to the

accompanying drawings, in which:

[005] FIG. 1A is a detailed perspective view of a patterned article including a substrate with
an exemplary patterned layer on an outer surface of the substrate in accordance with an

illustrative embodiment of the present invention;

[006] FIG. 1B is a detailed perspective view of a patterned article with an alternative
exemplary patterned layer on an outer surface of a substrate in accordance with an illustrative

embodiment of the present invention;

[007] FIG. 1C is a detailed perspective view of a patterned article with another alternative
exemplary patterned layer on an outer surface of the substrate in accordance with an

illustrative embodiment of the present invention;

[008] FIG. ID is a cross-sectional view of a section of a substrate, illustrating application of
a first patterned coating material to form a first patterned layer on an outer surface of the
substrate in fabrication of a patterned article in accordance with an illustrative embodiment of

the present invention;

[009] FIG. 1E is a cross-sectional view of the section of the substrate illustrated in FIG. 1D,

illustrating application of a second patterned coating material to form a second patterned
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layer on the first patterned layer in fabrication of the patterned article in accordance with an

illustrative embodiment of the present invention;

[0010] FIG. 1F is a cross-sectional view of the section of the substrate illustrated in FIG. 1E,
with the second patterned layer on the first patterned layer in the fabricated patterned article

in accordance with an illustrative embodiment of the present invention;

[0011] FIG. 1G is a cross-sectional view of a section of a substrate, illustrating placement of
a deposition mask on the outer surface of the substrate and application of a patterned coating
material through mask openings in the deposition mask to form a patterned layer having
patterned openings on the outer surface of the substrate in fabrication of a patterned article in

accordance with an illustrative embodiment of the present invention;

[0012] FIG. 1H is a cross-sectional view of a section of a substrate, with the patterned layer
having patterned openings formed on the outer surface of the substrate as a result of the
process illustrated in FIG. 1G in accordance with an illustrative embodiment of the present

invention;

[0013] FIG. 2 is a detailed perspective view of an inner surface of an exemplary patterned

article in accordance with an illustrative embodiment of the present invention;

[0014] FIG. 3A is an optical properties chart which illustrates transmission of light through
patterned articles having variously tinted substrates coated with at least one patterned layer in

accordance with an illustrative embodiment of the present invention;
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[0015] FIG. 3B is an optical properties chart which illustrates diverging reflectance
percentages between a substrate and at least one patterned coating layer on the substrate of a

patterned article in accordance with an illustrative embodiment of the present invention;

[0016] FIG. 3C is an optical properties chart which illustrates converging reflectance
percentages between a substrate and at least one patterned coating layer on the substrate of a

patterned article in accordance with an illustrative embodiment of the present invention; and

[0017] FIG. 4 is a flow diagram of an exemplary method for coating a substrate with a
patterned layer in formation of a patterned article in accordance with an illustrative

embodiment of the present invention.

[0018] Like reference numerals refer to like parts throughout the various views of the

drawings.

Detailed Description

[0019] The following detailed description is merely exemplary in nature and is not intended
to limit the described embodiments or the application and uses of the described embodiments.
As used herein, the word “exemplary” or “illustrative” means “serving as an example,
instance, or illustration.” Any implementation described herein as “exemplary” or
“illustrative” is not necessarily to be construed as preferred or advantageous over other
implementations. All of the implementations described below are exemplary
implementations provided to enable persons skilled in the art to practice the disclosure and
are not intended to limit the scope of the claims. Furthermore, there is no intention to be
bound by any expressed or implied theory presented in the preceding technical field,

