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7) ABSTRACT

A display device includes a base substrate, an organic layer
on the base substrate and including a pattern region having
an uneven pattern formed thereon, and a non-pattern region
having a substantially flat surface, a light-emitting element
on the organic layer, and a color conversion pattern on the
light-emitting element and overlapping the pattern region
and the non-pattern region.
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DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2017-0157901, filed on Nov. 24, 2017,
in the Korean Intellectual Property Office, the disclosure of
which is incorporated by reference herein in its entirety.

BACKGROUND

1. Field

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

2. Description of the Related Art

[0003] A display device, for example, an organic light-
emitting display device, includes an organic light-emitting
element, which is a self-luminous element. The organic
light-emitting element may include two opposing electrodes,
and an organic light-emitting layer interposed therebetween.
Electrons and holes provided from the two electrodes are
recombined in the light-emitting layer to generate excitons,
the generated excitons change from an excited state to a
ground state, and light may be emitted.

[0004] Because such an organic light-emitting display
device does not require a separate light source, the organic
light-emitting display device may be configured in a light-
weight and thin profile with a low power consumption, and
the organic light-emitting display device may have high
quality characteristics, such as a wide viewing angle, high
brightness and contrast, and fast response speed. Thus, the
organic light-emitting display device has attracted attention
as a next generation display device.

[0005] On the other hand, as one method for allowing each
pixel of the display device including the light-emitting
element to uniquely express one basic color, a method of
arranging a color conversion pattern on a light path leading
to a viewer from the light-emitting element may be exem-
plified. For example, the light after passing through the color
conversion pattern may exhibit a specific wavelength band.
[0006] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form prior art.

SUMMARY

[0007] The color conversion pattern converts the color of
the incident light and may emit light of a color different from
the incident light. The color conversion efficiency by the
color conversion pattern is an important factor that may
affect the display quality of the display device, for example,
by affecting color reproducibility and luminance. As a
method of enhancing the color conversion efficiency by the
color conversion pattern, a method of using a material
having excellent color conversion efficiency or a method of
increasing the thickness of the color conversion pattern may
be exemplified. However, there is a limit to increasing the
efficiency of the color conversion material and the thickness
of the color conversion pattern.

[0008] Aspects of embodiments of the present invention
are directed to a display device with improved color repro-
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ducibility and luminance through a structure capable of
improving the color conversion efficiency by the color
conversion pattern.

[0009] Other aspects of embodiments of the present inven-
tion are directed to a display device in which a color mixing
defect between adjacent pixels is prevented or reduced, and
a display quality is improved.

[0010] However, aspects of embodiments of the present
invention are not restricted to the one set forth herein. The
above and other aspects of the present invention will become
more apparent to one of ordinary skill in the art to which the
present invention pertains by referencing the detailed
description of the present invention given below.

[0011] According to an exemplary embodiment of the
invention, there is provided a display device including: a
base substrate; an organic layer on the base substrate and
including a pattern region having an uneven pattern formed
thereon, and a non-pattern region having a substantially flat
surface; a light-emitting element on the organic layer; and a
color conversion pattern on the light-emitting element and
overlapping the pattern region and the non-pattern region.

[0012] In some embodiments, the display device includes
a light-emitting region and a non-light-emitting region,
wherein the pattern region is in the light-emitting region, and
wherein at least a part of the non-pattern region is in the
light-emitting region, and at least a part of the non-pattern
region is located in the non-light-emitting region.

[0013] In some embodiments, the display device further
includes: a pixel defining layer between the organic layer
and the color conversion pattern and defining an opening
corresponding to the light-emitting region, wherein the pixel
defining layer does not overlap the uneven pattern.

[0014] In some embodiments, a horizontal distance
between a side surface of the pixel defining layer and the
uneven pattern is 0.5 times or more of a minimum distance
between the light-emitting element and the color conversion
pattern.

[0015] In some embodiments, the horizontal distance
between the side surface of the pixel defining layer and the
uneven pattern is 10% or more of a width of the light-
emitting region.

[0016] In some embodiments, the pixel defining layer
partially overlaps the color conversion pattern.

[0017] In some embodiments, the display device includes
a first pixel and a second pixel adjacent to the first pixel, and
a minimum distance between the uneven pattern of the
organic layer in the first pixel and the uneven pattern of the
organic layer in the second pixel is 1.5 times or more of the
minimum distance between the light-emitting element and
the color conversion pattern.

[0018] In some embodiments, the display device further
includes: a thin film transistor between the base substrate
and the organic layer, wherein the organic layer has a
through-hole enabling an electrical connection between the
light-emitting element and the thin film transistor, and a
width on a plane of the through-hole is 5 times or more of
a width on a plane of the uneven pattern.

[0019] In some embodiments, the organic layer includes a
positive photosensitive material.

[0020] In some embodiments, the width of the uneven
pattern is 2.5 pm or less.
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[0021] Insome embodiments, a distance between adjacent
uneven patterns among a plurality of uneven patterns
arranged in any pixel is 0.5 times or more of the width of the
uneven pattern.

[0022] In some embodiments, the uneven pattern is a
linear or dot-shaped recess pattern, and a depth of the recess
pattern is about 2.0 um or less.

[0023] In some embodiments, the organic layer includes a
first organic layer, and a second organic layer between the
first organic layer and the light-emitting element, wherein a
surface of the first organic layer that is in contact with the
second organic layer is substantially flat, and wherein the
second organic layer has the uneven pattern.

[0024] In some embodiments, the uneven pattern of the
second organic layer is a recess pattern of a dot shape on a
plane, and the second organic layer includes a positive
photosensitive material.

[0025] In some embodiments, the display device further
includes: a pixel defining layer between the organic layer
and the color conversion pattern and defining an opening
corresponding to a pixel of the display device, wherein the
recess pattern of the second organic layer partially exposes
a flat surface of the first organic layer, and wherein the
non-pattern region of the second organic layer is in partial
contact with the pixel defining layer.

[0026] In some embodiments, the uneven pattern of the
second organic layer is a dot-shaped convex pattern on a
plane, and the second organic layer includes a negative
photosensitive material.

[0027] In some embodiments, the display device further
includes: a pixel defining layer between the organic layer
and the color conversion pattern and defining an opening
corresponding to a pixel of the display device, wherein a flat
surface of the first organic layer is in contact with the pixel
defining layer.

[0028] In some embodiments, the light-emitting element
includes a first electrode and a second electrode opposed to
each other, and an organic light-emitting layer interposed
therebetween, and one or more of the first electrode and the
second electrode has an uneven surface which overlaps the
uneven pattern of the organic layer and has a shape corre-
sponding to the uneven pattern.

[0029] In some embodiments, the display device further
includes: an encapsulation layer between the light-emitting
element and the color conversion pattern and including one
or more organic layers and one or more inorganic layers; a
barrier layer between the encapsulation layer and the color
conversion pattern, the barrier layer being arranged along a
surface of the color conversion pattern, and including an
inorganic material; and an adhesive layer between the
encapsulation layer and the barrier layer and in contact with
the inorganic layer of the encapsulation layer and the barrier
layer, wherein the light-emitting element includes a first
electrode in contact with the organic layer, a second elec-
trode on the first electrode, and an organic light-emitting
layer interposed between the first electrode and the second
electrode.

[0030] In some embodiments, a lowermost layer of the
encapsulation layer that is in contact with the second elec-
trode has a partially uneven surface.

[0031] In some embodiments, the organic light-emitting
layer includes: a first light-emitting layer between the first
electrode and the second electrode and configured to emit
light having a peak wavelength in a range of about 420 nm
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to about 490 nm, and a second light-emitting layer between
the first light-emitting layer and the second electrode, and
configured to emit light having a peak wavelength in the
range of about 420 nm to about 490 nm and having a peak
wavelength different from that of the first light-emitting
layer.

[0032] In some embodiments, the display device includes
a first pixel, and a second pixel configured to display a color
different from the first pixel, the organic light-emitting layer
is configured to emit light of a blue wavelength band having
a peak wavelength in a range of about 420 nm to about 490
nm, and the organic light-emitting layer is above the first
pixel and the second pixel.

[0033] In some embodiments, the light-emitting element
includes an anode electrode, a cathode electrode, and an
organic light-emitting layer interposed therebetween, and
the cathode electrode and the color conversion pattern are
apart from each other with the anode electrode interposed
therebetween.

[0034] According to an exemplary embodiment of the
invention, there is provided a display device having a
plurality of pixels, the display device including: a base
substrate; a light-emitting element on the base substrate, and
including a first electrode, a second electrode, and an organic
light-emitting layer interposed therebetween; and a pixel
defining layer on the base substrate and defining an opening
corresponding to the pixel, wherein the first electrode has a
pattern region in which a plurality of uneven patterns are
formed, and a non-pattern region having a substantially flat
surface, and wherein the non-pattern region is at least
partially between the pattern region and the pixel defining
layer.

[0035] According to an exemplary embodiment of the
invention, there is provided a method of manufacturing a
display device, the method including: forming a thin film
transistor on a base substrate; forming an organic layer on
the thin film transistor, the organic layer including a pattern
region with an uneven pattern formed thereon, and a non-
pattern region having a substantially flat surface, the organic
layer having a through-hole partially exposing the thin film
transistor; forming a light-emitting element on the organic
layer; and forming a color conversion pattern on the light-
emitting element to overlap the pattern region and the
non-pattern region.

[0036] Insome embodiments, the formation of the organic
layer includes: providing an organic material including a
positive photosensitive material on the thin film transistor;
and concurrently forming the through-hole and the uneven
pattern, using one mask, wherein the uneven pattern is a
recess pattern, and a width on a plane of the recess pattern
is about 2.5 um or less.

[0037] Insome embodiments, the formation of the organic
layer includes: forming a first organic layer having a sub-
stantially flat surface on the thin film transistor; and forming
a second organic layer including a negative photosensitive
material and having the uneven pattern on the first organic
layer, wherein the uneven pattern includes a convex pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The above and other aspects and features of the
present invention will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings, in which:
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[0039] FIG. 1 is a layout view of arbitrary pixels of a
display device according to an embodiment of the present
invention;

[0040] FIG. 2 is a cross-sectional view of the display
device of FIG. 1;

[0041] FIG. 3is a cross-sectional view illustrating a region
A of FIG. 2 in an enlarged manner;

[0042] FIG. 4 is a cross-sectional view illustrating a light-
emitting element of FIG. 2;

[0043] FIG. 5isa cross-sectional view illustrating paths of
light emitted from the light-emitting element of the display
device of FIG. 2;

[0044] FIG. 6 is a layout view of arbitrary pixels of a
display device according to another embodiment of the
present invention;

[0045] FIGS. 7-12 are cross-sectional views of the display
device according to still another embodiment of the present
invention, respectively;

[0046] FIGS. 13-17 are cross-sectional views illustrating a
method of manufacturing the display device according to an
embodiment of the present invention;

[0047] FIGS. 18-21 are cross-sectional views illustrating a
method of manufacturing a display device according to
another embodiment of the present invention;

[0048] FIGS.22-24 are cross-sectional views illustrating a
method of manufacturing a display device according to still
another embodiment of the present invention; and

[0049] FIGS. 25 -26 are spectrum measurement results of
emitted light for each pixel of a test cell according to an
example embodiment and a comparative example, respec-
tively.

