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FIG. 6
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DISPLAY DEVICE AND METHOD OF
MANUFACTURING DISPLAY DEVICE

[0001] This application claims priority to Korean Patent
Application No. 10-2017-0002876, filed on Jan. 9, 2017,
and all the benefits accruing therefrom under 35 U. S.C. §
119, the content of which in its entirety is herein incorpo-
rated by reference.

BACKGROUND

1. Field

[0002] Embodiments of the invention relate to a display
device and a method of manufacturing the display device.

2. Description of the Related Art

[0003] A self-emission type display device, such as an
organic light-emitting display device, may include an
organic light-emitting element. The organic light-emitting
element may include two electrodes facing each other and an
organic light-emitting layer interposed therebetween. Elec-
trons and holes provided from the two electrodes are recom-
bined in the organic light-emitting layer to generate exci-
tons, and the generated excitons are shifted from an excited
state to a ground state, to emit light.

[0004] Since the organic light-emitting display device
may not use an additional light source, the organic light-
emitting display device is typically thin and lightweight, and
has low power consumption, high quality characteristics
such as a wide viewing angle, high luminance and contrast,
and a rapid response speed. Thus, the organic light-emitting
display device has attracted considerable attention as a
next-generation display device.

SUMMARY

[0005] In an organic light-emitting display device, the
electrodes and other various metal wirings thereof may
reflect the light incident thereto from the outside. Therefore,
when the organic light-emitting display device is used in a
bright place, it may be difficult to realize a full black tone
due to the reflection of external light, and the contrast
thereof may be lowered.

[0006] As a method of preventing the reflection of external
light, a configuration in which a polarizing element and a
phase delay element are disposed on a light-emitting layer
may be considered. However, when the polarizing element
is disposed on the light-emitting layer, there is a limitation
in that at least 50% of the light emitted from the light-
emitting layer is absorbed by the polarizing element, and
thus light utilization efficiency is lowered.

[0007] An embodiment of the invention is to provide a
display device, which improves color purity to improve
display quality, suppress the reflection of external light to
improve outdoor visibility, and maximizes the utilization
efficiency of light emitted by a light-emitting element to
improve luminance and reduce power consumption.

[0008] Another embodiment of the invention is to provide
a method of manufacturing a display device, which
improves color purity to improve display quality, suppress
the reflection of external light to improve outdoor visibility,
and maximizes the utilization efficiency of light emitted by
a light-emitting element to improve luminance and reduce
power consumption.
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[0009] According to an exemplary embodiment of the
invention, a display device, in which a first pixel and a
second pixel are defined, includes: a display panel including
a base substrate and a light-emitting element disposed on the
base substrate; a color filter layer disposed over the display
panel, where the color filter includes a first color filter
disposed in the first pixel and a second color filter disposed
in the second pixel; and a first organic layer disposed over
the display panel. where the first organic layer includes a
pigment or a dye. In such an embodiment, the first pixel
displays a first color, and the second pixel displays a second
color different from the first color, and the first organic layer
is integrally formed over the first pixel and the second pixel.
[0010] In an exemplary embodiment, the display panel
may further include a encapsulation layer disposed on the
light-emitting element, and wherein the display device may
further include: a first pattern electrode disposed between
the encapsulation layer and the color filter layer and extend-
ing in a first direction; and a second pattern electrode
disposed between the first pattern electrode and the color
filter layer, extending in a second direction intersecting the
first direction, where the first organic layer may be disposed
between the first pattern electrode and the second pattern
electrode in a way such that the first pattern electrode and the
second pattern electrode are insulated from each other by the
first organic layer.

[0011] In an exemplary embodiment, the first organic
layer may include an acrylic resin, an epoxy resin or a
polyimide resin.

[0012] In an exemplary embodiment, the display device
may further include: a second organic layer disposed
between the second pattern electrode and the color filter
layer, where the second organic layer may be integrally
formed over the first pixel and the second pixel, the second
organic layer may include a pigment or a dye, and the second
organic layer may be at least partially in direct contact with
the first organic layer.

[0013] In an exemplary embodiment, the first organic
layer may be disposed on the color filter layer, and the
display device may further include: an adhesive layer dis-
posed on the first organic layer; and a window disposed on
the adhesive layer.

[0014] In an exemplary embodiment, the display device
may further include: a second organic layer disposed over
the display panel, where he second organic layer may be
integrally formed over the first pixel and the second pixel,
and include a pigment or a dye.

[0015] In such an embodiment, a color exhibited by the
pigment or dye in the first organic layer and a color exhibited
by the pigment or dye in the second organic layer may be
complementary to each other.

[0016] In an exemplary embodiment, the light-emitting
element may include a first light-emitting element disposed
in the first pixel, where the first light-emitting element emits
first light having a single peak wavelength, and a second
light-emitting element disposed in the second pixel, where
the second light-emitting element emits second light exhib-
iting a different color from the first light and having a single
peak wavelength.

[0017] In an exemplary embodiment, the first color filter
may include a resin and a pigment dispersed in the resin, and
the content of the pigment in the first color filter may be in
a range of about 25 weight percent (wt %) to about 30 wt %
based on the total weight of the first color filter.
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[0018] In an exemplary embodiment, the first color filter
may have a regular taper shape.

[0019] In an exemplary embodiment, the first color filter
may further include a silicon-based compound or a fluorine-
based compound.

[0020] In an exemplary embodiment, the pigment in the
first organic layer may exist in the form of particles, and the
pigment in the first organic layer may include a black
pigment or a plurality of pigments exhibiting different colors
from each other.

[0021] In an exemplary embodiment, an average particle
size of the pigment in the first organic layer may be in a
range of about 50 nanometers (nm) to about 200 nm.

[0022] In an exemplary embodiment, the display device
may further include: a window disposed on the first organic
layer and the color filter layer, where an amount of external
light passed through the window and reaching the display
panel may be in a range of about 50% to about 70% of the
total amount of the external light.

[0023] In an exemplary embodiment, the light-emitting
element may include a first light-emitting element disposed
in the first pixel, where the first light-emitting element emits
first light having a single peak wavelength, and a second
light-emitting element disposed in the second pixel, where
the second light-emitting element emits second light having
a single peak wavelength less than the peak wavelength of
the first light. In such an embodiment, a ratio of an amount
of the first light emitted from the first light-emitting element
and passing through the window to an amount of the first
light emitted from the first light-emitting element may be
less than an ratio of an amount of the second light emitted
from the second light-emitting element and passing through
the window to an amount of the second light emitted from
the second light-emitting element.

[0024] In an exemplary embodiment, the display device
may further include: a window disposed on the first organic
layer and the color filter layer, where the external light
passed through the window and traveling toward the light-
emitting element may be in an unpolarized state.

[0025] According to another exemplary embodiment of
the invention, a method of manufacturing a display device,
in which a first pixel and a second pixel are defined,
includes: preparing a display panel including a base sub-
strate, light-emitting elements disposed over the base sub-
strate and disposed on the first pixel and the second pixel,
and an encapsulation layer disposed on the light-emitting
elements; and providing an organic layer including a pig-
ment or a dye on the encapsulation layer. In such an
embodiment, the first pixel displays a first color, and the
second pixel displays a second color different from the first
color, and the organic layer is integrally formed over the first
pixel and the second pixel.

[0026] In an exemplary embodiment, the method may
further include: providing a patterned color filter on the
organic layer after the providing the organic layer.

[0027] In an exemplary embodiment, the providing the
patterned color filter may include: applying a color filter
composition including the pigment and a curable monomer
onto the organic layer; exposing and developing the color
filter composition to form a patterned pre-color filter; and
baking the patterned pre-color filter at a temperature of
about 120° C. or lower, where the content of the pigment in
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the color filter composition may be in a range of about 5 wt
% to about 6 wt % based on the total weight of the color filter
composition.

[0028] In an exemplary embodiment, the light-emitting
element may include a first light-emitting element disposed
in the first pixel and emitting first light having a single peak
wavelength, and a second light-emitting element disposed in
the second pixel and emitting second light exhibiting a
different color from the first light and having a single peak
wavelength, and the patterned color filter may be disposed
in the first pixel.