background, brief summary or the following detailed description.
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[0020] Referring to the drawings, the present disclosure is generally directed to patterned
articles 100 (FIGS. 1A-1C) and methods 400 (FIG. 4) for coating an outer surface 104 of a
substrate 102 with at least one patterned layer 107 in fabrication of the patterned article 100.
The at least one patterned layer 107 forms a pattern that is visible on the outer surface 104 but
not visible on an inner surface 108 of the substrate 102. In this manner, eclectic patterns may
be coated on the outer surface 104 without obstructing the view through the patterned article
100 from the vantage point of the inner surface 108 and without affecting the intrinsic optical
properties of the patterned article 100. In fabrication of the patterned article 100, a patterned
coating material 106 is selected, configured and coated onto the substrate 102 to form at least
one patterned layer 107 which substantially matches at least one optical property 110 (FIG.
3A) of the substrate 102 and/or at least one optical property 110 of an optical coating (not
illustrated) on the substrate 102. The at least one optical property 110 may include such
optical properties as light reflection, refraction, absorption, refractive index, tinting,
photochromatic properties, light scattering properties and/or the like, and is taken into
consideration when selecting and configuring the patterned coating material 106 which will
form the patterned layer 107 on the substrate 102. In this manner, the patterned layer 107 is
visible to an observer who views the outer surface 104 and not visible to an observer who

views the inner surface 108 of the patterned article 100.

[0021] In some embodiments, a patterned article 100 coated with at least one patterned layer

107 (FIG. 1E) may include:

a substrate 102 having at least one optical property 110 (FIG. 3A) and/or at least one
optical coating (not illustrated), the substrate 102 at least partially transparent to

enable at least partial visibility through the substrate 102;
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the substrate 102 further including an outer surface 104, the outer surface 104 having

at least one patterned layer 107,

wherein the at least one patterned layer 107 is visible on the outer surface 104,

the substrate 102 further including an inner surface 108,

wherein visibility of the at least one patterned layer 107 through the inner surface 108

is at least partially restricted.

[0022] In some embodiments, a method of fabricating a patterned article 100 by depositing at

least a first patterned coating layer 107 (FIG. 1E) on a substrate 102 may include:

at least partially matching at least one optical property 110 (FIG. 3A) of at least one patterned
coating material 106 with at least one optical property 110 of a substrate 102 having an outer

surface 104 and an inner surface 108; and

forming at least one patterned layer 107 by depositing the at least one patterned coating
material 106 on the outer surface 104 of the substrate 102, whereby visibility of the at least
one patterned layer 107 through the inner surface 108 of the substrate 102 is at least partially

restricted.

[0023] In some embodiments, a method of fabricating a patterned article 100 by depositing at
least a first patterned coating layer 107 and a second patterned coating layer 113 (FIG. 1F) on

a substrate 102 may include:

at least partially matching at least one optical property 110 (FIG. 3A) of a first patterned
coating material 106 with at least one optical property 110 of a substrate 102 having an outer

surface 104 and an inner surface 108;
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forming a first patterned layer 107 by depositing the first patterned coating material 106 on

the outer surface 104 of the substrate 102;

at least partially matching at least one optical property 110 (FIG. 3A) of a second patterned

coating material 112 with at least one optical property 110 of the substrate 102; and

forming a second patterned layer 113 by depositing the second patterned coating material 112
on the first patterned layer 107, whereby visibility of the first patterned layer 107 and the
second patterned layer 113 through the inner surface 108 of the substrate 102 is at least

partially restricted.

[0024] As illustrated in FIGS. 1A, 1B and 1C, the patterned article 100 may include a
substrate 102 having an outer surface 104 and an inner surface 108. In some embodiments,
the substrate 102 may include a lens for sunglasses, wherein the lens has a generally concave
inner surface 108 and a generally convex outer surface 104. In other embodiments, the
substrate 102 may, however, include, for example and without limitation, optical crown glass,
plastic, trivex, polycarbonate and high-index glasses, high index plastics, polymethyl

methacrylate, rigid glass permeable and hydrogel lenses.

[0025] At least one patterned layer 107 may be formed on the outer surface 104 of the
substrate 102 by deposition of at least one patterned coating material 106 on the outer surface
104. The at least one patterned layer 107 which is formed by the at least one patterned
coating material 106 forms a pattern that is visible on the outer surface 104 but not visible
through the inner surface 108. In some embodiments, the at least one patterned layer 107 may
include at least one thin film. In some embodiments, multiple patterned layers, such as a first

patterned layer 107 and a second patterned layer 113 (FIG. 1F), for example and without
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limitation, can be sequentially formed on the outer surface 104 by sequential deposition of

the first patterned coating material 106 and at least a second patterned coating material 112.