DETAILED DESCRIPTION

[0050] 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.

[0051] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying draw-
ings.

[0052] FIG. 1 is a layout view of arbitrary pixels of a
display device according to an embodiment of the present
invention, illustrating an uneven pattern (rp), a first electrode
511, and a pixel defining layer 600.

[0053] First, referring to FIG. 1, a plurality of pixels (PX1,
PX2) may be defined in the display device 1. In this
specification, the term “pixel” refers to a single region in
which the display region is partitioned on a plane viewpoint
for displaying colors and recognized by the viewer, and one
pixel may express one predefined basic color. That is, one
pixel may be a minimum unit in the display device 1 capable
of expressing colors independent of other pixels. The plu-
rality of pixels (PX1, PX2) may be arranged in an approxi-
mately matrix form on a plane along a first direction X and
a second direction Y. In the present specification, unless
otherwise defined, the term “plane” refers to a plane on
which the first direction X and the second direction Y reside.

May 30, 2019

[0054] In an exemplary embodiment, the plurality of pix-
els (PX1, PX2) may include a first pixel (PX1) displaying a
first color, and a second pixel (PX2) displaying a second
color having a peak wavelength that is longer than the first
color. In some embodiments, the first pixel (PX1) and the
second pixel (PX2) may be disposed to be adjacent to each
other. For example, the first pixel (PX1) may be a pixel
which displays a blue color having a peak wavelength in the
range of about 420 nanometers (nm) to about 490 nm, and
the second pixel (PX2) may be a pixel that displays a green
color having a peak wavelength in the range of about 530 nm
to about 570 nm or a red color having a peak wavelength in
the range of about 610 nm to about 650 nm.

[0055] The uneven pattern (rp) may be arranged substan-
tially at the central parts of each pixel (PX1, PX2). The
uneven pattern (rp) may be a dot-shaped pattern of approxi-
mately circular shape on the plane. The uneven pattern (rp)
may include a first uneven pattern 4017 of the organic layer
401, a second uneven pattern 5117 of the first electrode 511,
and/or a third uneven pattern 531r of the second electrode
531 to be described further with reference to FIG. 2 and
other figures.

[0056] Hereinafter, the display device 1 will be described
in detail with further reference to FIGS. 2 to 4.

[0057] FIG. 2 is a cross-sectional view of the display
device of FIG. 1, illustrating the first pixel (PX1) and the
second pixel (PX2) of the display device 1. FIG. 3 is a
cross-sectional view illustrating the region A of FIG. 2 in an
enlarged manner. FIG. 4 is a cross-sectional view illustrating
the light-emitting element of FIG. 2.

[0058] Referring to FIGS. 1 to 4, the display device 1
includes a base substrate 110, driving element layers 200 and
300, and a light-emitting element 501, and may further
include color conversion patterns 810 and 830.

[0059] The base substrate 110 may be a transparent or
opaque insulating substrate or an insulating film. For
example, the base substrate 110 may be made of a glass
material, a quartz material, and/or the like, or may be made
up of a flexible polymeric material such as polyimide,
polycarbonate, polyethylene terephthalate, polyacrylate,
and/or the like. The base substrate 110 may also be flexible.

[0060] In some embodiments, a buffer layer 115 may be
disposed on one surface (e.g., an upper surface of FIG. 2) of
the base substrate 110. The buffer layer 115 may prevent the
base substrate 110 from being damaged, or reduce damage
to the base substrate 110, during the process of manufac-
turing an active layer 210. Further, the buffer layer 115 may
prevent impurities, such as moisture and air, from penetrat-
ing and damaging or denaturalizing the light-emitting ele-
ment 501 or reduce instances thereof. The buffer layer 115
may be made of an inorganic material such as silicon nitride
(SiNx), silicon oxide (SiOx), silicon nitride oxide (SiNxOy),
silicon oxynitride (SiOxNy), and/or the like. The buffer
layer 115 may be made up of a single layer or may have a
stacked structure made of several layers. In another embodi-
ment, the buffer layer 115 may be omitted.

[0061] Driving element layers 200 and 300 including a
thin film transistor 200 and a plurality of insulating layers
310 may be disposed on the buffer layer 115. In some
embodiments, the driving element layers 200 and 300 may
further include an additional transistor, auxiliary electrodes,
and wirings such as an injection signal line, a data signal
line, and a drive voltage line.
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[0062] The thin film transistor 200 may be a driving
transistor configured to control the amount of current flow-
ing through a channel region in the active layer 210 in
accordance with the signal applied to the control terminal,
and control the amount of light emission the light-emitting
element 501 in the specific pixel. For example, the thin film
transistor 200 may include a gate electrode 230 as a control
terminal, a drain electrode 250 as an input terminal, a source
electrode 270 as an output terminal, and an active layer 210
for providing a channel. FIG. 2 and the like illustrate a top
gate type thin film transistor in which the gate electrode 230
is located above the active layer 210; however, in another
embodiment, a bottom gate type thin film transistor may be
adopted.

[0063] The active layer 210 may be disposed on the buffer
layer 115. The active layer 210 may include a semiconductor
material. For example, the active layer 210 may include
polycrystalline silicon. In other embodiments, the active
layer 210 may include monocrystalline silicon, or amor-
phous silicon, and/or a non-silicon-based semiconductor
material such as an oxide semiconductor.

[0064] The active layer 210 may include a channel region,
a drain region, and a source region. The channel region may
be a region in which a path (e.g., a channel) is formed,
through which electrons or holes can move in accordance
with a voltage applied to the gate electrode 230 (e.g., a
control terminal). That is, the electrons or holes provided
through the drain region may move toward the source region
through the channel region, or the electrons or holes pro-
vided through the source region may move to the drain
region through the channel region. The drain region and the
source region may be spaced apart from each other with the
channel region interposed therebetween. The electric con-
ductivity of each of the drain region and the source region
may be larger than that of the channel region. The drain
region is electrically connected to a drain electrode 250 to
which an input signal is applied, and the source region may
be electrically connected to a source electrode 270. In the
present specification, the expression “electrically con-
nected” refers to not only a case where the two conductive
elements are conductively connected by being in direct
contact with each other, but also a case where the two
conductive elements are conductively connected by inter-
posing a conductive element between the two elements, and
a case where the two conductive elements are selectively
conductively connected by interposing a switching element
such as one or more thin film transistors.

[0065] A gate electrode 230 may be disposed on the active
layer 210. The gate electrode 230 may be disposed to
overlap the channel region of the active layer 210 in a third
direction Z. The gate electrode 230 may be electrically
connected to an output electrode of a switching transistor
that controls on/off of a specific pixel. A control terminal and
an input terminal of the switching transistor are electrically
connected to a scanning signal line and a data signal line,
respectively, and the switching transistor may be configured
such that the output terminal is turned on/off in accordance
with the signal applied to the control terminal.

[0066] A first insulating layer 310 is interposed between
the active layer 210 and the gate electrode 230 so that the
active layer 210 and the gate electrode 230 can be insulated
from each other. The first insulating layer 310 may be made
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of an inorganic insulating material such as silicon nitride,
silicon oxide, silicon nitride oxide, silicon oxynitride, and/or
the like.

[0067] A second insulating layer 320 may be disposed on
the gate electrode 230. The second insulating layer 320 may
insulate the gate electrode 230 and its upper components
from each other. In some embodiments, the second insulat-
ing layer 320 may be a stacked structure of a plurality of
insulating layers. The second insulating layer 320 may
include an inorganic insulating material such as silicon
nitride, silicon oxide, silicon nitride oxide or silicon oxyni-
tride.

[0068] Through-holes (or openings) may be formed in the
first insulating layer 310 and the second insulating layer 320
to expose at least a part of the active layer 210. For example,
the through-hole may penetrate through the first insulating
layer 310 and the second insulating layer 320 to partially
expose the drain region and the source region of the active
layer 210.

[0069] A drain electrode 250 and a source electrode 270
may be disposed on the second insulating layer 320. Each of
the drain electrode 250 and the source electrode 270 may be
inserted into the through-hole and may be in contact with the
active layer 210. The drain electrode 250 is electrically
connected to a driving voltage line, and the source electrode
270 may be electrically connected to a first electrode 511.

[0070] The organic layer 401 may be disposed on the
driving element layers 200 and 300. The organic layer 401
protects the constituent elements in the driving element
layers 200 and 300 disposed on the base substrate 110, for
example, the thin film transistor 200, the auxiliary electrodes
and/or the wirings, and may reduce or minimize the level
difference formed by these constituent elements. That is, the
organic layer 401 is disposed on the driving element layers
200 and 300, and may at least partially compensate for and
flatten the level difference. In some embodiments, the
organic layer 401 may have a stacked structure of a plurality
of organic layers. The organic layer 401 is not particularly
limited as long as it is a material having insulating properties
and flattening properties, and it may include an acrylic resin,
an epoxy resin, an imide resin, a cardo resin, an ester resin,
and/or the like. The organic layer 401 may include a positive
photosensitive material or a negative photosensitive mate-
rial.

[0071] In the organic layer 401, a through-hole (TH) (or
opening) through which at least a part of the source electrode
270 is exposed may be formed. The first electrode 511 of the
light-emitting element 501 is inserted into the through-hole
(TH) of the organic layer 401 and may be in contact with the
source electrode 270. The through-hole (TH) of the organic
layer 401 may be approximately circular from a plan view.
A width (W) on the plane of the through-hole (TH) of the
organic layer 401 may be about 4.0 micrometers (um) to
about 20.0 um, or about 10.0 um to about 15.0 um.

[0072] In an exemplary embodiment, one side (e.g., an
upper surface of FIG. 2) of the organic layer 401 facing the
light-emitting element 501 may have a partially uneven
surface. That is, the organic layer 401 may have a first
uneven pattern 4017 The first uneven pattern 401 may be
located substantially at the central part of a light-emitting
region (R,), from a plan view. Further, the organic layer 401
may further have a flat surface having no uneven features.
The flat surface of the organic layer 401 overlaps a pixel
defining layer 600 and may form a top surface (e.g., a peak
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surface) having the highest level on the upper surface of the
organic layer 401. In some embodiments, the flat surface of
the organic layer 401 may be partially in contact with the
first electrode 511 and the pixel defining layer 600.

[0073] The first uneven pattern 4017 may be a dot-shaped
pattern having an approximately circular shape on a plane;
however, the present invention is not limited thereto. Fur-
ther, the first uneven pattern 401> may be a recess pattern
which is recessed downward from the reference surface of
the organic layer 401 (e.g., the flat surface of the organic
layer 401 or the aforementioned top surface). The first
uneven pattern 401 may be a scattering pattern that partially
scatters the transmitted light.

[0074] The size of the first uneven pattern 401r is not
particularly limited as long as it may cause the light scat-
tering. However, in the case where the first uneven pattern
4017 is a recess pattern, the upper limit of the depth (P,) of
the first uneven pattern (4107) may be about 2.0 um, about
1.0 um, or about 0.5 um. When the depth (P ) of the first
uneven pattern 401 is within the above range, the light
scattered by the first uneven pattern 401~ is scattered at an
angle, for example, at an angle of about 60 degrees or less
with respect to the normal line of the upper surface of the
organic layer 401, to the extent that the light does not enter
other pixels and it is possible to increase the length of the
path of the light transmitting the color conversion patterns
810 and 830. Further, when the depth (P,) of the first uneven
pattern 4017 is within the above range, sufficient thickness of
the organic layer 401 can be secured and the display device
1 can be normally driven. The lower limit of the depth (P,)
of the first uneven pattern 401~ is not particularly limited,
and may be, for example, about 0.05 pm.

