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(57) Abstract: A method of determining a desired thickness of an adhesive layer used to adhere a plurality of glass layers in a physi-
cal glass stack module comprising: designing a simulated glass stack module comprising a simulated adhesive layer adhering a first
simulated glass layer to a second simulated glass layer, using a computer to repeatedly simulate a ball impacting a top surface of the
first simulated glass layer, varying the thickness assigned to the simulated adhesive layer for each simulation; determining the maxi-
mum stress on one or more surfaces of the first simulated glass layer and the second simulated glass layer during impact; adding the
maximum stresses together to determine a total maximum stress; and determining a desired thickness of the simulated adhesive layer
that utilizes the lowest total maximum stress; wherein, the desired thickness is a thickness of an adhesive layer to be used in a physical
glass stack module.
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GLASS STACK MODULE FOR FLEXIBLE DISPLAY UNITS AND METHODS OF
MANUFACTURING AND DESIGNING THE SAME

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of priority under 35 U.S.C. § 119 of U.S. Provisional
Application Serial No. 62/712467 filed on July 31, 2018, the content of which is relied upon

and incorporated herein by reference in its entirety.

TECHNICAL FIELD
[0002] This disclosure generally relates to glass stack modules and various methods for
manufacturing and designing them, including flexible and impact-resistant versions of the glass

stack modules, for use in wearable and handheld display units.

BACKGROUND

[0003]Flexible versions of products and components that are traditionally rigid in nature are
being conceptualized for new applications. For example, flexible electronic devices can
provide thin, lightweight, and flexible properties that can translate into products that utilize
curved displays, such as wearable devices. Many of these flexible electronic devices utilize
flexible substrates for displays and for holding and mounting the electronic components of
these devices. Relatively thick monolithic glass substrates can be bulky and do not sufficiently
flex in order to be utilized in flexible devices. Failure of a glass substrate during flexure is a
concern, caused by the bending of glass when the device is subjected to a dynamic load due to
impact.

[0004]Polymer based cover substrates could be used in flexible displays or in wearable devices.
However, they are prone to scratch, penetration, and impact damage. In addition, the optical
clarity of polymer based cover substrates is much lower than the optical clarity of glass.
[0005] Thin, layered, and chemically strengthened glass substrates using optically clear
adhesives provide balance between reliability, scratch and puncture resistance, flexibility, and
optical clarity for lighter display units used in flexible electronic devices. However, there is a

need to improve impact reliability of layered glass substrates during impact loading.
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SUMMARY

[0006] According to a first aspect of the present disclosure, a method of using a computer to
simulate the dropping of a ball onto a simulated glass stack module to determine a thickness of
an adhesive layer to be used to adhere a plurality of glass layers in a physical glass stack module
comprises: designing a simulated glass stack module comprising a first simulated glass layer,
a second simulated glass layer, and a simulated adhesive layer disposed between the first
simulated glass layer and the second simulated glass layer and adhering the first simulated glass
layer to the second simulated glass layer; assigning a thickness to a first simulated glass layer,
the thickness of the first simulated glass layer defined as a distance between a top surface and
a bottom surface of the first simulated glass layer; assigning a thickness to a second simulated
glass layer, the thickness of the second simulated glass layer defined as a distance between a
top surface and a bottom surface of the second simulated glass layer; assigning a first thickness
to the simulated adhesive layer; simulating the dropping of a ball on the simulated glass stack
module, the ball having an assigned mass and radius, with the simulated ball dropping from an
assigned height and impacting the top surface of the first simulated glass layer; determining
the maximum stress on the bottom surface of the first simulated glass layer while the ball drops
upon the simulated glass stack module; determining the maximum stress on the bottom surface
of the second simulated glass layer while the ball is simulated to drop upon the simulated glass
stack module; adding the maximum stress on the bottom surface of the first simulated glass
layer and the maximum stress on the bottom surface of the second simulated glass layer to
determine a total maximum stress; using the assigned thicknesses of the first simulated glass
layer and the second simulated glass layer but using a plurality of thicknesses for the simulated
adhesive layer, different than the first thickness, repeating the above steps after and including
the simulating the dropping of the ball step to determine the total maximum stress for each
thickness of the plurality of thicknesses of the simulated adhesive layer; and determining a
desired thickness of the simulated adhesive layer that provides the lowest total maximum stress;
wherein, the desired thickness is a thickness of an adhesive layer to be used to adhere a plurality
of glass layers in a physical glass stack module.

[0007]In some embodiments of the first aspect, simulating the dropping of the ball on the
simulated glass stack module includes simulating supporting the simulated glass stack module

with a fixed support fixture that contacts a perimeter area of the bottom surface of the second
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simulated glass layer but not a center of the bottom surface of the second simulated glass area.
Simulating the supporting of the simulated glass stack module with the support fixture can
assume frictionless hard contact between the bottom surface of the second simulated glass layer
and the support fixture.

[0008]In some embodiments of the first aspect, the simulation of the ball impacting the top
surface of the first simulated glass layer includes the ball impacting a center of the top surface
of the first simulated glass layer.

[0009]In some embodiments of the first aspect, determining the maximum stress on the bottom
surface of the first simulated glass layer and determining the maximum stress on the bottom
surface of the second simulated glass layer collectively take into account an assigned elastic
modulus and an assigned Poisson’s ratio for each of the first simulated glass layer, the second
simulated glass layer, and the simulated adhesive layer.

[0010]In some embodiments of the first aspect, simulating the dropping of the ball on the
simulated glass stack module includes assuming that both the ball and the support fixture are
rigid bodies.

[0011]In some embodiments of the first aspect, the thickness assigned to the first simulated
glass layer is the same as the thickness assigned to the second simulated glass layer.
Determining the maximum stress on the bottom surface of the first simulated glass layer and
determining the maximum stress on the bottom surface of the second simulated glass layer can
collectively take into account an assigned elastic modulus and an assigned Poisson’s ratio for
each of the first simulated glass layer, the second simulated glass layer, and the simulated
adhesive layer.

[0012]In some embodiments of the first aspect, the plurality of thicknesses of the simulated
adhesive layer and the first thickness of the simulated adhesive layer together include five or
more different thicknesses ranging from 5 micrometers (um or microns) to 100um.

