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THIN GLASS LAMINATES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority under 35 U.S.C. § 119 of
U.S. Provisional Application No. 62/940,368, filed November 26, 2019, the content of

which Is incorporated herein by reference in its entirety.
FIELD OF THE DISCLOSURE

[0002] Certain embodiments of the disclosure relate to systems and methods

for providing laminated structures and, in particular, glass laminates.

BACKGROUND OF THE DISCLOSURE
[0003] A conventional glass laminate contains, for example, one substrate, one

decorative film, and one adhesive layer that bonds glass to the rest of the structure.
Such a laminate suffers from stresses due to thermal expansion mismatch and
excessive moisture ingress. These stresses can lead to damage and glass failure.
Out-of-plane deformations can also affect the appearance of such laminates and lead

to delamination failures due to excessive shearing near the edges.

[0004] Further limitations and disadvantages of conventional and traditional
approaches will become apparent to one of skill in the art, through comparison of such
systems with the present disclosure as set forth in the remainder of the present

application with reference to the drawings.

SUMMARY OF THE DISCLOSURE
[0005] Generally, the present disclosure is directed towards laminate

configurations having a symmetry (e.g. materials having similar modulus and
thickness positioned on either side of the substrate), such that the resulting laminate
IS configured with improved (reduced) stress (e.g. less than 23 MPa) and improved
(reduced) bow displacement (e.g. not greater than 3 mm/m) as compared to non-
symmetrical laminate stacks. More specifically, in various embodiments, the substrate

IS configured with two buffer layers configured on (adjacent to) both major surfaces of
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the substrate, wherein the buffer layers are configured with either high modulus or low

modulus and where the buffer layers each have the same thickness.

[0006] In one aspect, alaminated structure is provided, comprising: a substrate
layer; a first buffer layer disposed on top of the substrate, wherein the first buffer layer
comprises one or more metals; a second buffer layer disposed underneath the
substrate, wherein the second buffer layer comprises one or more metals, and wherein
the first buffer layer, the second buffer layer, and the substrate layer are part of a

symmetrical stack; and a glass layer disposed on top of the symmetrical stack.

[0007] In some embodiments, the substrate layer comprises medium density
fiber board (MDF).

[0008] In some embodiments, the substrate layer comprises one or more of

methyl methacrylate (PMMA), an acrylic, and an acrylic glass.

[0009] In some embodiments, the substrate layer comprises a high pressure
laminate (HPL).

[0010] In some embodiments, the substrate layer comprises one or more of a

decorative film and a printed surface.

[0011] In some embodiments, the substrate layer has a thickness between

approximately 6.35 millimeters and approximately 12.7 millimeters.

[0012] In some embodiments, the first buffer layer has a thickness between
approximately 0.2 millimeters and approximately 1 millimeters, and wherein the
second buffer layer has a thickness between approximately 0.2 millimeters and
approximately 1 millimeters, or wherein the first buffer layer has a thickness between
approximately 1 millimeters and approximately 3.5 millimeters, and wherein the
second buffer layer has a thickness between approximately 1 millimeters and

approximately 3.5 millimeters.

[0013] In some embodiments, the first buffer layer and the second buffer layer

comprise steel.

[0014] In some embodiments, the glass layer has a thickness of approximately

250 micrometers.
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[00195] In some embodiments, the laminated structure i1s structured to reduce
stress In the glass layer of the laminated structure and to reduce bow deflection of the

laminated structure.

[0016] In some embodiments, a first thickness of the substrate, a second
thickness of the first buffer layer, a third thickness of the second buffer layer, a first
elastic modulus of the first buffer layer, and a second elastic modulus of the second
buffer layer are configured to reduce stress in the glass layer of the laminated structure
to less than approximately 23 megapascals and to reduce bow deflection of the
laminated structure to less than approximately 3 millimeters, wherein the second
thickness Is substantially equal to the first thickness, and wherein the first elastic

modulus Is substantially equal to the second elastic modulus.

[0017] In some embodiments, the glass layer of the laminated structure has a
glass stress of less than approximately 23 megapascals, and wherein the laminated

structure has a bow deflection of less than approximately 3 millimeters.

