wo 2017/112438 A1 [N 0000 OO0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

29 June 2017 (29.06.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/112438 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:
B32B 7/12 (2006.01) GO2F 1/1333 (2006.01)
B32B 3/18 (2006.01)

International Application Number:
PCT/US2016/066067

International Filing Date:
12 December 2016 (12.12.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/270,811 22 December 2015 (22.12.2015) US

Applicant: 3M INNOVATIVE PROPERTIES COM-
PANY [US/US]; 3M Center, Post Office Box 33427, Saint
Paul, Minnesota 55133-3427 (US).

Inventors: EVERAERTS, Albert I.; 3M Center, Post Of-
fice Box 33427, Saint Paul, Minnesota 55133-3427 (US).
SALMON, Fay T.; 3M Center, Post Office Box 33427,
Saint Paul, Minnesota 55133-3427 (US). WALD, Michael
J.; 3M Center, Post Office Box 33427, Saint Paul, Min-
nesota 55133-3427 (US).

Agents: HUANG, X. Christina et al.; 3M Center, Office
of Intellectual Property Counsel, Post Office Box 33427,
Saint Paul, MN 55133-3427 (US).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, S@G, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZIM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

[Continued on next page]

(54) Title: BONDING LAYER HAVING DISCRETE ADHESIVE PATCHES

230

FiG. 2

(57) Abstract: At least some aspects of the present disclosure feature a bonding layer including a support layer and discrete adhesive
patches disposed on one or both sides of the support layer. At least some aspects of the present disclosure feature a flexible display
using a bonding layer including discrete adhesive patches.



WO 2017/112438 A1 AT 00T 0T T

— as to the applicant's entitlement to claim the priority of Published:
the earlier application (Rule 4.17(iii)) —  with international search report (Art. 21(3))




10

15

20

25

30

35

WO 2017/112438 PCT/US2016/066067

BONDING LAYER HAVING DISCRETE ADHESIVE PATCHES

Technical Field
[0001] At least some aspects of the present disclosure relate to a bonding layer including discrete
adhesive patches. At least some aspects of the present disclosure relate to flexible displays with bonding

layers having discrete adhesive patches.

Summary

[0002] At least some aspects of the present disclosure feature a bonding layer having a first surface and a
second surface opposing the first surface, comprising a support layer, a first set of discrete adhesive
patches, and a second set of discrete adhesive patches. Each of the first and the second set of adhesive
patches comprises a plurality of adhesive patches. The first set of adhesive patches are disposed on the
first surface of the bonding layer and the second set of adhesive patches are disposed on the second
surface of the bonding layer.

[0003] At least some aspects of the present disclosure feature a flexible display, comprising a first layer
and a second layer, and a bonding layer disposed between the first layer and the second layer. The
bonding layer has a first surface and a second surface opposing the first surface. The bonding layer
comprises a support layer, a first set of discrete adhesive patches, and a second set of discrete adhesive
patches. Each of the first and the second set of adhesive patches comprises a plurality of adhesive
patches. The first set of adhesive patches are disposed on the first surface of the bonding layer and the

second set of adhesive patches are disposed on the second surface of the bonding layer.

Brief Description of Drawings

[0004] The accompanying drawings are incorporated in and constitute a part of this specification and,
together with the description, explain the advantages and principles of the invention. In the drawings,
[0005] Figure 1A illustrates a close-up conceptual view of a bonding layer; and Figure 1B illustrates a
perspective view of the bonding layer illustrated in Figure 1A;

[0006] Figure 2 illustrates a flexible display having a bonding layer;

[0007] Figures 3A-3E illustrate some conceptual examples of bonding layers;

[0008] Figure 4 illustrates a cross-sectional view of one example of a display;

[0009] Figure 5A is a close-up view of one example configuration of the display area in Figure 4;
[0010] Figure 5B is a stress graph of the display area with the configuration illustrated in Figure 5A;
Figure 5C is a strain graph of the display area with the configuration illustrated in Figure 5A; and Figure
5D is a peel stress graph of the display area with the configuration illustrated in Figure 5A;
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[0011] Figure 5E illustrates a strain graph of a similar display area illustrated in Figure 4 with a
continuous adhesive layer as the bonding layer;

[0012] Figure 6A is a close-up view of another example configuration of the display area in Figure 4;
[0013] Figure 6B is a stress graph of the display area with the configuration illustrated in Figure 6A; and
Figure 6C is a strain graph of the display arca with the configuration illustrated in Figure 6A;

[0014] Figure 6D is a stress graph of the display area with the configuration illustrated in Figure 6A
having an elastomer support layer; Figure 6E is a strain graph of the display area with the configuration
illustrated in Figure 6A; and Figure 6F is a peel stress graph of the display area with the configuration
illustrated in Figure 6A.

[0015] In the drawings, like reference numerals indicate like elements. While the above-identified
drawings, which may not be drawn to scale, set forth various embodiments of the present disclosure, other
embodiments are also contemplated, as noted in the Detailed Description. In all cases, this disclosure
describes the presently disclosed disclosure by way of representation of exemplary embodiments and not
by express limitations. It should be understood that numerous other modifications and embodiments can

be devised by those skilled in the art, which fall within the scope and spirit of this disclosure.