[0075] In some embodiments, the minimum thickness
(140, ) of the organic layer 401 is about 0.5 um or more, about
0.6 um or more, about 0.7 um or more, about 0.8 pm or
more, about 0.9 pm or more, or about 1.0 pm or more. The
minimum thickness (t,;,) of the organic layer 401 may refer
to the vertical shortest distance from the driving element
layers 200 and 300, for example, the source electrode 270 to
the base portion of the first uneven pattern 401~ If the
minimum thickness (t,,,) of the organic layer 401 is less
than 0.5 pm, the organic layer 401 may not sufficiently
protect the thin film transistor 200 and the like and it is
difficult to normally drive the display device 1. Thus, a
degradation of display quality may occur.

[0076] While FIG. 2 illustrates a configuration in which
the width (W) of the through-hole (TH) of the organic
layer 401 is less than the width (W,) on the plane of the first
uneven pattern 4017 for convenience of explanation, the
width (W) of the through-hole (TH) may be greater than
the width (W,) of the first uneven pattern 401r. In an
exemplary embodiment, the width (W) of the through-
hole (TH) may be about 5 times or more, about 6 times or
more, or about 7 times or more of the width (W,) of the first
uneven pattern 401x For example, the upper limit of the
width (W, ) of the first uneven pattern 4017 is about 2.5 pm,
about 2.0 pm, about 1.9 pum, about 1.8 pm, about 1.7 pm,
about 1.6 um, or about 1.5 um. When the width (W ) of the
through-hole (TH) is five times or more of the width of the
first uneven pattern 4017 the process can be simplified in the
manufacturing method of the display device, and the it is
possible to control the size of the first uneven pattern 4017,
for example, the depth (P,) so as to fall within the afore-
mentioned range. In addition, the light scattered by the first
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uneven pattern 4017 can be made to advance at an angle at
which the light does not enter other pixels. The lower limit
of the width (W,) of the first uneven pattern 4017 is not
particularly limited, and may be, for example, about 0.05
pm.

[0077] A distance (d,) between the adjacent first uneven
patterns 4017 within a pixel, for example, a distance (d,)
between the adjacent uneven patterns among the plurality of
first uneven patterns 4017 disposed in the second pixel
(PX2) representing a second color, may be 0.5 times or more
of the width (W,) of the first uneven pattern 401~ For
example, the distance (d,) between the first uneven patterns
4017 may be about 0.7 um to about 2.5 pm, or about 1.0 pto
about 2.0 pm. When the distance (d,) between the first
uneven patterns 401# is 0.5 times or more of the width (W,)
of the first uneven pattern 4017, the process in a manufac-
turing method of a display device may be simplified, and it
is possible to prevent the adjacent first uneven pattern 4017
from being connected. Further, the first uneven pattern 401»
causing the light scattering may be sufficiently formed to
improve (e.g., increase) the utilization efliciency of light.
[0078] In some embodiments, a minimum distance (L)
between the adjacent pixels, for example, the first uneven
pattern 4017 in the first pixel (PX1) and the first uneven
pattern 4017 in the second pixel (PX2) may have a set or
predetermined relationship with the minimum distance (d,)
between the light-emitting element 501 and the color con-
version patterns 810 and 830. For example, the minimum
distance (L,) between the first uneven pattern 4017 in the
first pixel (PX1) and the first uneven pattern 4017 in the
second pixel (PX2) may be about 1.5 times or more, about
1.6 times or more, or about 1.7 times or more of the
minimum distance (d,) between the light-emitting element
501 and the color conversion patterns 810 and 830. When
the minimum distance (L,,) between the first uneven pattern
4017 in the first pixel (PX1) and the first uneven pattern 4017
in the second pixel (PX2) has the aforementioned relation-
ship with the minimum distance (d,) between the light-
emitting element 501 and the color conversion patterns 810
and 830, the light scattered by the first uneven pattern 401~
is made to advance in an oblique direction with a sufficient
angle. Thus, it is possible to enhance the color conversion
efficiency of the patterns 810 and 830 and prevent the light
scattered by the first uneven pattern 401 from entering other
pixels or reduce instances thereof. which may lead to
improvements to the display quality of the display device 1.
[0079] The light-emitting element 501 may be disposed on
the organic layer 401. In an exemplary embodiment, the
light-emitting element 501 may be an organic light-emitting
element, which includes a first electrode 511 and a second
electrode 531 facing each other, and an organic light-
emitting layer 551 interposed therebetween. As a non-
limiting example, the light-emitting element 501 disposed in
the first pixel (PX1) and the light-emitting element 501
disposed in the second pixel (PX2) may emit light of
substantially the same color. The light-emitting element 501
may be a full-surface light-emitting element that emits light
to the side of the second electrode 531, that is, the upper side
FIG. 2 to provide light to the color conversion patterns 810
and 830.

[0080] The first electrode 511 may be disposed directly on
the organic layer 401. The first electrode 511 may be
electrically connected to the source electrode 270 through
the through-hole (TH) of the organic layer 401. The first
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electrode 511 may be an anode electrode having a work
function that is relatively larger than that of the second
electrode 531. The first electrode 511 may be a transparent
electrode, an opaque electrode, or a stacked structure of the
transparent electrode and the opaque electrode. Examples of
the material for forming the transparent electrode include
indium tin oxide (TTO), indium zinc oxide (IZ0), zinc oxide,
indium oxide, and the like. Examples of the material form-
ing the opaque electrode include lithium (Li), aluminum
(Al), magnesium (Mg), silver (Ag), nickel (Ni), chromium
(Cr), and/or the like. The first electrode 511 may be a pixel
electrode, which is arranged for each pixel (PX1, PX2) and
to which a driving signal independent of each other is
applied.

[0081] The second electrode 531 may be disposed on the
first electrode 511. The second electrode 531 may be a
cathode electrode having a work function relatively smaller
than that of the first electrode 511. The first electrode 511
and the second electrode 531 are spaced apart from each
other with the organic light-emitting layer 551 interposed
between them, and the first electrode 511 and the second
electrode 531 may drive the light-emitting element 501.
Like the first electrode 511, the second electrode 531 may be
a transparent electrode, an opaque electrode, or a stacked
structure of the transparent electrode and the opaque elec-
trode. The second electrode 531 may be a common electrode
disposed over a plurality of pixels (PX1, PX2) without
distinction of the pixels (PX1, PX2).

[0082] In the exemplary embodiment, the upper surface
and the lower surface of the first electrode 511 have partially
uneven surfaces, and the upper surface and the lower surface
of the second electrode 531 may have partially uneven
surfaces. For example, the upper surface of the first elec-
trode 511 may have a second uneven pattern 5117, and the
upper surface of the second electrode 531 may have a third
uneven pattern 531~ The second uneven pattern 5117 of the
first electrode 511 and the third uneven pattern 531~ of the
second electrode 531 are located substantially at the central
part of a light-emitting region (R,_). The second uneven
pattern 5117 and the third uneven pattern 5317 may be
scattering patterns that partially scatter the transmitted light.
[0083] The second uneven pattern 5117 and the third
uneven pattern 531 may overlap the first uneven pattern
4017 of the organic layer 401 in the third direction Z,
respectively. Further, the second uneven pattern 511 has a
shape and an arrangement corresponding to the first uneven
pattern 4017, and the third uneven pattern 531> may have a
shape and an arrangement corresponding to the second
uneven pattern 5117 As one non-limiting example, the
second uneven pattern 5117 may be caused by the first
uneven pattern 4017 and the third uneven pattern 531 may
be caused by the second uneven pattern 5117,

[0084] Forexample, the second uneven pattern 5117 of the
first electrode 511 may be a dot-shaped pattern having a
substantially circular shape on a plane. The second uneven
pattern 5117 may be a recess pattern depressed downward
from the reference surface of the first electrode 511 (e.g., the
flat upper surface of the first electrode 511).

[0085] The second uneven pattern 511 of the upper
surface of the first electrode 511 may form an optical
interface capable of causing the light scattering at the
interface with the organic light-emitting layer 551. Further,
the uneven surface of the lower surface of the first electrode
511 may form an optical interface that is in contact with the
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first uneven pattern 4017 of the organic layer 401 and may
cause the light scattering at the interface with the organic
layer 401.

[0086] Similarly, the third uneven pattern 5317 of the
second electrode 531 may be a dot-shaped pattern having a
substantially circular shape on the plane. The third uneven
pattern 5317 may be a recess pattern depressed downward
from the reference surface of the second electrode 531 (e.g,,
the flat upper surface of the second electrode 531). The depth
of the third uneven pattern 5317 may be smaller than the
depth of the second uneven pattern 511~

[0087] The third uneven pattern 531~ of the upper surface
of the second electrode 531 may form an optical interface
capable of causing the light scattering at the interface with
a first inorganic encapsulation layer 710. In addition, the
uneven surface of the lower surface of the second electrode
531 may form an optical interface capable of causing the
light scattering at the interface with the organic light-
emitting layer 551.

[0088] The arrangement of the first uneven pattern 401z,
the second uneven pattern 5117, and the third uneven pattern
5317 will be described further below.

[0089] The organic light-emitting layer 551 may be inter-
posed between the first electrode 511 and the second elec-
trode 531. The organic light-emitting layer 551 may be a
stacked structure made up of one or more layers or regions
including the light-emitting layers 551¢ and 5516. The
light-emitting layers 551a and 5515 may recombine holes
and electrons transmitted from the first electrode 511 and the
second electrode 531 to generate light. For example, the
holes and electrons are recombined in the light-emitting
layers 551a and 5515 to form excitons, and the excitons
change from the excited state to the base state and may emit
light. The light-emitting layers 551a and 5515 performs
fluorescence or phosphorescence emission of blue light
having a peak wavelength in the range of about 420 nm to
about 490 nm, and the light-emitting element 501 may be a
blue light-emitting element.

[0090] The organic light-emitting layer 551 may have a
shape that is bent by the second uneven pattern 5117 of the
first electrode 511. That is, the organic light-emitting layer
551 may be bent along the surface of the second uneven
pattern 511x In this case, the thickness of the organic
light-emitting layer 551 may be substantially uniform,
despite the level difference formed by the first uneven
pattern 4017 and the second uneven pattern 511# Accord-
ingly, the intended resonance distance of the organic light-
emitting layer 551 may be satisfied.

[0091] In an exemplary embodiment, the organic light-
emitting layer 551 includes a first light-emitting layer 551a
and a second light-emitting layer 5515, and includes charge
generation regions 551¢ and 5514, hole controlling regions
551e and 5514, and electron controlling regions 5517 and
551g.