[0018] In another aspect, a method of manufacturing a laminated structure is
provided, comprising: providing a substrate layer; providing a first buffer layer that is
disposed on top of the substrate, wherein the first buffer layer comprises one or more
metals; providing a second buffer layer that i1s disposed underneath the substrate,
wherein the second buffer layer comprises one or more metals, and wherein the first
buffer layer, the second buffer layer, and the substrate layer are part of a symmetrical

stack; and providing a glass layer that is disposed on top of the symmetrical stack.

[0019] In some embodiments, providing the substrate layer comprises providing
one or more of a methyl methacrylate (PMMA), an acrylic, an acrylic glass, a medium
density fiber board (MDF), a high pressure laminate (HPL), a decorative film, and a

printed surface.

[0020] In some embodiments, providing the substrate layer comprises providing
the substrate layer with a thickness between approximately 6.35 millimeters and

approximately 25.4 millimeters.

[0021] In some embodiments, providing the first buffer layer comprises
providing the first buffer layer with a thickness between approximately 0.2 millimeters

and approximately 1 millimeters, and wherein providing the second buffer layer
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comprises providing the second buffer layer with a thickness between approximately
0.2 millimeters and approximately 1 millimeters, or wherein providing the first buffer
layer comprises providing the first buffer layer with a thickness between approximately
1T millimeters and approximately 3.5 millimeters, and wherein providing the second
buffer layer comprises providing the second buffer layer with a thickness between

approximately 1 millimeters and approximately 3.5 millimeters.

[0022] In some embodiments, providing the first buffer layer comprises
providing steel, and wherein providing the second buffer layer comprises providing

steel.

[0023] In some embodiments, providing the glass layer comprises providing the

glass layer with a thickness of approximately 250 micrometers.

[0024] In some embodiments, providing a first thickness of the substrate, a
second thickness of the first buffer layer, a third thickness of the second buffer layer,
a first elastic modulus of the first buffer layer, a second elastic modulus of the second
buffer layer to reduce stress In the glass layer of the laminated structure to less than
approximately 23 megapascals and to reduce a bow deflection of the laminated
structure to less than approximately 3 millimeters, wherein the first thickness iIs
substantially equal to the second thickness, and wherein the first elastic modulus Is

substantially equal to the second elastic modulus.

[0025] In some embodiments, providing the glass layer comprises providing the
glass layer of the laminated structure with a glass stress of less than approximately 23
megapascals and the laminated structure with a bow deflection of less than

approximately 3 millimeters.

[0026] In some embodiments, providing a first adhesive between the substrate
layer and the first buffer layer, wherein the first adhesive comprises one or both of an
optically clear first adhesive or a pressure sensitive first adhesive; and providing a
second adhesive between the first buffer layer and the glass layer, wherein the second
adhesive comprises one or both of an optically clear second adhesive or a pressure

sensitive second adhesive.

[0027] Systems and methods for providing laminated structures and/or the

design of laminated structures are provided substantially as illustrated by and/or

4
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described in connection with at least one of the figures, as set forth more completely

N the claims.

[0028] Some embodiments according to the present disclosure provide thin
glass laminates with symmetric buffer structures for improved reliability and improved
bow resistance (e.g. lower bow displacement, not greater than 3 mm/m) according to

the present disclosure.

[0029] Some embodiments according to the present disclosure provide thin
glass laminates with symmetric buffer structures for improved performance (e.qg. stress

less than 23 MPa on the laminate) according to the present disclosure.

[0030] Some embodiments according to the present disclosure provide
symmetric stack structures that protect back surfaces of laminates from moisture

entering into the substrates and/or other moisture absorbing layers.

[0031] Some embodiments according to the present disclosure enable the use

of thin glass as a superstrate in laminates.

[0032] Some embodiments according to the present disclosure provide

symmetric buffer designs that allow for the use of generic substrate materials.

[0033] Some embodiments according to the present disclosure provide an

Improvement in reliability of glass that include laminate structures.

[0034] Some embodiments according to the present disclosure provide greater

flexibility in designing architectural surfaces.

