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DISPLAY DEVICE AND METHOD FOR
MANUFACTURING THE SAME

PRIORITY CLAIM AND CROSS REFERENCE

[0001] This application claims priority to U.S. patent
provisional application No. 62/684,778, filed on Jun. 14,
2018, which is incorporated by reference in its entirety.

FIELD OF INVENTION

[0002] The present disclosure relates generally to a display
device and a method for manufacturing the same; particu-
larly to a display device with a cover layer and a method for
manufacturing the same.

BACKGROUND

[0003] Display devices (such as display devices compris-
ing organic light-emitting diodes (OLED)) have been inte-
grated in various electronic devices, such as smartphones,
for displaying.

[0004] As electronic devices evolve into various forms,
display devices change accordingly: for example, display
devices have to be flexible, durable, etc. Moreover, consum-
ers demand thin display devices. In addition to integrated
various functional components into the display device, more
attention should be paid to the thickness of the display
device.

BRIEF SUMMARY OF THE INVENTION

[0005] Embodiments of the present disclosure provide a
display device, wherein the display device includes an
organic light-emitting element and a cover layer. The
organic light-emitting element includes a circuit layer and a
pixel layer formed on the circuit layer, and a thin-film
encapsulation layer disposed on the pixel layer, wherein the
thin-film encapsulation layer comprises an aluminum-con-
taining material. The cover layer is disposed on the thin-film
encapsulation layer of the organic light-emitting element,
and the cover layer comprises a silicon-containing unit, an
aluminum-containing unit, and a bridging unit connecting
the silicon-containing unit and the aluminum-containing
unit. The aluminum-containing unit of the cover layer is
covalently bonded to the thin-film encapsulation layer.
[0006] Embodiments of the present disclosure further pro-
vide a method for manufacturing a display device. The
manufacturing method includes, providing a dual-curable
sol-gel composition, wherein the dual-curable sol-gel com-
position comprises a silicon-containing monomer, an alu-
minum-containing monomer, a solvent, and a polymeriza-
tion initiator; applying the dual-curable sol-gel composition
onto a surface of a thin-film encapsulation layer of an
organic light-emitting element, wherein the thin-film encap-
sulation layer comprises an aluminum-containing matetial;
and curing the dual-curable sol-gel composition with a UV
radiation and at a curing temperature, thereby forming a
cover layer on the surface of the thin-film encapsulation
layer, wherein the curing temperature is a temperature that
does not damage the organic light-emitting element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It is noted that, in accor-
dance with the standard practice in the industry, various
features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion.
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[0008] FIG. 1 is a top view of a display device according
to one embodiment of the present invention;

[0009] FIG. 2 is cross-sectional view of the display device
in FIG. 1 taken along the line A-A', which illustrates the
method for manufacturing the display device according to
the present invention;

[0010] FIG. 3 is an IR spectrum illustrating the analysis
result according to one embodiment of the present invention;
and

[0011] FIG. 4 and FIG. 5 are cross-sectional views the
display device in FIG. 1 taken along the line A-A', which
illustrates the method for manufacturing the display device
according to the present invention.

DETAILED DESCRIPTION

[0012] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the disclosure. Specific examples of components
and arrangements are described below to simplify the pres-
ent disclosure. These are, of course, merely examples and
are not intended to be limiting. For example, the formation
of a first feature over or on a second feature in the descrip-
tion that follows may include embodiments in which the first
and second features are formed in direct contact, and may
also include embodiments in which additional features may
be formed between the first and second features, such that
the first and second features may not be in direct contact. In
addition, the present disclosure may repeat reference numer-
als and/or letters in the various examples. This repetition is
for the purpose of simplicity and clarity and does not in itself
dictate a relationship between the various embodiments
and/or configurations discussed.

[0013] Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

[0014] Embodiments of the present disclosure provide a
display device having a cover layer and a method for
manufacturing the same. The display device comprises the
cover layer, which is configured to protect the organic
light-emitting element. In some embodiments, the display
device is flexible or bendable, wherein when the display
device is bended or folded, the cover layer can be bended
without breaking. The cover layer further exhibits good
hardness, light transmittance, etc. The cover layer can be
integrated onto and directly formed on the display surface of
the display device without damaging the display device.
Compared with the covering film attached to the display
surface of the display device, the present integrally-formed
cover layer eliminates the use of the extra adhesive film,
thereby reducing the manufacturing cost and minimizing the
overall thickness of the display device.

[0015] FIG. 1 is a top view illustrating a display device
that comprises an organic light-emitting element 10 and a
cover layer 21. The organic light-emitting element 10 com-
prises a circuit layer (not shown in the drawing), a pixel
layer 12 formed on the circuit layer, and a thin-film encap-
sulation (TFE) layer 13 disposed on the pixel layer 12. In
some embodiments, the pixel layer 12 includes a pixel
defining layer 122, configured to provide a recess array for
accommodating the array of the light-emitting material layer
124. The thin-film encapsulation layer 13 includes an alu-
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minum-containing material, configured to prevent the mois-
ture and impurity from entering into the pixel layer 12. The
cover layer 21 includes a silicon-containing unit, an alumi-
num-containing unit, and a bridging unit connecting the
silicon-containing unit and the aluminum-containing unit,
wherein the aluminum-containing unit of the cover layer 21
is covalently bonded to the thin-film encapsulation layer 13.

[0016] In some embodiments, the cover layer 21 is a
flexible hard coating layer. The cover layer 21 is flexible so
that no fine cracks will form after multiple times of bending.
Furthermore, the cover layer exhibits sufficient hardness so
that is has a good wearability capable of withstanding
long-term use, such as repetitive contact with the dust,
cleaning apparatus, stylus on a daily basis. In some embodi-
ments, when the display device is flexible or bendable, the
cover layer 21 has a hardness of no less than the pencil
hardness of 3H. In some embodiments, when the display
device comprises a hard substrate and the cover layer 21, the
cover layer 21 has a hardness of no less than the pencil
hardness of 7H.

[0017] In some embodiments, the cover layer 21 has a
light transmittance of no less than 85%, no less than 90%, or
no less than 95%.