Detailed Description

[0016] Unless otherwise indicated, all numbers expressing feature sizes, amounts, and physical
properties used in the specification and claims are to be understood as being modified in all instances by
the term “about.” Accordingly, unless indicated to the contrary, the numerical parameters set forth in the
foregoing specification and attached claims are approximations that can vary depending upon the desired
properties sought to be obtained by those skilled in the art utilizing the teachings disclosed herein. The
use of numerical ranges by endpoints includes all numbers within that range (¢.g. 1 to 5 includes 1, 1.5, 2,
2.75, 3, 3.80, 4, and 5) and any range within that range.

[0017] As used in this specification and the appended claims, the singular forms “a,” “an,” and “the”
encompass embodiments having plural referents, unless the content clearly dictates otherwise. As used in
this specification and the appended claims, the term “or” is generally employed in its sense including
“and/or” unless the content clearly dictates otherwise.

[0018] Spatially related terms, including but not limited to, “lower,” “upper,” “benecath,” “below,”
“above,” and “on top,” if used herein, are utilized for ease of description to describe spatial relationships
of an element(s) to another. Such spatially related terms encompass different orientations of the device in
use or operation in addition to the particular orientations depicted in the figures and described herein. For
example, if an object depicted in the figures is turned over or flipped over, portions previously described

as below or beneath other elements would then be above those other elements.

[0019] As used herein, when an element, component or layer for example is described as forming a

23 ¢ 23 ¢

“coincident interface” with, or being “on” “connected to,” “coupled to” or “in contact with™ another

-



10

15

20

25

30

35

WO 2017/112438 PCT/US2016/066067

element, component or layer, it can be directly on, directly connected to, directly coupled with, in direct
contact with, or intervening elements, components or layers may be on, connected, coupled or in contact
with the particular element, component or layer, for example. When an element, component or layer for
example is referred to as being “directly on,” “directly connected to,” “directly coupled to,” or “directly in
contact with™ another element, there are no intervening elements, components or layers for example. As
used herein, "optically clear" refers to a material that has a luminous transmission of greater than about 90
percent, a haze of less than about 2 percent, and opacity of less than about 1 percent in the 400 to 700 nm
wavelength range. Both the luminous transmission and the haze can be determined using, for example,
ASTM-D 1003-95.

[0020] Some aspects of the present disclosure are directed to a bonding layer having a support layer and
one or more sets of discrete adhesive patches disposed on a surface of or integrated with the support layer
to provide adequate bonding strength and shear mobility. The bonding layer can be disposed between
adjacent functional layers of a flexible display, for example, a base layer, a display layer, a touch device,
a protection layer, or the like. In the cases that the bonding layer is located between the emissive or
reflective display layer and a display viewer, the bonding layer is often designed to be optically clear. In
other cases, the bonding layer may not be optically clear. Each functional layer can include one or more
components. For example, the display layer can include an organic light-emitting device or other display
device. As another example, the protection layer can include a touch sensitive device, a protection film, a
light enhancement film, or the like. As yet another example, the base layer can include a supporting
substrate, batteries, electrical circuit layer, or the like. In some embodiments, the bonding layer can be
used with optical clear gel, adhesive, or liquid to improve bonding property and/or optical property.
[0021] Some aspects of the present disclosure are directed to a display, in some cases, a flexible display,
having a bonding layer. When the display is bent or even folded, the bonding layer may undergo
significant shear deformation. This bending or folding may happen only once, such in forming a display
with rounded edges, or it may be done repeatedly in multiple directions and at different rates, such as in a
foldable display device. The bending or folding radius may range from several centimeters to one
millimeter, or even less. During bending or folding of a display, the bonding layer can be designed to
reduce or minimize the generation of bending stress within the bonding layer, such that bending stress is
not generated or is at least significantly reduced in its adjacent layer(s), for example, the protection layer,
the display layer, or the like. This can be particularly important if the adjacent layers are fragile and thus
susceptible to damages if a critical stress or strain is exceeded. Examples of such fragile layers in a bent
or bendable display are the thin film transistor and barrier layers in the organic light-emitting diode
(OLED), the conductive traces on a touch sensor, and the like.

[0022] The bending stiffness and bending stresses in a bent or folded display will be related to the layers
in the display, the relative position of the layers in the multi-layer optical display stack, the mechanical
coupling between the layers, and the thickness/modulus of each layer, including the bonding layer. To

ensure low bending stiffness as well as adequate performance and minimum stresses involved in a
-3-
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bending event, it is preferred that the bonding layer have a sufficiently low storage or elastic modulus that
is often characterized as shear storage modulus or shear modulus (G”). To further ensure that this
behavior remains consistent over the expected use temperature range of such devices, a minimal change
in G’ value over a broad and relevant temperature range is desired. For example, it is preferred that the
shear modulus is below 1 MPa, more preferably below 0.5 MPa, and most preferred below 0.4 MPa, or
even below 0.1 MPa over a temperature range of -30 to 80 °C. In some cases, the bonding layer is
designed to have a glass transition temperature (Tg) (i.e., the temperature at which the material transitions
from a rubbery state to a glassy state with a corresponding G’ of typically greater than 10 MPa) outside
and below this required operating temperature range. In some cases, the Tg of the bonding layer in a
flexible display may be less than 10 °C, more preferably less than -10 °C, and most preferably less than -
30 °C. In some embodiments, the bonding layer includes one or more sets of discrete adhesive patches,
where each set of the adhesive patches disposed on a different surface of the bonding layer. In some
cases, the bonding layer includes two unconnected sets of discrete adhesive patches (i.¢., a majority of
patches in the two sets having no connection or overlap), where each set is disposed on an opposing
surface of the bonding layer.