[00395] Various advantages, aspects and novel features of the present
disclosure, as well as details of an illustrated embodiment thereof, will be more fully

understood from the following description and drawings.
BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0036] FIG. 1 is a schematic illustrating an exemplary out-of-plane
displacement of laminate due to moisture/thermal expansion, in which one or more
embodiment of the present disclosure are configured to prevent, reduce, mitigate,

and/or eliminate bow due to expansion.

[0037] FIG. 2 shows an exemplary laminated structure according to an

embodiment of the present disclosure.
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[0038] FIG. 3 shows a table including three factorial design points for use in a
design of experiments (DOE) approach according to an embodiment of the present

disclosure.

[0039] FIG. 4 shows a table including predictions and/or optimizations based
on a DOE approach and/or an analytical approach according to an embodiment of the

present disclosure.

[0040] FIG. 5 is a table illustrating optimized symmetric designs of laminated

structures according to some embodiments of the present disclosure.

[0041] FIG. 6 shows an exemplary contour plot for bow deflection based on a

DOE approach according to an embodiment of the present disclosure.

[0042] FIG. 7 shows an exemplary contour plot for glass stress based on a DOE

approach according to an embodiment of the present disclosure.

[0043] FIG. 8 shows an exemplary schematic of multi-layered elastic materials
that form a laminate structure according to an embodiment of the present disclosure.
The laminate structure of Figure 3 was utilized in the computer modelling completed
to model bow and stress of various laminate configurations, including one or more
symmetric configurations in accordance with various embodiments of the present

disclosure.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0044] Some embodiments of the present disclosure relate to systems and

methods that provide laminated structures.

[0045] Some embodiments according to the present disclosure provide glass
laminate structures that provide a clean, sleek, and/or tough surface that makes the
architecture and designs more protective and beautiful. Glass can be applied on a
variety of substrates that can have a decorative film layer embedded in it. Not only

does the glass protect the decorative film, but the glass also provides a high-end
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aesthetic top surface to the substrate. Such laminates can be used as decorative

walls, office partitions, kitchen back-splash, door panels, or elevator decor, efc.

[0046] Glass laminates are subjected to thermal expansion mismatches and/or
moisture ingress expansions during use/in installations. Glass laminate configuration
can vary, and can include: a substrate, a decorative film, and an adhesive layer that
bonds the thin glass to the rest of the structure. FIG. 1 is a schematic illustrating an
exemplary out-of-plane displacement (e.g., bow) of laminate due to moisture/thermal
expansion. Referring to FIG. 1, the stresses in glass are lower when the laminate is
permitted to bow; however, out-of-plane deflection (e.g., bow) of the laminate can
cause distortion at the edges and affect overall aesthetics of the laminate. |n addition,
out-of-plane deformations can lead to delamination failures due to excessive shearing
near the edges of the laminated panel. These types of stresses can lead to damage
and glass failure. Determining a bow and a stress for a particular stack helps In
designing a better laminate structure. Some embodiments include symmetrical stacks
having improved properties (e.g. bow not greater than 3 mm/m) and/or stress (e.g. not
greater than 23 MPa) across the laminate. More specifically, first and second buffer
layers configured on either side (e.g. major surface) of the substrate are configured
with a symmetry, such that a low modulus or high modulus material i1s selected for

both buffer layers, with the thicknesses of each buffer layer generally corresponding

to each other. For example, thin glass laminates with symmetric buffer structures
exhibit tailored properties, Including as non-limiting examples: improved reliability,
Improved stress (e.g. reduced stress), and/or improved bow (e.g. lower bow

displacement).

[0047] Some embodiments of the present disclosure provide an exemplary
multi-layered decorative laminate comprising glass (e.g., Willow® glass or some other
glass) as a protective top layer, a decorative film or printed surface, and a substrate
layer sandwiched between buffers (e.g., two metal layers). In some embodiments, the
substrate layer can include, for example, one or more of the following: a methyl
methacrylate (PMMA), an acrylic, an acrylic glass, a medium density fiber board
(MDF), a high pressure laminate (HPL), a decorative film, and a printed surface. VWhen
the laminate Is subjected to a moisture change from approximately 50% relative

humidity (RH) to approximately 90% RH, a moisture expansion of approximately
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0.167% results. When different materials and thicknesses for the substrates, for
example, are considered, it Is determined that, for some embodiments, a symmetric
design reduces the bow deflections and stresses within the glass and/or glass

laminate when the buffer metal layer thickness iIs carefully designed.