[0013] According to a second aspect of the present disclosure, a method of manufacturing a
glass stack module comprises: determining a total combined thickness for a plurality of glass
layers of a physical glass stack module; determining, via using a computer to simulate the
dropping of a ball onto a simulated glass stack module, a thickness of one or more adhesive
layers to be used to adhere the plurality of glass layers of the physical glass stack module by:
designing the simulated glass stack module comprising a first simulated glass layer, a second
simulated glass layer, and a simulated adhesive layer disposed between the first simulated glass

layer and the second simulated glass layer and adhering the first simulated glass layer to the
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second simulated glass layer; assigning a thickness to the first simulated glass layer, the
thickness of the first simulated glass layer defined as a distance between a top surface and a
bottom surface of the first simulated glass layer; assigning a thickness to the second simulated
glass layer, the thickness of the second simulated glass layer defined as a distance between a
top surface and a bottom surface of the second simulated glass layer, the thickness of the first
simulated glass layer and the thickness of the second simulated glass layer together equaling
the total combined thickness of the plurality of glass layers of the physical glass stack module;
assigning a first thickness to the simulated adhesive layer; simulating the dropping of a ball on
the simulated glass stack module, the ball having an assigned mass and radius, with the ball
dropping from an assigned height and impacting the top surface of the first simulated glass
layer; determining a maximum stress on the bottom surface of the first simulated glass layer
during simulating the dropping of the ball on the simulated glass stack module; determining a
maximum stress on the bottom surface of the second simulated glass layer during simulating
the dropping of the ball on the simulated glass stack module; adding the maximum stress on
the bottom surface of the first simulated glass layer and the maximum stress on the bottom
surface of the second simulated glass layer to determine a total maximum stress; using the
assigned thicknesses of the first simulated glass layer and the second simulated glass layer but
using a plurality of values for the thickness of the simulated adhesive layer, different than the
first value of the thickness of the simulated adhesive layer, repeating the above steps after and
including the simulating the dropping of a ball to determine the total maximum stress for each
thickness of the plurality of values for the thickness of the simulated adhesive layer; and
determining a desired thickness of the simulated adhesive layer that provides the lowest total
maximum stress; and disposing an adhesive layer of the one or more adhesive layers between
each of the plurality of glass layers, the adhesive layers so disposed each having a thickness
equaling the desired thickness of the simulated adhesive layer, and wherein a cover layer and
a base layer are the outer most layers of the plurality of glass layers.

[0014]In some embodiments of the second aspect, each of the plurality of glass layers has a
thickness and the thickness of the base layer is the largest thickness of the plurality of glass
layers. The cover layer can have a thickness and the thickness of the base layer is twice as
thick, or thicker, as the thickness of the cover layer. The thickness of the base layer can be five

times as thick, or thicker, as the thickness of the cover layer. A pressure sensitive sensor can
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be disposed between an intermediate glass layer of the plurality of glass layers and another
glass layer of the plurality of glass layers.

[0015]In some embodiments of the second aspect, the thickness of the first simulated glass
layer is the same as the thickness of the second simulated glass layer.

[0016]In some embodiments of the second aspect, the plurality values for the thicknesses of
the simulated adhesive layer and the first value for the thickness of the simulated adhesive layer
together include five or more different values ranging from Sum to 100um, and the thickness
of each of the one or more adhesive layers is from Spm to 100pm.

[0017] According to a third aspect of the present disclosure, an asymmetric glass stack module
comprises: a first glass layer having a thickness and a bottom surface; a second glass layer
having a thickness and facing the bottom surface of the first glass layer; an adhesive layer
between the first glass layer and the second glass layer; wherein, the thickness of the second
glass layer is greater than the thickness of the first glass layer; and wherein, the adhesive layer
has a thickness predetermined to minimize maximum stress experienced by the first glass layer
during an impact event.

[0018]In some embodiments of the third aspect, the thickness of the second glass layer is five
or more times as thick as the thickness of the first glass layer.

[0019]In some embodiments of the third aspect, the glass stack module further comprises: an
intermediate glass layer disposed between the first glass layer and the second glass layer, the
intermediate glass layer having a thickness; a pressure sensitive sensor disposed on the
intermediate glass layer; and a second adhesive layer adhering the intermediate glass layer to
the second glass layer and the adhesive layer adhering the intermediate glass layer to the first
glass layer; wherein, the second adhesive layer has a thickness equal to the thickness of the
adhesive layer; and wherein, the thickness of the second glass layer is greater than the thickness
of the intermediate glass layer.

[0020] Additional features and advantages will be set forth in the detailed description which
follows, and in part will be readily apparent to those skilled in the art from that description or
recognized by practicing the embodiments as described herein, including the detailed
description which follows, the claims, as well as the appended drawings.

[0021] It is to be understood that both the foregoing general description and the following
detailed description are merely exemplary, and are intended to provide an overview or
framework to understanding the nature and character of the claims. The accompanying

drawings are included to provide a further understanding, and are incorporated in and constitute
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a part of this specification. The drawings illustrate one or more embodiments, and together
with the description serve to explain principles and operation of the various embodiments.
Directional terms as used herein—for example, up, down, right, left, front, back, top, bottom—
are made only with reference to the figures as drawn and are not intended to imply absolute

orientation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]FIG. 1 is a view of a person holding a handheld computing device and wearing a
wearable electronic device, both of which include a glass stack module with an exposed first
glass layer;
[0023]FIG. 2 is a perspective view of some embodiments of the glass stack module of FIG. 1,
illustrating a plurality of glass layers including a first glass layer and a second glass layer
adhered together via an adhesive layer, and each of the first glass layer, the second glass layer,
and the adhesive layer have a thickness;
[0024]FIG. 3A is a perspective view of some embodiments of the glass stack module of FIG.
1, illustrating the plurality of glass layers including the first glass layer, the second glass layer,
an intermediate glass layer, and adhesive layers adhering the plurality of glass layers together;
[0025]FIG. 3B is an exploded perspective view of some embodiments of the glass stack module
of FIG. 3A, illustrating sensors disposed between the first glass layer and the intermediate glass
layer, and between the second glass layer and the intermediate glass layer respectively;
[0026]FIG. 4 is a perspective view of some embodiments of the glass stack module of FIG. 1,
illustrating the plurality of glass layers including the first glass layer, the second glass layer,
two intermediate glass layers, and adhesive layers adhering the plurality of glass layers
together;
[0027]FIG. 5A is a perspective view of a simulated support fixture supporting a simulated glass
stack module as part of a computer simulation of a ball dropping on the simulated glass stack
module in order to ascertain maximum stress experienced by a first simulated glass layer and
a second simulated glass layer of the simulated glass stack module;
[0028]FIG. 5B is a front view of the simulated support fixture supporting the simulated glass
stack module taken along cross-section VB-VB of FIG. 5A, illustrating the simulated support

fixture supporting a perimeter area of a bottom surface of the second simulated glass layer;
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[0029]FIG. 6 is an elevational view of the simulated glass stack module of FIG. 5A, illustrating
a simulated adhesive layer between the first simulated glass layer and the second simulated
glass layer, each of the layers having a thickness;

[0030]FIG. 7 is a graph illustrating maximum stress experienced at a bottom surface of the first
simulated glass layer of FIG. SA and the bottom surface of the second simulated glass layer, as
a function of the value assigned to the thickness of the simulated adhesive layer, during the
computer simulating the dropping of the ball on the simulated glass stack module, to determine
a desired thickness of the simulated adhesive layer that provided the lowest total maximum
stress;

[0031]FIG. 8 is a graph illustrating the maximum principal stress experienced at the top surface
of the first simulated glass layer of FIG. SA as a function of the distance along a path
(representing a distance from point of simulated impact) for the four different iterations of the
computer simulating the dropping of the ball upon the simulated glass stack module, each
iteration using the same total combined thickness for the first simulated glass layer and the
second simulated glass layer but, for each subsequent iteration, decreasing the thickness of the
first simulated glass layer and increasing the thickness of the second simulated glass layer;
[0032]FIG. 9 is a graph illustrating the maximum principal stress experienced at the bottom
surface of the first simulated glass layer of FIG. SA as a function of the distance along the path
for the four different iterations of the computer simulating the dropping of the ball upon the
simulated glass stack module;

[0033]FIG. 10 is a graph illustrating the maximum principal stress experienced at the top
surface of the second simulated glass layer of FIG. 5A as a function of the distance along the
path for the four different iterations of the computer simulating the dropping of the ball upon
the simulated glass stack module;

[0034]FIG. 11 is a graph illustrating the maximum principal stress experienced at the bottom
surface of the second simulated glass layer of FIG. 5A as a function of the distance along the
path for the four different iterations of the computer simulating the dropping of the ball upon
the simulated glass stack module; and

[003S]FIG. 12 is a graph illustrating the peak maximum principal stress experienced at each of
the top surface of the first simulated glass layer, the bottom surface of the first simulated glass
layer, the top surface of the second simulated glass layer, and the bottom surface of the second
simulated glass layer as a function of the iteration of the computer simulation of the dropping

of the ball using varying thicknesses for the first simulated glass layer and the second simulated
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glass layer, and illustrating the percentage change in the peak maximum principal stress as

compared to the first iteration of the computer simulation.