[0018] The cover layer 21 may be formed from, for
example, a cross-linkable and polymerizable material. In
some embodiments, an integrally-made cover layer 21 is
formed by coating a dual-curable sol-gel composition on the
thin-film encapsulation layer 13, wherein the curing step for
the dual-curable sol-gel composition does not damage the
organic light-emitting device 10. In some embodiments, a
good compatibility between the cover layer 21 and the
thin-film encapsulation layer 13 can be achieved by adjust-
ing the components of the dual-curable sol-gel composition,
thereby forming a tight connection therebetween, such as a
covalent bond linkage.

[0019] In some embodiments, the cover layer 21 includes,
but is not limited to, the repetitive structure of the following
formula (I):

—X—Y—X—B— 0]
Al —0— Al
\_\; J_/ ’
Sl —0— Sl
O O

Sl_ —Sl
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wherein, X represents the silicon-containing unit, Y repre-
sents the aluminum-containing unit, and B represents the
bridging unit.

[0020] In some embodiments, the cover layer 21 includes
a network structure, wherein the network structure includes
silicon, aluminum, and oxygen. In some embodiments, the
cover layer 21 includes, but is not limited to, the repetitive
structure of the following formula (II):

n

IR
Al—O0—S§i—0—S8i—0—Al
/ | | \
R? R*

wherein, R*, R?, R® and R* is independently represented

)\/O\M{ " \H\/O\M/

n is an integer between 3-20. In some embodiments, n is an
integer between 3-8. In some embodiments, the carbon chain
of R, R%, R? and R* is bonded with silicon.

[0021] Take the repetitive structure of formula (IT) as an
example, the silicon-oxygen linkage and aluminum-oxygen
linkage provide a desirable hardness for the cover layer 21,
and the carbon chains of R', R?, R¥ and R* provide a
desirable flexibility for the cover layer 21.

[0022] In some embodiments, the cover layer 21 includes,
but is not limited to, the repetitive structure of the following
formula (I11):

am

,?I—O—Al

d . b
Ti—O—Sl
(0] O

/_/751—0—81—\_\
(0] ‘\—\
Al—O Al
° Al—O Al AN
/
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[0023] In some embodiments, the weight ratio between
silicon and aluminum in the dual-curable sol-gel composi-
tion is 1:1 to 1:5.

[0024] In some embodiments, the aluminum-containing
material of the thin-film encapsulation layer 13 includes, but
1s not limited to, aluminum oxide. In some embodiments, the
aluminum-containing unit of the cover layer 21 is bonded
with the aluminum of the aluminum-containing material of
the thin-film encapsulation layer. In some embodiments, the
cover layer 21 includes the repetitive structure of formula
(1), and the aluminum of the repetitive structure of formula
(1) is bonded with the aluminum of the aluminum-contain-
ing material of the thin-film encapsulation layer.

[0025] In some embodiments, the thin-film encapsulation
layer 13 includes a plurality of encapsulation sub-layers,
which, for example, includes an encapsulation organic layer
and an encapsulation inorganic layer. In some embodiments,
the encapsulation organic layer is disposed on the pixel layer
12 and includes, but is not limited to, acrylic avid resin,
epoxy resin, SiOC, or a combination thereof. In some
embodiments, the encapsulation inorganic layer is disposed
on the encapsulation organic layer and includes, but is not
limited to, the aluminum-containing material and/or silicon
nitride.

[0026] In some embodiments, the cover layer 21 further
includes an additive; examples of the additive include, but
are not limited to, a hydrophobic monomer, a nano-silicon
dioxide, a leveling agent, or a combination thereof. In some
embodiments, the hydrophobic monomer can smooth the
surface of the cover layer and increase the hardness of the
cover layer 21, examples of the hydrophobic monomer
include, but are not limited to, 1H,1H,2H,2H-perfluorcoc-
tyltriethoxysilane (PFOTES), 2,2,3,3,4,4,4-heptafluoro-1-
butanol, or a combination thereof. In some embodiments,
the nano-silicon dioxides are distributed evenly across the
cover layer 21.

[0027] The present invention further provides a method
for manufacturing a display device. In some embodiments,
the manufacturing method is used to manufacture display
devices. The manufacturing method includes various opera-
tions, and the following description and discussion shall not
be construed as a limitation to the order in which the
operations take place.

[0028] The manufacturing method comprises, providing a
dual-curable sol-gel composition, wherein the dual-curable
sol-gel composition comprises a silicon-containing mono-
mer, an aluminum-containing monomer, a solvent, and a
polymerization initiator; applying the dual-curable sol-gel
composition on a surface of a thin-film encapsulation layer
of an organic light-emitting element, wherein the thin-film
encapsulation layer includes an aluminum-containing mate-
rial; and curing the dual-curable sol-gel composition with a
UV radiation and a at curing temperature, thereby forming
a cover layer on the surface of the thin-film encapsulation
layer, wherein the curing temperature is a temperature that
does not damage the organic light-emitting device.

[0029] FIGS. 2, 4 and 5 cross-sectional views taken alone
of the line A-A' in FIG. 1, and illustrate the illustrative
operations of the method for manufacturing the exemplary
display device. In some embodiments, operations illustrated
in FIGS. 2, 4 and 5 can be used to provide or manufacture
the display device shown in FIG. 1.

[0030] As shown in FIG. 2, the organic light-emitting
element 10 comprises at least two main layers. The first one
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is a pixel layer 12, wherein the pixel layer 12 includes a
recess array of the array of light-emitting pixels 121 and is
configured for emit lights for the organic light-emitting
element 10. The light-emitting pixel 121 includes a light-
emitting material layer 124. The other one is a circuit layer
11, which is electrically coupled to the pixel layer 12 and
stacked vertically with the pixel layer 12. The circuit layer
11 supplies the power and control signal to the pixel layer
12, s0 as to display colors or patterns as desired. A thin-film
encapsulation layer 13 is disposed on the pixel layer 12 of
the organic light-emitting element 10, and the dual-curable
sol-gel composition 210 is applied on a surface of the
thin-film encapsulation layer 13.

[0031] Insome embodiments, the circuit layer 11 includes
a thin-film transistor (TFT) 111 disposed on a substrate 30.
In some embodiments, the substrate 30 is flexible, examples
of which included, but are not limited to, a polymer substrate
or a plastic substrate. In some embodiments, the substrate 30
is rigid, examples of which included, but are not limited to,
a glass substrate, a quartz substrate or a silicon-based
substrate.