[0048] Some embodiments of the present disclosure provide an exemplary
symmetric laminate stack formed by sandwiching a substrate layer (e.g., MDF with a
thickness between approximately 6.35 mm and approximately 25.4 mm) between
buffer layers (e.g., metal layers with thicknesses between approximately 0.2 mm and
approximately 1 mm) as shown in FIG. 2. In some embodiments, one or more of the
buffer layer can include, for example, laminated decorative steel. FIG. 2 shows an
exemplary symmetric buffer stack, used for DOE analysis, that comprises three layers
(e.g., two buffer layers and a substrate layer), each separated by an adhesive layer
(e.g., an OCA layer). The glass and the symmetric stack are also separated by an
adhesive layer (e.g., an OCA layer). In some embodiments, the OCA layers can be
approximately 50 um in thickness. In some embodiments, pressure sensitive adhesive
(PSA) layers with similar thicknesses can be used. In some embodiments, the stack
INcludes layers that expand due to humidity and/or moisture. The buffer layers above
and below the substrate layer provide mechanical and/or structural symmetry and
reduce the relative out-of-plane displacement (e.g., bow) when the laminate Is
exposed to humid and/or moist environments. VWhen subjected to thermal/moisture
expansions, the exemplary stack experiences minimal bow and stresses due, In part,
to its symmetric configuration. Using a DOE approach, the stack can be analyzed in
which optimum values of buffer material property and/or thickness can be evaluated

that do not exceed certain permissible limits of stress and bow.

[0049] The stack shown in FIG. 2 can be analyzed using the DOE approach. In
some embodiments, the substrate layer comprises MDF. The moisture expansion of
MDF can be set at approximately 42 ppm per percent change in RH. Expansion of
the all other layers can be set to zero, for example. Further, moisture expansion can
be considered as being dominant compared to the thermal expansion, and total

moisture expansion can be considered to be approximately 0.167%.

[0050] Tabular values of DOE factors are shown in FIG. 3. Referring to FIG. 3,

three factorial design points in the DOE are considered in the exemplary example. A

8
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total of 15 cases are considered in which the thickness of MDF t mdf, the thickness
of the buffer layer t buffer, and the elastic modulus of the buffer layer E buffer are

modified within a given range of values.

[0051] Some embodiments provide that DOE analysis i1s performed by DOE
circuitry including DOE hardware that performs DOE analysis, calculations,
optimizations, and/or other operations described herein. The DOE hardware can
iInclude, for example, specialized circuits that perform particular DOE analysis,
calculations, optimizations, and/or other operations described herein specifically for
laminated structures or other types of structures. Some embodiments provide that
DOE analysis is performed by application specific integrated circuits (ASICs), for
example, that are customized for a particular use or are coupled to or part of a
manufacturing apparatus or system for manufacturing or making laminated structures.
Thus, for example, the DOE circuitry can cause a particular layer thickness or a
specific material or layer sequence to be disposed within the laminate structure being
manufactured. In some embodiments, the DOE circuitry can include one or more
processors and/or one or more non-transitory memories that store data and/or
processor-executable Instructions that perform DOE analysis, calculations,
optimizations, and/or other operations described herein. In some embodiments, DOE

analysis can be performed using software such as DOE Pro, for exampile.

[0052] Based on the DOE analysis performed by DOE circuitry on the stack
shown Iin FIG. 2, for example, two stacks are proposed, determined, and/or selected
as set forth in FIG. 4 that lower the stress in glass while also reducing the bow
deflection of the laminate. Referring to FIG. 8, the two stacks comprise a high modulus
metal (e.g., a high modulus steel with an elastic modulus of approximately 200 GPa)
or a low modulus metal (e.g., a low modulus deco-steel with an elastic modulus of
approximately 101 GPa). Via the DOE analysis, thickness values are determined
and/or predicted for an MDF thickness of approximately 12.7 mm. Referring to FIG.
4. the buffer thickness can be varied between approximately 0.93 mm to approximately
0.49 mm depending upon the choice of material (e.g., high modulus material or low
modulus material) which results in glass stresses less than approximately 23 MPa and