[0023] Figure 1A illustrates a close-up conceptual view of a bonding layer 100; and Figure 1B illustrates
a perspective view of the bonding layer 100. In some cases, the bonding layer 100 is optically clear. The
bonding layer 100 includes a support layer 110, a first set of discrete adhesive patches 120, and a second
set of discrete adhesive patches 130. In this example, the first set 120 includes adhesive patches 122
disposed on a first surface of the bonding layer 104, and the second set 130 includes adhesive patches 132
disposed on a second surface of the bonding layer 106. The adhesive patches 122 are spaced-apart from
cach other, for example, with a distance of 5 microns to several millimeters between adjacent patches.
The adhesive patches 132 are also spaced-apart from each other, for example, with a distance of 5
microns to several millimeters between adjacent patches. The distance between patches can be selected in
relationship with the type of adhesive being used and the bond strength desired for the bonding layer. For
example, for a given adhesive and surface area contacting the adjacent layer of each patch, closer spacing
will increase the bond strength. Likewise, if a weaker adhesive is replaced with a stronger adhesive (for a
given exposed surface area of the patch contacting the adjacent layer), a larger spacing between adhesive
patches can be used without compromising the overall bond strength of the bonding layer. In some cases,
adhesive patches 122 are spaced-apart from adhesive patches 132 along the Z axis that is perpendicular to
the surface formed by the bonding layer 100. In some cases, none of the adhesive patches 122 is in
contact with any one of the adhesive patches 132.

[0024] In some embodiments, the adhesive patches (122, 132) can be of any shapes, for example,
cylindrical shapes, cubic shapes, stripes, rectangular shapes, elliptical shapes, oblong shapes, asymmetric
shapes, and the like. In some cases, the first set of adhesive patches 120 and/or the second set of adhesive
patches 130 include patches of generally same shapes. In other cases, the first set of adhesive patches 120

and/or the second set of adhesive patches 130 include patches having various shapes. In some cases, the
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first set of adhesive patches 120 and/or the second set of adhesive patches 130 include patches of
generally same sizes. In some cases, the first set of adhesive patches 120 and/or the second set of
adhesive patches 130 include patches having various sizes. In some cases, the first set of adhesive
patches 120 include patches having the same shapes of patches in the second set of adhesive patches 130.
In some cases, the first set of adhesive patches 120 include patches having different shapes of patches in
the second set of adhesive patches 130, for example, patches 122 having cylindrical shapes, and patches
132 having cubic shapes. In some cases, the first set of adhesive patches 120 have patches having
different sizes of patches in the second set of adhesive patches 130. In some cases, the first set of
adhesive patches 120 and/or the second set of adhesive patches 130 may include patches of a same type of
adhesive. In some other cases, the first set of adhesive patches 120 and/or the second set of adhesive
patches 130 may include patches of various types of adhesive.

[0025] In some embodiments, the adhesive patches (122, 132) and the support layer 110 can use
materials that are optically clear, for example, material with visible light transmission at least 90% and
haze less than 2%. Example materials for the support layer 110 include silicone elastomers, polyurethane
elastomer, polyolefin elastomers, including those based on metallocene chemistry, and acrylic elastomers
which can be plasticized to get softness. Some of these elastomers may be formulated with compatible
liquids to make soft gels. Outside the light path, a foamed support layer may also be used. In some cases,
a formed support layer may be used to diffuse lights within a light path. In some embodiments, the
support layer 110 may have some adhesiveness. In such embodiments, the adhesiveness of the support
layer 110 is generally demonstrated in the form of tackiness and self-wetting behavior on its adjacent
functional layer(s), even under no pressure or very moderate pressure, like finger pressure. The self-
wetting behavior may be beneficial by allowing temporary detachment of the support layer from the
functional layers (but not the adhesive patches), which spontancously heals itself after a bending or
folding event to fully or nearly fully restore the function of the bonding layer. In some embodiments, the
bond strength of the support layer to the its adjacent functional layer(s) is not sufficient to pass durability
testing, for example, what is used in the display industry, such as temperature cycling, heat and humidity
exposure, or the like, so the adhesiveness of the support layer generally needs to be augmented with the
adhesive patches to provide sufficient bond strength. In some cases, the support layer includes an
adhesive with bond strength less than 200g/2.5cm width when peeled from glass at 180° angle and speed
of 300mm/min using a 50 micron polyester backing to support the adhesive.