[0032] Insome embodiments, the TFT 111 includes a gate
112, a source 113, a drain 114, and a semiconductor layer
115. In some embodiments, the semiconductor layer 115
includes a source region 115s electrically connected with the
source 113, a drain region 1154 electrically connected with
the drain 114, and a channel region 115¢ disposed between
the source region 115s and the drain region 115d. In some
embodiments, the gate 112 locates above the channel region
115¢ and overlaps with the channel region 115¢. In some
embodiments, the source 113 is electrically connected with
the source region 1155 via a conductive plug 116 formed
between a gate insulating layer 117 and an inter-layer
insulating layer 1184, and the drain 114 is electrically
connected with the drain region 1154 via the conductive
plug 116 formed between the gate insulating layer 117 and
the inter-layer insulating layer 118a.

[0033] Insomeembodiments, the gate insulating layer 117
is formed on the substrate 30 and covers the semiconductor
layer 115. The gate insulating layer 117 may have a single-
layered or multi-layered structure, and the material thereof
may include an inorganic material, an organic material, or
any other suitable insulating materials. In some embodi-
ments, the inter-layer insulating layer 1184 I formed on the
gate insulating layer 117 and covers the gate 112. The
inter-layer insulating layer 118a may have a single-layered
or multi-layered structure, and the material thereof may
include an inorganic material, an organic material, or any
other suitable materials.

[0034] In some embodiments, an inter-layer insulating
layer 1185 is formed on the inter-layer insulating layer 118a
and covers the TFT 111, so as to provide the functions of
insulation and protection. The inter-layer insulating layer
1185 may have a single-layered or multi-layered structure,
and the material thereof may be the same as or different from
the inter-layer insulating layer 118a.

[0035] In some embodiments, a planarization layer 119 is
formed on the inter-layer insulating layer 1186 and covers
the TFT 111, so as to provide the functions of protection and
planarization. The planarization layer 119 may have a
single-layered or multi-layered structure.

[0036] Insome embodiments, the circuit layer 11 includes
at least two TFTs 111 disposed on the substrate 30. In some
embodiments, the circuit layer 11 further includes at least
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one capacitor. In some embodiments, more than one TFTs
111 are disposed to form electrical connection with the
capacitor and light-emitting pixels 121.

[0037] In some embodiments, the pixel layer 12 includes
a pixel defining layer 122. In some embodiments, the pixel
defining layer 122 has a plurality of bumps 122a that are
spaced from one another, wherein the recess between any
two adjacent bumps 122q is defined as the pattern of the
light-emitting pixels 121. As could be appreciated by per-
sons having ordinary skill in the art, from the perspective of
the cross-sectional view, the bumps 122a are depicted in a
disconnected manner; however, from the perspective of the
top view in FIG. 1, the bumps 122a may connect with one
another via other portions of the pixel defining layer 122.
[0038] In some embodiments, the light-emitting pixels
121 has a first electrode 123 disposed above the circuit layer
11. In some embodiments, the first electrode 123 is the anode
of the light-emitting pixels 121. The first electrode 123 may
be partially covered by the bumps 122a. As shown in FIG.
2, the peripheral area of the first electrode 123 is covered by
the bumps 1224. In some embodiments, the sidewall of the
first electrode 123 is in contact with the bumps 122a
completely. The first electrode 123 includes, but is not
limited to, Ag, Al, Mg, Au, ITO, IZ0O, AlCu alloy, AgMo
alloy, or a combination thereof.

[0039] In some embodiments, a second electrode 125 is
disposed above the light-emitting material layer 124. In
some embodiments, the second electrode 125 is the cathode
of the light-emitting pixels 121. In some embodiments, the
second electrode 125 is patterned in such a way that is only
covers the effective light-emitting area of each light-emitting
pixels 121. In some embodiments, the second electrode 125
is in contact with the light-emitting material layer 124. As
shown in FIG. 2, the second electrode 125 may be continu-
ously disposed above the light-emitting material layer 124
and the bumps 122q. In other words, the second electrode
125 is the common electrode to a plurality of light-emitting
pixels 121. In some cases, the second electrode 125 is the
common electrode to all light-emitting pixels 121 in the
pixel layer 12.

[0040] In some embodiments, each light-emitting pixel
121 may emit light with a different wavelength. In some
embodiments, the light-emitting material layer 124 of each
light-emitting pixel 121 includes different organic light-
emitting materials. For example, one light-emitting pixel
121 emits red light, another light-emitting pixel 121 emits
blue light, and yet another light-emitting pixel 121 emits
green light; however, the present disclosure is not limited
thereto.

[0041] In some embodiments, the first electrode 123 is
electrically connected with the TFT 111 via the conductive
plug 126 formed in the planarization layer 119 and inter-
layer insulating layers 1184, 1185. It should be noted that the
subsequent process operations cannot damage the portions
that have been formed previously. For example, the light-
emitting material layer 124 of the pixel layer 12 has a poor
high-temperature tolerance, and it shall be taken into con-
sideration that all the processes carried out after the forma-
tion of the pixel layer 12 cannot damage the pixel layer 12.
[0042] In some embodiments, the thin-film encapsulation
layer 13 includes an aluminum-containing material. The
thin-film encapsulation layer 13 is the same as the one
described above, and a detailed description thereof is omit-
ted here for the sake of brevity.
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[0043] The dual-curable sol-gel composition 210 is
applied on a surface of the thin-film encapsulation layer 13.
The dual-curable sol-gel composition 210 includes a silicon-
containing monomer, an aluminum-containing monomer, a
solvent, and a polymerization initiator. The silicon-contain-
ing monomer is used for forming the silicon-containing unit
and the bridging unit of the cover layer 21, and the alumi-
num-containing monomer is used for forming the alumi-
num-containing unit of the cover layer 21. The polymeriza-
tion initiator can cause the curing of the dual-curable sol-gel
composition under the UV radiation and at a curing tem-
perature, thereby forming the cover layer 21.

[0044] In some embodiments, the dual-curable sol-gel
composition 210 is made by first mixing a dispersion
uniformly so that the dispersion becomes the gel state of
sol-gel, followed by the addition of the polymerization
initiator, thereby obtaining the dual-curable sol-gel compo-
sition 210.