[0029] In an exemplary embodiment, the method may
further include: providing a patterned color filter on the
encapsulation layer after the preparing the display panel and
before the providing the organic layer, where the organic
layer may be at least partially in direct contact with the
patterned color filter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other features of the invention will
become more apparent by describing in detail exemplary
embodiments thereof with reference to the attached draw-
ings, in which:

[0031] FIG. 1 is a cross-sectional view of a display device
according to an embodiment of the invention;

[0032] FIG. 2 is an exploded perspective view of an
embodiment of the touch unit of FIG. 1;

[0033] FIG. 3 is a cross-sectional view showing the prin-
ciple of suppressing the reflection of external light by the
display device of FIG. 1,

[0034] FIG. 4 is a cross-sectional view of a display device
according to an alternative embodiment of the invention;
[0035] FIGS. 5 and 6 are cross-sectional views of display
devices according to other alternative embodiments; and
[0036] FIGS. 7 to 19 are cross-sectional views showing a
method of manufacturing a display device according to an
embodiment of the invention.

DETAILED DESCRIPTION

[0037] Features of the invention and methods of accom-
plishing the same may be understood more readily by
reference to the following detailed description of preferred
embodiments and the accompanying drawings. The inven-
tion may, however, be embodied in many different forms and
should not be construed as being limited to the embodiments
set forth herein. Rather, these embodiments are provided so
that this disclosure will be thorough and complete and will
fully convey the concept of the invention to those skilled in
the art, and the invention will only be defined by the
appended claims.

[0038] It will be understood that when an element or layer
is referred to as being “on,” “connected to” or “coupled to”
another element or layer, the element or layer can be directly
on, connected or coupled to another element or layer or
intervening elements or layers. In contrast, when an element
is referred to as being “directly on,” “directly connected to”
or “directly coupled to” another element or layer, there are
no intervening elements or layers present. As used herein,
connected may refer to elements being physically, electri-
cally and/or fluidly connected to each other.

[0039] Like numbers refer to like elements throughout. As
used herein, the term “and/or” includes any and all combi-
nations of one or more of the associated listed items.
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[0040] Tt will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another element, component, region, layer or
section. Thus, a first element, component, region, layer or
section discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings of the invention.

[0041] Spatially relative terms, such as “below,” “lower,”
“under,” “above,” “upper” and the like, may be used herein
for ease of description to describe the relationship of one
element or feature to another element(s) or feature(s) as
illustrated in the figures. It will be understood that 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. For example, if the
device in the figures is turned over, elements described as
“below” or “beneath” relative to other elements or features
would then be oriented “above” relative to the other ele-
ments or features. Thus, the exemplary term “below” can
encompass both an orientation of above and below. The
device may be otherwise oriented (rotated 90 degrees or at
other orientations) and the spatially relative descriptors used
herein interpreted accordingly.

[0042] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an”
and “the” are intended to include the plural forms as well,
including “at least one,” unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises,” “comprising,” “includes” and/or “including,”
when used in this specification, specify the presence of
stated features, integers, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
or more other features, integers, steps, operations, elements,
components, and/or groups thereof “At least one” is not to
be construed as limiting “a” or “an.” “Or” means “and/or.”
As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
[0043] “About” or “approximately” as used herein is
inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system).

[0044] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0045] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be

29
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expected. Thus, embodiments described herein should not
be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated
in the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the present claims.
[0046] In this specification, a first direction X means any
one direction in a plane, a second direction Y means a
direction intersecting the first direction X in the plane, and
a third direction Z means a direction perpendicular to the
first and second directions X and Y or the plane.

[0047] Hereinafter, embodiments of the invention will be
described with reference to the accompanying drawings.
[0048] FIG. 1 is a cross-sectional view of a display device
according to an embodiment of the invention. FIG. 2 is an
exploded perspective view of an embodiment of the touch
unit of FIG. 1.

[0049] Referring to FIGS. 1 and 2, an embodiment of a
display device 10 may include a display panel 100 and a
touch unit 200.

[0050] The display device 10 includes a plurality of pixels.
Each of the pixels may display one of primary colors to
implement the color display. The plurality of pixels include
a first pixel PXa for displaying a first color, a second pixel
PXb for displaying a second color having a shorter wave-
length than the first color, and a third pixel PXc for display-
ing a third color having a shorter wavelength than the second
color. In an exemplary embodiment, the first pixel PXa is a
red pixel for displaying a red color, the second pixel PXb is
a green pixel for displaying a green color, and the third pixel
PXc is a blue pixel for displaying a blue color. The first pixel
PXa, the second pixel PXb, and the third pixel PXc may be
arranged in a planar matrix form while constituting a pixel
unit for color display. Hereinafter, the components of the
display panel 100 will be described in detail.

[0051] The display panel 100 includes a base substrate
110, one or more light-emitting elements (e.g., light-emitting
devices) 150a, 1505 and 150¢ disposed on a surface (e.g., an
upper surface) of the base substrate 110, a thin film transistor
120 providing driving signals for driving the light-emitting
elements 150a, 1505 and 150¢, and an encapsulation layer
170 disposed to cover or seal the light-emitting elements
1504, 1505 and 150c.

[0052] The base substrate 110 may be a transparent or
opaque insulating substrate. In some embodiments, the base
substrate 110 may have flexibility. In one embodiment, for
example, the base substrate 110 may be a glass film or a
plastic film such as a polyimide film, a polycarbonate film,
a polyethersulfone film, a polyethylene terephthalate film, or
a polyacrylate film.

[0053] A barrier layer 115 may be disposed on the base
substrate 110. The barrier layer 115 may effectively prevent
the penetration of impurities or moisture. The barrier layer
115 may include or be made of silicon nitride (SiN), silicon
oxide (Si0,), silicon nitroxide (SiN,0,), or silicon oxyni-
tride (SiO,N)).

[0054] At least one thin film transistor 120 may be dis-
posed on the barrier layer 115. The thin film transistor 120
may include a gate electrode 122 that functions as a control
terminal, a source electrode 123 that functions as an input
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terminal, a drain electrode 124 that functions as an output
terminal, and an active layer 121 in which a channel is
formed. The thin film transistor 120 may provide a current
or voltage for driving the light-emitting element in a specific
pixel.

[0055] The active layer 121 may be disposed on the barrier
layer 115. The active layer 121 may include a semiconductor
material. In one embodiment, for example, the active layer
121 may include polycrystalline silicon or the like. How-
ever, the invention is not limited thereto. In an alternative
embodiment, the active layer may include monocrystalline
silicon or amorphous silicon, or may include or be made of
an oxide semiconductor or a semiconductor other than
silicon.

[0056] The gate electrode 122 may be disposed on the
active layer 121. The gate electrode 122 may be disposed to
overlap a channel region of the active layer 121. The gate
electrode 122 may be electrically connected with the output
terminal of a switching element (not shown) that controls the
on/off operation of a specific pixel. The gate electrode 122
may include or be made of aluminum (Al), molybdenum
(Mo), copper (Cu), or an alloy thereof. The gate electrode
122 may have a single layer structure or a multi-layer
structure.

[0057] A first insulating layer 131 is interposed between
the active layer 121 and the gate electrode 122 to insulate the
active layer 121 and the gate electrode 122 from each other.
The first insulating layer 131 may include or be made of an
inorganic insulating material such as silicon nitride, silicon
oxide, silicon nitroxide, or silicon oxynitride.

[0058] In such an embodiment, a second insulating layer
132 may be disposed on the gate electrode 122. The second
insulating layer 132 may include or be made of an inorganic
insulating material such as silicon nitride, silicon oxide,
silicon nitroxide, or silicon oxynitride, or an organic insu-
lating material such as an acrylate resin or a polyimide resin.
The second insulating layer 132 may have a single layer
structure or a multi-layer structure. Contact hole are defined
or formed in the first insulating layer 131 and the second
insulating layer 132 to expose at least a part of the active
layer 121.

[0059] The source electrode 123 and the drain electrode
124 may be disposed on the second insulating layer 132. The
source electrode 123 may be disposed to overlap the source
region of the active layer 121, and the drain electrode 124
may be disposed to overlap the drain region of the active
layer 121. The source electrode 123 and the drain electrode
124 may be electrically connected to the active layer 121
through the contact holes defined in the first insulating layer
131 and the second insulating layer 132, respectively. The
source electrode 123 may be electrically connected to a
driving voltage line (not shown), and the drain electrode 124
may be electrically connected to a pixel electrode.