[0092] The first light-emitting layer 551a may be disposed
between the first electrode 511 and the second electrode 531.
The first light-emitting layer 551a may emit light of a blue
wavelength band having a peak wavelength in the range of
about 420 nm to about 490 nm. Further, the second light-
emitting layer 5515 may be disposed between the first
light-emitting layer 551a and the second electrode 531. Like
the first light-emitting layer 551a, the second light-emitting
layer 5515 may emit light of a blue wavelength band having
a peak wavelength in the range of about 420 nm to about 490
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nm. In some embodiments, the peak wavelength of the blue
wavelength band light emitted from the first light-emitting
layer 551a may be different from the peak wavelength of the
blue wavelength band light emitted from the second light-
emitting layer 5515. For example, the first light-emitting
layer 551a and the second light-emitting layer 5515 contain
phosphorescent or fluorescent materials different from each
other, or the resonance distance of the light emitted from the
first light-emitting layer 551a may be different from the
resonance distance of light emitted from the second light-
emitting layer 5515.

[0093] By disposing the first light-emitting layer 551a and
the second light-emitting layer 5515 emitting light of the
blue wavelength band having a peak wavelength in the range
of about 420 nm to 490 nm to overlap within one pixel in the
third direction Z, the intensity of the light emitted from the
light-emitting element 501 may be improved (e.g.,
increased). Further, although both the first light-emitting
layer 551a and the second light-emitting layer 5515 con-
tribute to the generation of light emitted from the light-
emitting element 501, by setting the peak wavelength of
light emitted from the first light-emitting layer 551a and the
second light-emitting layer 5515 to be different from each
other, it is possible to easily control the color coordinates of
the light emitted from the light-emitting element 501 and to
improve the display quality of the display device 1. The first
light-emitting layer 551a and the second light-emitting layer
551H may be disposed over the first pixel (PX1) and the
second pixel (PX2) without distinction between the pixels
PX1 and PX2; however, the present invention is not limited
thereto.

[0094] The charge generation regions 551¢ and 5514 may
be disposed between the first light-emitting layer 551a and
the second light-emitting layer 5515. The charge generation
regions 551¢ and 551d generate charges and may adjust the
charge balance between the first light-emitting layer 551a
and the second light-emitting layer 5515. By disposing the
charge generation regions 551¢ and 5514 between the first
light-emitting layer 551a and the second light-emitting layer
5515, it is possible to improve the light-emitting efficiency
of the light-emitting element 501 and to lower the drive
voltage.

[0095] For example, the charge generation regions 551¢
and 5514 may include an n-type charge generation region
551c¢ and a p-type charge generation region 551d. The p-type
charge generation region 5514 may be disposed between the
n-type charge generation region 551¢ and the second light-
emitting layer 5515. The n-type charge generation region
551¢ may contribute to provision of electrons to the side of
the first light-emitting layer 551a. Further, the p-type charge
generation region 551d may contribute to the provision of
holes to the side of the second light-emitting layer 5515. In
some embodiments, a buffer region may be further inter-
posed between the n-type charge generation region 551¢ and
the p-type charge generation region 551d.

[0096] The first hole control region 551¢ may be disposed
between the first electrode 511 and the first light-emitting
layer 551a. The first hole control region 551¢ may include
one or more of a hole injection region and a hole transport
region. For example, the first hole control region 551¢ may
have a stacked structure of the hole injection region and the
hole transport region. The thickness of the first hole control
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region 551e may be about 100 A to about 10,000 A, or about
100 A to about 1,000 A; however, the present invention is
not limited thereto.

[0097] Further, the first electronic control region 551/ may
be disposed between the first light-emitting layer 551a and
the charge generation regions 551¢ and 551d. The first
electronic control region 551/ may include one or more of
the electron injection region and the electron transport
region. The thickness of the first electronic control region
551f may be about 100 A to about 10,000 A, or about 100
A to about 1,000 A; however, the present invention is not
limited thereto.

[0098] The second electronic control region 551g may be
disposed between the second electrode 531 and the second
light-emitting layer 5515. The second electronic control
region 551g may include one or more of the electron
injection region and the electron transport region. In addi-
tion, the second hole control region 551/ may be disposed
between the second light-emitting layer 5515 and the charge
generation regions 551¢ and 551d. The second hole control
region 551/ may include one or more of the hole control
region and the hole transport region. The charge generation
regions 551¢ and 5514, the hole control regions 551e and
551k, and the electronic control regions 551f and 551g
described above may be disposed over all the first pixel
(PX1) and the second pixel (PX2). However, the present
invention is not limited thereto.

[0099] On the other hand, the pixel defining layer 600 may
be disposed on the organic layer 401 and the first electrode
511. The pixel defining layer 600 may serve to distinguish a
plurality of pixels (PX1 and PX2). The pixel defining layer
600 may be disposed to have an opening that partially
exposes the surface of the first electrode 511. That is, from
a plan view, the pixel defining layer 600 may have an
opening that exposes the first electrode 511 disposed for
each pixel. The organic light-emitting layer 551 and the
second electrode 531 described above may be disposed on
the pixel defining layer 600. The pixel defining layer 600
may include an organic material such as an acrylic resin or
an imide resin. In some embodiments, the pixel defining
layer 600 may also have set or predetermined light shielding
properties. The pixel defining layer 600 may partially over-
lap the first color conversion pattern 830 and the second
color conversion pattern 810 in the third direction 7.
[0100] The pixel defining layer 600 defines a light-emit-
ting region (R,) and a non-light-emitting region (R,,,) of the
display device 1. For example, the opening region of the
pixel defining layer 600 may define the light-emitting region
(Re). The light-emitting region (Re) is a region in which
light is emitted from the light-emitting element 501 to
contribute to the image display of the display device 1.
Further, the non-light-emitting region (R, ) is a region that
is located between the adjacent light-emitting regions (R_)
and does not emit light. In other words, the portion that does
not overlap the pixel defining layer 600 and is not covered
with the pixel defining layer 600 to expose the first electrode
511 is a light-emitting region (R,), and a region overlapping
the pixel defining layer 600 may be a non-light-emitting
region (R,.). From a plan view, the light-emitting region
(R,) may be arranged in a matrix form, and the non-light-
emitting region (R,,) may have a lattice shape.

[0101] Hereinafter, the arrangement of the first uneven
pattern 4017, the second uneven pattern 5117, and the third
uneven pattern 5317 will be described in detail.
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[0102] A pattern region (R,) and a non-pattern region
(R,,,); in which one or more among the first uneven pattern
4017, the second uneven pattern 5117, and the third uneven
pattern 5317 are located, may be defined on the display
device 1. Hereinafter, the pattern region (R,) and the non-
pattern region (R, ) of the organic layer 401 will be
described with reference to the first uneven pattern 4017 of
the organic layer 401, and the second uneven pattern 511~ of
the first electrode 511 and the third uneven pattern 531r of
the second electrode 531 may also be understood in the same
manner.

[0103] In an exemplary embodiment, the organic layer
401 may have a pattern region (R,,) in which the first uneven
pattern 4017 is formed, and a non-pattern region (R,,)
having a substantially flat surface. The non-pattern region
(R,,) of the organic layer 401 may be in partial contact with
the first electrode 511 and the pixel defining layer 600. From
a plan view, the non-pattern region (R, ) of the organic layer
401 surrounds the pattern region (R,) and may have a
substantially flat surface without forming an uneven surface.
[0104] The pattern region (R,) of the organic layer 401
may be located in the light-emitting region (Re). For
example, the first uneven pattern 4017 of the organic layer
401 may be located substantially at the central part of the
opening from which the pixel defining layer 600 is exposed.
As a non-limiting example, the pattern region (R ) in which
the first uneven pattern 4017 of the organic layer 401 is
located may not completely overlap the pixel defining layer
600. The light emitted from the organic light-emitting layer
551 and advancing through the pattern region (R,) may
contain relatively much scattered light components. Accord-
ingly, the pattern region (R,) may contribute to an enhance-
ment in the color conversion efficiency by the color con-
version patterns 810 and 830 and an improvement in the
brightness of the display device 1. This will be described
further in connection with FIG. 5.

[0105] Further, the non-pattern region (R,,,) of the organic
layer 401 may be partially located in the light-emitting
region (R,), and the non-pattern region (R,) may be par-
tially located in the non-light-emitting region (R,,). In other
words, at least a part of the non-pattern region (R,,,) of the
organic layer 401 may be located between the pattern region
(R,) of the organic layer 401 and the pixel defining layer
600. The non-pattern region (R,,) secures a region for
separating the pattern region (R,) from the pixel defining
layer 600, and may contribute to prevention of color mixing
defect of the display device 1. This will be described further
in connection with FIG. 5.

[0106] As described above, the light-emitting region (R,)
may be a region including at least a part of the pattern region
(R,) and the non-pattern region (R, ). That is, all the pattern
region (Rp) in which the first uneven pattern 401 of the
organic layer 401 is formed, and the non-pattern region
(R,,) surrounding the pattern region (R,) with the flat
surface may be at least partially located in the light-emitting
region (R,). In other words, the light emitted by the organic
light-emitting layer 551 may be emitted through the pattern
region (R,) and the non-pattern region (R,,), and the light
emitted through the pattern region (R,) and the non-pattern
region (R, ) may contribute to the image display of the
display device 1. Therefore, the color conversion patterns
810 and 830 overlap the pattern region (R,), and may be
disposed to overlap at least a part of the non-pattern region

R,p)-
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[0107] In an exemplary embodiment, the side surface of
the pixel defining layer 600 and the first uneven pattern 401
may be separated from each other. A minimum horizontal
spaced distance (L,) between the side surface of the pixel
defining layer 600 and the first uneven pattern 401~ closest
therefrom may have a set or predetermined relation with a
predetermined spaced distance (d,) between the light-emit-
ting element 501 and the color conversion patterns 810 and
830. For example, the minimum horizontal distance (L,)
between the side surface of the pixel defining layer 600 and
the first uneven pattern 4017 may be about 0.5 times or more
of the minimum distance (d,) between the light-emitting
element 501 and the color conversion patterns 810 and §30.
When the minimum horizontal distance (L,) between the
side surface of the pixel defining layer 600 and the first
uneven pattern 4017 has the aforementioned relationship
with the minimum distance (d,) between the light-emitting
element 501 and the color conversion patterns 810 and 830,
the light scattered by the first uneven pattern 4017 is made
to advance in an oblique direction with a sufficient angle to
enhance the color conversion efficiency by the color con-
version patterns 810 and 830, the light scattered by the first
uneven pattern 4017 can be prevented from entering other
pixels or instances thereof may be reduced, and the display
quality of the display device 1 can thus be improved.

[0108] In some embodiments, the minimum horizontal
distance (L,) between the side surface of the pixel defining
layer 600 and the first uneven pattern 4017 may be about
10% or more of the width of the light-emitting region (R,).
As a non-limiting example, the minimum horizontal dis-
tance (L,) between the side surface of the pixel defining
layer 600 and the first uneven pattern 4017 may be about 5.0
pm or more, about 6.0 um or more, about 7.0 um or more,
about 8.0 um or more, about 9.0 pm or more, or about 10.0
[m or more.

[0109] Although the pattern region (R,) and the non-
pattern region (R,,,) have been described using the first
uneven pattern 4017 of the organic layer 401, the second
uneven pattern 5117 of the first electrode 511 and the third
uneven pattern 5317 of the second electrode 531 may be
similarly understood.