[0045] For example, the dispersion may be made into the
gel state of sol-gel by hydrolysis followed by condensation
reaction; however, the present embodiment is not limited
thereto. In some embodiments, the dispersion includes alu-
minum alkoxide, silicon alkoxide, an alcohol solvent, water,
and an acid catalyst. Examples of the acid catalyst include,
but are not limited to, hydrochloric acid, nitric acid, acetic
acid, oxalic acid, sulfuric acid, or a combination thereof. The
dispersion may include, for example, 35-60 wt % of silicon
alkoxide, 8-25 wt % of aluminum alkoxide, 20-35 wt % of
the alcohol solvent, 0.1-10 wt % of water, and a suitable
amount of acid catalyst. The dispersion may include, for
example, 40-55 wt % of silicon alkoxide, 10-23 wt % of
aluminum alkoxide, 20-30 wt % of the alcohol solvent, 0.1-5
wt % of water, and a suitable amount of acid catalyst.

[0046] In some embodiments, the dual-curable sol-gel
composition 210 is formed by uniformly mixing a silicon
sol-gel and an aluminum sol-gel, wherein the silicon sol-gel
is formed by uniformly mixing silicon alkoxide, the alcohol
solvent, water and the acid catalyst and subjecting the
mixture to a polymerization reaction. The silicon sol-gel
may include, for example, 30-45 wt % of silicon alkoxide,
5-15 wt % of water, and 45-55 wt % of the alcohol solvent.
The aluminum sol-gel is formed by uniformly mixing alu-
minum alkoxide, the alcohol solvent, water and the acid
catalyst and subjecting the mixture to a polymerization
reaction. The aluminum sol-gel may include, for example,
35-50 wt % of silicon alkoxide, 30-40 wt % of the alcohol
solvent. The aluminum sol-gel may further include a chelat-
ing agent, for example, 20-30 wt % of the chelating agent.

[0047] In some embodiments, the dual-curable sol-gel
composition 210 has a pH of less than 7, or less than 4; for
example, the amount of the acid catalyst is used to adjust the
pH value. In some embodiments, the polymerization initia-
tor includes a photoinitiator. In some embodiments, the
polymerization initiator includes a photoinitiator and a ther-
mal curing agent. The dual-curable sol-gel composition
includes, for example, 0.1-0.7 wt % of the photoinitiator and
0-0.5 wt % of the thermal curing agent, or includes, for
example, 0.3-0.6 wt % of the photoinitiator and 0-0.35 wt %
of the thermal curing agent. In some embodiments, the
weight ratio between silicon and aluminum in the dual-
curable sol-gel composition 210 is 1:1 to 1:5.

[0048] In some embodiments, the dual-curable sol-gel
composition 210 includes the dispersion in the gel state of
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sol-gel, and the dispersion in the gel state of sol-gel includes
the structure of the following formula (IIT),

a

/
Al—O0—8§i—0—8§i—0—Al—

R’ RS

wherein, R®>, R%, R” and R® comprise, independently a
(C5-C,p) carbon chain and a reactive functional group
bonded with the carbon chain. In some embodiments, R,
R®, R” and R® comprise, independently, (C,-C,) carbon
chain and the reactive functional group bonded with the
carbon chain. The carbon chain, such as —(CH,)—, is used
to form the bridging unit, but the present embodiments are
not limited thereto. In some embodiments, the functional
group is a UV-curable group. In some embodiments, Rs, R,
R, and Ry is independently represented

o v

Y}\O/HN

wherein, n is an integer between 3 and 20.

[0049] In some embodiments, the dual-curable sol-gel
composition 210 includes the dispersion in the gel state of
sol-gel, and the dispersion in the gel state of sol-gel includes
the structure of the following formula (IV),

av)

1|x1— —TI—O—TI_O_AI_
0 0 0 0
| | | |
Al—0—S$i—0—S8i—O0—Al
/ /H H\ AN
0 0
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[0050] FIG. 3 is an IR spectrum. In some embodiments,
the IR spectrum as shown in FIG. 3 confirms that the
dispersion in the gel state of sol-gel includes the compound
having the structure of formula (IV).

[0051] Examples of the aluminum alkoxide include, but
are not limited to, aluminum butoxyethoxide, aluminum-tri-
sec¢ butoxide, aluminum ethoxide, aluminum methoxide, and
a combination thereof.

[0052] In some embodiments, the silicon alkoxide
includes a (C5-C,,) carbon chain and a reactive functional
group. Examples of the reactive functional group include,
but are not limited to, vinyl group, epoxy group, styryl
group, methacryloxy group, acryloxy group, amino group,
ureide group, isocyanate group, isocyanurate group, mer-
capto group, and a combination thereof.

[0053] Examples of the silicon alkoxide include, but are
not limited to, trimethoxysilane, vinyltriethoxysilane, 2-(3,
4-epoxycyclohexyl)ethyltrimethoxysilane, 3-glycidoxypro-
pyl methyldimethoxysilane, 3-glycidoxypropyl trimethox-
ysilane,  3-epoxypropoxypropyl  methyldiethoxysilane,
3-glycidoxypropyl triethoxysilane, 3-acryloxpropyl
trimethoxysilane, N-2-(aminoethyl)-3-aminopropyl, N-2-
(aminoethyl)-3-aminopropyltrimethoxy,  3-aminopropylt-
rimethyl, propyltri ethoxysilane, 3-triethoxysilyl-N-(1,3-di-

methyl-butylidene) propylamine, N-phenyl-3-
aminopropyltrimethoxy, N-(vinylbenzyl)-2-aminoethyl-3-
aminopropyltrimethoxysilane hydrochloride,

3-ureidopropyltrialkoxysilane, 3-isocyanatepropyltriethox-
ysilane, tris-(trimethoxymethylsilane)isocyanurate, 3-mer-
captopropylmethyldimethoxysilane,  3-mercaptopropylt-
rimethoxysilane, and a combination thereof.

[0054] Examples of the alcohol solvent include, but are
not limited to, methanol, ethanol, propanol, isopropanol,
n-butanol, tert-butanol, methoxypropanol, ethylene glycol
and/or diethylene glycol buty] ether. In some embodiments,
the alcohol solvent is ethanol.