DETAILED DESCRIPTION
[0036] Among other features and benefits, as described herein, improving the impact resistance
of a glass stack module can be achieved by using a computer to simulate an impact event upon
a glass stack module, with varying adhesive layer thicknesses, and determining resulting
stresses upon various glass layers of the simulated glass stack module. The computer
simulation reveals the thickness for the adhesive layer that results in the lowest stresses during
impact, which can be the desired adhesive layer thickness actually utilized in the manufacture
of a real (i.e., physical) glass stack module. The utilization of the desired adhesive layer
thickness improves the impact resistance of the glass stack module. In addition, as described
herein, further improvement to the impact resistance of the glass stack module is achieved
through asymmetry of thicknesses of the glass layers of the glass stack module. In other words,
the glass stack module with a base glass layer that is thicker than the other glass layers of the
glass stack module increases the impact resistance of the glass stack module.
[0037]Referring now to FIG. 1, a glass stack module 10 is illustrated in use with a handheld
computing device 12, which may be a smart phone, and a wearable electronic device 14, which
may be a watch or smart watch. The glass stack module 10 is generally flexible to allow for
use with devices with a curved interface such as the wearable electronic device 14. In some
embodiments, the glass stack module 10 can be utilized with a device (not illustrated) that folds
upon itself.
[0038]Referring now additionally to FIG. 2, the glass stack module 10 includes a plurality of
glass layers 16. Among the plurality of glass layers 16 include a first glass layer 18 and a
second glass layer 20. The first glass layer 18 and the second glass layer 20 can be the
outermost layers of the plurality of glass layers 16, with the first glass layer 18 as a cover layer
covering the remainder of the plurality of glass layers 16, and the second glass layer 20 as the
base layer (i.e., the bottommost layer of the plurality of glass layers 16). The first glass layer
18, as the cover layer, can in some embodiments be touched during an intended use, such as
with the wearable electronic device 14 or handheld computing device 12.
[0039]Referring now to FIGS. 3A, 3B, and 4, in some embodiments, the plurality of glass

layers 16 of a glass stack module 10A includes an intermediate glass layer 22 disposed between
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the first glass layer 18 and the second glass layer 20. In some embodiments, the plurality of
glass layers 16 of a glass stack module 10B includes several intermediate glass layers 22
disposed between the first glass layer 18 and the second glass layer 20. It should be understood
that the plurality of glass layers 16 can include any number of intermediate glass layers 22. As
illustrated in FIG. 3B, the intermediate glass layer 22, as well as the second glass layer 20, can
support a sensor 24, which can be a pressure sensitive sensor, a capacitive sensor, or any type
of sensor utilizable in a touch screen interface for a computing device. In other words, the
sensor 24 can be disposed on any one of the intermediate glass layers 22 or the second glass
layer 20.

[0040] The glass stack modules 10, 10A, 10B include one or more adhesive layers 26. The one
or more adhesive layers 26 adhere the plurality of glass layers 16 to each other to form the glass
stack modules 10, 10A, 10B. For example, in some embodiments of FIG. 2, the adhesive layer
26 1s disposed between the first glass layer 18 and the second glass layer 20, which adheres the
first glass layer 18 to the second glass layer 20. Likewise, in some embodiments of FIGS. 3A
and 3B, an adhesive layer 26a adheres the intermediate glass layer 22 to the first glass layer 18,
and a second adhesive layer 26b adheres the intermediate glass layer 22 to the second glass
layer 20. Further, in some embodiments of FIG. 4, the adhesive layers 26 adhere the plurality
of glass layers 16 together. It should be understood that embodiments of the glass stack module
10 including a greater number of glass layers in the plurality of glass layers 16 will include a
greater number of adhesive layers 26.

[0041]Each of the plurality of glass layers 16 has a thickness 28. For example, the first glass
layer 18 (cover layer) has a thickness 28a. Likewise, the second glass layer 20 (base layer) has
a thickness 28b. Each of the intermediate glass layers 22 have a thickness 28c. The plurality
of glass layers 16 have a total combined thickness, which is the sum of each of the individual
thicknesses 28 of each of the plurality of glass layers 16. For example, the total combined
thickness of the plurality of glass layers 16 for the embodiments of FIG. 2 is the sum of the
thickness 28a of the first glass layer 18 and the thickness 28b of the second glass layer 20. The
total combined thickness of the plurality of glass layers 16 for the embodiments of FIGS. 3A
and 3B, is sum of the thickness 28a of the first glass layer 18, the thickness 28c of the
intermediate glass layer 22, and the thickness 28b of the second glass layer 20.
[0042]Similarly, each of the adhesive layers 26 has a thickness 30. For example, the adhesive
layer 26 of the embodiments of FIG. 2 has the thickness 30, the adhesive layers 26a, 26b of the
embodiments of FIGS. 3A and 3B have respective thicknesses 30a, 30b.
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[0043]Referring now to FIGS. 5A-6, described herein is a novel method of using a computer
to simulate the dropping of a ball 32 onto a simulated glass stack module 34 to determine a
desired thickness of the one or more adhesive layers 26 to be used to adhere the plurality of
glass layers 16 together in the glass stack modules 10, 10A, 10B, such as the desired thickness
of the adhesive layer 26 to be used to adhere the first glass layer 18 to the second glass layer
20 in the glass stack module 10. In performing the computer simulation of the dropping of the
ball 32, the simulated glass stack module 34 is designed to have a first simulated glass layer
36, a second simulated glass layer 38, and a simulated adhesive layer 40. The simulated
adhesive layer 40 is disposed between the first simulated glass layer 36 and the second
simulated glass layer 38 and simulates adhering the first simulated glass layer 36 to the second
simulated glass layer 38. The computer program Abaqus FEA (also referred to as ABAQUS)
performs finite element analysis, among other things, and can be used with a computer to
simulate the dropping of the ball 32 as described herein. The computer can be any computing
device capable of performing the simulation of the dropping of the ball 32 as described herein,
utilizing a computer program such as Abaqus FEA or other finite element analysis computer
programs. The computer can utilize memory to store the computer program and a processor to
execute the computer program, among other things.