bow deflection less than approximately 1 mm.
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[0053] As described above with respect to some embodiments according to the
present disclosure, equations (1)-(4) can be used, for example, to determine strain,
stress, and bow (as discussed below with respect to Figure 8). FIG. 5 is a table
llustrating optimized symmetric designs of laminated structures that is approximately
900 mm by approximately 900 mm and having a glass surface with a thickness of
approximately 250 um with various substrate materials considered. The low elastic
modulus buffer is characterized by an elastic modulus of approximately 101 GPa. The
high elastic modulus buffer Is characterized by an elastic modulus of approximately
200 GPa. The laminates were subjected to approximately 0.167% moisture expansion
with allowable glass stress of less than approximately 23 MPa. The different design
iterations used different substrate materials such as, for example, polymethyl
methacrylate (PMMA), high pressure laminate (HPL), and MDF.

[0054] As described above with respect to some embodiments according to the
present disclosure, the DOE circuitry provides a DOE analysis based via three-
factorial design points as shown in FIG. 3. The DOE approach generates contour
plots that in turn are used to determine the optimum values of bow and stress. FIG. 6
shows an exemplary contour plot for bow deflection (mm) based on DOE analysis of
the stack shown in FIG. 2. The bow calculations are performed for the laminate stack
that has an MDF substrate as the substrate layer with a thickness of approximately
12.7 mm and a glass with a thickness of approximately 250 um subjected to
approximately 0.167% moisture expansion. FIG. 7 shows a contour plot for glass
stress (MPa) based on the DOE analysis of the stack shown in FIG. 2. The contour
plot of glass stress is generated by the DOE analysis to assist with determining a
suitable material and thickness of the buffers. Then, as described above, optimized
values of buffer thickness for different substrate materials and thicknesses can be

determined. The results are shown in FIG. 5.

[00535] Some embodiments according to the present disclosure provide
systems and methods for designing and/or optimizing laminate stack structures. In
some embodiments, an analytical model i1s generated for a multi-layered structure to
compute stress in each layer and out-of-plane bow. The results of the analytical model
can be compared, for example, with FEA. A DOE matrix can be generated such as

the table shown in FIG. 3, for example. The analytical model can be run for each case

10
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(e.g., the 15 cases in the table shown in FIG. 3), the results of which can serve as
inputs to the DOE analysis (e.g., a DOE solver). The DOE analysis provides, for
example, the response surface for a given input parameter (e.g., substrate thickness).

Based on the particular requirements of stress and bow, the optimum thickness for

buffer layers can be determined.

[0056] FIG. 8 shows an exemplary schematic of multi-layered elastic materials
that form a laminate structure according to the present disclosure. The bottom layer
IS called layer O characterized by an expansion coefficient ao, an elastic modulus Eo,
and a thickness to. The different layers are denoted by subscripts 0 to j, where | is an
Integer. The expansion coefficient, elastic modulus, and thickness corresponding to
a particular layer are denoted as a, E, and t, respectively, with a corresponding
subscript | varying from 0 to n depending on the layer. Thus, the laminate structure
made up of multiple layers can have layers of different stiffness (e.g., different elastic
modull) and expansion coefficients. The lamination process Is performed at a high
enough temperature to promote bonding between the adjacent layers. The laminate
IS then cooled to room temperature. Since different layers within the laminate have
different expansion coefficients, a differential strain is generated. After the force and
moment equilibrium, the uniform and bending strain components can be given by, for

example:
(1) £ =¢ uniform+(y—t_bend)/r_c

INn which € uniform is the uniform strain component excluding bending, and the second
term of the above equation relates to a bending component of the strain. The term
t bend refers to the location of the bending axis (e.g., the line where bending strain is
zero), and r_c iIs the radius of curvature of the structure. By enforcing the force and
bending moment equilibrium, the parameters for the uniform strain component (e.g.,
¢ uniform) and bending strain components (e.g., t bend and r c¢) can be determined.
Based on the strain, the stress in the substrate and other layers can be determined by
using, for example:

(2) Go=Eo * (€ — o * AT); and

(3) ci=E * (e —o;* AT).