[0055] The dual-curable sol-gel composition 210 may
further include an additive, wherein the additive is selected
from the group consisting of, a hydrophobic monomer,
nano-silicon dioxide, a leveling agent, a hvdrophobic sol-
gel, or a combination thereof. The types and amounts of the
additives may be adjusted as needed, and one or more
additives may be used. For example, when the weight of the
dispersion in the gel state of sol-gel is 100 wt %, an
additional 1-95 wt % of additive(s) may be added. For
example, 1-5 wt % of a leveling agent, 5-20 wt % of
nano-silicon dioxide, 5-20 wt % of a hydrophobic monomer,
and/or 10-60 wt % of hydrophobic sol-gel may be added.
For example, 1-3 wt % of a leveling agent, 5-15 wt % of
nano-silicon dioxide, 5-20 wt % of a hydrophobic monomer,
and/or 30-55 wt % of hydrophobic sol-gel may be added.
The diameters of nano-silicon dioxides may be, for example,
50-900 nm or 100-500 nm.

[0056] There is no particular limitation with respect to the
way of applying the dual-curable sol-gel composition 210 on
the thin-film encapsulation layer 13; for example, it can be
applied using spin coating or any suitable means; and the
present embodiment is not limited thereto. In some embodi-
ments, the surface of the thin-film encapsulation layer 13 is
not flat; for example, it may be conformal to the pixel layer
12. In some embodiments, the dual-curable sol-gel compo-
sition 210 applied on the thin-film encapsulation layer 13
has a planarized upper surface.
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[0057] As shown in FIG. 4, the dual-curable sol-gel com-
position is cured using a UV radiation and under a curing
temperature. In some embodiments, the dual-curable sol-gel
composition is first subjected to photocuring using the UV
radiation, followed by thermal-curing at the curing tempera-
ture. When the dual-curable sol-gel composition 210 is
irradiated with UV radiation, the reactive functional groups
of the silicon-containing monomer are bonded with one
another to form the bridging unit; for example, the bonds
between R' and R* and the bonds between R* and R* in
formula (I) are formed, so that the dual-curable sol-gel
composition 210 is sufficiently cross-linked to impart the
wearability thereto. In some embodiments, the application of
UV radiation is not enough to form the network structure
with sufficient hardness, and hence, the dual-curable sol-gel
composition 210 is heated to the curing temperature. The
curing temperature cannot damage the display device, par-
ticularly, the organic light-emitting element 10. In some
embodiments, the curing temperature is below 200° C.,
below 150° C., below 130° C., or between 60-130° C.

[0058] As shown in FIG. 5, after the dual-curable sol-gel
composition 210 is cured, a cover layer 21 that is flexible,
mechanically integral and wearable is formed. In some
embodiments, the cover layer 21 has a planarized upper
surface.

EMBODIMENTS

[0059] The following embodiments are provided to further
describe the present invention; yet, it should be appreciated
that these embodiments are for illustrative purposes, and
shall not be construed as limitations to the implementation
of the present invention.

Embodiment 1

[0060] 44 wt % (relative weight, same as below) of
3-methylacryloxypropyl trimethoxysilane, 0.22 wt % of
oxalic acid, 9.53 wt % of deionized water and 46.11 wt %
of 2-butanol were fully stirred under room temperature and
normal pressure so that the reactants were mixed uniformly
and subjected to polymerization reaction, thereby obtaining
a silicon sol-gel (hereinafter, 44%-silicon sol-gel).

Embodiment 2

[0061] 30.56 wt % (relative weight, same as below) of
3-methylacryloxypropyl trimethoxysilane, 0.30 wt % of
oxalic acid, 14.42 wt % of deionized water and 54.7 wt %
of 2-butanol were fully stirred under room temperature and
normal pressure so that the reactants were mixed uniformly
and subjected to polymerization reaction, thereby obtaining
a silicon sol-gel (hereinafter, 30%-silicon sol-gel).

Embodiment 3

[0062] First, 41.8 wt % of sec-butanol aluminum [Al
(OC,H9), abbreviated as ASB below] and 35.0 wt % of
2-butanol were mixed uniformly at 85 to 90° C. Then, 22.05
wt % of ethyl acetoacetate (EAcAc) was added as the
chelating agent for ASB, and 1.13 wt % of nitric acid was
added as the catalyst, the reactants were refluxed for 7-8
hours for polymerization reaction, thereafter, the mixture
was cooled and filtered with a 0.22 pm filter, thereby
obtaining an aluminum sol-gel.
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Embodiment 4

[0063] 4.75 g of the 44%-silicon sol-gel of Embodiment 1
and 0.25 g of the aluminum sol-gel of Embodiment 3 were
fully stirred so that the reactants were mixed uniformly and
subjected to polymerization reaction, thereby forming a
dispersion in the gel state of sol-gel. Then, 0.0164 g of
Darocur 1173 (purchased from Sigma-Aldrich) and 0.066 g
of IRGACURE 819 (purchased from BASF) were added as
the photoinitiators, and 0.025 g of tetrabutylammonium
acetate was added as the thermal curing agent. Next, 1 g of
2-butanol was added, and the reactants were mixed uni-
formly, thereby obtaining a dual-curable sol-gel composition
with the pH of 1.69.

[0064] The dual-curable sol-gel composition was coated
on a rigid glass substrate and a flexible colorless polyimine
(CPI) substrate (purchased from Taimide Tech Inc.; Cat. No.
OT-050; thickness: 50 pm), wherein the thickness of the
coating layer was less than 10 um. The dual-curable sol-gel
composition was first cured with UV radiation having a
primary wavelength of 365 nm (intensity: 20 mw/cm?) and
a secondary wavelength of 254 nm (intensity: 10 mw/cm?)
for 300 seconds, so that the dual-curable sol-gel composition
formed a cover layer on the glass substrate and the CPI
substrate, respectively. The pH value and curing methods of
the dual-curable sol-gel composition are summarized in
Table 1.

[0065] The cover layers were subjected respectively, to the
pencil hardness test, and the cover layer formed on the CPI
substrate was subjected to the bending test. For conducting
the bending test, the CPI substrate and the cover layer
formed thereon was placed flatly on the testing platform of
the flexible endurance tester (purchased from Japan
YUASA; Cat. No. DLDM 111LHB); the cover layer was
then bended inwardly to radius of 2 mm for 300,000 times,
and the cover layer was observed for cracks. The results of
each test are summarized in Table 1, wherein for the bending
test, O represents no cracks, and X represents cracks.