[0044] The first simulated glass layer 36 is assigned a thickness 42. The thickness 42 is defined
as a distance between a top surface 44 and a bottom surface 46 of the first simulated glass layer
36. Likewise, the second simulated glass layer 38 is assigned a thickness 48. The thickness
48 is defined as a distance between a top surface 50 of the second simulated glass layer 38 and
a bottom surface 52 of the second simulated glass layer 38. In some embodiments of the
method, the thickness 42 assigned to the first simulated glass layer 36 is the same as the
thickness 48 assigned to the second simulated glass layer 38. For an initial simulation of the
dropping of the ball 32, a first value for a thickness 54 (i.e., a “first thickness™) of the simulated
adhesive layer 40 is assigned.

[0045] The simulation of the dropping of the ball 32 onto the simulated glass stack module 34
can include various assumptions that the computer performing the simulation takes into
account. For example, it can be assumed that a (simulated) support fixture 56 supports the
simulated glass stack module 34. The simulated support fixture 56 can take various forms. In
the illustrated embodiments, the simulated support fixture 56 contacts a perimeter area 58 of

the bottom surface 52 of the second simulated glass layer 38 while not contacting a center 60
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of the bottom surface 52 of the second simulated glass layer 38. In addition, it can be assumed
that the simulated support fixture 56 supports the simulated glass stack module 34 with
frictionless hard contact between the bottom surface 52 of the second simulated glass layer 38
and the simulated support fixture 56. Further, it can be assumed that the simulated support
fixture 56 includes a bottom surface 62, which is fixed in place (i.e., cannot move upon the
simulated ball 32 dropping upon the simulated glass stack module 34). Further still, it can be
assumed that the simulated ball 32 and the simulated support fixture 56 are rigid bodies.
[0046] An assigned mass and an assigned radius 64 are assigned to the simulated ball 32. The
computer then simulates the dropping of the ball 32 onto the simulated glass stack module 34.
The ball 32 is simulated to drop from an assigned height 66 and to impact the top surface 44 of
the first simulated glass layer 36. In some embodiments of the simulation, the ball 32 impacts
a center 68 of the top surface 44 of the first simulated glass layer 36. In the simulation, it can
be assumed that the ball 32 impacts the top surface 44 of the first simulated glass layer 36 with
frictionless hard contact.

[0047]In performing the computer simulation of the dropping of the ball 32, the maximum
stress on the bottom surface 46 of the first simulated glass layer 36 while the ball 32 drops upon
the simulated glass stack module 34 is determined. In addition, the maximum stress on the
bottom surface 52 of the second glass layer 38 while the ball 32 drops upon the glass stack
module 34 is determined. The determination of the maximum stresses can be made via finite
element analysis. The determination of maximum stresses in the simulation can take into
account assigned property values for the first simulated glass layer 36, the second simulated
glass layer 38, and the simulated adhesive layer 40. For example, in the simulation, any one or
more of an elastic modulus value and a Poisson’s ratio can be assigned to the first simulated
glass layer 36, the second simulated glass layer 38, and the simulated adhesive layer 40.
[0048]In some embodiments, the method further includes determining a total maximum stress,
which is the sum of the maximum stresses experienced at predetermined surfaces of the glass
layers used in the simulation. In some embodiments, the total maximum stress is the sum of
the maximum stress experienced at the bottom surface 46 of the first simulated glass layer 36
and the maximum stress experienced at the bottom surface 52 of the second simulated glass
layer 38. In other embodiments, the total maximum stress could further include maximum
stress experienced at one or more of the top surface 44 of the first simulated glass layer 36, the
bottom surface 46 of the first simulated glass layer 36, the top surface 50 of the second

simulated glass layer 38, and the bottom surface 52 of the second simulated glass layer 38.
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[0049] The computer then repeats the simulation of the dropping of the ball 32, with each
repeated simulation varying the value assigned to the thickness 54 of the simulated adhesive
layer 40. In other words, the computer simulation of the dropping of the ball 32 is repeated
using the assigned thicknesses 42, 48 of the first simulated glass layer 36 and the second
simulated glass layer 38 respectively, but each simulation uses a different value for the
thickness 54 of simulated adhesive layer 40 chosen from a plurality of values for the thickness
54 of the simulated adhesive layer 40 different than the first value for the thickness 54. The
above steps, including in some embodiments the computer simulating the dropping of the ball
32 step to determine the total maximum stress for each value of the plurality of values for the
thickness 54 of the simulated adhesive layer 40, are repeated.

[0050] The method further includes determining a desired thickness of the simulated adhesive
layer 40 by evaluating the maximum stresses experienced at predetermined surfaces of the
simulated glass layers used in the simulated glass stack module 34. In some embodiments, the
desired thickness of the simulated adhesive layer 40 is determined by choosing which value of
the plurality of values assigned as the thickness 54 of the simulated adhesive layer 40 resulted
in the maximum stresses experienced at the predetermined surfaces of the simulated glass
layers used in the simulation are simultaneously minimized or close to minimized. In some
embodiments, the desired thickness of the simulated adhesive layer 40 is the thickness that
provides the lowest total maximum stress. The determination can be made by choosing which
value of the plurality of values assigned as the thickness 54 of the simulated adhesive layer 40
and the first value assigned as the thickness 54 of the simulated adhesive layer 40 resulted in
the lowest total maximum stress. Such value for the thickness 54 of the simulated adhesive
layer 40 is the desired thickness of the simulated adhesive layer 40. Alternatively, the
determination can be made by interpolation from such data. In other words, the desired
thickness of the simulated adhesive layer 40 can be a value different than the plurality of values
assigned to be the thickness 54 of the simulated adhesive layer 40 for the repeated simulations.
As explained further below, the desired thickness of the simulated adhesive layer 40 can
subsequently be utilized as the thickness 30 of the one or more adhesive layers 26 that are
actually used to adhere the plurality of glass layers 16 of the glass stack modules 10, 10A, 10B
of the preceding embodiments of FIGS. 1-4. Using the desired thickness of the simulated

adhesive layer 40 as the thickness 30 of the one or more adhesive layers 26 in the physical glass

12



WO 2020/028024 PCT/US2019/041825

stack modules 10, 10A, 10B improves the impact resistance of the physical glass stack modules
10, 10A, 10B.

[0051]Referring now to FIG. 7, an example of the method is herein provided. In this example,
as conveyed in the table below, the first simulated glass layer 36 and the second simulated glass
layer 38 are each assigned an elastic modulus of 73.6GPa and a Poisson’s ratio of 0.22. The
first simulated glass layer 36 and the second simulated glass layer 38 are each assigned a value
of 150um for their respective thicknesses 42, 48. The simulated adhesive layer 40 is assigned
an elastic modulus of 1.8GPa and a Poisson’s ratio of 0.45. The ball 32 is assigned a mass of
100g and a radius 64 of 20millimeters (mm). It is assumed that the ball 32 drops from a height

66 of 10 centimeters (cm) during the simulation.