[0060] A planarization layer 140 may be disposed on the
source electrode 123 and the drain electrode 124. The
planarization layer 140 may protect the source electrode
123, the drain electrode 124 and the like, and may have a flat
upper surface to planarize the components disposed ther-
ebelow and stacked on the base substrate 110. The planariza-
tion layer 140 may include an organic material. In one
embodiment, for example, the planarization layer 140 may
include an organic material, such as an acrylic resin, an
epoxy resin, a polyimide resin or a polyester resin.
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[0061] The plurality of light-emitting elements 150a, 1505
and 150¢ may be disposed on the planarization layer 140.
The light-emitting elements 150a, 1505 and 150¢ may be
organic light-emitting elements. The organic light-emitting
elements include a first light-emitting element 150a dis-
posed in the first pixel PXa, a second light-emitting element
1505 disposed in the second pixel PXb, and a third light-
emitting element 150¢ disposed in the third pixel PXc. The
first light-emitting element 1504, the second light-emitting
element 1504 and the third light-emitting element 150¢ may
emit light having different colors from each other.

[0062] The first light-emitting element 150a includes a
first pixel electrode 151a, a common electrode 153 disposed
on the first pixel electrode 151¢, and a first organic light-
emitting layer 152a interposed between the first pixel elec-
trode 1514 and the common electrode 153. The first pixel
electrode 151a may be an anode electrode, and the common
electrode 153 may be a cathode electrode. The first pixel
electrode 151a may be electrically connected with the drain
electrode 124 of the thin film transistor 120 through a
contact hole defined in the planarization layer 140.

[0063] The anode electrode may include a conductive
material having a relatively larger work function than the
cathode electrode. The first pixel electrode 151a may be a
transparent electrode, an opaque electrode, or a laminated
structure of a transparent electrode and an opaque electrode.
In one embodiment, for example, the material of the trans-
parent electrode may be indium tin oxide (“ITO”), indium
zinc oxide (“IZ0”), zinc oxide or indium oxide, and the
material of the opaque electrode may be Li, Al, Mg, Ag, Ni,
or Cr. The first pixel electrode 151¢ may be disposed in each
of predetermined pixels, e.g., each of the first pixels PXa.

[0064] The cathode electrode may include a conductive
material having a relatively smaller work function than the
anode electrode. The common electrode 153 may drive the
light-emitting element together with the pixel electrodes that
facing the common electrode 153. The common electrode
153 may be a transparent electrode, an opaque electrode, or
a laminated structure of a transparent electrode and an
opaque electrode. The common electrode 153 may be dis-
posed substantially on the entire surface of the display panel
100 without distinguishing the pixels. In an embodiment, the
common electrode 153 may be integrally formed in the first
pixel PXa, the second pixel PXb, and the third pixel PXc as
a single unitary and indivisible unit.

[0065] The first organic light-emitting layer 152a may be
interposed between the first pixel electrode 151a and the
common electrode 153. The first organic light-emitting layer
152a may recombine holes and electrons transferred from
the first pixel electrode 1514 and the common electrode 153
to generate light. When holes and electrons are provided to
the first organic light-emitting layer 152a, the holes and
electrons are recombined to form excitons, and the excitons
may emit light while shifting from the excited state to the
ground state. In an exemplary embodiment, the first organic
light-emitting layer 1524 may be an organic light-emitting
layer that emits red light. In one embodiment, for example,
the first organic light-emitting layer 152¢ may emit light
having a single peak wavelength located within a wave-
length range of about 610 nanometers (nm) to about 650 nm.
About 80% or more of the light emitted by the first organic
light-emitting layer 1524 may be included in the range of
about 610 nm to about 650 nm.
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[0066] Although not shown in the drawings, in some
embodiments, The first light-emitting element 150a may
further include a functional layer, such as a hole injection
layer (“HIL”), a hole transport layer (“HTL”), an electron
injection layer (“FIL”") or an electron transfer layer (“ETL”),
which is interposed between the first pixel electrode 151a
and the common electrode 153.

[0067] The second light-emitting element 1505 may
include a second pixel electrode 1515, a common electrode
153 disposed on the second pixel electrode 1515, and a
second organic light-emitting layer 1525 interposed between
the second pixel electrode 1515 and the common electrode
153. The third light-emitting element 150¢ may include a
third pixel electrode 151¢, a common electrode 153 disposed
on the third pixel electrode 151¢, and a third organic
light-emitting layer 152¢ interposed between the third pixel
electrode 151¢ and the common electrode 153. In an
embodiment, as shown in FIG. 1, the second pixel electrode
1515 and the third pixel electrode 151¢ may be electrically
connected to corresponding thin film transistors through the
contact holes defined in the planarization layer 140, respec-
tively.

[0068] The second pixel electrode 1515 and the third pixel
electrode 151¢ may include or be made of substantially the
same material as the first pixel electrode 151a. The second
pixel electrode 1515 and the third pixel electrode 151¢ may
be disposed in predetermined pixels, respectively. In an
embodiment, the second pixel electrode 15156 may be dis-
posed in each of the second pixels PXb, and the third pixel
electrode 151¢ may be disposed in each of the third pixel
PXc.

[0069] The second organic light-emitting layer 1526 may
be interposed between the second pixel electrode 1515 and
the common electrode 153. The second organic light-emit-
ting layer 1525 may recombine holes and electrons trans-
ferred from the second pixel electrode 1515 and the common
electrode 153 to generate light. In an exemplary embodi-
ment, the second organic light-emitting layer 1525 may be
an organic light-emitting layer that emits green light. In one
embodiment, for example, the second organic light-emitting
layer 1525 may emit light having a single peak wavelength
located within a wavelength range of about 530 nm to about
570 nm. About 80% or more of the light emitted by the
second organic light-emitting layer 15256 may be included in
the range of about 530 nm to about 570 nm.

[0070] The third organic light-emitting layer 152¢ may be
interposed between the third pixel electrode 151¢ and the
common electrode 153. The third organic light-emitting
layer 152¢ may recombine holes and electrons transferred
from the third pixel electrode 151¢ and the common elec-
trode 153 to generate light. In an exemplary embodiment,
the third organic light-emitting layer 152¢ may be an organic
light-emitting layer that emits blue light. In one embodi-
ment, for example, the third organic light-emitting layer
152¢ may emit light having a single peak wavelength
located within a wavelength range of about 430 nm to about
470 nm. About 80% or more of the light emitted by the third
organic light-emitting layer 152¢ may be included in the
range of about 430 nm to about 470 nm.

[0071] In an alternative embodiment, all of the first light-
emitting element 150q, the second light-emitting element
1505 and the third light-emitting element 150¢ may emit
light having a same color as each other. In one embodiment,
for example, the first light-emitting element 150q, the sec-
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ond light-emitting element 1505 and the third light-emitting
element 150¢ may be organic light-emitting elements that
emit white light.

[0072] A pixel defining layer 160 may be disposed on the
first pixel electrode 1514, the second pixel electrode 1515
and the third pixel electrode 151¢. The pixel defining layer
160 may serve to separate the respective pixels PXa, PXb
and PXc, or define each pixel area. The pixel defining layer
160 may be disposed to expose at least a part of the first pixel
electrode 151a, the second pixel electrode 1515 and the third
pixel electrode 151c.

[0073] In such an embodiment, when from a plan view
(e.g., a top plan view or a plan view in the thickness
direction of the base substrate 110), openings exposing the
respective pixel electrodes 1514, 1515 and 151¢ be defined
through the pixel defining layer 160. The first organic
light-emitting layer 1524, the second organic light-emitting
layer 1525 and the third organic light-emitting layer 152¢ are
located in the openings, respectively, and the common
electrode 153 may be disposed on the pixel defining layer
160, and may be integrally formed as a single unitary and
indivisible unit over the pixels. The pixel defining layer 160
may include an organic material such as a polyacrylic resin
or a polyimide resin.