[0026] In some embodiments, the support layer 110 is not an adhesive (i.¢., having high resistance to
debonding). In some implementations, the support layer 110 may use a material having one or more of
the properties includes: elastic, high level of elongation under moderate to low shear stresses, elastic
recovery within a short time frame, little or no permanent deformation after folding or unfolding, low
degradation of material property such as fracture, debonding, bubbling, hazing, optical clarity and
operational in the temperature range between -30°C and 100°C. In some cases, the support layer uses a

material having a shear modulus no more than 100 kPa, preferably no more than 50kPa, and most
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preferred no more than 20 kPa when measured at frequency of 1 Hz in the temperature range between -
30°C and 100°C. In some cases, the support layer 110 uses an elastomer, for example, a soft elastomer.
As used herein, a soft elastomer refers to a material having a shear creep compliance (J) of at least about
6E-6 1/Pa measured at 5 seconds with an applied shear stress between about 50 kPa and about 500 kPa,.
In some cases, the support layer 110 may have a relative low elastic modulus to reduce resistance to
bending. In some embodiments, the elastomer may be a selected elastomer with a refractive index
between 1.40 and 1.60.

[0027] In some cases, the adhesive patches (122, 132) may use structural adhesive, semi-structural
adhesive, heat-activated adhesive, pressure-sensitive adhesive, ultra-violet curable adhesive, or thermally
curable adhesive, for example. In some cases, a curing step will be used after assembly depending on the
material chosen. Example adhesive materials include acrylates (tackified or not), epoxies, acrylic/epoxy
hybrids, tackified synthetic rubbers, acrylic block copolymers, silicones, polyesters, polyamides, and
polyurethanes, or the like.

[0028] In some embodiments, the bonding layer 100 has a thickness no more than 5 mm. In some cases,
the bonding layer 100 has a thickness no more than 1 mm. In some cases, the bonding layer 100 has a
thickness no more than 200 microns. In some cases, the bonding layer 100 has a thickness no more than
100 microns. In some cases the bonding layer is at least 1 micron thick. In some cases, the bonding layer
is at least 3 microns thick. In some cases the bonding layer is at least 5 microns thick. In some
embodiments, each of the first set and/or the second set of discrete adhesive patches (120, 130) has a
thickness of at least 5 microns but less than the thickness of the bonding layer. In some implementations,
the adhesive patches (122, 132) cover at least 5% of a surface (104 and/or 106) of the bonding layer 100.
In some implementations, the adhesive patches (122, 132) cover no more than 95% of a surface (104
and/or 106) of the bonding layer 100. In some embodiments, the set of discrete adhesive patches (120,
130) can use a material that has a refractive index closely matching the refractive index of the support
layer 110. In such cases, the optical clarity of the support layer 110 can be maintained without visible
patterns. In some cases, the set of discrete adhesive patches (120, 130) uses adhesive with an overall
refractive index that has an absolute difference less than or equal to 0.05 from the refractive index of the
part of support layer 110.

[0029] Figure 2 illustrates a flexible display 200 having a bonding layer 230. The display 200, as
illustrated, includes a first layer 210 and a second layer 220 and a bonding layer 230 disposed between the
two layers (210, 220). In some cases, the bonding layer 230 can be optically clear. In some cases, the
bonding layer 230 is disposed in the view path (i.c., layer(s) closer to a viewer than a display layer in the
display). The bonding layer 230 can use any embodiments of the bonding layers described herein. In
some embodiments, the bonding layer 230 includes a support layer 240, a first adhesive layer 250, and a
second adhesive layer 260. The display may include other layers besides layers 210 and 220.

[0030] In some embodiments as illustrated, the first adhesive layer 250 includes a set of discrete

adhesive patches 253 and an optical coupler 255 disposed proximate to the adhesive patches. The second
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adhesive layer 260 includes a set of discrete adhesive patches 263 and an optical coupler 265 disposed
proximate to the adhesive patches. In some cases, the optical coupler (255, 265) includes materials that
have relatively low elastic modulus, and may undergo a high degree of shear strain under low shear stress
to facilitate the repeated bending, for example, liquid, adhesive, gel, or the like. As an example, the
optical coupler (255, 265) can include a low viscosity liquid to reduce resistance to bending.

[0031] In some embodiments, the optical coupler (255, 265) can use a material that has a refractive index
closely matching the refractive index of the adhesive patches (253, 263). In such cases, the optical clarity
of the bonding layer 230 can be maintained by eliminating the air gaps between the adhesive patches
(253, 263). In some cases, the optical coupler (255, 265) can have an overall refractive index that has an
absolute difference less than or equal to 0.05 from the refractive index of the adhesive patches (253, 263)
within the viewing area. In some cases, optionally, the optical coupler (255, 265) can have an overall
refractive index that has an absolute difference less than or equal to 0.05 from the refractive index of the
support layer 240. For example, the optical coupler (255, 265) can include materials such as, for example
liquids like mineral oil, silicone oil, liquids containing phenyl and phosphorus groups such as Santicizer
141 (available from Ferro, USA), or gels formulated using such liquids in combination with ¢lastomers
using monomers containing higher refractive index contributing functional groups such as aromatic
groups like phenyl, naphtyl, anthracyl, sulfur groups, bromine groups, or the like, to control and adjust the
optical index of the gel.