Layer Elastic Modulus Poisson’s Ratio Thickness (um)
(GPa)
First simulated glass 73.6 0.22 150
layer 36
Simulated adhesive 1.8 0.45 variable
layer 40
Second simulated 73.6 0.22 150
glass layer 38

[0052] The thickness 54 of the simulated adhesive layer 40 is assigned a first value of Sum.
The dropping of the ball 32 was simulated — and the maximum stresses experienced at the
bottom surface 46 of the first simulated glass layer 36 and the bottom surface 52 of the second
simulated glass layer 38 were determined. The simulation of the dropping of the ball 32 was
then repeated, each time assigning a different value for the thickness 54 of the simulated
adhesive layer 40 chosen from a plurality of values. Specifically, as detailed in the below table,
the simulation of the dropping of the ball 32 was repeated four times after the initial simulation
— one time with the thickness 54 of the simulated adhesive layer 40 being assigned a value of
10um, a second time with the thickness 54 of the simulated adhesive layer 40 being assigned
a value of 15um, a third time with the thickness 54 of the simulated adhesive layer 40 being
assigned a value of 50um, and a fourth with the thickness 54 of the simulated adhesive layer

40 being assigned a value of 100um.

Simulation Iteration Number Value Assigned for Thickness 54 of
Simulated Adhesive Layer 40 (um)

1 5

10

3 15

13
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4 50
5 100

[0053] The maximum stresses experienced at the bottom surface 46 of the first simulated glass
layer 36 and the bottom surface 52 of the second simulated glass layer 38 were determined for
each simulation of the dropping of the ball 32. The graphed results are illustrated at FIG. 7.
The maximum stresses experienced at the bottom surface 46 of the firsts simulated glass layer
36 and the maximum stress experiences at the bottom surface 52 of the second simulated glass
layer 38 are then evaluated to determine a desired thickness for the simulated adhesive layer
40. As one mode of evaluation, the maximum stress experienced at the bottom surface 46 of
the first simulated glass layer 36 and the maximum stress experienced at the bottom surface 52
of the second simulated glass layer 38, for each simulation of the dropping of the ball 32, for
each assigned value for the thickness 54 of the simulated adhesive layer 40, are added to
determine the total maximum stress for each value assigned to the thickness 54 of the simulated
adhesive layer 40. The value assigned for the thickness 54 of the simulated adhesive layer 40
that results in the lowest total maximum stress is then determined and is deemed to be the
desired thickness for the simulated adhesive layer 40. From the graph illustrated in FIG. 7, it
is apparent that the value of 15um assigned to be the thickness 54 of the simulated adhesive
layer 40 resulted in the lowest total maximum stress —i.e., lower than the total maximum stress
that resulted from the values of Sum, 10pum, 50um, and 100um assigned to be the thickness 54
of the simulated adhesive layer 40. In some embodiments, the lowest total maximum stress
can be interpolated from the graphing of the maximum stress data and the thickness 54 for the
simulated adhesive layer 40 concluded to be the desired thickness providing the lowest total
maximum stress could be a value different than the plurality of values utilized for the
simulations. It can be noted that the values assigned to be the thickness 54 of the simulated
adhesive layer 40 for the simulations of the dropping of the ball 32 include five or more
different values ranging from Sum to 100um. The resulting desired thickness, in this example
15um, for the simulated adhesive layer 40 can then be utilized as the actual thickness 30 for
the one or more adhesive layers 26 for the manufacturing of any of the physical embodiments
of the glass stack modules 10, 10A, 10B, as explained further below. As another mode of
evaluation, the graphed results at FIG. 7 demonstrate that the maximum stresses experienced
at bottom surfaces 46 and 52 are both close to being minimized at the value of 15um assigned

to be the thickness 54 of the simulated adhesive layer 40 — resulting in the determination that
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15um is the desired thickness for the simulated adhesive layer 40. Using the discovered desired
thickness for the simulated adhesive layer 40 as the actual thickness 30 for the one or more
adhesive layers 26 for the physical glass stack modules 10, 10A, 10B improves the impact
resistance of the glass stack modules 10, 10A, 10B.

[0054]Disclosed herein is a novel method of manufacturing the glass stack modules 10, 10A,
10B for a particular application, such as, for example, for use in the wearable electronic device
14. The method includes determining the total combined thickness for the plurality of glass
layers 16 of the glass stack modules 10, 10A, 10B. As mentioned above, each glass layer of
the plurality of glass layers 16 has a thickness 28 and the total combined thickness for the
plurality of glass layers 16 is the sum of the thicknesses 28 of each glass layer of the plurality
of glass layers 16. The total combined thickness can be a function of the intended use of the
glass stack modules 10, 10A, 10B. In other words, the total combined thickness may depend
on the particular application. For example, the total combined thickness for the plurality of
glass layers 16 of the glass stack modules 10, 10A, 10B intended to be used in the wearable
electronic device 14 can be different than the total combined thickness for the plurality of glass
layers 16 of the glass stack modules 10, 10A, 10B intended to be used in the handheld
computing device 12. In some embodiments, the total combined thickness of the plurality of
glass layers 16 is approximately 300um, such as 300pm. The total combined thickness, in
other embodiments, may range from 100um or more to 500um or less, for example from
120pum or more to 480um, from 140pm or more to 460um, from 160pum or more to 440um,
from 180um or more to 420um, from 200pm or more to 400pm, from 220um or more to
380pm, from 240pm or more to 360um, from 250pum or more to 350um, from 260um or more
to 340um, from 280pm or more to 320um, or from 290um or more to 310um.

[0055] The method of manufacturing the glass stack modules 10, 10A, 10B further includes
determining, via using the computer to simulate the dropping of a ball 32 onto the simulated
glass stack module 34, a desired thickness of the one or more adhesive layers 26 to be used to
adhere the plurality of glass layers 16 of the glass stack modules 10, 10A, 10B. This
determination is made according to the computer simulation method described above, with the
exception that the thickness 42 assigned to the first simulated glass layer 36 and the thickness
48 assigned to the second simulated glass layer 38 together equals the total combined thickness
of the plurality of glass layers 16 of the glass stack modules 10, 10A, 10B to be manufactured.
For example, if the glass stack modules 10, 10A, 10B to be manufactured pursuant to the novel

method of manufacturing the glass stack modules 10, 10A, 10B is determined to be 300pum,
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then the thickness 42 of the first simulated glass layer 36 and the thickness 48 of the second
simulated glass layer 38 together equals 300um. In some embodiments, the assigned thickness
42 of the first simulated glass layer 36 and the assigned thickness 48 of the second simulated
glass layer 38 used in the computer simulations are the same (i.e., in this example, the assigned
thickness 42 of the first simulated glass layer 36 would be half of 300um — 150pum — as would
be the assigned thickness 48 of the second simulated glass layer 38). The desired thickness of
the simulated adhesive layer 40 that provides the lowest total maximum stress experienced at
the bottom surface 46 of the first simulated glass layer 36 and the bottom surface 52 of the
second simulated glass layer 38 (or any other combination of chosen surfaces, as mentioned
above) is then determined via the method described above.