[0074] An encapsulation layer 170 may be disposed over
the pixel defining layer 160. The encapsulation layer 170
may be disposed on the light-emitting elements 150a, 1505,
and 150c¢ to seal the light-emitting elements 1504, 1505, and
150¢ to prevent impurities or moisture from penetrating
therethrough from an outside of the display panel 100. The
encapsulation layer 170 may include a first encapsulation
layer 171 and a second encapsulation layer 172. The first
encapsulation layer 171 may include an organic material
such as an acrylic resin or an epoxy resin, and the second
encapsulation layer 172 may include an inorganic material
such as silicon nitride, silicon oxide, silicon nitroxide, or
silicon oxynitride. In an embodiment, as shown in FIG. 1,
the encapsulation layer 170 has a two-layer structure in
which the first encapsulation layer 171 including an organic
material and the second encapsulation layer 172 including
an inorganic material are laminated, but not being limited
thereto. In an alternative embodiment, the encapsulation
layer 170 may have a single layer structure, or may have a
multi-layer structure with three or more layers. In an
embodiment, where the encapsulation layer 170 has a single
layer structure, the encapsulation layer 170 may include an
inorganic material. In another alternative embodiment, the
encapsulation layer 170 may include an encapsulation sub-
strate.

[0075] The touch unit 200 may be disposed on the encap-
sulation layer 170. The touch unit may sense a touch by a
part of a user’s body or a stylus pen. The touch unit 200 may
include a first pattern electrode 211, a second pattern elec-
trode 212 disposed over the first pattern electrode 211 to be
insulated from the first pattern electrode 211, a third insu-
lating layer 230 interposed between the first pattern elec-
trode 211 and the second pattern electrode 212, and a fourth
insulating layer 250 disposed on the second pattern electrode
212.

[0076] The first pattern electrode 211 may extend in a first
direction X and may be spaced in a second direction Y, and
the first pattern electrode 211 may be provided in plural. The
first pattern electrode 211 may be a touch electrode that
transmits the sensed touch signal in the first direction X. The
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first pattern electrode 211 may include an extension portion
211a having a predetermined area and a connecting portion
2115 connecting the extension portions 211a to each other.
The extension portion 2114 is a portion having a width wider
than a width of the connecting portion 2115. The planar
shape of the extension portion 211a may be a rhombic shape,
but is not limited thereto, and alternatively, may be a circle
or a polygonal shape such as a rectangle. In some embodi-
ments, the first pattern electrode 211 may be formed on the
encapsulation layer 170 by direct deposition and patterning.

[0077] The second pattern electrode 212 may be disposed
over the first pattern electrode 211. The second pattern
electrode 212 may extend in the second direction Y and may
be spaced in the first direction X, and second pattern
electrode 212 may be provided in plural. The second pattern
electrode 212 may be a touch electrode that transmits the
sensed touch signal in the second direction Y. The second
pattern electrode 212 may include an extension portion 212a
having a predetermined area and a connecting portion 2125
connecting the extension portions 212« to each other. In
some embodiments, the second pattern electrode 212 may be
formed on the third insulating layer 230 by direct deposition
and patterning.

[0078] The third insulating layer 230 may insulate the first
pattern electrode 211 and the second pattern electrode 212
from each other. The third insulating layer 230 may be an
organic insulating layer including an organic material, such
as an acrylic resin, an epoxy resin or a polyimide resin. The
third insulating layer 230 may be integrally formed over the
plurality of pixels PXa, PXb and PXc as a single unitary and
indivisible unit. In one embodiment, for example, the third
insulating layer 230 may be formed over the entire surface
of the base substrate 110 to cover the entire pixels PXa, PXb
and PXc.

[0079] The fourth insulating layer 250 may be disposed on
the second pattern electrode 212 to insulate the second
pattern electrode 212 and the components disposed on the
fourth insulating layer 250 from each other. The fourth
insulating layer 250 may have a flat surface to planarize the
upper portion of the second pattern electrode 212. At least a
portion of the fourth insulating layer 250 may be in direct
contact with the third insulating layer 230. The fourth
insulating layer 250 may be an organic insulating layer
including an organic material, such as an acrylic resin, an
epoxy resin or a polyimide resin. The fourth insulating layer
250 may be integrally formed over the plurality of pixels
PXa, PXb and PXc as a single unitary and indivisible unit.
In one embodiment, for example, the fourth insulating layer
250 may be formed over the entire surface of the base
substrate 110 to cover the entire pixels PXa, PXb, and PXc.

[0080] The third insulating layer 230 and the fourth insu-
lating layer 250 will be described in detail later together with
an overcoat layer 350.

[0081] A light-blocking member 310 may be disposed on
the fourth insulating layer 250. The light-blocking member
310 may absorb or reflect at least a part of incident light to
prevent light from being transmitted therethrough. The light-
blocking member 310 may be, for example, a black matrix.

[0082] The light-blocking member 310 may have a planar
lattice shape. The light-blocking member 310 is disposed at
a boundary between the pixels PXa, PXb and PXc, and may
suppress the color mixing defect of red light emitted from
the first light-emitting element 150a, green light emitted

Jul. 12,2018

from the second light-emitting element 1505 and blue light
emitted from the third light-emitting element 150c.

[0083] Color filter layer 330, 33056 and 330c may be
disposed on the light-blocking member 310 and the fourth
insulating layer 250. The color filter layer 330a, 3305 and
330¢ includes a first color filter 330a disposed in the first
pixel PXa, a second color filter 3305 disposed in the second
pixel PXb, and a third color filter 330¢ disposed in the third
pixel PXc.

[0084] The first color filter 330a selectively transmits only
a specific wavelength band of light. The first color filter 330a
may selectively transmit light of substantially the same color
as the light emitted by the first light-emitting element 150q.
In one embodiment, for example, when the first light-
emitting element 150a emits a red light, the first color filter
330a¢ may selectively transmit only an intrinsic wavelength
of the red light and absorb the remaining wavelength band
of the red light.

[0085] The first color filter 330¢ may include an acrylic
resin and/or an epoxy resin and a red pigment dispersed in
the resin. The content of the red pigment in the first color
filter 330a may be in the range of about 25 weight percent
(wt %) to about 30 wt % based on the total weight of the first
color filter 330a. When the content of the red pigment is
about 25 wt % or more, the first color filter 3304 may have
sufficient transmission selectivity for light of a specific
wavelength band. When the content of the red pigment is
about 30 wt % or less, the curing of the color filter may be
easily performed even though a baking process is performed
at arelatively low temperature as in a manufacturing method
to be described later, so that processability may be
improved, and a first color filter 330a having a regular taper
shape may be realized. In one embodiment, for example, the
first color filter 330a may not substantially include a black
pigment and a gray pigment.

[0086] In an embodiment, the first color filter 330¢ may
have a regular taper shape. In such an embodiment, the
planar area of the surface of the first color filter 330a facing
the display panel 100 (that is, the lower surface in the
drawing) may be larger than that of the surface of the first
color filter 330a facing a window 370 (that is, the upper
surface in the drawing), and the sidewalls of the first color
filter 330a may have an inclination. Accordingly, an air layer
or the like may be effectively prevented from being trapped
between the first color filter 330a and the component there-
under, for example, the light-blocking member 310 or the
fourth insulating layer 250.

[0087] The second color filter 3305 selectively transmits
only a specific wavelength band of light. The second color
filter 3305 may selectively transmit light of substantially the
same color as the light emitted by the second light-emitting
element 1505. In one embodiment, for example, when the
second light-emitting element 1505 emits a green light, the
second color filter 3305 may selectively transmit only an
intrinsic wavelength of the green light and absorb the
remaining wavelength band of the green light.

[0088] The second color filter 3305 may include an acrylic
resin and/or an epoxy resin and a green pigment dispersed in
the resin. The content of the green pigment in the second
color filter 3305 may be in the range of about 25 wt % to
about 30 wt % based on the total weight of the second color
filter 3305. When the content of the red pigment is about 25
wt % or more, the second color filter 33056 may have
sufficient transmission selectivity for light of a specific
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wavelength band. When the content of the green pigment is
about 30 wt % or less, processability may be improved, and
a second color filter 3305 having a regular taper shape may
be realized. In one embodiment, for example, the second
color filter 3305 may not substantially include a black
pigment and a gray pigment.