[0032] Figures 3A-3E illustrate some conceptual examples of bonding layers. Figure 3A is a top view of
a conceptual example of a bonding layer 300A. In some cases, the bonding layer 300A has a support layer
310 and a set of discrete adhesive patches 320A disposed on a surface of the support layer 310. The
bonding layer 300A has an X axis and a Y axis generally perpendicular to the X axis, where the bonding
layer 300A is configured to bend about the Y axis. In the example illustrated, the set of adhesive patches
320A include patches in strip pattern and disposed generally parallel to the Y axis. In some cases, the set
of adhesive patches 320A may include patches in strip pattern and disposed generally parallel to the X
axis. In some configurations, a flexible display (not shown) may include more than two functional layers,
where every two adjacent functional layers have a bonding layer in between, where the bonding layer
may use any embodiments described herein. In some embodiments, the patches 325 are generally
uniformly distributed across surface 302 of the assembly layer 300A. In some embodiments, the patches
325 may have different spatial distribution densities across the surface 302. In one embodiment, when the
bonding layer 300A has a fold line 350, the patches 325 have higher spatial density closer to the fold line
350 than the spatial density further away from the fold line 350.

[0033] The optically clear bonding layer can be manufactured or made in many different ways. For
example, the support layer can be manufactured separately and the adhesive patches can be applied on
ong or both surfaces of the support layer by well-known printing techniques, such as screen-printing,
flexographic printing, ink-jet printing, and the like. Examples of printable adhesives could be hot melt

adhesives and liquid optically clear adhesives. Pattern coating such as stripe coating may also be used.
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Alternatively, the adhesive patches may first be applied on a release liner and then completely or partially
transferred to the support layer. For example, the adhesive patches may be transferred from a segmented
adhesive transfer tape described in US Patent No. 5,449,540, which is incorporated in its entirety by
reference.

[0034] In some embodiments, the adhesive patches can be embedded into the surface of the support
layer. For example, by applying the discrete patches of adhesive on a liner first, one can cast or extrude
the support layer on such release liner (if a single side of adhesive patches is desired), or between such
release liners (if adhesive patches are desired on both sides of the soft core).

[0035] If desired, one could also mix and match these processes to apply the adhesive patches. For
example, one could cast the support layer on an adhesive patch coated liner and laminate or print discrete
patches of adhesive to the other side, to end up with an optically clear assembly layer with surface
embedded adhesive patches on one side of the support layer and raised adhesive patches on the other side
of the support layer. Likewise, one could surface embed some of the adhesive patches first and apply
raised patches to the same side later.

[0036] Referring to Figure 3B, a top view of a bonding layer 300B having a support layer 310 and a set
of discrete adhesive patches 320B disposed on a surface of the support layer 310. The set of discrete
adhesive patches 320B may include patches 322B in a dot pattern from the top view, where the patches
may have cylindrical shapes or semi-sphere shapes, for example. In some cases, the patches may have a
generally same cross sectional shape. In some embodiments, the patches may form rows and columns. In
some cases, the patches forming rows and columns generally parallel to X axis and Y axis. In some
cases, the patches may also be randomized across the surface of the bonding layer, for example to reduce
the risk of Moire effect.

[0037] Figures 3C, 3D, and 3E illustrate cross-sectional views of conceptual examples of bonding layers.
Referring to Figure 3C, the bonding layer 300C with a thickness t has a support layer 310, a first set of
discrete adhesive patches 320C disposed on a first surface 302 of the bonding layer 300C, a second set of
discrete adhesive patches 330C disposed on a second surface 304 of the bonding layer 300C. In this
example, the patches 325 included in the first set of adhesive patches 320C are generally aligned with the
patches 335 included in the second set of adhesive patches 330C. In some examples, the patches 325 and
335 have a width w in the range of 5 microns to 5 mm, a height h in the range of 5 microns to up to a few
microns less than the bonding layer thickness. Further, adjacent patches have a distance d between them
in the range of 5 microns to several millimeters. Additionally, a patch 325 and its corresponding patch
335 have a gap g in the range of 5 microns to 95% of the bonding layer thickness.

[0038] Figure 3D illustrates a bonding layer 300D with a thickness t having a support layer 310, a first
set of discrete adhesive patches 320D disposed on a first surface 302 of the bonding layer 300D, a second
set of discrete adhesive patches 330D disposed on a second surface 304 of the bonding layer 300D. In
this example, the patches 325 included in the first set of adhesive patches 320D are not aligned with the

patches 335 included in the second set of adhesive patches 330D. Instead, a patch 325 has an offset o
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from a corresponding patch 335. In some cases, the offset o is one-half of the distance d of adjacent
patches. Figure 3F illustrates a bonding layer 300E similar to the one illustrated in Figure 3D, except the
adhesive patches 325, 335 in the sets of adhesive patches 320E, 330E have greater height. In one
embodiment, the adhesive patches 325, 335 have a height h greater than one half the thickness t of the
bonding layer 300E.