[0056] The method of manufacturing the glass stack modules 10, 10A, 10B further includes
using a plurality of glass layers 16. The plurality of glass layers 16 includes the first glass layer
18 (i.e., the cover layer) and the second glass layer 20 (i.e., the base layer). The first glass layer
18 and the second glass layer 20 are the outermost layers of the plurality of glass layers 16.
[0057] The method of manufacturing the glass stack modules 10, 10A, 10B further includes
disposing the adhesive layer 26 of the one or more adhesive layers 26 between each of the
plurality of glass layers 16. Each adhesive layer 26 so disposed has a thickness 30 that equals
the desired thickness of the simulated adhesive layer 40 determined from the computer
simulations described above. In some embodiments, each adhesive layer 26 so disposed has a
thickness 30 of from Sum to 100um, for example from 10pum to 95pm, from 15um to 90pm,
from 20pum to 85um, from 25um to 80um, from 30um to 75um, from 35um to 70um, from
40pm to 65m, from 45um to 60um, or from 50pum to SSum. As discussed in greater detail
below, the thickness 28b of the second glass layer 20 (i.e., the base layer) can be thicker than
the thickness 28a of the first glass layer 18 (i.e., the cover layer). For example, in some
embodiments, the thickness 28b of the second glass layer 20 (i.e., the base layer) is twice as
thick, or thicker, as the thickness 28a of the first glass layer 18 (i.e., the cover layer). In some
embodiments, the thickness 28b of the second glass layer 20 (i.e., the base layer) is five times
as thick or thicker as the thickness 28a of the first glass layer 18 (i.e., the cover layer). The
thickness of the second glass layer 20 (i.e., the base layer) can be the largest thickness of the
plurality of glass layers 16.

[0058]In the event that the plurality of glass layers 16 includes the intermediate glass layer 22,
the method of manufacturing the glass stack modules 10A, 10B can further include disposing
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a sensor 24 between the intermediate glass layer 22 of the plurality of glass layers 16 and
another glass layer of the plurality of glass layers 16. As previously discussed in reference to
FIG. 3B, the sensor 24 can be disposed between the intermediate glass layer 22 and the first
glass layer 18 (i.e., the cover layer). The sensor 24 can be disposed on, such as adhered to, the
intermediate glass layer 22 between the intermediate glass layer 22 and the first glass layer 18
(i.e., the cover layer).

[0059]Referring now to FIGS. 8-12, it has surprisingly been discovered that utilizing the
plurality of glass layers 16 where the thickness 28 of each glass layer of the plurality of glass
layers 16 are not identical, with the second glass layer 20 (i.e., the base layer) having the
thickness 28b that is the most thick of the thicknesses 28 of the plurality of glass layers 16,
reduces the maximum stress experienced by the top surface and bottom surface of each of the
plurality of glass layers 16 (e.g., a top surface 70 of the first glass layer 18, see FIG. 2) (except
for a bottom surface 72 of the second glass layer 20) during an impact event. The result is a
glass stack module 10, 10A, 10B with the plurality of glass layers 16 having thicknesses 28
that are asymmetrical (not all identical) (thus the term “asymmetric glass stack module” as used
herein). This discovery was confirmed through the computer simulation of dropping of the
ball 32, as described above. Computer simulations simulating the dropping of the ball 32 on
the simulated glass stack module 34 with varying thicknesses 42, 48 for the first simulated
glass layer 36 and the second simulated glass layer 38, but keeping the total combined thickness
of the first simulated glass layer 36 and the second simulated glass layer 38 constant, were
conducted. For example, as illustrated in the table below, such computer simulations were
conducted assigning (1) the thickness 42 of the first simulated glass layer 36 a value of 200um
and the thickness 48 of the second simulated glass layer 38 a value of 100um; (2) the thickness
42 of the first simulated glass layer 36 a value of 150um and the thickness 48 of the second
simulated glass layer 38 a value of 150um; (3) the thickness 42 of the first simulated glass layer
36 a value of 100um and the thickness 48 of the second simulated glass layer 38 a value of
200um; and (4) the thickness 42 of the first simulated glass layer 36 a value of 50um and the

thickness 48 of the second simulated glass layer 38 a value of 250pm.

Computer Simulation | Value Assigned | Value Assigned | Value Assigned
Iteration to Thickness 42 | to Thickness 48 | to Thickness 54
of the First of the Second of the
Simulated Glass | Simulated Glass Simulated
Layer 36 (um) Layer 38 (um) | Adhesive Layer
40 (pm)
1 200 100 15
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2 150 150 15
3 100 200 15
4 50 250 15

[0060]Note that the total combined thicknesses 42, 48 of the first simulated glass layer 36 and
the second simulated glass layer 38 in each computer simulation was identical, i.e., 300um.
The value for the thickness 54 assigned to the simulated adhesive layer 40 was the same for
each simulation — the desired thickness described in the example above of 15um. For each
computer simulation iteration, the maximum stresses along a path 74 defined as a distance from
the point of impact (e.g., the center 68) of the ball 32 (see FIG. SA) on each of the top surface
44 of the first simulated glass layer 36, the bottom surface 46 of the first simulated glass layer
36, the top surface 50 of the second simulated glass layer 38, and the bottom surface 52 of the
second simulated glass layer 38 were plotted.

[0061] As illustrated in FIG. 8, in the simulations the maximum stress experienced at the top
surface 44 of the first simulated glass layer 36 along the path 74 is generally less as the
thickness 42 assigned to the first simulated glass layer 36 decreases and the thickness 48
assigned to the second simulated glass layer 38 increases. The computer simulation with the
smallest value for the thickness 42 of the first simulated glass layer 36 and the largest value for
the thickness 48 assigned to the second simulated glass layer 38 (i.e., computer simulation
iteration 4, from the above table) generally provided the least maximum stress experienced at
the top surface 44 of the first simulated glass layer 36 along the path 74.

[0062] As illustrated in FIG. 9, the maximum stress experienced at the bottom surface 46 of the
first simulated glass layer 36 along the path 74 is generally less as the thickness 42 assigned to
the first simulated glass layer 36 decreases and the thickness 48 assigned to the second
simulated glass layer 38 increases. The computer simulation with the smallest value for the
thickness 42 of the first simulated glass layer 36 and the largest value for the thickness 48
assigned to the second simulated glass layer 38 (i.e., computer simulation iteration 4, from the
above table) generally provided the least maximum stress experienced at the bottom surface 46
of the first simulated glass layer 36 along the path 74.

[0063] As illustrated in FIG. 10, in the simulations the maximum stress experienced at the top
surface 50 of the second simulated glass layer 38 along the path 74 is generally less as the
thickness 42 assigned to the first simulated glass layer 36 decreases and the thickness 48
assigned to the second simulated glass layer 38 increases. The computer simulation with the

smallest value for the thickness 42 of the first simulated glass layer 36 and the largest value for
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the thickness 48 assigned to the second simulated glass layer 38 (i.e., computer simulation
iteration 4, from the above table) generally provided the least maximum stress experienced at
the top surface 50 of the second simulated glass layer 38 along the path 74. Notably, as the
value for the thickness 42 assigned to the first simulated glass layer 36 decreases and the value
for the thickness 54 assigned to the second simulated glass layer 38 increases, the stress
behavior experienced at the top surface 50 of the second simulated glass layer 38 changes from
tensile stress to compressive stress, at least along a first portion of the path.