[0089] The second color filter 3305 may have a regular
taper shape. In such an embodiment, the planar area of the
lower surface of the second color filter 3305 facing the
display panel 100 may be larger than that of the upper
surface of the second color filter 3305 facing the window
370, and the sidewalls of the second color filter 3305 may
have an inclination.

[0090] The third color filter 330¢ selectively transmits
only a specific wavelength band of light. The third color
filter 330¢ may selectively transmit light of substantially the
same color as the light emitted by the third light-emitting
element 150c. In one embodiment, for example, when the
third light-emitting element 150¢ emits a blue light, the third
color filter 330c may selectively transmit only an intrinsic
wavelength of the blue light and absorb the remaining
wavelength band of the blue light.

[0091] The third color filter 330¢ may include an acrylic
resin and/or an epoxy resin and a blue pigment dispersed in
the resin. The content of the blue pigment in the third color
filter 330c may be in the range of about 25 wt % to 30 wt
% based on the total weight of the third color filter 330c.
When the content of the blue pigment is about 25 wt % or
more, the third color filter 330¢ may have sufficient trans-
mission selectivity for light of a specific wavelength band.
When the content of the blue pigment is about 30 wt % or
less, processability may be improved, and a third color filter
330c¢ having a regular taper shape may be realized. In one
embodiment, for example, the third color filter 330¢ may not
substantially include a black pigment and a gray pigment.
[0092] The third color filter 330¢ may have a regular taper
shape. That is, the planar area of the lower surface of the
third color filter 330¢ facing the display panel 100 may be
larger than that of the upper surface of the third color filter
330¢ facing the window 370, and the sidewalls of the third
color filter 330¢ may have an inclination.

[0093] The first color filter 330a, the second color filter
3305 and the third color filter 330¢ may improve the color
purity of the light emitted by the light-emitting elements
150a, 1505 and 150¢, may absorb at least a part of the
wavelength band of the external light passing through the
color filters (e.g., the color filter layer), and may absorb at
least a part of the wavelength band of the reflected light
reflected by the electrode in the display panel 100, to
suppress the reflection due to the external light. In some
embodiments, the first color filter 330a, the second color
filter 3305 and/or the third color filter 330¢ may further
include a silicon-based compound and/or a fluorine-based
compound.

[0094] An overcoat layer 350 may be disposed on the
color filter layer 330a. 3305 and 330c. The overcoat layer
350 may be in direct contact with the color filter layer 3304,
3305 and 330c¢. The overcoat layer 350 may be an organic
layer including an organic material such as an acrylic resin,
an epoxy resin, or a polyimide resin. The method of forming
the overcoat layer 350 is not particularly limited, but may be
performed, for example, through a coating process. The
overcoat layer 350 may be integrally formed over the
plurality of pixels PXa, PXb and PXc as a single unitary and
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indivisible unit. In one embodiment, for example, the over-
coat layer 350 may be formed over the entire surface of the
base substrate 110 to cover the entire pixels PXa, PXb and
PXec.

[0095] At least one of the third insulating layer 230, the
fourth insulating layer 250 and the overcoat layer 350 may
include at least one of a pigment P, and a dye (not shown)
dispersed in the organic material forming each of the layers.
FIG. 1 illustrates an embodiment where all of the third
insulating layer 230, the fourth insulating layer 250 and the
overcoat layer 350 include the pigment P, but not being
limited thereto. Alternatively, the pigments in some of the
third insulating layer 230, the fourth insulating layer 250 and
the overcoat layer 350 may be omitted. The pigment P,
absorbs at least a part of the light passing through the third
insulating layer 230, the fourth insulating layer 250 or the
overcoat layer 350, thereby reducing the light transmittance
of each of the layers. In one embodiment, for example, the
pigment P, may be a black pigment such as carbon black, or
may be a gray pigment.

[0096] In an exemplary embodiment, the pigment in the
third insulating layer 230, the pigment in the fourth insu-
lating layer 250 and the pigment in the overcoat layer 350
may be only a black pigment and/or a gray pigment.
[0097] In an embodiment, where the pigment P, exists in
the form of particles, the average particle size of the pigment
P, is not particularly limited. In one embodiment, for
example, the pigment P, may have an average particle size
of, for example, about 50 nm to 200 nm. When the average
particle size of the pigment P, is about 50 nm or more, the
pigment P, may have a sufficient degree of light absorbing
characteristics. When the average particle size of the pig-
ment P, is about 200 nm or less, the pigment P, may have
high dispersion characteristics in an organic material with-
out causing color mixing defects due to light scattering.
[0098] A window 370 may be disposed over the overcoat
layer 350 with an adhesive layer 390 interposed therebe-
tween. The window 370 may be a window glass disposed on
the entire front surface of the display device 10 to protect the
display panel 100 and the like and form a display surface on
which an image is viewed. The window 370 may include or
be made of a material having high transmittance and high
durability. In an embodiment, the window 370 may be a
multi-layer structure in which a plurality of layers is stacked.
The adhesive layer may be in direct contact with the
overcoat layer 350 and the window 370 to attach the
overcoat layer 350 and the window 370. In an exemplary
embodiment, the adhesive layer 390 may include or be made
of a pressure-sensitive adhesive, but the invention is not
limited thereto.

[0099] Hereinafter, the principle of suppressing the reflec-
tion of external light by the display device 10 according to
an embodiment will be described in detail with reference to
FIG. 3. FIG. 3 is a cross-sectional view showing the prin-
ciple of suppressing the reflection of external light by the
display device of FIG. 1.

[0100] Referring to FIGS. 1to 3, at least a part of the light
L, emitted by an external light source located above the
window 370 passes through the window 370 and travels
toward the display panel 100 (e.g., light L,), and the
reflected light L, reflected by the electrodes and the like in
the display panel 100 passes through the window 370 again,
and the reflected light [; may be viewed by a viewer through
the window 370. FIG. 3 illustrates a case in which external
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light is reflected by the common electrode 153. However, the
invention is not limited thereto, and the reflection of external
light may be caused by the electrodes in the display panel
100, wirings, organic layers, and/or interfaces of each of the
layers.

[0101] In an exemplary embodiment, the amount of exter-
nal light L, and L, passed through the window 370 and
reaching the display panel 100 may be about 50% to 70% of
the total amount of the light L, emitted from the external
light source. That is, the light absorption rate of the window
370 and the touch unit 200 may be about 30% to 50%.
[0102] The amount of the light L, reflected by the display
panel 100 and viewed by the viewer is about 50% to 70% of
the amount of the light L, passed through the window 370
from the external light source and reaching the display panel
100. A predetermined light transmittance reduction may be
achieved by interposing at least one organic layer dispersed
with a black pigment or a gray pigment between the viewer
and the display panel 100 where the main reflection to the
external light [, is conducted, thereby suppressing the
reflection of external light.

[0103] At least a part of the light L, emitted by an external
light source passes through the window 370 and travels
toward the display panel 100 (e.g., light L,), and the
reflected light L reflected by the electrodes and the like in
the display panel 100 may be blocked by the color filter layer
330a, 33056 and 330c. In one embodiment, for example, the
external light L, exhibiting a white color may pass through
the second color filter 3304 to allow only the green light [,
to reach the display panel 100, and the green light reflected
by the display panel 100 may be absorbed by the third color
filter 330c¢ that selectively transmits only the blue intrinsic
wavelength to allow the green light not to pass through the
third color filter 330c. Thereby, the reflection of external
light may be suppressed.

[0104] In such an embodiment, the light L, emitted by a
light-emitting device, for example, the third light-emitting
element 150¢, may pass through the third color filter 330¢
and the window 370 to contribute to image display.

[0105] The ratio of the amount of red light contributing to
image display to the total amount of red light emitted from
the first light-emitting element 150a may be less than the
ratio of the amount of green light contributing to image
display to the total amount of green light emitted from the
second light-emitting element 1504. Further, the ratio of the
amount of green light contributing to image display to the
total amount of green light emitted from the second light-
emitting element 1505 may be less than the ratio of the
amount of blue light contributing to image display to the
total amount of blue light emitted from the third light-
emitting element 150c.