[0026] The at least one patterned coating material 106 may be applied to the outer surface
104 of the substrate 102 through a variety of processes known in the art including, for
example and without limitation, vacuum deposition. In some embodiments, one or more
sequential applications of the at least one patterned coating material 106 can be made on one
or more surfaces of the substrate 102 using a physical vapor deposition procedure. In other
embodiments, any variety of etching, engraving, adjusting of index refractions and/or
polymerization may be carried out to apply the patterned coating material 106 on the outer
surface 104. Nonetheless, suitable vacuum depositions for coating the outer surface 104 with
the at least one patterned coating material 106 may include, for example and without
limitation, physical vapor deposition, cathodic arc deposition, electron beam physical vapor

deposition, and sputter deposition.

[0027] The patterned coating material 106 forms at least one patterned layer 107 having a
selected pattern. The pattern in the at least one patterned layer 107 may include a decorative
pattern, logo, image or text, for example and without limitation. The non-limiting example in
FIG. 1C illustrates a school logo. The patterns could further include anything from a letter, a
name or a star to more complex patterns such as camouflage. The patterned articles 100 and
methods 400 for coating substrates 102 with a patterned layer described herein could also are
applied to windows, displays, plastics, glass or any other substrates 102 or methodology
needed or wanted to create a pattern. In the non-limiting example illustrated in FIG. 1B, the

substrate 102 is a lens for sunglasses.
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[0028] A non-limiting example of a technique which is suitable for forming the at least one
patterned layer 107 on the outer surface 104 of the substrate 102 is illustrated in FIGS. 1G
and 1H. As illustrated in FIG. 1G, a deposition mask 116 may initially be positioned on the
outer surface 104 of the substrate 102. The deposition mask 116 may have mask openings
118 which are arranged in the desired pattern corresponding to the pattern of the at least one
patterned layer 107 that is to be applied to the outer surface 104. The patterned coating
material 106 may be deposited onto the outer surface 104 through the mask openings 118 as
the solid portions of the deposition mask 116 shield the covered portions of the outer surface
104 from the patterned coating material 106. As illustrated in FIG. 1H, the deposition mask
116 may next be removed from the outer surface 104 such that the at least one patterned layer
107 has patterned openings 120 corresponding to the areas of the outer surface 104 which
were shielded by the deposition mask 116. Alternative techniques known by those skilled in
the art may be used to differentially apply the patterned coating material 106 to the outer

surface 104 to form the at least one patterned layer 107 having the desired pattern.

[0029] As illustrated in FIG. 2, the substrate 102 may have the inner surface 108 opposite the
outer surface 104. The patterned coating material 106 is not applied to the inner surface 108
to form the patterned layer 107. In some embodiments, the inner surface 108 may be concave.
In other embodiments, the inner surface 108 may be generally planar or convex. The inner
surface 108 may provide a substantially unrestricted view through the substrate 102, with or
without the at least one patterned layer 107 having been applied to the outer surface 104. In
this manner, the patterned layer 107 is visible only on the outer surface 104. The optical
properties 110 of the at least one patterned layer 107 substantially match the optical
properties 110 of the substrate 102 and/or the optical properties 110 of any optical coating
(not illustrated) which may be integrated into the substrate 102. The patterned articles and

methods of the disclosure may therefore facilitate substantially unrestricted viewing of
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objects through the substrate 102 from the vantage point of the inner surface 108, without

visibility of the at least one patterned layer 107.