[0039] A flexible display may have a plurality of functional layers including the display layer and a
plurality of bonding layers. Figure 4 illustrates a cross-sectional view of one example of a display 400.
The display 400 has a first layer 420, a first bonding layer 430, a middle layer 440, a second bonding
layer 450, and a second layer 460. The middle layer 440 can include, for example, a touch device. The
second layer 460 can be, for example, a displayer layer. The bonding layers 430, 450 can use any one of
configurations of bonding layers described herein. The region 410 is the area where the flexible display
400 has high strain and the axis 405 is the axis that is perpendicular to the plane of the display surface in
its flat configuration and intersecting with the bending/folding line of the display.

[0040] Figure 5A is a close-up view of one example configuration of the display area 410 in Figure 4.
The bonding layer 430 includes a support layer 435, a first set of discrete patches 432, and a second set of
discrete patches 434. In the example illustrated in Figure 5A, the patches in the first set 432 and the
second set 434 are generally aligned. The bonding layer 450 includes a support layer 455, a first set of
discrete patches 452, and a second set of discrete patches 454. The patches in the first set 452 and the
second set 454 are generally aligned. Figure 5B is a stress graph of the display area 410 with the
configuration illustrated in Figure 5A; Figure 5C is a strain graph of the display area 410 with the
configuration illustrated in Figure 5A; and Figure 5D is a peel stress (i.¢., stress perpendicular to the
surface formed by the bonding layer) graph of the display area 410 with the configuration illustrated in
Figure 5A. In comparison, Figure 5E illustrates a strain graph of a similar display area 410 with a
continuous adhesive layer (e.g., using CEF2210 Optically Clear Adhesive from 3M Company) as the
bonding layer. Comparing Figure 5C and 5E, the overall strain in the display area with a bonding layer
having discrete adhesive patches is less than the overall strain in the display area with a continuous
adhesive layer as the bonding layer. As an example characterized in the graphs, the support layers (435,
455) may use Optically Clear Laminating Adhesive 8141 or CEF2210 Optically Clear Adhesive from 3M
Company of Saint Paul, MN, and the adhesive patches (432, 434, 452, 454) may use Optically Clear
Adhesive 8180 from 3M Company.

[0041] Figure 6A is a close-up view of another example configuration of the display area 410 in Figure
4. The bonding layer 430 includes a support layer 6335, a first set of discrete patches 632, and a second set
of discrete patches 634. In the example illustrated in Figure 6A, the patches in the first set 632 and the
second set 634 are disposed in a staggered pattern. The bonding layer 450 includes a support layer 655, a
first set of discrete patches 652, and a second set of discrete patches 654. The patches in the first set 652
and the second set 654 are disposed in a staggered pattern. As one example, the support layers (635, 655)

may use Optically Clear Laminating Adhesive 8141 or CEF2210 Optically Clear Adhesive from 3M
-9-
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Company of Saint Paul, MN, and the adhesive patches (632, 634, 652, 654) may use Optically Clear
Adhesive 8180 from 3M Company. Figure 6B is a stress graph of the display area 410 with the
configuration illustrated in Figure 6A using the materials provided in the example; and Figure 6C is a
strain graph of the display area 410 with the configuration illustrated in Figure 6A. Comparing Figures
5C and 6C, the overall strain in the display area with a bonding layer having offset discrete adhesive
patches is less than the overall strain in the display area with a bonding layer having aligned discrete
adhesive patches. Comparing Figure SE and 6C, the overall strain in the display area with a bonding
layer having discrete adhesive patches in a staggered pattern is less than the overall strain in the display
areca with a continuous adhesive layer as the bonding layer

[0042] As another example, the support layers (635, 655) may use a soft elastomer with shear modulus
of 12 kPa, and the adhesive patches (632, 634, 652, 654) may use Optically Clear Adhesive 8180 from
3M Company. Figure 6D is a stress graph of the display area 410 with the configuration illustrated in
Figure 6A using the materials provided in the above example; Figure 6E is a strain graph of the display
arca 410 with the configuration illustrated in Figure 6A; and Figure 6F is a peel stress graph of the display
area 410 with the configuration illustrated in Figure 6A. As illustrated, the overall strain in the display
area with a bonding layer having offset discrete adhesive patches is relatively low. Comparing Figure SE
and 6F, the overall strain in the display area with a bonding layer having discrete adhesive patches on an
clastomer support layer is less than the overall strain in the display area with a continuous adhesive layer

as the bonding layer.

Exemplary Embodiments

[0043] Item Al. A bonding layer having a first surface and a second surface opposing the first surface,
comprising a support layer, a first set of discrete adhesive patches, and a second set of discrete adhesive
patches. Each of the first and the second set of adhesive patches comprises a plurality of adhesive
patches. The first set of adhesive patches are disposed on the first surface of the bonding layer and the
second set of adhesive patches are disposed on the second surface of the bonding layer.

[0044] Item A2. The bonding layer of Item A1, wherein at least some of the first set of discrete adhesive
patches and at least a portion of the support layer are optically clear.

[0045] Item A3. The bonding layer of Item A1 or A2, wherein at least some of the second set of discrete
adhesive patches and at least a portion of the support layer are optically clear.