[0106] In an embodiment, as described above, the display
device 10 including the color filter layer 330a, 3306 and
330¢ and the pigment P, has an effect of enhancing lumi-
nance as well as a function of suppressing the reflection of
external light without including an additional polarizing
element conventionally provided between the display panel
100 and the window 370 to suppress the reflection of
external light. In such an embodiment, not only the color
filter layer 330qa, 3305 and 330¢ but also one or more organic
layers 230, 250 and 350 contribute to suppressing the
reflection of external light, thereby relatively reducing the
content of the pigment in the color filter, and thus color
filters having a regular taper shape may be easily formed.
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[0107] In an embodiment, the external light L, and T,
passed through the window 370 and traveling toward the
display panel 100, for example, the external light I, and T,
passed through the window 370 and traveling toward the
light-emitting element, may be light in a substantially unpo-
larized state. Here, the light in the unpolarized state means
light in a state in which the light is not composed of only a
polarized component vibrating in a specific direction, that is,
light in a state in which the light includes linearly polarized
components or circularly polarized components vibrating in
various directions. Therefore, the light contributing to image
display may maintain the unpolarized state and have an
effect of improving the display quality of the display device
10 without providing an additional layer having a polariza-
tion canceling function in front of the display device 10.
[0108] Hereinafter, alternative embodiments of the inven-
tion will be described. However, a description of substan-
tially the same configuration as the embodiment according
to FIG. 1 and the like will be omitted, which will be apparent
to those skilled in the art from the accompanying drawings.
[0109] FIG. 4 is a cross-sectional view of a display device
according to an alternative embodiment of the invention.
[0110] The display device 11 shown in FIG. 4 is substan-
tially the same as the display device 10 shown in FIG. 1
except that at least one of the third insulating layer 231,
fourth insulating layer 251 of a touch unit 201 and overcoat
layer 351 of the display device 11 may include at least one
of a pigment and a dye dispersed in the organic material
forming each of the layers, and the pigment in each of the
layers include a plurality of pigments P, and P, or dyes
exhibiting different colors from each other.

[0111] In one embodiment, for example, the third insulat-
ing layer 231 may include a second pigment P, and a third
pigment P, that exhibit different colors from each other. In
an exemplary embodiment, the color exhibited by the sec-
ond pigment P, and the color exhibited by the third pigment
P, may be substantially complementary to each other. In
such an embodiment, the pigment in the third insulating
layer 231 may be composed of only the second pigment P,
and the third pigment P;. In one embodiment, for example,
the second pigment P, may be a green pigment and the third
pigment P, may be a magenta pigment, the second pigment
P, may be a blue pigment and the third pigment P, may be
a yellow pigment, or the second pigment P, may be a red
pigment and the third pigment P, may be a cyan pigment.
The second pigment P, and the third pigment P, may be
mixed with each other to reduce transmittance without
substantially changing the color of the transmitted light.
[0112] In such an embodiment, the fourth insulating layer
251 and the overcoat layer 351 may v the second pigment P,
and the third pigment P, which exhibit different colors from
each other. In an exemplary embodiment, the color exhibited
by the second pigment P, and the color exhibited by the third
pigment P, may be complementary to each other.

[0113] In another alternative embodiment, one or two
layers of the third insulating layer 231, the fourth insulating
layer 251 and the overcoat layer 351 may not substantially
include a pigment or a dye. In such an embodiment, at least
one of the third insulating layer 231, the fourth insulating
layer 251 and the overcoat layer 351 may include a black
pigment or gray pigment.

[0114] FIG. 5 is a cross-sectional view of a display device
according to another alternative embodiment of the inven-
tion.
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[0115] The display device 12 shown in FIG. 5 is substan-
tially the same as the display device 10 shown in FIG. 1
except that the third insulating layer 232, fourth insulating
layer 252 of a touch unit 202 and overcoat layer 352 of the
display device 12 include pigments P,, P, and P, or dyes,
respectively.

[0116] Inoneembodiment, for example, the overcoat layer
352 may include a first pigment P,, the fourth insulating
layer 252 may include a second pigment P,, and the third
insulating layer 232 may include a third pigment P;. The first
pigment P,, the second pigment P, and the third pigment P,
may be pigments or dyes exhibiting different colors from
each other. In an exemplary embodiment, the first pigment
P, is a black pigment or a gray pigment, and the pigment in
the overcoat layer 352 is composed of only the first pigment
P,; and the color exhibited by the second pigment P, and the
color exhibited by the third pigment P, are complementary
to each other, the pigment in the fourth insulating layer 252
may be composed of only the second pigment P,, and the
pigment in the third insulating layer 232 may be composed
of only the third pigment P,. The colors exhibited by the
second pigment P, and the third pigment P; have been
described as above together with the embodiment of FIG. 4.

[0117] In another alternative embodiment, the types of
pigment included in the third insulating layer 232, the fourth
insulating layer 252 and the overcoat layer 352 may be
variously modified, that is, the overcoat layer 352 may
include one of the first to third pigments P,, P, and P;, the
fourth insulating layer 252 may include another of the first
to third pigments P,, P, and P, and the third insulating layer
232 may include the other of the first to third pigments P,
P, and P;.

[0118] FIG. 6 is a cross-sectional view of a display device
according to another alternative embodiment of the inven-
tion.

[0119] The display device 13 shown in FIG. 6 is substan-
tially the same as the display device 12 shown in FIG. 5
except that the overcoat layer 353 of the display device 13
includes a fourth pigment P, or dye exhibiting a different
color from the second pigment P, and the third pigment P,
instead of a black pigment or a gray pigment.

[0120] In one embodiment, for example, the color exhib-
ited by the second pigment P,, the color exhibited by the
third pigment P,, and the color exhibited by the fourth
pigment P, may be mixed with each other to exhibit black
or gray. In one embodiment, for example, the second pig-
ment P, may be a green pigment, the third pigment P; may
be a blue pigment, and the fourth pigment P, may be a red
pigment. The light sequentially passing through the third
insulating layer 233, the fourth insulating layer 253 of a
touch unit 203 and the overcoat layer 353 may be at least
partially absorbed by the pigments in the respective layers
without substantial color change.

[0121] In another alternative embodiment, types of the
pigments included in the third insulating layer 233, the
fourth insulating layer 252 and the overcoat layer 353 may
be variously changed.

[0122] Hereinafter, an embodiment of a method of manu-
facturing a display device according to the invention will be
described with reference to FIGS. 7 to 19.

[0123] FIGS. 7 to 19 are cross-sectional views showing a
method of manufacturing a display device according to an
embodiment of the invention in a stepwise manner.
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[0124] First, referring to FIG. 7, a display panel 100 is
prepared. The display panel 100 includes a base substrate
110, one or more light-emitting elements 150a, 1505 and
150¢ disposed on one side of the base substrate 110, thin film
transistors 120 providing driving signals for driving the
light-emitting elements 1504, 1505 and 150¢, and an encap-
sulation layer 170 disposed to seal the light-emitting ele-
ments 150q, 1505 and 150c.

[0125] A plurality of pixels PXa, PXb, and PXc may be
defined in the display panel 100. In an exemplary embodi-
ment, the first pixel PXa may be a red pixel, the second pixel
PXb may be a green pixel, and the third pixel PXc may be
a blue pixel. The first light-emitting element 150a may be an
organic light-emitting element disposed in the first pixel
PXa to emit red light, the second light-emitting element
1505 may be an organic light-emitting element disposed in
the second pixel PXb to emit green light, and the third
light-emitting element 150¢ may be an organic light-emit-
ting element disposed in the third pixel PXc to emit blue
light.

[0126] The display panel 100 may be substantially the
same as the display panel shown in FIG. 1. The components
of the display panel 100 have been described above in detail
with reference to FI1G. 1 and the like, and thus any repetitive
detailed description thereof will be omitted.

[0127] Subsequently. referring to FIGS. 7 and 8, a first
pattern electrode 211 is provided or formed on the display
panel 100. The first pattern electrode 211 may extend in the
first direction (horizontal direction in the drawing) and may
be spaced in the second direction intersecting the first
direction, and the first pattern electrode 211 may be provided
in plural. The first pattern electrode 211 may be a touch
electrode. The method of forming the first pattern electrode
211 is not particularly limited. In one embodiment, for
example, the first pattern electrode 211 may be formed by
depositing a metal layer for forming the first pattern elec-
trode 211 on the encapsulation layer 170 of the display panel
100 and then patterning the metal layer.