[0030] It is known in the art that substrates can have different optical properties which
depend on thickness, reflectiveness, chemical composition and intended use. The optical
properties 110 of the substrate 102 may include, for example and without limitation,
reflectiveness, refraction, absorption, photochromatic properties, and light scattering
properties. Additionally, additional optical coatings (not illustrated) can be incorporated into
the substrate 102 for enhancing the physical and optical characteristics of the substrate 102.
The optical coatings may include, for example and without limitation, tints, scratch resistant
coating and anti-reflective coating. For the present invention, at least one optical property 110
of the at least one patterned coating material 106 must at least partially match at least one
optical property 110 of the substrate 102 and/or at least one optical property 110 of any
optical coating which may be integrated into the substrate 102. The at least one optical
property 110 of the substrate 102 and/or the at least one optical property 110 of the optical
coating which is integrated into the substrate 102 dictates the type of patterned coating

material 106 that will therefore be used.

[0031] As referenced in FIGS. 3A, 3B and 3C, as noted above, the design and application of
the at least one patterned coating material 106 is dependent on the optical properties 110 of
the substrate 102 and any optical coatings integrated onto or into the substrate 102. The
patterned coating material 106 must have similar optical properties 110 and align accordingly
with the optical properties 110 of the substrate 102 and of the optical coatings on the
substrate 102. Otherwise, the patterned coating material 106 may produce undesirable effects
such as visibility through the inner surface 108, back reflections on the inner surface 108 or

an outer surface 104 with altered patterns. As illustrated in FIG. 3A, the percentage

10
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transmission of the light through the substrate 102 is dependent on the optical property 110 of

tint and polarization for the substrate 102.

[0032] Additionally, when more than one patterned layer 107 is coated on the outer surface
104 of the substrate 102, the optical properties 110 of each patterned layer 107 must be
similar to and align with each other. For instance, a patterned layer 107 that is too thick may
produce a shadowing effect on the pattern from the outer surface 104 and may restrict
visibility through the inner surface 108. A misaligned patterned layer 107 may excessively

block transmission of light through the substrate 102.

[0033] FIG. 3B shows a divergence between a substrate reflectance percentage and a
patterned layer reflectance percentage, which may cause the patterned layer 107 to be visible
from the inner surface 108. Conversely, FIG. 3C shows the more desirable convergence
between the reflectance percentage of the substrate 102 and the reflectance percentage of the
patterned layer 107, which convergence may cause the pattern in the patterned layer 107 to be

visible only from the outer surface 104.

[0034] In one non-limiting example of the optical property 110 of the substrate 102
substantially matching the optical property 110 of the patterned layer 107, a camouflage
pattern similar to hunter’s clothing may be utilized to coat a brown polarized lens as the
substrate 102. The at least one optical property 110 of the lens may first be analyzed to
correlate with the at least one optical property 110 of the camouflage pattern. Once the
optical properties 110 of the lens are understood, the camouflage pattern can be created with
the desired optical properties 110 to impart a desired outer surface reflection color and pattern
while substantially eliminating the visible presence of the camouflage pattern through the

inner surface 108.

11
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[0035] In another non-limiting example, a camouflage pattern with two different colors may
be chosen. For example and without limitation, brown and green colors may be chosen as the
desired colors to be presented on a brown polarized lens. The brown polarized lens absorbs
some color spectra and transmits other color spectra. Knowing the optical properties of the
lens, a pattern designer can create a series of coatings that yield the brown and green colors
necessary for visibility of the camouflage pattern from the outer surface 104. Additionally,
the pattern designer can create a back reflection in the patterned coating material 106 that
closely matches the absorption characteristics of the brown polarized lens to restrict visibility

of the pattern through the inner surface 108.

[0036] As an important part of the coating process, a pattern designer can create the pattern
of the patterned layer 107 so that each pattern’s reflection, back reflection, absorption and
transmission are understood. The patterns of the patterned layer 107 must be similar in their
optical properties 110, such as their reflection and absorption characteristics, to the lens. A
significant divergence in optical properties 110 may yield the undesirable effect of the
patterned layer 107 being visible through the inner surface 108. Additionally, the optical
properties 110 of each subsequently-deposited second and following patterned layer 113 must
be understood in relation to the optical properties 110 of the prior patterned layer 107 as well.
Accordingly, when the first patterned layer 107 and at least the second patterned layer 113
are sequentially applied to the outer surface 104 of the substrate 102, the back reflection of
the first patterned layer 107 and the second patterned layer 113 cannot be seen through the

inner surface 108.