[0064]In contrast, as illustrated in FIG. 11, in the simulations the maximum stress experienced
at the bottom surface 52 of the second simulated glass layer 38 along the path 74 is generally
more as the thickness 42 assigned to the first simulated glass layer 36 decreases and the
thickness 48 assigned to the second simulated glass layer 38 increases, again, at least along a
first portion of the path. The computer simulation with the smallest value for the thickness 42
of the first simulated glass layer 36 and the largest value for the thickness 48 assigned to the
second simulated glass layer 38 (i.e., computer simulation iteration 4, from the above table)
generally provided the greatest maximum stress experienced at the bottom surface 52 of the
second simulated glass layer 38 along the path 74. However, as illustrated in FIG. 12, the
bottom surface 52 of the second simulated glass layer 38 experiences the largest peak maximum
principal stress along the path 74 of any of the surfaces 44, 46, 50. Further, the percentage
decrease in peak maximum principal stress along the path 74 experienced by the bottom surface
46 of the first simulated glass layer 36 and the top surface 50 of the second simulated glass
layer 38 outweighs the percentage increase in peak maximum stress along the path 74
experienced by the bottom surface 52 of the second simulated glass layer 38, as the value
assigned to the thickness 42 of the first simulated glass layer 36 decreases and the value
assigned to the thickness 48 of the second simulated glass layer 38 increases. For example,
when comparing computer simulation iteration 4 (50um assigned as thickness 42 and 250um
assigned as thickness 48) to computer simulation iteration 1 (200um assigned as thickness 42,
and 100pm assigned as thickness 48), the peak maximum principal stress along the path 74
experienced by the bottom surface 46 of the first simulated glass layer 36 decreases by 74
percent and the peak maximum principal stress along the path 74 experienced by the top surface
50 of the second simulated glass layer 38 decreases by 78 percent, while the peak maximum
stress along the path 74 experienced by the bottom surface 52 of the second simulated glass

layer 38 increases by 34 percent.
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[0065] These discoveries from the computer simulations can be translated into an improved
impact resistant design of the physical glass stack modules 10, 10A, 10B manufactured
pursuant to the method of manufacturing the glass stack modules 10, 10A, 10B described
above. In other words, based on these surprising discoveries, the glass stack modules 10, 10A,
10B are asymmetric where the thickness 28b of the second glass layer 20 is greater than the
thickness 28a of the first glass layer 18. The degree of asymmetry of thicknesses 28a, 28b can
be selected to provide the desired stress level during an impact event experienced at a particular
surface or surfaces of one or more of the plurality of glass layers 16, or the desired decreases
in maximum stress experienced at a particular surface or surfaces of one or more of the plurality
of glass layers 16. In other words, the degree of asymmetry of thicknesses 28a, 28b can be
selected to provide a desired impact resistance profile. For example, the thickness 28b of the
second glass layer 20 (i.e., the base layer) can be twice as thick as the thickness 28a of the first
glass layer 18 (i.e., the cover layer) or thicker, as conceptualized in the computer simulation
where the second simulated glass layer 38 was assigned a thickness 48 of 200um and the first
simulated glass layer 36 was assigned a thickness 42 of 100um. As another example, the
thickness 28b of the second glass layer 20 (i.e., the base layer) can be five or more times as
thick as thickness 28a of the first glass layer 18 (i.e., the cover layer) or thicker, as
conceptualized in the computer simulation where the second simulated glass layer 38 was
assigned a thickness 48 of 250um and the first simulated glass layer 36 was assigned a
thickness 42 of 50um. The thickness 28b of the second glass layer 20 (i.e., the base layer) can
as thick, three times as thick, four times as thick, or any other multiple thickness as the thickness
28a of the first glass layer 18 (i.e., the cover layer). The adhesive layer 26 has a thickness 30,
which as explained above can be predetermined to minimize the maximum stress experienced
by the first glass layer 18, such as at a bottom surface 76 (see FIG. 2) thereof, during an impact
event, to further improve impact resistance of the glass stack module.

[0066] In some embodiments, the intermediate glass layer 22 is disposed between the first glass
layer 18 and the second glass layer 20, the intermediate glass layer 22 having the thickness 28c.
Adhesive layer 26a adheres the intermediate glass layer 22 to the first glass layer 18. The
second adhesive layer 26b adheres the intermediate glass layer 22 to the second glass layer 20.
In accordance with the discussion above concerning the desired thickness of the adhesive layer
26 derived from the simulated adhesive layer 40, the thickness 30b of the second adhesive layer

26b, in some embodiments, is equal to the thickness 30a of the adhesive layer 26a, and both
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are the desired thickness derived from the simulated adhesive layer 40. In accordance with the
discussion of asymmetric thicknesses for the plurality of glass layers 16 as discussed above,
the thickness 28b of the second glass layer 20, in some embodiments, is thicker than the
thickness 28c¢ of the intermediate glass layer 22. In some embodiments, the thickness 28¢ of
the intermediate glass layer 22 and the thickness 28a of the first glass layer 18 are the same.
Utilizing a thickness 28b of the second glass layer 20 (the base layer) that is thicker than the
thickness 28¢ of the intermediate glass layer 22 also lessens the stresses experienced by the
intermediate glass layer 22, which is beneficial because the intermediate glass layer 22 often
supports the sensor 24 and thus sensor 24 failure can be minimized. In some embodiments, the
thickness of the second glass layer is larger than the thickness of the intermediate glass layer,
and the thickness of the intermediate glass layer is larger than the thickness of the first glass
layer.

[0067] It will be apparent to those skilled in the art that various modifications and variations
can be made without departing from the spirit or scope of the claims.

[0068] As used herein, the term “about” means that amounts, sizes, formulations, parameters,
and other quantities and characteristics are not and need not be exact, but may be approximate
and/or larger or smaller, as desired, reflecting tolerances, conversion factors, rounding off,
measurement error and the like, and other factors known to those of skill in the art. When the
term “about” is used in describing a value or an end-point of a range, the disclosure should be
understood to include the specific value or end-point referred to. Whether or not a numerical
value or end-point of a range in the specification recites “about,” the numerical value or end-
point of a range is intended to include two embodiments: one modified by “about,” and one not
modified by “about.” It will be further understood that the endpoints of each of the ranges are
significant both in relation to the other endpoint, and independently of the other endpoint.
[0069] As used herein the terms "the," "a," or "an," mean "at least one," and should not be
limited to "only one" unless explicitly indicated to the contrary. Thus, for example, reference
to "a component" includes embodiments having two or more such components unless the

context clearly indicates otherwise.

21



WO 2020/028024 PCT/US2019/041825

What is claimed is:

1. A method of using a computer to simulate the dropping of a ball onto a simulated glass stack
module to determine a desired thickness of an adhesive layer to be used to adhere a plurality
of glass layers in a physical glass stack module comprising:

designing a simulated glass stack module comprising a first simulated glass layer, a
second simulated glass layer, and a simulated adhesive layer disposed between the first
simulated glass layer and the second simulated glass layer and adhering the first simulated glass
layer to the second simulated glass layer;

assigning a thickness to a first simulated glass layer, the thickness of the first simulated
glass layer defined as a distance between a top surface and a bottom surface of the first
simulated glass layer;

assigning a thickness to a second simulated glass layer, the thickness of the second
simulated glass layer defined as a distance between a top surface and a bottom surface of the
second simulated glass layer;

assigning a first value for a thickness of the simulated adhesive layer;

simulating the dropping of a ball on the simulated glass stack module, the ball having
an assigned mass and radius, with the ball dropping from an assigned height and impacting the
top surface of the first simulated glass layer;

determining a maximum stress on the bottom surface of the first simulated glass layer
during simulating the dropping of the ball on the simulated glass stack module;

determining a maximum stress on the bottom surface of the second simulated glass
layer during simulating the dropping of the ball on the simulated glass stack module;

adding the maximum stress on the bottom surface of the first simulated glass layer and
the maximum stress on the bottom surface of the second simulated glass layer to determine a
total maximum stress;

using the assigned thicknesses of the first simulated glass layer and the second
simulated glass layer but using a plurality of values for the thickness of the simulated adhesive
layer, different than the first value of the thickness of the simulated adhesive layer, repeating
the above steps after and including simulating the dropping of the ball to determine the total
maximum stress for each of the plurality of values for the thickness of the simulated adhesive

layer; and
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determining a desired thickness of the simulated adhesive layer that results in the lowest
total maximum stress;
wherein, the desired thickness is a thickness of an adhesive layer to be used to adhere a

plurality of glass layers in a physical glass stack module.