Embodiment 5

[0066] Methods for testing the composition of the dual-
curable sol-gel composition were the same as those
described in Embodiment 4. The present embodiment differs
from Embodiment 4 in that the dual-curable sol-gel com-
position was only subjected to thermal curing at 130° C. for
2 hours without applying the UV radiation.

[0067] The curing methods of the dual-curable sol-gel
composition and results of each test are summarized in Table
1.

Embodiments 6-7

[0068] Compositions of the dual-curable sol-gel compo-
sitions according to Embodiments 6-7 are similar to that of
Embodiment 4 except that the in Embodiments 6-7, the
compositions were first irradiated with UV radiation for
photocuring, followed by thermal curing at the curing tem-
perature. Further, in Embodiment 7, the addition amount of
the acid catalyst (e.g., hydrochloric acid, nitric acid, acetic
acid, oxalic acid, sulfuric acid, etc.) was adjusted so that the
pH value of the dual-curable sol-gel composition was dif-
ferent from that of Embodiment 4.

[0069] The curing methods of the dual-curable sol-gel
compositions and results of each test are summarized in
Table 1.
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TABLE 1
Curing method pencil hardness
Curing temp. test bending
Embodi- uw and curing rigid test
ment pH curing time glass CPI  CPI
4 1.69 yes none <3H Not Not
tested tested
5 1.69 none 130° CJ2 hrs 8H <3H X
6 1.69 none 130° CJ2 hrs 9H 3H O
7 about 2 Yes R0°C/2hs  TH  <3H O
[0070] As can be seen from Table 1, after the photocuring

with the UV radiation, a cover layer with good hardness and
bending endurance could be achieved by thermal curing at
a curing temperature smaller than or equal to 130° C.

Embodiment 8

[0071] 52.74 wt % (relative weight, same as below) of
3-methylacryloxypropyl trimethoxysilane, 10.46 wt % of
ASB, a suitable amount of acid catalyst, 0.76 wt % of
deionized water and 25.52 wt % of ethanol were fully stirred
under room temperature and normal pressure so that the
reactants were mixed uniformly and subjected to polymer-
ization reaction, thereby obtaining a dispersion in the gel
state of sol-gel. Then, 0.26 wt % of Darocur 1173 and 0.126
wt % of IRGACURE were added as the photoinitiators, and
0.32 wt % of tetrabutylammonium acetate was added as the
thermal curing agent. The reactants were mixed uniformly,
thereby obtaining a dual-curable sol-gel composition with
the pH of 2.58.

[0072] The dual-curable sol-gel composition was coated
on a rigid glass substrate and a flexible colorless polyimine
(CPI) substrate (purchased from Taimide Tech Inc.; Cat. No.
OT-050; thickness=50 pum), wherein the thickness of the
coating layer was less than 10 um. The dual-curable sol-gel
composition was first cured with UV radiation having a
primary wavelength of 365 nm (intensity: 20 mw/cm?) and
a secondary wavelength of 254 nm (intensity: 10 mw/cm?)
for 300 seconds, followed by thermal curing at a curing
temperature of 130° C. for 2 hours, so that the dual-curable
sol-gel composition formed a cover layer on the glass
substrate and the CPI substrate, respectively. The composi-
tion and pH value of the dual-curable sol-gel composition
are summarized in Table 2.
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[0073] The cover layers were subjected respectively, to the
pencil hardness test, and the cover layer formed on the CPI
substrate was subjected to the bending test; the testing
methods were the same as those described in Embodiment 4.
The cover layer formed on the CPI substrate was further
subjected to the light transmittance test (under 550 nm); the
results of each test are summarized in Table 2.

Embodiments 9-16

[0074] Compositions of the dual-curable sol-gel compo-
sitions in Embodiments 9-16 were similar to that of Embodi-
ment 8 except the addition amount of each component. The
compositions and pH values of these dual-curable sol-gel
compositions are detailed in Table 2.

[0075] It should be noted that, the dual-curable sol-gel
composition of Embodiment 11 further comprised 53.6 wt %
of hydrophobic sol-gel, based on 100 wt % of the 11
dispersion in the gel state of sol-gel of Embodiment 11. The
hydrophobic sol-gel comprised PFOTES, hydrochloric acid
and ethanol.

[0076] The dual-curable sol-gel composition of Embodi-
ment 12 further comprised 10 wt % of nano-silicon dioxide
particles (particle size: 20 nm, dispersed across IPA), based
on 100 wt % of the dispersion in the gel state of sol-gel of
Embodiment 12.

[0077] The dual-curable sol-gel composition of Embodi-
ment 13 further comprised 53.6 wt % of aforementioned
hydrophobic sol-gel and 10 wt % of aforementioned nano-
silicon dioxide particles, based on 100 wt % of the disper-
sion in the gel state of sol-gel of Embodiment 13.

[0078] The dual-curable sol-gel composition of Embodi-
ment 14 further comprised 6.8 wt % of 2,2,3,3,4,4,4-hepta-
fluoro-1-butanol as the hydrophobic monomer, based on 100
wt % of the dispersion in the gel state of sol-gel of
Embodiment 14. The dual-curable sol-gel composition of
Embodiment 15 further comprised 17.94 wt % of 2,2,3,3,
4.4 4-heptafluoro-1-butanol as the hydrophobic monomer.

[0079] The dual-curable sol-gel composition of Embodi-
ment 16 further comprised 17.94 wt % of 2,2,3,3,4.4,4-
heptafluoro-1-butanol as the hydrophobic monomer, 10 wt
% of aforementioned nano-silicon dioxide particles, and 1
wt % of BYK3760 as the leveling agent, based on 100 wt %
of the dispersion in the gel state of sol-gel of Embodiment
16.