[0046] Item A4. The bonding layer of any one of Item A1-A3, wherein the support layer comprises a soft
clastomer.

[0047] Item AS. The bonding layer of any one of Item A1-A4, wherein the first set of adhesive patches
are disposed on the first surface of the bonding layer in a pattern.

[0048] Item A6. The bonding layer of any one of Item A1-AS5, wherein the second set of adhesive

patches are disposed on the second surface of the bonding layer in a pattern.
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[0049] Item A7. The bonding layer of any one of Item A1-A6, wherein the first set of adhesive patches
are randomly disposed on the first surface of the bonding layer.

[0050] Item A8. The bonding layer of any one of Item A1-A7, wherein the second set of adhesive
patches are randomly disposed on the second surface of the bonding layer.

[0051] Item A9. The bonding layer of any one of Item A1-AS8, wherein at least two of the first set of
adhesive patches and the second set of adhesive patches are aligned with each other.

[0052] Item A10. The bonding layer of any one of Item A1-A9, wherein at least two of the first set of
adhesive patches and the second set of adhesive patches are disposed in a staggered pattern.

[0053] Item A11l. The bonding layer of any one of Item A1-A10, wherein at least a portion of the support
layer is not adhesive.

[0054] Item A12. The bonding layer of any one of Item A1-A11, wherein at least a portion of the support
layer is adhesive.

[0055] Item A13. The bonding layer of any one of Item A1-A12, wherein a refractive index of the first
set of adhesive patches has an absolute difference less than or equal to 0.05 from a refractive index of the
support layer.

[0056] Item A14. The bonding layer of any one of Item A1-A13, wherein a refractive index of the

second set of adhesive patches has an absolute difference less than or equal to 0.05 from a refractive

index of the support layer.

[0057] Item A15. The bonding layer of any one of Item A1-A14, wherein the first set or the second set of
adhesive patches comprise at least one of structural adhesive, semi-structural adhesive, heat-activated
adhesive, pressure-sensitive adhesive, ultra-violet curable adhesive, and thermally curable adhesive.
[0058] Item A16. The bonding layer of any one of Item A1-A15, wherein the first set or the second set of
adhesive patches are formed having one of a cylindrical shape, a cubic shape, a rectangular shape, a
hemispherical shape, an oblong shape, and a prism with elliptical shaped cross-section.

[0059] Item A17. The bonding layer of any one of Item A1-A16, wherein the support layer comprises a
material having a shear modulus no more than 100 kPa.

[0060] Item A18. The bonding layer of any one of Item A1-A17, wherein the first set or the second set of
adhesive patches has a shear modulus that is 1 time to 100,000 times of a shear modulus of the support
layer.

[0061] Item A19. The bonding layer of any one of Item A1-A18, wherein the first set or the second set of
adhesive patches comprise a plurality of rows of discrete adhesive patches.

[0062] Item A20. The bonding layer of Item A19, wherein at least two of the plurality of rows are
generally parallel.

[0063] Item A21. The bonding layer of any one of Item A1-A20, wherein at least a portion of the first set
of adhesive patches are disposed generally equal spacing between adjacent adhesive patches.

[0064] Item B1. A flexible display, comprising a first layer and a second layer, and a bonding layer

disposed between the first layer and the second layer. The bonding layer has a first surface and a second
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surface opposing the first surface. The bonding layer comprises a support layer, a first set of discrete
adhesive patches, and a second set of discrete adhesive patches. Each of the first and the second set of
adhesive patches comprises a plurality of adhesive patches. The first set of adhesive patches are disposed
on the first surface of the bonding layer and the second set of adhesive patches are disposed on the second
surface of the bonding layer.

[0065] Item B2. The bonding layer of Item B1, wherein at least some of the first set of discrete adhesive
patches and at least a portion of the support layer are optically clear.

[0066] Item B3. The bonding layer of Item B1 or B2, wherein at least some of the second set of discrete
adhesive patches and at least a portion of the support layer are optically clear.

[0067] Item B4. The bonding layer of any one of Item B1-B3, wherein the support layer comprises a soft
clastomer.

[0068] Item BS. The bonding layer of any one of Item B1-B4, wherein the first set of adhesive patches
are disposed on the first surface of the bonding layer in a pattern.

[0069] Item B6. The bonding layer of any one of Item B1-B35, wherein the second set of adhesive
patches are disposed on the second surface of the bonding layer in a pattern.

[0070] Item B7. The bonding layer of any one of Item B1-B6, wherein the first set of adhesive patches
are randomly disposed on the first surface of the bonding layer.

[0071] Item BS8. The bonding layer of any one of Item B1-B7, wherein the second set of adhesive
patches are randomly disposed on the second surface of the bonding layer.

[0072] Item B9. The bonding layer of any one of Item B1-B8, wherein at least two of the first set of
adhesive patches and the second set of adhesive patches are aligned with each other.

[0073] Item B10. The bonding layer of any one of Item B1-B9, wherein at least two of the first set of
adhesive patches and the second set of adhesive patches are disposed in a staggered pattern.

[0074] Item B11. The bonding layer of any one of Item B1-B10, wherein at least a portion of the support
layer is not adhesive.