[0128] Subsequently, referring to FIGS. 8 and 9, a third
insulating layer 230 is provided or formed on the first pattern
electrode 211. The third insulating layer 230 may be an
organic insulating layer including an organic material, such
as an acrylic resin, an epoxy resin or a polyimide resin. The
third insulating layer 230 may include a pigment P, dis-
persed in the organic material. In one embodiment, for
example, the pigment P, may be a black pigment such as
carbon black, or a gray pigment. In an embodiment, the
pigment P in the third insulating layer 230 exists in the form
of particles, and the pigment P, may have an average particle
size of, for example, about 50 nm to about 200 nm, but not
being limited thereto.

[0129] The third insulating layer 230 may be integrally
formed over the plurality of pixels PXa, PXb and PXc as a
single unitary and indivisible unit. The method of forming
the third insulating layer 230 is not particularly limited. In
one embodiment, for example, the third insulating layer 230
may be formed by applying a composition for forming the
third insulating layer 230 on the first patterned electrode 211
and curing the composition.

[0130] Subsequently. referring to FIGS. 9 and 10, a second
pattern electrode 212 is provided or formed on the third
insulating layer 230. The second pattern electrode 212 may
extend in the second direction and may be spaced in the first
direction (horizontal direction in the drawing), and the
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second pattern electrode 211 may be provided in plural. The
second pattern electrode 212 may be a touch electrode. The
method of forming the second pattern electrode 212 is not
particularly limited. In one embodiment, for example, the
second pattern electrode 212 may be formed by depositing
ametal layer for forming the second pattern electrode 212 on
the third insulating layer 230 and then patterning the metal
layer.

[0131] Subsequently, referring to FIGS. 10 and 11, a
fourth insulating layer 250 is provided or formed on the
second pattern electrode 212, e.g., on the third insulating
layer 230 to cover the second pattern electrode 212. The
fourth insulating layer 250 may be an organic insulating
layer including an organic material, such as an acrylic resin,
an epoxy resin or a polyimide resin. The fourth insulating
layer 250 may include a pigment P, dispersed in the organic
material. In one embodiment, for example, the pigment P,
may be a black pigment or a gray pigment. In an embodi-
ment, the pigment P in the fourth insulating layer 250 exists
in the form of particles, and the pigment P, may have an
average particle size of, for example, about 50 nm to about
200 nm, but not being limited thereto.

[0132] The fourth insulating layer 250 may be integrally
formed over the plurality of pixels PXa, PXb, and PXc as a
single unitary and indivisible unit. The method of forming
the fourth insulating layer 250 is not particularly limited. In
one embodiment, for example, the fourth insulating layer
250 may be formed by applying a composition for forming
the fourth insulating layer 250 on the second patterned
electrode 212 and curing the composition.

[0133] Subsequently, referring to FIGS. 11 and 12, a
light-blocking member 310 is provided or formed on the
fourth insulating layer 250. The light-blocking member 310
may be, for example, a black matrix. The light-blocking
member 310 may be disposed at the boundary of each of the
pixels PXa, PXb and PXc.

[0134] Subsequently, referring to FIGS. 12 and 13, a color
filter composition 3315 is applied onto the light-blocking
member 310. The color filter composition 3315 may be a
photosensitive composition including a solvent and solid
matter. The content of the solid matter may be about 20 wt
% based on the total weight of the color filter composition
33154. In an exemplary embodiment, the color filter compo-
sition 3315 may include a curable monomer, an initiator, a
pigment and other additives. The curable monomer may
include an acrylic monomer and/or an epoxy monomer. The
other additives may include a catalyst, a silicon-based com-
pound and/or a fluorine-based compound.

[0135] Inan exemplary embodiment, where the color filter
composition 3315 is a composition for forming a green color
filter, the pigment may be a green pigment. The content of
the pigment may be in a range of about 25 wt % to about 30
wt % based on the total weight of the solid matter. In such
an embodiment, the content of the pigment may be in a range
of about 5 wt % to about 6 wt % based on the total weight
of the color filter composition 3315. When the content of the
pigment is about 5 wt % or more, the pigment can function
as a color filter with sufficient transmission selectivity for
light of a specific wavelength band. When the content of the
pigment is about 6 wt % or less, the color filter can be easily
cured in spite of performing a baking process at a relatively
low temperature, which will be described later, thereby
improving processability and realizing a patterned color
filter having a regular taper shape.
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[0136] Subsequently, referring to FIGS. 13 and 14, a mask
M is disposed over the color filter composition 3315, and
then the color filter is irradiated with light, to form a partially
cured color filter 3325. An opening is defined in the mask M,
and light may be selectively transmitted through the open-
ing. In an exemplary embodiment where the color filter
composition 3315 is a composition for forming a green color
filter, the mask M is disposed in a way such that the opening
of the mask M overlaps the second pixel PXb.

[0137] Inanexemplary embodiment, where the color filter
composition 3314 is a negative type photosensitive compo-
sition in which the curing of a polymer is induced from the
exposed portion, the color filter composition 3315 overlap-
ping the opening of the mask M is at least partially cured to
form a partially cured color filter 3325. In such an embodi-
ment, the color filter composition 3315 light-blocked by the
mask M may not be cured. In one embodiment, for example,
the upper portion of the partially cured color filter 3325 that
is primarily exposed may have a greater degree of curing
than the lower portion thereof. In one embodiment, for
example, the partially cured color filter 3326 may have a
lower degree of curing from the upper portion thereof to the
lower portion thereof.

[0138] Subsequently, referring to FIGS. 14 and 15, the
uncured portion of the partially cured color filter 3325 is
removed using a stripper to form a developed pre-color filter
333b. In such an embodiment, the uncured portion of the
partially cured color filter 3325 may be removed by the
stripper, and the cured portion thereof may remain to form
the developed pre-color filter 3335.

[0139] In one embodiment, for example, the stripper may
penetrate into the partially cured color filter 3325 through
the sidewalls of the cured portion of the partially cured color
filter 3325 to at least partially remove the portion that is
relatively slightly cured, so that the developed pre-color
filter 33356 has an approximately reverse taper shape. In one
embodiment, for example, the planar area of the exposed
upper surface of the developed pre-color filter 3334 may be
greater than the planar area of the lower surface of the
developed pre-color filter 3335, the lower surface facing the
touch unit 200, and the side walls of the developed pre-color
filter 3335 may have a reverse inclination.

[0140] Subsequently. referring to FIGS. 15 and 16, the
developed pre-color filter 3335 is baked to form a patterned
color filter 3304. In an exemplary embodiment, baking
temperature may be about 120° C. or lower. The components
in the display panel, such as the organic light-emitting layers
152a, 1525 and 152¢, may not be damaged by performing
the baking process at a relatively low temperature, e.g., at
about 120° C. or lower.

[0141] In an exemplary embodiment, the pre-color filter
3335 developed through the baking process may at least
partially undergo shape deformation. In one embodiment,
for example, the sidewalls of the developed pre-color filter
3334 having a reverse taper shape may be deformed to form
the patterned color filter 3305 having a regular taper shape.
In one embodiment, for example, the planar area of the
exposed upper surface of the patterned color filter 3305 may
be smaller than the planar area of the lower surface of the
patterned color filter 3305, the lower surface facing the
touch unit 200, and the side walls of the patterned color filter
3305 may have an inclination.

[0142] As described above, in an embodiment, the content
of the pigment in the color filter composition is set in the
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range of about 5 wt % to about 6 wt %, such that the
sufficiently cured patterned color filter 3305 may be formed
in spite of performing the baking process at a relatively low
temperature, thereby improving processability and forming
the patterned color filter 3305 having a regular taper shape.
[0143] Subsequently, referring to FIGS. 16 and 17, a
patterned color filter 330a in the first pixel PXa and a
patterned color filter 330¢ in the third pixel PXc are formed.
The patterned color filter 330 in the first pixel PXa and the
patterned color filter 330¢ in the third pixel PXc may all
have a regular taper shape. The method of forming the
patterned color filter layer 330aq and 330c¢ in the first and
third pixels PXa and PXc may be substantially the same as
the method of forming the patterned color filter 3305 in the
second pixel PXb, and thus any repetitive detailed descrip-
tion thereof will be omitted.