[0110] For example, the first electrode 511 may include a
pattern region (R,,) in which the second uneven pattern 511~
is formed, and a non-pattern region (R,,) having a flat
surface. The pattern region (R,) of the first electrode 511
may be located in the light-emitting region (R, ). Further, the
non-pattern region (R,,) of the first electrode 511 may be
partially located in the light-emitting region (R,) and may be
partially located in the non-light-emitting region (R, ). The
side surface of the pixel defining layer 600 and the second
uneven pattern 511 are spaced apart from each other, and
the minimum horizontal distance may be about 0.5 times or
more of the minimum distance (d,) between the light-
emitting element 501 and the color conversion patterns 810
and 830. The non-pattern region (R, ) of the first electrode
511 may be located between the pattern region (R,) and the
pixel defining layer 600. In some embodiments, the mini-
mum horizontal distance between the side surface of the
pixel defining layer 600 and the second uneven pattern 511~
may be about 10% or more of the width of the light-emitting
region (R,). As a non-limiting example, the minimum hori-
zontal distance between the side surface of the pixel defining
layer 600 and the second uneven pattern 5117 may be about
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5.0 um or more, about 6.0 pm or more, about 7.0 um or
more, about 8.0 um or more, about 9.0 um or more, or about
10.0 um or more.

[0111] In an exemplary embodiment, the arrangement
density of the second uneven pattern 5117 of the first
electrode 511 may be partially different. For example, the
array density of the second uneven pattern 511 at the central
part of the first electrode 511 may be greater than the
arrangement density of the second uneven pattern 5117 at the
edge part of the first electrode 511. For example, the second
uneven pattern 5117 of the first electrode 511 may be located
only at the central part of the first electrode 511, and may not
be located at the edge part of the first electrode 511.

[0112] Further, the second electrode 531 may include a
pattern region (R,) in which the third uneven pattern 5317 is
formed, and & non-pattern region (R, ) having a flat surface.
The pattern region (R,) of the second electrode 531 may be
located in the light-emitting region (R,). Further, the non-
pattern region (R,,) of the second electrode 531 may be
partially located in the light-emitting region (R,) and may be
partially located in the non-light-emitting region (R ). The
side surface of the pixel defining layer 600 and the third
uneven pattern 5317 are spaced apart from each other, and
the minimum horizontal distance may be about 0.5 times or
more of the minimum distance (d,) between light-emitting
element 501 and the color conversion patterns 810 and §30.
The non-pattern region (R,,) of the second electrode 531
may be located between the pattern region (R ) and the pixel
defining layer 600. In some embodiments, the minimum
horizontal distance between the side surface of the pixel
defining layer 600 and the third uneven pattern 531 may be
about 10% or more of the width of the light-emitting region
(R,). As a non-limiting example, the minimum horizontal
distance between the side surface of the pixel defining layer
600 and the third uneven pattern 5317 may be about 5.0 um
or more, about 6.0 pm or more, about 7.0 pm or more, about
8.0 um or more, about 9.0 pm or more, or about 10.0 um or
more.

[0113] On the other hand, an encapsulation layer 700 may
be disposed on the light-emitting element 501. The encap-
sulation layer 700 may prevent impurities, such as moisture
and air, from entering from the outside of the display device
1 and damaging or denaturalizing the light-emitting element
501. The encapsulation layer 700 may be disposed to seal or
encapsulate the light-emitting element 501.

[0114] The encapsulation layer 700 may be a thin-film
sealing film including one or more inorganic encapsulation
layers 710 and 750, and one or more organic encapsulation
layers 730. For example, the encapsulation layer 700 may
include the organic encapsulation layer 730 and the inor-
ganic encapsulation layers 710 and 750 alternately stacked
on one another. In an exemplary embodiment, the encapsu-
lation layer 700 may include a first inorganic encapsulation
layer 710 disposed on the second electrode 531 and made of
an inorganic material, an organic encapsulation layer 730
disposed on the first inorganic encapsulation layer 710 and
made of an organic material, and a second inorganic encap-
sulation layer 750 disposed on the organic encapsulation
layer 730 and made of an inorganic material. Examples of
the inorganic material include silicon oxide, silicon nitride,
silicon nitride oxide, silicon oxynitride, titanium oxide,
aluminum oxide, and/or the like. Examples of the organic
material include an acrylic resin, an epoxy resin, or the like.
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[0115] FIG. 2 and the like illustrate a case where the
encapsulation layer 700 has a stacked structure of three
organic layers and inorganic layers, and the encapsulation
layer 700 may have a stacked structure of the two layers or
a stacked structure of the four layers or more. In some
embodiments, the encapsulation layer 700 may also include
a siloxane-based encapsulation layer such as hexamethyld-
isiloxane and/or the like.

[0116] As a non-limiting example, an uppermost layer of
the encapsulation layer 700 may be made of an inorganic
material. Further, a lowermost layer that is in contact with
the second electrode 531 of the encapsulation layer 700 may
be made of an inorganic material. In this case, the lowermost
layer, for example, the first inorganic encapsulation layer
710 may have an uneven surface corresponding to the third
uneven pattern 5317 of the second electrode 531.

[0117] Alight shielding member 135 may be disposed on
the encapsulation layer 700. The light shielding member 135
may be disposed at the boundary between the adjacent pixels
(PX1 and PX2) to shield the transmission of light. For
example, the light shielding member 135 is disposed in a
roughly lattice form on the plane, and may prevent light
from entering the adjacent pixels and causing a color mixing
defect.

[0118] A counter substrate 130 may be disposed on the
light shielding member 135. The counter substrate 130 may
be a transparent substrate. In some embodiments, the coun-
ter substrate 130 may also be flexible. For example, the
counter substrate 130 may be made of a glass material, a
quartz material or the like, or may be made of a flexible
polymer material such as polyimide, polycarbonate, poly-
ethylene terephthalate, and polyacrylate, and/or the like.
[0119] The color conversion patterns 810 and 830 may be
disposed on one surface (e.g., the lower surface of FIG. 2)
of the counter substrate 130. The color conversion patterns
810 and 830 may include a first color conversion pattern 830
arranged in the first pixel (PX1), and a second color con-
version pattern 810 arranged in the second pixel (PX2). Each
of the first color conversion pattern 830 and the second color
conversion pattern 810 block transmission of light in a
specific wavelength band, selectively transmit only light in
a specific wavelength band, and may convert the wavelength
spectrum of the transmitted light differently from the wave-
length spectrum of the incident light.

[0120] In an exemplary embodiment, the first color con-
version pattern 830 may be a color filer that includes a first
base resin 831, and a colorant, such as a pigment or dye,
dispersed or dissolved in the first base resin 831. In some
embodiments, the first color conversion pattern 8§30 may
further include a first scatterer 833 dispersed within the first
base resin 831.

[0121] The first base resin 831 is not particularly limited
as long as it has excellent dissolution/dispersion character-
istics of the colorant and the first scatterer 833 and has a
light-transmitting property, the first base resin 831 may
include, for example, acrylic resin, imide resin, epoxy resin
and/or the like.

[0122] The colorant may be dispersed or dissolved in the
first base resin 831 and may selectively absorb at least a part
of the wavelength band of the light transmitting through the
first color conversion pattern 830. For example, the first
color conversion pattern 830 selectively transmits the blue
peak wavelength, and partially absorbs the wavelength band
near the blue peak wavelength, so that the blue spectrum
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displayed by the first pixel (PX1) can be made sharper,
which makes it possible to have an effect of improving color
purity. In particular, when the organic light-emitting layer
551 of the light-emitting element 501 includes a first light-
emitting layer 551a and a second light-emitting layer 5515
that emit blue light having different peak wavelengths, it is
possible to easily correct the color coordinate, by disposing
the first color conversion pattern 830 that absorbs the
wavelength band near the blue peak wavelength, and the
wavelength band of green/red.

[0123] The first scatterer 833 may be particles having a
refractive index different from the first base resin 831, for
example, light scattering particles. Although the first scat-
terer 833 is not particularly limited as long as it is a material
that forms an optical interface with the first base resin 831
and can partially scatter the transmitted light, the first
scatterer 833 may be, for example, metal oxide particles or
organic particles. Examples of the metal oxide may include
titanium oxide (TiO,), zirconium oxide (ZrO,), aluminum
oxide (Al,05), indium oxide (In,05), zinc oxide (ZnO), tin
oxide (SnO,), and/or the like. Examples of the organic
material may include acrylic resins or urethane resins. The
first scatterer 833 can scatter light in several directions
irrespective of the incident angle, without substantially
converting the wavelength of the light transmitted through
the first color conversion pattern 830. Therefore, it is pos-
sible to improve the side visibility of the first color displayed
by the first pixel (PX1) of the display device 1.

[0124] In an exemplary embodiment, the second color
conversion pattern 810 may be a wavelength shift pattern,
which includes a second base resin 811 and a wavelength
shift material 812 dispersed in the second base resin 811, and
further includes a second scatterer 813 dispersed in the
second base resin 811. For example, the second color
conversion pattern 810 absorbs the blue light provided from
the light-emitting element 501 and may convert it into light
of a wavelength band having a peak wavelength of a second
color (e.g., red or green).

[0125] The wavelength shift material 812 may emit light
having a peak wavelength of the second color after absorb-
ing the blue light emitted by the light-emitting element 501.
As a result, the second pixel (PX2) may display the second
color. Examples of the wavelength shift material 812 may
include quantum dots, quantum rods or phosphors. For
example, the quantum dot material may emit a specific color,
while electrons are transferred from a conduction band to a
valence band.

[0126] The quantum dots may be semiconductor nanoc-
rystalline materials. The quantum dots have a specific band
gap depending on their composition and size, and may emit
light having an inherent band after absorbing light.
Examples of the semiconductor nanocrystals of the quantum
dots may include a Group IV based nanocrystal, a Group
1I-VI based compound nanocrystal, a Group III-V based
compound nanocrystal, a Group [V-VI based nanocrystal, or
a combination thereof.

[0127] For example, the group IV based nanocrystal may
include a dyadic compound such as silicon (Si), germanium
(Ge), silicon carbide (SiC), and silicon-germanium (SiGe);
however, the present invention is not limited thereto.
[0128] Further, the group 1I-VI compound nanocrystals
may include dyadic compounds, such as CdSe, CdTe, ZnS,
ZnSe, ZnTe, ZnO, HgS, HgSe, HgTe, MgSe, MgS, mixtures
thereof, and/or the like; triad compounds, such as CdSeS,
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CdSeTe, CdSTe, ZnSeS, ZnSeTe, ZnSTe, HgSeS, HgSeTe,
HgSTe, CdZnS, CdZnSe, CdZnTe, CdHgS, CdHgSe, CdH-
gTe, HegZnS, HgZnSe, HgZnTe, MgZnSe, MgZnS, mixtures
thereof, and/or the like: and tetrad compounds, such as
HgZnTeS, CdZnSeS, CdZnSeTe, CdZnSTe, CdHgSeS,
CdHgSeTe, CdHgSTe, HgZnSeS, HgZnSeTe, HgZnSTe,
mixtures thereof, and/or the like; however, the present
invention is not limited thereto.