[0037] FIG. 4 illustrates a flow diagram of an exemplary method 400 for fabricating a
patterned article 100 by coating a substrate 102 with at least one patterned layer 107. The

method 400 enables a formed pattern in the at least one patterned layer 107 to be visible on

12
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the outer surface 104 and substantially invisible through the inner surface 108 while
maintaining substantial transparency of the patterned article 100 through the inner surface
108. To achieve this selective visibility of the pattern, the optical properties 110 of the
substrate 102 must be substantially matched with the optical properties 110 of the at least one

patterned layer 107 to form a compatible match.

[0038] In some embodiments, the method 400 may include an initial Step 402 of at least
partially matching at least one optical property 110 of at least one patterned coating material
106 which will form at least one patterned layer 107 relative to the optical property 110 of a
substrate 102. The optical properties 110 of the substrate 102 may include reflectiveness,
refraction, absorption, photochromatic properties and light scattering properties. Additionally,
optical coatings may be incorporated or integrated into the substrate 102 for enhancing the
functionality of the substrate 102. Such optical coatings may include tinted coatings, scratch-
resistant coatings and anti-reflective coatings, for example and without limitation. The optical
properties 110 of the substrate 102 and of the optical coatings dictate the type of patterned
coating material 106 which is applied to the outer surface 104 of the substrate 102 to form the

at least one patterned layer 107.

[0039] The method 400 may further include a Step 404 of positioning the substrate 102 in a
vacuum. For example and without limitation, in some embodiments, a physical vapor
deposition procedure may be carried out to apply at least one patterned coating material 106
on the outer surface 104 of the substrate 102. A Step 406 may include depositing a first
patterned coating material 106 to form a first patterned layer 107 on the outer surface 104.
The first patterned layer 107 may include at least one of a design, a graphic, a logo and an

image.

13
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[0040] In some embodiments, a Step 408 may include inspecting the first patterned layer
107. The outer surface 104 of the substrate 102 may be inspected to verify that the first
patterned layer 107 is visible and properly deposited. The inner surface 108 of the substrate
102 may be inspected to ensure that the first patterned layer 107 is not visible from that

vantage.

[0041] A Step 410 may include repositioning the substrate 102 in the vacuum. The
repositioning step may facilitate deposition of additional patterned layers 107 to the substrate
102. In some embodiments, a Step 412 may include depositing a second patterned coating
material 112 (FIG. 1E) to form a second patterned layer 113 on the first patterned layer 107.
The optical properties 110 of the second patterned coating material 112 must substantially
match the optical properties 110 of the substrate 102 and the optical properties 110 of the first

patterned coating material 106.

[0042] As a result of the first patterned coating material 106 and the second patterned coating
material 112 having at least one optical property 110 which substantially matches at least one
optical property 110 of the substrate 102 and of each other, visibility of the first patterned
layer 107 and the second patterned layer 113 on the outer surface 104 and is enabled in Step
414. The outer surface 104 may form the external surface which is most visible during
operation of the patterned article 100. In some embodiments, the first patterned layer 107 and

the second patterned layer 113 may form a logo pattern on an outer surface 104 of glasses.

[0043] Further as a result of the first patterned coating material 106 and the second patterned
coating material 112 having at least one optical property 110 which substantially matches at
least one optical property 110 of the substrate 102 and of each other, invisibility of the first

patterned layer 107 and the second patterned layer 113 through the inner surface 108 may be

14
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enabled in a final Step 416. The first and second patterned coating materials must have
similar optical properties 110 and align accordingly with the optical properties 110 and
optical coatings on the substrate 102. Otherwise, the pattern in the first patterned layer 107
and the second patterned layer 113 may produce undesirable affects such as visibility through
the inner surface 108, back reflections on the inner surface 108 or an outer surface 104 with

altered patterns.