11
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These are the exemplary expressions for the exact closed form solutions for

determining stress in the substrate and layers.

[0057] The out-of-plane displacement (e.g., bow) Is determined based on the

radius of curvature r ¢ and length of the laminate L by using, for example:
(4) o bow=L*L/ (8" _c).

L In the above equation Is the length of the plate. If corner bow deflection is desired,
then L'=sqgrt(a*2+b”2) can be used instead of L in equation (4), where a and b are the

short and long dimensions of the plate.

[0058] In order to determine the stress state in a 2-D plate, the elastic modulus
can be modified to value of E/(1-nu), If the plate approximation is desired, where nu Is

Poisson’s ratio of the material, and can be used instead of the simple value of E.

[0059] This exemplary method according to an embodiment of the present
disclosure provides an analytical tool to solve for the stress state and bow
deformations, for example, inside the layers and to design a laminate structure that

resists the moisture expansion, for example, in the field.

[0060] As utllized herein the terms “circuit” and “circuitry” refer to physical
electronic components (i.e., hardware) and any software and/or firmware ("code”)
which may configure the hardware, be executed by the hardware, and/or otherwise be
associated with the hardware. As utilized herein, “and/or’ means any one or more of
the items In the list joined by "and/or’. As an example, “x and/or y" means any element
of the three-element set {(x), (y), (X, y)}. As another example, "X, y, and/or z" means
any element of the seven-element set {(x), (y), (2), (X, V), (X, 2), (Y, 2), (X, VY, 2)}. AS
utilized herein, the term “exemplary” means serving as a non-limiting example,
iInstance, or illustration. As utilized herein, the terms “e.g.” and “for example” set off

lists of one or more non-limiting examples, instances, or illustrations.

[0061] The drawings are of illustrative embodiments. They do not illustrate all
embodiments. Other embodiments may be used in addition or instead. Details that
may be apparent or unnecessary may be omitted to save space or for more effective
illustration. Some embodiments may be practiced with additional components or steps

and/or without all of the components or steps that are illustrated

12
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[0062] While the present disclosure has been described with reference to
certain embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted without departing from the
scope of the present disclosure. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the present disclosure
without departing from its scope. Therefore, it Is intended that the present disclosure
not be limited to the particular embodiment disclosed, but that the present disclosure

will Include all embodiments falling within the scope of the appended claims.

13



WO 2021/108196 PCT/US2020/0611359

CLAIMS

VWhat is claimed is:

1. A laminated structure, comprising:

a substrate layer;

a first buffer layer disposed on top of the substrate, wherein the first buffer l[ayer
comprises one or more metals;

a second buffer layer disposed underneath the substrate, wherein the second
buffer layer comprises one or more metals, and wherein the first buffer layer, the
second buffer layer, and the substrate layer are part of a symmetrical stack; and

a glass layer disposed on top of the symmetrical stack.

2. The laminated structure according to claim 1, wherein the substrate layer

comprises medium density fiber board (MDF).

3. The laminated structure according to claim 1 or 2, wherein the substrate
layer comprises one or more of methyl methacrylate (PMMA), an acrylic, and an acrylic

glass.

4. The laminated structure according to any of claims 1 to 3, wherein the

substrate layer comprises a high pressure laminate (HPL).

5. The laminated structure according to any of claims 1 to 4, wherein the

substrate layer comprises one or more of a decorative film and a printed surface.

O. The laminated structure according to any of claims 1 to 5, wherein the
substrate layer has a thickness between approximately 6.35 millimeters and

approximately 12.7 millimeters.
/. The laminated structure according to any of claims 1 to 6,

wherein the first buffer layer has a thickness between approximately 0.2

millimeters and approximately 1 millimeters, and wherein the second buffer layer has

14
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a thickness between approximately 0.2 millimeters and approximately 1 millimeters,
or

wherein the first buffer layer has a thickness between approximately 1
millimeters and approximately 3.5 millimeters, and wherein the second buffer layer
has a thickness between approximately 1 millimeters and approximately 3.5

millimeters.

3. The laminated structure according to any of claims 1 to 7, wherein the

first buffer layer and the second buffer layer comprise steel.