[0129] In addition, the group III-V compound nanocrys-
tals may include dyadic compounds, such as GaN, GaP,
GaAs, GaSb, AIN, AP, AlAs, AlSb, InN, InP, InAs, InSb,
mixtures thereof, and/or the like; triad compounds, such as
GaNP, GaNAs, GaNSb, GaPAs, GaPSb, AINP, AINAs,
AINSbH, AlPAs, AIPSb, InNP, InNAs, InNSb, InPAs, InPSb,
GaAINP, mixtures thereof, and/or the like; or tetrad com-
pounds, such as GaAINAs, GaAINSh, GaAlPAs, GaAIPSh,
GalnNP, GalnNAs, GalnNSb, GalnPAs, GalnPSb, InAINP,
InAINAs, InAINSbh, InAIPAs, InAIPSb, mixtures thereof,
and/or the like. However, the present invention is not limited
thereto.

[0130] The group IV-VI nanocrystals may include dyadic
compounds, such as SnS, SnSe, SnTe, PbS, PbSe, PbTe,
mixtures thereof, and/or the like; triad compounds, such as
SnSeS, SnSeTe, SnSTe, PbSeS, PbSeTe, PbSTe, SnPbS,
SnPbSe, SnPbTe, mixtures thereof, and/or the like; or tetrad
compounds, such as SnPbSSe, SuPbSeTe, SnPbSTe, mix-
tures thereof, and/or the like. However, the present invention
is not limited thereto.

[0131] The form of the quantum dots is not particularly
limited, and it is possible to adopt, for example, spherical,
pyramidal, multi-arm type or cubic type nanoparticles, a
nanotube, a nanowire, a nano fiber, a nanoplate-like particle
and the like. As mentioned above, the dyadic compounds,
the triad compounds, or the tetrad compounds may be
present in the particle at a uniform concentration, or may be
present in the same particle by being divided into a state in
which the concentration distribution is partially different.
[0132] In some embodiments, the quantum dots may also
have a core-shell structure, which includes a core including
the aforementioned nanocrystals and a shell surrounding the
core.

[0133] The shell of the quantum dots may serve as a
protective layer for preventing or reducing the chemical
denaturation of the core to maintain semiconductor charac-
teristics and/or a charging layer for imparting electropho-
retic characteristics to the quantum dots. The shell may be a
single layer or a multi-layer structure. As an example, a
metal or non-metal oxide, a semiconductor compound, a
combination thereof, and/or the like may be adopted as the
shell of the quantum dots.

[0134] For example, the above-mentioned metal or non-
metal oxide may include a dyadic compound, such as SiO,,
ALO;, TiO,, 7ZnO, MnO, Mn,0;, Mn;0,, CuO, FeO,
Fe,0O,, Fe;0,, CoO, Co,0,, NiO, and/or the like; or triad
compounds, such as MgAl,O,, CoFe,O, NiFe,O,,
CoMn,0,, and/or the like; however, the present invention is
not limited thereto.

[0135] Further, the above-mentioned semiconductor com-
pound may include CdS, CdSe, CdTe, ZnS, ZnSe, ZnTe,
GaAs, GaP, GaSb, HgS, HgSe, HgTe, InAs, InP, InSh, AlAs,
AlP, AlSb, and/or the like; however, the present invention is
not limited thereto.

[0136] The light emitted by the wavelength shift material
812 may have a half width of the light-emitting wavelength
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spectrum of about 45 nm or less, about 40 nm or less, or
about 30 nm or less, thereby further improving the color
purity and the color reproducibility. Further, the light emit-
ted by the wavelength shift material 812 may be emitted in
various directions regardless of the incident angle of the
incident light. Therefore, it is possible to improve the side
visibility of the second color displayed by the second pixel
(PX2) of the display device 1.

[0137] The lower limit of the thickness of the second color
conversion pattern 810 in the third direction Z may be about
5.0 pm, about 6.0 pm, or about 7.0 um. It is possible to
improve the color conversion efliciency of light passing
through the second color conversion pattern 810 by forming
the second color conversion pattern 810 to have a sufficient
thickness. The upper limit of the thickness of the second
color conversion pattern 810 is not particularly limited, and
the thickness may be about 20.0 pm or about 15.0 pm.
[0138] The second scatterer 813 may be light scattering
particles. As with the first scatterer 833, the second scatterer
813 is not particularly limited as long as a material is capable
of forming an optical interface with the second base resin
811 to partially scatter the transmitted light. For example,
metal oxide particles or organic particles may be used. The
second scatterer 813 may scatter at least a part of the light
transmitting through the second color conversion pattern
810. As a result, the length of the path of the light trans-
mitting through the second color conversion pattern 810 can
be increased, and the color conversion efficiency of the
wavelength shift material 812 can be further increased.
[0139] In another embodiment, the second color conver-
sion pattern 810 may also be a color filter including colorant,
such as dye or pigment, dispersed in the second base resin
811.

[0140] The first color conversion pattern 830 and the
second color conversion pattern 810 may have a shape that
is gradually tapered from the side of the counter substrate
130 toward the side of the light-emitting element 501, that
is, gradually tapered toward the lower side in FIG. 2.
Further, the first color conversion pattern 830 and the second
color conversion pattern 810 may be spaced apart from each
other. For example, the inclined side surface of the first color
conversion pattern 830 and the inclined side surface of the
second color conversion pattern 810 may be spaced apart
from each other. By physically separating the first color
conversion pattern 830 and the second color conversion
pattern 810 from each other, it is possible to prevent the light
scattered in the first color conversion pattern 830 from
advancing toward the second color conversion pattern 810
side, or to prevent the light emitted by the wavelength shift
material 812 of the second color conversion pattern 810
from advancing toward the first color conversion pattern 830
side, or reduce instances thereof.

[0141] In some embodiments, a wavelength band filter
850 may be disposed in the second pixel (PX2). The
wavelength band filter 850 may be disposed between the
second color conversion pattern 810 and the counter sub-
strate 130. The wavelength band filter 850 may be a wave-
length selective optical filter that shields transmission of a
specific wavelength band of incident light and selectively
transmits only light of another specific wavelength band. For
example, the wavelength band filter 850 may be a color filter
or a distributed Bragg reflector.

[0142] The wavelength band filter 850 may selectively
transmit the light having the second color, for example, the
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light having the red color or the green color, after passing
through the second color conversion pattern 810, and may
shield transmission of the first color light, that is, the blue
light emitted by the light-emitting element 501. The wave-
length band filter 850 may absorb or reflect the blue light
directly transmitted without being color-converted by the
second color conversion pattern 810 among the blue light
provided from the light-emitting element 501. As a result,
the purity of the second color expressed by the second pixel
(PX2) can be further improved.

[0143] In another embodiment, a low refractive layer may
be further interposed between the second color conversion
pattern 810 and the wavelength band filter 850. The low
refractive layer includes an organic material or an inorganic
material, and may have a lower refractive index than the
second color conversion pattern 810 and/or the wavelength
band filter 850. For example, the refractive index of the low
refractive layer may be about 1.3 or less, and the difference
between the refractive index of the low refractive layer and
the refractive index of the second base resin 811 of the
second color conversion pattern 810 may be about 0.1 or
more, about 0.2 or more, or about 0.3 or more. Although the
present invention is not limited thereto, by setting the
difference in refractive index between the second color
conversion pattern 810 and the low refractive layer to be
relatively large, it is possible to reduce a critical angle of the
light advancing from the second color conversion pattern
810 side toward the low refraction layer side for being
totally reflected at the interface between the second color
conversion pattern 810 and the low refraction layer, and the
total reflection of the light can be easily induced. By
partially or totally reflecting the light passing through the
second color conversion pattern 810, at least a part of the
light can be recycled, and the utilization efliciency of light
can be improved.

[0144] A barrier layer 870 may be disposed on the first
color conversion pattern 830 and the second color conver-
sion pattern 810. The barrier layer 870 may be disposed at
a substantially uniform thickness along the surfaces of the
first color conversion pattern 830 and the second color
conversion pattern 810. The barrier layer 870 may prevent or
limit impurities, such as moisture and air, from entering
from the outside to damage or denaturize the wavelength
shift material 812 or the like. The barrier layer 870 may be
made of an inorganic material such as nitrogen oxide, silicon
oxide, silicon nitride oxide, silicon oxynitride, and/or the
like.

[0145] An adhesive layer 900 may be disposed between
the encapsulation layer 700 and the barrier layer 870. The
adhesive layer 900 may be disposed between the encapsu-
lation layer 700 and the barrier layer 870 to fill the spaced
space and combine them. For example, the adhesive layer
900 may be in contact with the barrier layer 870 and the
second inorganic encapsulation layer 750.

[0146] Hereinafter, a process of achieving the color dis-
play by the display device 1 according to the present
embodiment will be described in detail with reference to
FIG. 5. FIG. 5 is a cross-sectional view illustrating paths of
light emitted from the light-emitting element of the display
device of FIG. 2.

[0147] Referring to FIGS. 1 to 5, the first light-emitting
layer 551a and the second light-emitting layer 5515 of the
light-emitting element 501 may emit light of the blue
wavelength band. In the exemplary embodiment, it is pos-
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sible to provide a resonance structure in which the lights (L,,
L,) emitted by the organic light-emitting layer 551 of the
light-emitting element 501 is reflected at least once at the
interface between the organic layer 401 and the first elec-
trode 511, the interface between the first electrode 511 and
the organic light-emitting layer 551, the interface between
the organic light-emitting layer 551 and the second electrode
531, or the interface between the second electrode 531 and
the first inorganic encapsulation layer 710.

[0148] In this case, among the lights (L, L,) emitted by
the organic light-emitting layer 551, the light (L, ) advancing
through the pattern region (R,) in which the first uneven
pattern 4017, the second uneven pattern 511 and/or the third
uneven pattern 531r are located may be at least partially
scattered. That is, the light (L,) advancing through the
pattern region (R ) may contain a lot of relatively scattered
light components.

[0149] The scattered light (I,) may advance in a set or
predetermined oblique direction. For example, the scattered
light (L,) may advance with an inclination angle of about 10
degrees to 60 degrees, about 20 degrees to about 60 degrees,
or about 30 degrees to 60 degrees with respect to the normal
of the plane on which the first direction X and the second
direction Y reside, and may be incident on the second color
conversion pattern 810 side to contribute to the image
display and the color display. As the light (L,) emitted
through the pattern region (R)) travels in the oblique direc-
tion, the length of the path of the light that passes through
the second color conversion pattern 810 may relatively
increase, as compared with the case where the light travels
in the vertical direction. Accordingly, the color conversion
efficiency by the wavelength shift material 812 can be
further improved. Further, it is possible to suppress the
scattered light (I.;) from entering the adjacent pixel, by
setting the size of the first uneven pattern 401» and/or the
array of the first uneven pattern 4017 or the like within the
above-mentioned range.

[0150] On the other hand, among the light (L, L,) emitted
by the organic light-emitting layer, the light (L,) advancing
through the non-pattern region (R,,) in which the first
uneven pattern 4017 the second uneven pattern 5117 and the
third uneven pattern 5317 are not located may advance in an
approximately vertical direction. That is, the light (L,)
advancing through the non-pattern region (R,,,) may contain
relatively much straight light component. The light (L,)
emitted in the approximately vertical direction directly
enters the second color conversion pattern 810 side without
entering the adjacent pixels, and can contribute to the image
display and the color display. That is, in terms of prevention
of color mixing, it may be desirable to sufficiently secure the
non-pattern region (R,,,).