TABLE 2
Embodiment
Event 8 9 10 11 12 13 14 15 16
3-methylacryloxypropyl 53.45 4832 4391 4832 4832 4832 42.81 37.85 37.85
trimethoxysilane (wt %)
ASB(wt %) 1046 1919 2148 1919 1919 1919 1675 1473 1473
deionized water (wt %)  0.76 0.69 0.62 0.69 0.69 0.69 0.61 0.54 0.54
ethanol (wt %) 2552 2311 2588 2311 2311 2311 252 2216  22.16
solution of acid 9.81 8.69 8.11 8.69 8.69 8.69 7.83 6.78 6.78
catalyst (wt %)
pH 2.58 2.60 2.60 2.60 2.60 297 3.65 1.74 2.78
Darocur 1173(wt %) 0.26 043 0.18 0.43 0.43 043 0.23 0.26 0.26
IRGACURE 819(wt %)  0.126  0.100 0107  0.100  0.100 0100  0.100 0.126  0.126
tetrabutylammonium 0.32 0.29 0.26 0.29 0.29 0.29 0.26 0.31 0.31
acetate (wt %)
hydrophobic monomer 0 0 0 0 0 0 6.8 17.94  17.94

(Wt %)
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TABLE 2-continued
Embodiment
Event 8 9 10 1 12 13 14 15 16
hydrophobic sol-gel 0 0 0 53.6 0 53.6 0 0 0
(Wt %)
nano-silicon dioxide 0 0 0 0 10 10 0 0 10
particles (wt %)
BYK3760(wt %) 0 0 0 0 0 0 0 0 1
pencil CPI 3H 4H <3H 4H 4H 3H 3H 4H 4H
hardness rigid 7H 8H <7H 8H 8H TH TH 8H 9H
test glass
bending test O O O O O O O O O
Transmittance (%) 99.8 96.1 92.3 98.6 99.8 99.8 99.8 98.1 943

Embodiment 17

[0080] Process steps for the present embodiment are as
follows. 48.60 wt % (relative weight, same as below) of
3-methylacryloxypropyl trimethoxysilane, 8.15 wt % of
tetraethoxysilane, 9.64 wt % of ASB, a suitable amount of
acid catalyst, 0.71 wt % of deionized water and 23.52 wt %
of ethanol were fully stirred under room temperature and
normal pressure so that the reactants were mixed uniformly
and subjected to polymerization reaction, thereby obtaining
a dispersion in the gel state of sol-gel. Then, 0.52 wt % of
Darocur 1173 and 0.1 wt % of IRGACURE 819 were added
as photoinitiators, and the reactants were mixed uniformly to
obtain a dual-curable sol-gel composition with a pH of about
2.

[0081] The dual-curable sol-gel composition was coated
on a rigid glass substrate and a flexible colorless polyimine
substrate, and the dual-curable sol-gel composition was
cured in accordance with the curing method set forth in
Embodiment 8, thereby forming a cover layer on the glass
substrate and the CPI substrate, respectively. The composi-
tion and pH value of the dual-curable sol-gel composition
are summarized in Table 3.

[0082] The cover layers were subjected respectively, to the
pencil hardness test, and the cover layer formed on the CPI
substrate was subjected to the bending test and the light
transmittance test; the testing methods were the same as
those described in Embodiment 8, and the results of each test
are summarized in Table 3.

Embodiment 18-22

[0083] Compositions of the dual-curable sol-gel compo-
sitions in Embodiments 18-22 were similar to that of
Embodiment 17 except the addition amount of each com-
ponent. The compositions and pH values of these dual-
curable sol-gel compositions are detailed in Table 2.
[0084] It should be noted that, the dual-curable sol-gel
composition of Embodiments 19-22 further comprised ethyl
acetoacetate (EAcAc) as the chelating agent for ASB. The
dispersion in the gel state of sol-gel in Embodiments 21-22
further comprised tetrabutylammonium acetate as the ther-
mal curing agent. Furthermore, the dual-curable sol-gel
composition of Embodiment 19 further comprised 10 wt %
of aforementioned nano-silicon dioxide particles, based on
100 wt % of the dispersion in the gel state of sol-gel of
Embodiment 19.

[0085] The dual-curable sol-gel composition of Embodi-
ment 20 further comprised 52.8 wt % of aforementioned
hydrophobic sol-gel and 12 wt % of aforementioned nano-

silicon dioxide particles, based on 100 wt % of the disper-
sion in the gel state of sol-gel of Embodiment 20.

[0086] The dual-curable sol-gel composition of Embodi-
ment 21 further comprised 12.91 wt % of 2,2,3,3,4,4 4-
heptafluoro-1-butanol as the hydrophobic monomer, based
on 100 wt % of the dispersion in the gel state of sol-gel of
Embodiment 21.

[0087] The dual-curable sol-gel composition of Embodi-
ment 22 further comprised 16.69 wt % of 2,2,3,3,4.4.4-
heptafluoro-1-butanol as the hydrophobic monomer, 10 wt
% of aforementioned nano-silicon dioxide particles, and 1
wt % of BYK3760 as the leveling agent, based on 100 wt %
of the dispersion in the gel state of sol-gel of Embodiment
22.

TABLE 3
Embodiment
Event 17 18 19 20 21 22
3-methylacryloxypropyl — 48.82 44.52 37.23 43.04 32.07 32.07
trimethoxysilane (wt %)
tetraethoxysilane (wt %) 819 731 999 1156 8.61 8.61
EAcAc(wt %) 0 0 6.24 721 538 538
ASB(wt %) 973 17.76 1292 1494 11.13 11.13
deionized water (wt %) 0.71 0.69 648 749 558 5.58
ethanol (wt %) 2375 2143 27.02 1562 2393 24.07
solution of acid 88 829 0.12 0.14 039 043
catalyst (wt %)
pH 2 2.2 213 313 165 1.78
Darocur 1173(wt %) 052 0.2 0.34 042 036 044
IRGACURE 819(wt %) 0.1 01 0102 011 01 0.1
tetrabutylammonium 0 0 0 0 029 0.26
acetate (wt %)
hydrophobic monomer 0 0 0 0 1291 12.73
(wt %)
hydrophobic sol-gel 0 0 0 528 0 0
(wt %)
nano-silicon dioxide 0 0 10 12 0 10
particles (wt %)
BYK3760(wt %) 0 0 0 0 0 1
pencil 3H 3H 4H 3H 3H 3H 3H
hardness 8H 8H 9H 8H 9H 9H 9H
test
bending test O ot X O O O
tested
Transmittance (%) 99.8 989 99.8 99.5 98 99.5