[0044] These and other advantages of the invention will be further understood and
appreciated by those skilled in the art by reference to the following written specification,

claims and appended drawings.

[0045] Because many modifications, variations and changes in detail can be made to the
described preferred embodiments of the invention, it is intended that all matters in the
foregoing description and shown in the accompanying drawings be interpreted as illustrative
and not in a limiting sense. Thus, the scope of the invention should be determined by the

appended claims and their legal equivalence.

[0046] While the illustrative embodiments of the disclosure have been described above, it
will be recognized and understood that various modifications can be made in the disclosure
and the appended claims are intended to cover all such modifications which may fall within

the spirit and scope of the disclosure.

15
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CLAIMS
What is claimed is:
1. A patterned article, comprising;:
a substantially transparent substrate having at least one optical property, the
substrate further having an outer surface and an inner surface; and
at least one patterned layer on the outer surface of the substrate, the at least
one patterned layer visible on the outer surface and having at least one optical property
substantially matching the at least one optical property of the substrate, whereby visibility of

the at least one patterned layer is at least partially restricted through the inner surface.

2. The patterned article of claim 1 wherein the substrate comprises a lens for glasses.

3. The patterned article of claim 1 wherein the at least one patterned coating material

comprises at least one thin film.

4. The patterned article of claim 1 wherein the at least one optical property comprises
at least one of light reflection, refraction, absorption, refractive index, tinting, photochromatic

properties and light scattering properties.

5. The patterned article of claim 1 wherein the outer surface is generally convex and

the inner surface is generally concave.

6. The patterned article of claim 1 wherein the outer surface is generally planar.

7. The patterned article of claim 1 wherein the at least one patterned layer comprises

at least one of a decorative pattern, a logo, an image and text.

16
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8. A patterned article, comprising:

a substantially transparent substrate having at least one optical property, the
substrate further having an outer surface and an inner surface;

a first patterned layer on the outer surface of the substrate; and

a second patterned layer on the first patterned layer, the first patterned layer
and the second patterned layer visible on the outer surface and each having at least one
optical property substantially matching the at least one optical property of the substrate,
whereby visibility of the first patterned layer and the second patterned layer is at least

partially restricted through the inner surface.

9. The patterned article of claim 8 wherein the substrate comprises a lens for glasses.

10. The patterned article of claim 8 wherein the at least one patterned coating material

comprises at least one thin film.

11. The patterned article of claim 8 wherein the at least one optical property

comprises at least one of light reflection, refraction, absorption, refractive index, tinting,

photochromatic properties and light scattering properties.

12. The patterned article of claim 8 wherein the outer surface is generally convex and

the inner surface is generally concave.

13. The patterned article of claim 8 wherein the outer surface is generally planar.

17
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14. The patterned article of claim 8 wherein the at least one patterned layer comprises

at least one of a decorative pattern, a logo, an image and text.

15. A method for coating a substrate with at least one patterned coating material, the
method comprising:

at least partially matching at least one optical property of at least one patterned
coating material with at least one optical property of a substantially transparent substrate
having an outer surface and an inner surface; and

forming at least one patterned layer on the outer surface of the substrate by depositing
the at least one patterned coating material on the outer surface, whereby visibility of the at

least one patterned layer is at least partially restricted through the inner surface.

16. The method of claim 15 further comprising inspecting the first patterned layer.

17. The method of claim 15 wherein forming at least one patterned layer on the outer

surface of the substrate comprises forming a first patterned layer on the outer surface of the

substrate by depositing a first patterned coating material on the outer surface of the substrate

and forming a second patterned layer on the first patterned layer by depositing a second

patterned coating material on the first patterned layer.

18. The method of claim 15 wherein the substrate comprises a lens for glasses.

19. The method of claim 15 wherein the at least one patterned coating material

comprises at least one thin film.

18
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20. The method of claim 15 wherein the at least one patterned layer comprises at least

one of a decorative pattern, a logo, an image and text.

19
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