[0151] In the display device 1 according to this embodi-
ment, characteristics of light emitted through the light-
emitting region (R,) in any pixel (PX1, PX2) including the
pattern region (R,) and the non-pattern region (R,,), for
example, the advancing directions of light may be partially
different. Therefore, it is possible to improve the color
conversion efficiency by the color conversion patterns 8§10,
820, while preventing or limiting color mixing defects.
[0152] Although FIG. 5 is described on the basis of the
optical path in the second pixel (PX2), the optical path in the
first pixel (PX1) may also be understood in the same way.
[0153] Hereinafter, other embodiments of the present
invention will be described. However, description of con-
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figurations that are substantially the same as the display
device according to the embodiment of FIG. 1 and the like,
explained above, may not be repeated, as they will be clearly
understood by ordinary technicians belonging to the tech-
nical field, from the attached drawings.

[0154] FIG. 6 is a layout view of an arbitrary pixel of a
display device according to another embodiment of the
present invention.

[0155] Referring to FIG. 6, the display device 2 according
to this embodiment differs from the display device 1 accord-
ing to the embodiment of FIG. 1 and the like in that a linear
uneven pattern (rp') is included on the plane. The uneven
pattern (rp") may include an uneven pattern on the upper
surface of the organic layer, an uneven pattern on the upper
surface of the first electrode and/or an uneven pattern on the
upper surface of the second electrode.

[0156] In the exemplary embodiment, the uneven patterns
(rp") may be formed at the substantially central parts of each
pixel (PX1, PX2), for example, at the approximately central
parts of the light-emitting region (R,) of each pixel (PX1,
PX2). The uneven patterns (rp') may extend in the second
direction Y on the plane and may be spaced part from each
other in the first direction X. However, the present invention
is not limited thereto. In other embodiments, the uneven
patterns (rp') may extend in the first direction X on the plane
and may be spaced apart from each other in the second
direction Y. The uneven patterns (rp') may be recess patterns
depressed from the reference surface or convex patterns
projecting from the reference surface.

[0157] FIG. 7 is a cross-sectional view of a display device
according to still another embodiment of the present inven-
tion.

[0158] Referring to FIG. 7, a display device 3 according to
this embodiment includes an organic layer 403 disposed on
the driving element layers 200 and 300. The display device
3 is different from the display device 1 according to the
embodiment of FIG. 2 and the like in that the organic layer
403 includes a first organic layer 413 disposed on the driving
element layers 200 and 300, and a second organic layer 423
disposed on the first organic layer 413, and one surface (e.g,.,
the upper surface in FIG. 7) of the second organic layer 423
facing the light-emitting element 501 partially has an uneven
surface.

[0159] In an exemplary embodiment, the first organic
layer 413 may be a flattening layer disposed directly on the
driving element layers 200 and 300 to at least partially
compensate for the level difference and flatten the level
difference. The upper surface of the first organic layer 413
facing the second organic layer 423 may be substantially
flat. The first organic layer 413 may include a positive
photosensitive material or a negative photosensitive mate-
rial.

[0160] The second organic layer 423 may be disposed on
the first organic layer 413. The second organic layer 423
may be in contact with the first electrode 511 and the pixel
defining layer 600. The second organic layer 423 may
include a material that is the same as or different from the
first organic layer 413. For example, the second organic
layer 423 may include a positive photosensitive material.
[0161] The surface of the second organic layer 423 that is
in contact with the first electrode 511 may have a first
uneven pattern 423» The partial surface of the second
organic layer 423 that is in contact with the first electrode
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511 and the surface of the second organic layer 423 that is
in contact with the pixel defining layer 600 may have a flat
surface.

[0162] The first uneven pattern 423» may be disposed
substantially at the central part of each pixel, for example,
substantially at the central part of the light-emitting region
of each pixel. The first uneven pattern 423 may be a
dot-shaped recess pattern having a substantially circular
shape on a plane or a recess pattern having a linear shape on
a plane. For example, the first uneven pattern 4237 may be
a recess pattern depressed downward from the reference
surface of the second organic layer 423 (e.g., the flat surface
or the top surface of the second organic layer 423).

[0163] In some embodiments, the first electrode 511 and
the second electrode 531 may have a second uneven pattern
5117 and a third uneven pattern 5317, which overlap the first
uneven pattern 423 of the second organic layer 423 in the
third direction Z, respectively, and have a shape and arrange-
ment corresponding to the first uneven pattern 4237 Because
the sizes, shapes, arrangements, functions, and the like of the
first uneven pattern 4237, the second uneven pattern 5117 and
the third uneven pattern 5317 have already been described
above, the duplicate descriptions will not be provided.
[0164] FIG. 8 is a cross-sectional view of a display device
according to still another embodiment of the present inven-
tion.

[0165] Referring to FIG. 8, a display device 4 according to
this embodiment includes an organic layer 404 disposed on
the driving element layers 200 and 300. The display device
4 is different from the display device 3 according to the
embodiment of FIG. 7 in that the organic layer 404 includes
a first organic layer 414 disposed on the driving element
layers 200 and 300, and a second organic layer 424 disposed
on the first organic layer 414, and the first organic layer 414
is partially exposed by the uneven pattern 424 of the second
organic layer 424.

[0166] In an exemplary embodiment, the surface of the
second organic layer 424 may have a first uneven pattern
424r. The first uneven pattern 4247 may be disposed sub-
stantially at the central part of each pixel, for example,
substantially at the central part of the light-emitting region
of each pixel.

[0167] The first uneven pattern 4247 may be a dot-shaped
recess pattern having a substantially circular shape on a
plane or a linear recess pattern on a plane. The first uneven
pattern 424r penetrates through the second organic layer 424
and may partially expose the flat surface of the first organic
layer 414. The second organic layer 424 may include a
material that is the same as or different from the first organic
layer 414. For example, the second organic layer 424 may
include a positive photosensitive material.

[0168] The remaining portions of the second organic layer
424 other than the first uneven pattern 4247, which is a recess
pattern of a dot shape, may have approximately a lattice
shape on a plane, but the present invention is not limited
thereto.

[0169] In some embodiments, the first electrode 511 and
the second electrode 531 may have a second uneven pattern
5117 and a third uneven pattern 531#, which overlap the first
uneven pattern 424 of the second organic layer 424 in the
third direction Z, respectively, and have a shape and arrange-
ment corresponding to the first uneven pattern 424x The
sizes, shapes, arrangements, functions, and the like of the
first uneven pattern 424, the second uneven pattern 5117,
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and the third uneven pattern 5317 have already been
described above, and thus redundant explanations will not
be provided.

[0170] FIG. 9 is a cross-sectional view of a display device
according to still another embodiment of the present inven-
tion.

[0171] Referring to FIG. 9, a display device 5 according to
this embodiment includes an organic layer 405 disposed on
the driving element layers 200 and 300. The display device
5 is different from the display device 3 according to the
embodiment of FIG. 7 in that the organic layer 405 includes
a first organic layer 415 disposed on the driving element
layers 200 and 300, and a second organic layer 425 disposed
on the first organic layer 415, and the second organic layer
425 is a dot-shaped convex pattern.

[0172] In an exemplary embodiment, the surface of the
second organic layer 425 may form a first uneven pattern.
The first uneven pattern formed by the second organic layer
425 may be disposed substantially at the central part of each
pixel, for example, substantially at the central part of the
light-emitting region of each pixel.

[0173] The first uneven pattern formed by the second
organic layer 425 may be a dot-shaped convex pattern
having a substantially circular shape on a plane, or a linear
convex pattern on a plane. The first uneven pattern may be
disposed on the first organic layer 415. The flat surface of the
first organic layer 415 may be exposed to the space between
the adjacent first uneven patterns. The flat surface of the
exposed first organic layer 415 may have an approximately
lattice shape on a plane, but the present invention is not
limited thereto. The second organic layer 425 may include a
material that is the same as or different from the first organic
layer 415. For example, the second organic layer 425 may
include a negative photosensitive material.

[0174] In some embodiments, the first electrode 515 and
the second electrode 535 may have a second uneven pattern
515¢ and a third uneven pattern 535¢, which overlap the first
uneven pattern formed by the second organic layer 425 in
the third direction Z, respectively, and have a shape and
arrangement corresponding to the first uneven pattern.
Although the present invention is not limited thereto, the
second uneven pattern 515¢ and the third uneven pattern
535¢ may be caused by the convex pattern formed by the
surface of the second organic layer 425, respectively. For
example, the second uneven pattern 515¢ and the third
uneven pattern 535¢ may be dot-shaped convex patterns
similarly to the first uneven pattern. The sizes, shapes,
arrangements, functions, and the like of the first uneven
pattern, the second uneven pattern 515¢, and the third
uneven pattern 535¢ have already been described above, and
therefore, their description will not be repeated here.
[0175] FIG. 10 is a cross-sectional view of a display
device according to still another embodiment of the present
invention.

[0176] Referring to FI1G. 10, the organic layer 406 of the
display device 6 according to this embodiment is different
from the display device 1 according to the embodiment of
FIG. 2 and the like in that the organic layer 406 has no
uneven pattern.

[0177] One surface (e.g., the upper surface in FIG. 10) of
the organic layer 406 facing the light-emitting element 506
may have a substantially flat surface. The first electrode 516
may be placed directly on the organic layer 406.
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[0178] In an exemplary embodiment, the upper surface of
the first electrode 516 may have a partially uneven surface.
For example, the upper surface of the first electrode 516 may
have a second uneven pattern 5167 The lower surface of the
first electrode 516 that is in contact with the organic layer
406 may be substantially flat. That is. the first electrode 516
may have a non-uniform thickness. The second uneven
pattern 516~ on the upper surface of the first electrode 516
may form an optical interface capable of causing light
scattering at the interface with the organic light-emitting
layer 556.

[0179] Further, the upper surface and the lower surface of
the second electrode 536 may partially have uneven sur-
faces. For example, the upper surface of the second elec-
trode 536 may have a third uneven pattern 5367 The third
uneven pattern 5367 may be a recess pattern depressed from
the reference surface, but the present invention is not limited
thereto. The third uneven pattern 5367 may overlap the
second uneven pattern 516~ in the third direction Z and may
have a shape and an arrangement corresponding to the
second uneven pattern 516x The third uneven pattern 5367
of the upper surface of the second electrode 536 may form
an optical interface capable of causing the light scattering at
the interface with the first inorganic encapsulation layer 710.
Further, the uneven surface of the lower surface of the
second electrode 536 may form an optical interface capable
of causing the light scattering at the interface with the
organic light-emitting layer 556.

[0180] As a non-limiting example, the second uneven
pattern 5167 is formed by partially etching or ashing the first
electrode 516, and the third uneven pattern 536r may be
caused by the second uneven pattern 516x

[0181] Each of the second uneven pattern 516 and the
third uneven pattern 5367 may have a substantially circular
dot shape on a plane or may have a linear shape. Because the
second uneven pattern 5167 and the third uneven pattern
536r are described above, their description will not be
repeated here.

[0182] FIG. 11 is a cross-sectional view of a display
device according to still another embodiment of the present
invention.

[0183] Referring to FIG. 11, a first electrode 517 of a
display device 7 according to this embodiment differs from
the display device 6 according to the embodiment of FIG. 10
in that the first electrode 517 does not have an uneven
pattern.