2. The method of claim 1,

wherein, simulating the dropping of the ball on the simulated glass stack module
includes simulation of supporting the simulated glass stack module with a support fixture that
contacts a perimeter area of the bottom surface of the second simulated glass layer but not a

center of the bottom surface of the second simulated glass layer.

3. The method of claim 2,
wherein, simulation of supporting the simulated glass stack module with the support
fixture assumes frictionless hard contact between the bottom surface of the second simulated

glass layer and the support fixture.

4. The method of claim 2 or claim 3,

wherein, the simulation includes a fixed bottom surface of the support fixture.

5. The method of any one of claims 1-4,
wherein, simulating the ball impacting the top surface of the first simulated glass layer

includes the ball impacting a center of the top surface of the first simulated glass layer.

6. The method of any one of claims 1-5,

wherein, determining the maximum stress on the bottom surface of the first simulated
glass layer and determining the maximum stress on the bottom surface of the second simulated
glass layer collectively take into account an elastic modulus and a Poisson’s ratio assigned to
each of the first simulated glass layer, the second simulated glass layer, and the simulated

adhesive layer.
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7. The method of any one of claims 2-6,
wherein, simulating the dropping of the ball on the simulated glass stack module

includes assuming that both the ball and the support fixture are rigid bodies.

8. The method of any one of claims 1-7,
wherein, the thickness assigned to the first simulated glass layer is the same as the

thickness assigned to the second simulated glass layer.

9. The method of claim 8,

wherein, determining the maximum stress on the bottom surface of the first simulated
glass layer and determining the maximum stress on the bottom surface of the second simulated
glass layer collectively take into account an elastic modulus and a Poisson’s ratio assigned to
each of the first simulated glass layer, the second simulated glass layer, and the simulated

adhesive layer.

10. The method of any one of claims 1-9,
wherein, the plurality of values for the thickness of the simulated adhesive layer and
the first value for the thickness of the simulated adhesive layer together include five or more

different values ranging from Spm to 100pum.

11. A method of manufacturing a glass stack module comprising:

determining a total combined thickness for a plurality of glass layers of a physical glass
stack module;

determining, via using a computer to simulate the dropping of a ball onto a simulated
glass stack module, a desired thickness of one or more adhesive layers to be used to adhere the
plurality of glass layers of the physical glass stack module by:

designing the simulated glass stack module comprising a first simulated glass
layer, a second simulated glass layer, and a simulated adhesive layer disposed between
the first simulated glass layer and the second simulated glass layer and adhering the

first simulated glass layer to the second simulated glass layer;
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assigning a thickness to the first simulated glass layer, the thickness of the first
simulated glass layer defined as a distance between a top surface and a bottom surface
of the first simulated glass layer;

assigning a thickness to the second simulated glass layer, the thickness of the
second simulated glass layer defined as a distance between a top surface and a bottom
surface of the second simulated glass layer, the thickness of the first simulated glass
layer and the thickness of the second simulated glass layer together equaling the total
combined thickness of the plurality of glass layers of the physical glass stack module;

assigning a first value for a thickness of the simulated adhesive layer;

simulating the dropping of the ball on the simulated glass stack module, the ball
having an assigned mass and radius, with the ball dropping from an assigned height and
impacting the top surface of the first simulated glass layer;

determining a maximum stress on the bottom surface of the first simulated glass
layer during simulating the dropping of the ball on the simulated glass stack module;

determining a maximum stress on the bottom surface of the second simulated
glass layer during simulating the dropping of the ball on the simulated glass stack
module;

adding the maximum stress on the bottom surface of the first simulated glass
layer and the maximum stress on the bottom surface of the second simulated glass layer
to determine a total maximum stress;

using the assigned thicknesses of the first simulated glass layer and the second
simulated glass layer but using a plurality of values for the thickness of the simulated
adhesive layer, different than the first value of the thickness of the simulated adhesive
layer, repeating the above steps after and including the simulating the dropping of the
ball to determine the total maximum stress for each thickness of the plurality of values
for the thickness of the simulated adhesive layer; and

determining a desired thickness of the simulated adhesive layer that results in
the lowest total maximum stress; and
disposing an adhesive layer of the one or more adhesive layers between each of the

plurality of glass layers, the adhesive layers so disposed each having a thickness equaling the

desired thickness of the simulated adhesive layer.
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12. The method of claim 11,
wherein, each of the plurality of glass layers has a thickness and the thickness of the

base layer is the largest thickness of the plurality of glass layers.

13. The method of claim 12,
wherein, outermost layers of the plurality of glass layers comprise a cover layer and a
base layer, and wherein the cover layer has a thickness and the thickness of the base layer is

twice as thick, or thicker, as the thickness of the cover layer.

14. The method of claim 13,
wherein, the thickness of the base layer is five times as thick, or thicker, as the thickness

of the cover layer.

15. The method of any one of claims 12-14 further comprising:
disposing a pressure sensitive sensor between an intermediate glass layer of the

plurality of glass layers and another glass layer of the plurality of glass layers.

16. The method of any one of claims 11-15,
wherein, the thickness of the first simulated glass layer is the same as the thickness of

the second simulated glass layer.

17. The method of any one of claims 11-16,

wherein, the plurality of values for the thickness of the simulated adhesive layer and
the first value for the thickness of the simulated adhesive layer together include five or more
different values ranging from Spm to 100pum; and

wherein, the thickness of each of the one or more adhesive layers is from Sum to

100pm.

18. An asymmetric glass stack module comprising:
a first glass layer having a thickness and a bottom surface;
a second glass layer having a thickness and facing the bottom surface of the first glass

layer;
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an adhesive layer between the first glass layer and the second glass layer;

wherein, the thickness of the second glass layer is greater than the thickness of the first
glass layer; and

wherein, the adhesive layer has a thickness predetermined to minimize maximum stress

experienced by the first glass layer during an impact event.

19. The asymmetric glass stack module of claim 18,
wherein, the thickness of the second glass layer is five or more times as thick as the

thickness of the first glass layer.

20. The asymmetric glass stack module of claim 18 or claim 19, further comprising:

an intermediate glass layer disposed between the first glass layer and the second glass
layer, the intermediate glass layer having a thickness;

a pressure sensitive sensor disposed on the intermediate glass layer; and

a second adhesive layer adhering the intermediate glass layer to the second glass layer,
and the adhesive layer adhering the intermediate glass layer to the first glass layer;

wherein, the second adhesive layer has a thickness equal to the thickness of the adhesive
layer; and

wherein, the thickness of the second glass layer is greater than the thickness of the

intermediate glass layer.
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