[0088] According to some embodiments of the present
disclosure, a display device is disposed with a cover layer.
The cover layer may form integrally on the thin-film encap-
sulation layer of the display device directly, without dam-
aging the display device (for example, organic light-emitting
element) and does not require an additional adhesive layer,
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thereby reducing the manufacturing cost and minimizing the
thickness of the display panel. The cover layer may be a
flexible hard coating that connects with the thin-film encap-
sulation layer tightly and has a good hardness, flexibility,
wearability and light transmittance.
[0089] The foregoing outlines features of several embodi-
ments so that those skilled in the art may better understand
the aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.
What is claimed is:
1. A manufacturing method for manufacturing a display
device, the manufacturing method comprising,
providing a dual-curable sol-gel composition, wherein the
dual-curable sol-gel composition comprises a silicon-
containing monomer, an aluminum-containing mono-
mer, a solvent, and a polymerization initiator;

applying the dual-curable sol-gel composition on a sutr-
face of a thin-film encapsulation layer of an organic
light-emitting element, wherein the thin-film encapsu-
lation layer comprises an aluminum-containing mate-
rial; and

curing the dual-curable sol-gel composition with a UV

radiation and at a curing temperature, thereby forming
a cover layer on the surface of the thin-film encapsu-
lation layer, wherein the curing temperature is a tem-
perature that does not damage the organic light-emit-
ting element.

2. The manufacturing method of claim 1, wherein the
dual-curable sol-gel composition is first subject to photo-
curing with the UV radiation, and followed by thermal-
curing at the curing temperature.

3. The manufacturing method of claim 1, wherein the
cover layer comprising a network structure, wherein the
network structure includes silicon, aluminum, and oxygen.

4. The manufacturing method of claim 1, wherein the
polymerization initiator comprises a photoinitiator and a
thermal curing agent.

5. The manufacturing method of claim 1, wherein the
curing temperature is below 150° C.

6. The manufacturing method of claim 1, wherein in the
dual-curable sol-gel composition, the weight ratio between
silicon and aluminum is 1:1 to 1:5.

7. The manufacturing method of claim 1, wherein the
cover layer has a light transmittance of no less than 85%.

8. The manufacturing method of claim 1, wherein the
dual-curable sol-gel composition has a pH of less than 7.

9. The manufacturing method of claim 1, wherein the
dual-curable sol-gel composition further comprises an addi-
tive, wherein the additive is selected from the group con-
sisting of a hydrophobic monomer, a nano-silicon dioxide,
and a combination thereof.

10. The manufacturing method of claim 1, wherein the
dual-curable sol-gel composition comprises an aluminum
alkoxide, a silicon alkoxide, an alcohol solvent, a photoini-
tiator, and a thermal curing agent.
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11. The manufacturing method of claim 10, wherein the
aluminum alkoxide is selected from the group consisting of
aluminum butoxyethoxide, aluminum-tri-sec butoxide, alu-
minum ethoxide, aluminum methoxide, and a combination
thereof.

12. The manufacturing method of claim 10, wherein the
silicon alkoxide comprises a (C5-C,,) carbon chain and a
reactive functional group, wherein the reactive functional
group is selected from the group consisting of vinyl group,
epoxy group, styryl group, methacryloxy group, acryloxy
group, amino group, ureide group, isocyanate group, iso-
cyanurate group, mercapto group, and a combination
thereof.

13. The manufacturing method of claim 10, wherein the
silicon alkoxide is selected from the group consisting of,
trimethoxysilane, vinyltriethoxysilane, 2-(3,4-epoxycyclo-
hexyl)ethyltrimethoxysilane, 3-glycidoxypropyl methyl-
dimethoxysilane, 3-glycidoxypropyl trimethoxysilane, 3-ep-
oxypropoxypropyl methyldiethoxysilane,
3-glycidoxypropyl triethoxysilane, 3-acryloxpropyl
trimethoxysilane, N-2-(aminoethyl)-3-aminopropyl, N-2-
(aminoethyl)-3-aminopropyltrimethoxy,  3-aminopropylt-
rimethyl, propyltriethoxysilane, 3-triethoxysilyl-N-(1,3-di-

methyl-butylidene) propylamine, N-phenyl-3-
aminopropyltrimethoxy, N-(vinylbenzyl)-2-aminoethyl-3-
aminopropyltrimethoxysilane hydrochloride,

3-ureidopropyltrialkoxysilane, 3-isocyanatepropyltriethox-
ysilane, tris-(trimethoxymethylsilane)isocyanurate, 3-mer-
captopropylmethyldimethoxysilane,  3-mercaptopropylt-
rimethoxysilane, and a combination thereof.

14. A display device, comprising,
an organic light-emitting element, comprising,
a circuit layer,
a pixel layer, formed on the circuit layer; and

a thin-film encapsulation layer, disposed on the pixel
layer,

wherein the thin-film encapsulation layer comprises an
aluminum-containing material; and

a cover layer, disposed on the thin-film encapsulation
layer of the organic light-emitting element, wherein the
cover layer comprises a silicon-containing unit, an
aluminum-containing unit, and a bridging unit connect-
ing the silicon-containing unit and the aluminum-con-
taining unit;

wherein, the aluminum-containing unit of the cover layer
is covalently bonded to the thin-film encapsulation
layer.

15. The display device of claim 14, wherein the alumi-
num-containing unit of the cover layer is covalently bonded
to aluminum of the aluminum-containing material in the
thin-film encapsulation layer.

16. The display device of claim 14, wherein the cover
layer comprises a repeating structure of the following for-
mula (I):

~X—Y—X—B— )
wherein, X represents the silicon-containing unit, Y rep-

resents the aluminum-containing unit, and B represents
the bridging unit.
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17. The display device of claim 14, wherein the cover
layer comprises the following formula (1I):

an

IR
Al—O0—Si—0—Si—0—Al
/ | | N\
R3 R*

wherein each of R', R?, R? and R* is independently

)\/O\Mn/

and n is an integer of 3-20.

18. The display device of claim 14, wherein in the cover
layer, the weight ratio between silicon and aluminum is 1:1
to 1:5.

19. The display device of claim 14, wherein the cover
layer is flexible.

20. The display device of claim 14, wherein the cover
layer has a light transmittance of no less than 85%.

® % % % %
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