9. The laminated structure according to any of claims 1 to 8, wherein the

glass layer has a thickness of approximately 250 micrometers.

10.  The laminated structure according to any of claims 1 to 9, wherein the
laminated structure Is structured to reduce stress In the glass layer of the laminated

structure and to reduce bow deflection of the laminated structure.

11.  The laminated structure according to any of claims 1 to 10, wherein a
first thickness of the substrate, a second thickness of the first buffer layer, a third
thickness of the second buffer layer, a first elastic modulus of the first buffer layer, and
a second elastic modulus of the second buffer layer are configured to reduce stress In
the glass layer of the laminated structure to less than approximately 23 megapascals
and to reduce bow deflection of the laminated structure to less than approximately 3
millimeters, wherein the second thickness is substantially equal to the first thickness,
and wherein the first elastic modulus I1s substantially equal to the second elastic

modulus.

12.  The laminated structure according to any of claims 1 to 11, wherein the
glass layer of the [aminated structure has a glass stress of less than approximately 23
megapascals, and wherein the laminated structure has a bow deflection of less than

approximately 3 millimeters.

13. A method of manufacturing a laminated structure, comprising:

15
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providing a substrate layer;

providing a first buffer layer that is disposed on top of the substrate, wherein
the first buffer layer comprises one or more metals;

providing a second buffer layer that I1s disposed underneath the substrate,
wherein the second buffer layer comprises one or more metals, and wherein the first
buffer layer, the second buffer layer, and the substrate layer are part of a symmetrical

stack; and

providing a glass layer that i1s disposed on top of the symmetrical stack.

14. The method according to claim 13, wherein providing the substrate layer
comprises providing one or more of a methyl methacrylate (PMMA), an acrylic, an
acrylic glass, a medium density fiber board (MDF), a high pressure laminate (HPL), a

decorative film, and a printed surface.

15. The method according to claim 13 or claim 14, wherein providing the
substrate layer comprises providing the substrate layer with a thickness between

approximately 6.35 millimeters and approximately 25.4 millimeters.

16. The method according to any of claims 13 to 15,

wherein providing the first buffer layer comprises providing the first buffer layer
with a thickness between approximately 0.2 millimeters and approximately 1
millimeters, and wherein providing the second buffer layer comprises providing the
second buffer layer with a thickness between approximately 0.2 millimeters and
approximately 1 millimeters, or

wherein providing the first buffer layer comprises providing the first buffer layer
with a thickness between approximately 1 millimeters and approximately 3.5
millimeters, and wherein providing the second buffer layer comprises providing the
second buffer layer with a thickness between approximately 1 millimeters and

approximately 3.5 millimeters.

17. The method according to any of claims 13 to 16, wherein providing the
first buffer layer comprises providing steel, and wherein providing the second buffer

layer comprises providing steel.

16
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18. The method according to any of claims 13 to 17, wherein providing the
glass layer comprises providing the glass layer with a thickness of approximately 250

micrometers.

19. The method according to any of claims 13 to 18, wherein providing a first
thickness of the substrate, a second thickness of the first buffer layer, a third thickness
of the second buffer layer, a first elastic modulus of the first buffer layer, a second
elastic modulus of the second buffer layer to reduce stress in the glass layer of the
laminated structure to less than approximately 23 megapascals and to reduce a bow
deflection of the [aminated structure to less than approximately 3 millimeters, wherein
the first thickness Is substantially equal to the second thickness, and wherein the first

elastic modulus Is substantially equal to the second elastic modulus.

20. The method according to any of claims 13 to 19, wherein providing the
glass layer comprises providing the glass layer of the laminated structure with a glass
stress of less than approximately 23 megapascals and the laminated structure with a

bow deflection of less than approximately 3 millimeters.

21. The method according to any of claims 13 to 20, comprising:

providing a first adhesive between the substrate layer and the first buffer layer,
wherein the first adhesive comprises one or both of an optically clear first adhesive or
a pressure sensitive first adhesive; and

providing a second adhesive between the first buffer layer and the glass layer,
wherein the second adhesive comprises one or both of an optically clear second

adhesive or a pressure sensitive second adhesive.
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