[0075] Item B12. The bonding layer of any one of Item B1-B11, wherein at least a portion of the support
layer is adhesive.

[0076] Item B13. The bonding layer of any one of Item B1-B12, wherein a refractive index of the first
set of adhesive patches has an absolute difference less than or equal to 0.05 from a refractive index of the
support layer.

[0077] Item B14. The bonding layer of any one of Item B1-B13, wherein a refractive index of the second
set of adhesive patches has an absolute difference less than or equal to 0.05 from a refractive index of the
support layer.

[0078] Item B15. The bonding layer of any one of Item B1-B14, wherein the first set or the second set of
adhesive patches comprise at least one of structural adhesive, semi-structural adhesive, heat-activated

adhesive, pressure-sensitive adhesive, ultra-violet curable adhesive, and thermally curable adhesive.
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[0079] Item B16. The bonding layer of any one of Item B1-B15, wherein the first set or the second set of
adhesive patches are formed having one of a cylindrical shape, a cubic shape, a rectangular shape, a
hemispherical shape, an oblong shape, and a prism with elliptical shaped cross-section.

[0080] Item B17. The bonding layer of any one of Item B1-B16, wherein the support layer comprises a
material having a shear modulus no more than 100 kPa.

[0081] Item B18. The bonding layer of any one of Item B1-B17, wherein the first set or the second set of
adhesive patches has a shear modulus that is 1 time to 100,000 times of a shear modulus of the support
layer.

[0082] Item B19. The bonding layer of any one of Item B1-B18, wherein the first set or the second set of
adhesive patches comprise a plurality of rows of discrete adhesive patches.

[0083] Item B20. The bonding layer of Item B19, wherein at least two of the plurality of rows are
generally parallel.

[0084] Item B21. The bonding layer of any one of Item B1-B20, wherein at least a portion of the first set
of adhesive patches are disposed generally equal spacing between adjacent adhesive patches.

[0085] The present invention should not be considered limited to the particular examples and
embodiments described above, as such embodiments are described in detail to facilitate explanation of
various aspects of the invention. Rather the present invention should be understood to cover all aspects of
the invention, including various modifications, equivalent processes, and alternative devices falling within

the spirit and scope of the invention as defined by the appended claims and their equivalents.
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What is claimed is:

1. A bonding layer having a first surface and a second surface opposing the first surface,
comprising:
a support layer,

a first set of discrete adhesive patches, and

a second set of discrete adhesive patches,

wherein each of the first and the second set of adhesive patches comprises a plurality of adhesive
patches, and wherein the first set of adhesive patches are disposed on the first surface of the bonding layer

and the second set of adhesive patches are disposed on the second surface of the bonding layer.

2. The bonding layer of claim 1, wherein at least some of the first set of discrete adhesive patches

and at least a portion of the support layer are optically clear.

3. The bonding layer of claim 1, wherein the support layer comprises a soft elastomer.

4. The bonding layer of claim 1, wherein the first set of adhesive patches are disposed on the first

surface of the bonding layer in a pattern.

5. The bonding layer of claim 1, wherein the second set of adhesive patches are disposed on the

second surface of the bonding layer in a pattern.

6. The bonding layer of claim 1, wherein the second set of adhesive patches are randomly disposed

on the second surface of the bonding layer.

7. The bonding layer of claim 1, wherein at least two of the first set of adhesive patches and the

second set of adhesive patches are aligned with each other.

8. The bonding layer of claim 1, wherein at least two of the first set of adhesive patches and the

second set of adhesive patches are disposed in a staggered pattern.

9. The bonding layer of claim 1, wherein a refractive index of the first set of adhesive patches has an

absolute difference less than or equal to 0.05 from a refractive index of the support layer.

10. A flexible display, comprising:

a first layer,
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a second layer, and
a bonding layer disposed between the first layer and the second layer, the bonding layer having a
first surface and a second surface opposing the first surface, comprising:

a support layer,

a first set of discrete adhesive patches, and

a second set of discrete adhesive patches,

wherein each of the first and the second set of adhesive patches comprises a plurality of
adhesive patches, and wherein the first set of adhesive patches are disposed on the first surface of
the bonding layer and the second set of adhesive patches are disposed on the second surface of

the bonding layer.

11. The bonding layer of claim 10, wherein at least some of the first set of discrete adhesive patches

and at least a portion of the support layer are optically clear.

12. The bonding layer of claim 10, wherein the support layer comprises a soft elastomer.

13. The bonding layer of claim 10, wherein the first set of adhesive patches are disposed on the first

surface of the bonding layer in a pattern.

14. The bonding layer of claim 10, wherein at least two of the first set of adhesive patches and the

second set of adhesive patches are aligned with each other.

15. The bonding layer of claim 10, wherein at least two of the first set of adhesive patches and the

second set of adhesive patches are disposed in a staggered pattern.

16. The bonding layer of claim 10, wherein a refractive index of the first set of adhesive patches has

an absolute difference less than or equal to 0.05 from a refractive index of the support layer.

17. The bonding layer of claim 1, wherein the support layer comprises a material having a shear

modulus no more than 100 kPa.
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