[0144] Subsequently, referring to FIGS. 7 to 18, an over-
coat layer 350 is provided or formed on the patterned color
filter layer 3304, 3306 and 330c. The overcoat layer 350 may
be in direct contact with the patterned color filter layer 330a,
3306 and 330c. The overcoat layer 350 may be an organic
layer including an organic material, such as an acrylic resin,
an epoxy resin or a polyimide resin. The overcoat layer 350
may include a pigment P, dispersed in the organic material.
In one embodiment, for example, the pigment P, may be a
black pigment or a gray pigment. In an embodiment, where
the pigment P, in the overcoat layer 350 exists in the form
of particles, and the pigment P, may have an average particle
size of, for example, about 50 nm to about 200 nm, but not
being limited thereto.

[0145] The overcoat layer 350 may be integrally formed
over the plurality of pixels PXa, PXb, and PXc as a single
unitary and indivisible unit. The method of forming the
overcoat layer 350 is not particularly limited. In one embodi-
ment, for example, the overcoat layer 350 may be formed by
applying a composition for forming the overcoat layer 350
on the patterned color filter layer 330a, 3305 and 330c and
curing the composition.

[0146] Subsequently, referring to FIGS. 18 and 19, a
window 370 is provided or disposed on the overcoat layer
350 with an adhesive layer 390 interposed therebetween.
The adhesive layer 390 may be in direct contact with the
overcoat layer 350 and the window 370 to attach the
overcoat layer 350 and the window 370.

[0147] As described above, according to embodiments of
the display device, color purity may be improved to improve
display quality, the reflection of external light may be
suppressed to improve outdoor visibility, and the utilization
efficiency of light emitted by a light-emitting element may
be maximized to improve luminance and reduce power
consumption.

[0148] According to an embodiment of a method of manu-
facturing a display device, a display device which improves
color purity to improve display quality and suppress the
reflection of external light to improve outdoor visibility may
be manufactured. In such an embodiment, a display device
which maximizes the utilization efficiency of light emitted
by a light-emitting element to improve luminance and
reduce power consumption may be manufactured.

[0149] While the invention has been particularly illus-
trated and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and detail may
be made therein without departing from the spirit and scope
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of the invention as defined by the following claims. The
exemplary embodiments should be considered in a descrip-
tive sense only and not for purposes of limitation.

What is claimed is:

1. A display device, in which a first pixel and a second

pixel are defined, the display device comprising:

a display panel comprising:

a base substrate; and
a light-emitting element disposed on the base substrate;

a color filter layer disposed over the display panel,
wherein the color filter layer comprises a first color
filter disposed in the first pixel and a second color filter
disposed in the second pixel; and

a first organic layer disposed over the display panel,
wherein the first organic layer comprises a pigment or
a dye,

wherein the first pixel displays a first color, and the second
pixel displays a second color different from the first
color, and

wherein the first organic layer is integrally formed over
the first pixel and the second pixel.

2. The display device of claim 1, wherein

the display panel further comprises a encapsulation layer
disposed on the light-emitting element, and

the display device further comprises:

a first pattern electrode disposed between the encapsula-
tion layer and the color filter layer and extending in a
first direction; and

a second pattern electrode disposed between the first
pattern electrode and the color filter layer, and extend-
ing in a second direction intersecting the first direction,

wherein the first organic layer is disposed between the
first pattern electrode and the second pattern electrode
in a way such that the first pattern electrode and the
second pattern electrode are insulated from each other
by the first organic layer.

3. The display device of claim 2, wherein

the first organic layer comprises an acrylic resin, an epoxy
resin or a polyimide resin.

4. The display device of claim 2, further comprising:

a second organic layer disposed between the second
pattern electrode and the color filter layer,

wherein

the second organic layer is integrally formed over the first
pixel and the second pixel,

the second organic layer comprises a pigment or a dye,
and

the second organic layer is at least partially in direct
contact with the first organic layer.

5. The display device of claim 1, wherein

the first organic layer is disposed on the color filter layer,
and

the display device further comprises:
an adhesive layer disposed on the first organic layer;

and
a window disposed on the adhesive layer.

6. The display device of claim 1, further comprising:

a second organic layer disposed over the display panel,
wherein the second organic layer is integrally formed
over the first pixel and the second pixel, and the second
organic layer comprises a pigment or a dye,
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wherein a color exhibited by the pigment or dye in the first
organic layer and a color exhibited by the pigment or
dye in the second organic layer are complementary to
each other.

7. The display device of claim 1, wherein the light-

emitting element comprises:

a first light-emitting element disposed in the first pixel,
wherein the first light-emitting element emits first light
having a single peak wavelength; and

a second light-emitting element disposed in the second
pixel, wherein the second light-emitting element emits
second light exhibiting a different color from the first
light and having a single peak wavelength.

8. The display device of claim 7, wherein

the first color filter comprises a resin and a pigment
dispersed in the resin, and

the content of the pigment in the first color filter is in a
range of about 25 wt % to about 30 wt % based on the
total weight of the first color filter.

9. The display device of claim 8,

wherein the first color filter has a regular taper shape.

10. The display device of claim 9, wherein

the first color filter further comprises a silicon-based
compound or a fluorine-based compound.

11. The display device of claim 1, wherein

the pigment in the first organic layer exist in the form of
particles, and

the pigment in the first organic layer comprises a black
pigment or a plurality of pigments exhibiting different
colors from each other.

12. The display device of claim 11, wherein

an average particle size of the pigment in the first organic
layer is in a range of about 50 nm to about 200 nm.

13. The display device of claim 12, further comprising;

awindow disposed on the first organic layer and the color
filter layer,

wherein an amount of external light passed through the
window and reaching the display panel is in a range of
about 50% to about 70% of the total amount of the
external light.

14. The display device of claim 13, wherein

the light-emitting element comprises:

a first light-emitting element disposed in the first pixel,
wherein the first light-emitting element emits first
light having a single peak wavelength; and

a second light-emitting element disposed in the second
pixel, wherein the second light-emitting element
emits second light having a single peak wavelength
less than the peak wavelength of the first light, and

a ratio of an amount of the first light emitted from the first
light-emitting element and passing through the window
to an amount of the first light emitted from the first
light-emitting element is less than a ratio of an amount
of the second light emitted from the second light-
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emitting element and passing through the window to an
amount of the second light emitted from the second
light-emitting element.

15. The display device of claim 12, further comprising:

a window disposed on the first organic layer and the color
filter layer,

wherein the external light passed through the window and
traveling toward the light-emitting element is in an
unpolarized state.

16. A method of manufacturing a display device, in which
a first pixel and a second pixel exhibiting a second color are
defined, the method comprising:

preparing a display panel comprising a base substrate,
light-emitting elements disposed over the base sub-
strate and disposed in the first pixel and the second
pixel, respectively, and an encapsulation layer disposed
on the light-emitting elements; and

providing an organic layer comprising a pigment or a dye
on the encapsulation layer,

wherein the first pixel displays a first color, and the second
pixel displays a second color different from the first
color, and

wherein the organic layer is integrally formed over the
first pixel and the second pixel.

17. The method of claim 16, further comprising:

providing a patterned color filter on the organic layer after
the providing the organic layer.

18. The method of claim 17, wherein the providing the

patterned color filter comprises:

applying a color filter composition including the pigment
and a curable monomer onto the organic layer;

exposing and developing the color filter composition to
form a patterned pre-color filter; and

baking the patterned pre-color filter at a temperature of
about 120° C. or lower,

wherein the content of the pigment in the color filter
composition is in a range of about 5 wt % to about 6 wt
% based on the total weight of the color filter compo-
sition.

19. The method of claim 18, wherein the light-emitting

element comprises:

a first light-emitting element disposed in the first pixel and
emitting first light having a single peak wavelength;
and

a second light-emitting element disposed in the second
pixel and emitting second light exhibiting a different
color from the first light and having a single peak
wavelength, and

the patterned color filter is disposed in the first pixel.

20. The method of claim 16, further comprising;

providing a patterned color filter on the encapsulation
layer after the preparing the display panel and before
the providing the organic layer,

wherein the organic layer is at least partially in direct
contact with the patterned color filter.
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