[0184] One surface (e.g., the upper surface in FIG. 11) of
the first electrode 517 facing the organic light-emitting layer
557 may have a substantially flat surface. In an exemplary
embodiment, the upper surface of the second electrode 537
may have a partially uneven surface. For example, the upper
surface of the second electrode 537 may have a third uneven
pattern 537 The lower surface of the second electrode 537
that is in contact with the organic light-emitting layer 557
may be substantially flattened. That is, the second electrode
537 may have a non-uniform thickness. The third uneven
pattern 537r of the upper surface of the second electrode 537
may form an optical interface capable of causing the light
scattering at the interface with the first inorganic encapsu-
lation layer 710. As a non-limiting example, the third uneven
pattern 5377 may be formed by partially etching or ashing
the second electrode 537.

[0185] The third uneven pattern 537 may have a substan-
tially circular dot shape on a plane or may have a linear
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shape. Because the third uneven pattern 537r has been
described above, their description will not be repeated here.
[0186] FIG. 12 is a cross-sectional view of a display
device according to still another embodiment of the present
invention.

[0187] Referring to FIG. 12, a light-emitting element 508
of a display device 8 according to the present embodiment
differs from the display device 1 according to the embodi-
ments of FIG. 2 or the like in that the light-emitting element
508 is a back light-emitting type light-emitting element.
[0188] In the exemplary embodiment, the light-emitting
element 508 may emit light to the side of the first electrode
518, that is, to the lower side of FIG. 12 to provide light to
the color conversion pattern 820 side. The first electrode 518
may be an anode electrode made of a translucent material
and the second electrode 538 may be a cathode electrode.
[0189] The color conversion pattern 820 may be disposed
on the side of the first electrode 518 of the light-emitting
element 508. That is, the color conversion pattern 820 and
the second electrode 538 may be spaced apart from each
other with the first electrode 518 interposed therebetween.
As a non-limiting example, the color conversion pattern 820
may be disposed between the driving element layers 200 and
300 and the organic layer 408. However, in other embodi-
ments, the color conversion pattern 820 may be disposed
between the first insulating layer 310 and the second insu-
lating layer 320, or may be disposed between the base
substrate 110 and the driving element layers 200 and 300, or
may be disposed on the lower surface of the base substrate
110.

[0190] Hereinafter, a method of manufacturing the display
device according to the embodiments of the present inven-
tion will be described.

[0191] FIGS. 13 to 17 are cross-sectional views illustrat-
ing the method of manufacturing the display device accord-
ing to an embodiment of the present invention.

[0192] First, referring to FIG. 13, driving element layers
200 and 300, which include a thin film transistor 200
including an active layer 210, a gate electrode 230, a drain
electrode 250 and a source electrode 270, and a plurality of
insulating layers 310, are formed on a base substrate 110.
Because the thin film transistor 200, the first insulating layer
310, and the second insulating layer 320 have been
described above, their description will not be provided.
[0193] Subsequently. referring to FI1G. 14, an organic layer
400 is formed on the driving element layers 200 and 300. At
this step, the upper surface of the organic layer 400 may be
substantially flat. In some embodiments, the step of forming
the organic layer 400 having the flat surface may include a
step of providing a composition for forming an organic layer
on the driving element layers 200 and 300, and a step of
baking the composition for forming the organic layer to at
least partially cure the composition.

[0194] Next, referring to FIG. 15, an organic layer 401
having a through-hole (TH) and a first uneven pattern 401~
is formed. The through-hole (TH) of the organic layer 401
and the first uneven pattern 4017 may be formed at the same
time through an exposure process using one mask (M1).
[0195] In an exemplary embodiment, the through-hole
(TH) may have an approximately circular shape from a plan
view. Further, the first uneven pattern 4017 may be a circular
dot shape on a plane or a linear recess pattern. FIG. 15
illustrates a configuration in which the width of the through-
hole (TH) is smaller than the width on the plane of the first
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uneven pattern 4017 for convenience of explanation, but the
width of the through-hole (TH) may be larger than the width
of the first uneven pattern 401r

[0196] The mask (M1) may have a first opening (OP1) at
a position corresponding to the through-hole (TH), and a
plurality of second openings (OP2) at positions correspond-
ing to the first uneven pattern 401~ In an exemplary embodi-
ment, the width (W,) of the first opening (OP1) may be
about 5 times or more, about 6 times or more, or about 7
times or more of the width (W,) of the second opening
(OP2). While FIG. 15 illustrates a configuration in which the
width (W) of the first opening (OP1) of the mask M1 is
smaller than the width (W,) of the second opening (OP2) of
the mask M1 for convenience of explanation, the width (W)
of the first opening (OP1) is larger than the width (W,) of the
second opening (OP2).

[0197] The amount of light irradiated from the upper side
of the mask (M1) to the side of the organic layer 401 may
be substantially uniform. Because the amount of light irra-
diated is substantially uniform and the first opening (OP1)
has a remarkably larger width than the second opening
(OP2), the through-hole (TH) penetrating the organic layer
401 to expose a part of the source electrode 270 may be
formed at a position corresponding to the first opening
(OP1). At the same time, the first uneven pattern 4017 in
which the surface of the organic layer 401 is partially
recessed may be formed at a position corresponding to the
second opening (OP2). That is, by setting the width (W) of
the first opening (OP1) and the width (W,) of the second
opening (OP2) to have a set or predetermined relationship,
the through-hole (TH) penetrating the organic layer 401 is
formed at the position corresponding to the first opening
(OP1), and the first uneven pattern 4017 having a shallower
depth than the through-hole (TH) may be formed at the
position corresponding to the second opening (OP2) having
a remarkably smaller width than the first opening (OP1).

[0198] FIG. 15 exemplifies a case where the organic layer
401 includes a positive photosensitive material in which the
binding between the polymers is at least partially cut off at
the exposure part, and the exposure part is removed. How-
ever, in another embodiment, the organic layer 401 may
include a negative photosensitive material.

[0199] Next, referring to FIG. 16, a light-emitting element
501 including a first electrode 511, a second electrode 531,
and an organic light-emitting layer 551 interposed therebe-
tween, and an encapsulation layer 700 is formed on the
organic layer 401. Because the light-emitting element 501
and the encapsulation layer 700 have been described above,
their description will not be repeated here.

[0200] Next, referring to FIG. 17, color conversion pat-
terns 810 and 830 are formed on one surface of the counter
substrate 130, and an adhesive layer 900 is interposed
between the encapsulation layer 700 and the color conver-
sion patterns 810 and 830 to combine them.

[0201] Because the size, shape, arrangement, and function
of the first uneven pattern 4017 and, the light-emitting
region, the non-light-emitting region, the pattern region, the
non-pattern region and the arrangement relationship
between them are described above, their description will not
be repeated here.

[0202] FIGS. 18 to 21 are cross-sectional views illustrat-
ing a method of manufacturing a display device according to
another embodiment of the present invention.
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[0203] First, referring to FIG. 18, the driving element
layers 200 and 300 including the thin film transistor 200 and
the plurality of insulating layers 310 are formed on the base
substrate 110.

[0204] Next, referring to FIG. 19, a first organic layer 414
having a through-hole (TH) is formed on the driving element
layers 200 and 300. The surface of the first organic layer 414
may be substantially flat. The first organic layer 414 may
include a positive photosensitive material or a negative
photosensitive material.

[0205] Next, referring to FIG. 20, the through-hole (TH)
and the second organic layer 424 having the first uneven
pattern 424r are formed on the first organic layer 414. The
through-hole (TH) and the first uneven pattern 424r of the
second organic layer 424 may be formed at the same time
through an exposure process using one mask (M2).

[0206] In an exemplary embodiment, the through-hole
(TH) may have an approximately circular shape from a plan
view. Further, the first uneven pattern 424r may be a circular
dot shape on a plane or a linear recess pattern. FIG. 20
illustrates a configuration in which the width of the through-
hole (TH) is smaller than the width on the plane of the first
uneven pattern 424, for convenience of explanation, but the
width of the through-hole (TH) may be larger than the width
of the uneven pattern 424r.

[0207] The mask (M2) may have a first opening at a
position corresponding to the through-hole (TH), and a
plurality of second openings at positions corresponding to
the respective first uneven patterns 4247 An organic layer
404 disposed between the driving element layers 200 and
300 and a light-emitting element 501 is formed by a stacked
structure of the first organic layer 414 and the second
organic layer 424, and a sufficient amount of light is irra-
diated from the upper side of the mask (M2). Accordingly,
the through-hole (TH) penetrating the second organic layer
424 is formed at the position corresponding to the first
opening of the mask (M2). At the same time, a through-hole
penetrating the second organic layer 424 to expose the flat
surface of the first organic layer 414 may be formed at the
position corresponding to the second opening of the mask.
FIG. 20 illustrates the case where the first uneven pattern
424r of the second organic layer 424 exposes the surface of
the first organic layer 414. However, the first uneven pattern
424r may not completely penetrate the second organic layer
424. Also, FIG. 20 illustrates the case where the second
organic layer 424 includes a positive photosensitive material
in which the bond between the polymers is at least partially
cut off at the exposure part and the exposure part is removed.
However, in another embodiment, the second organic layer
424 may also include a negative photosensitive material.

[0208] Next, referring to FIG. 21, a display device is
manufactured by forming the light-emitting element 501, the
encapsulation layer 700, and the color conversion patterns
810 and 830 on the second organic layer 424. In some
embodiments, the pixel defining layer 600 is in contact with
the second organic layer 424 but may not be in contact with
the first organic layer 414.

[0209] Because the size, shape, arrangement, and function
of the first uneven pattern 4247 and the light-emitting
region, the non-light-emitting region, the pattern region, the
non-pattern region, and the arrangement relationship
between them are described above, their description will not
be repeated here.
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[0210] FIGS. 22 to 24 are cross-sectional views illustrat-
ing a method of manufacturing a display device according to
still another embodiment of the present invention.

[0211] First, referring to FIG. 22, driving element layers
200 and 300 including a thin film transistor 200 and a
plurality of insulating layers 310, and a first organic layer
415 having a through-hole (TH) are formed on the base
substrate 110. The first organic layer 415 may include a
positive photosensitive material or a negative photosensitive
material.

[0212] Subsequently, referring to FIG. 23, a second
organic layer 425 having a first uneven pattern is formed on
the first organic layer 415. The surface of the second organic
layer 425 may form a first uneven pattern. The first uneven
pattern may be an approximately circular dot shape on a
plane or a linear convex pattern. The first uneven pattern
may be formed through an exposure process using a mask.
[0213] In an exemplary embodiment, the mask (M3) may
have a plurality of openings at positions corresponding to
the first uneven patterns. FIG. 23 illustrates the case where
the second organic layer 425 includes a negative photosen-
sitive material in which curing of the polymer material
occurs at the exposure part. However, in another embodi-
ment, the second organic layer 425 may include a positive
photosensitive material.

[0214] Next, referring to FIG. 24, a display device is
manufactured by forming the light-emitting element 505, the
encapsulation layer 700 and the color conversion patterns
810 and 830 on the second organic layer 425. In some
embodiments, the pixel defining layer 600 may be in contact
with the first organic layer 415.

[0215] Because the size, shape, arrangement, and function
of the first uneven pattern formed by the second organic
layer 425, and the light-emitting region, the non-light-
emitting region, the pattern region, the non-pattern region
and the arrangement relationship between them are
described above, their description will not be repeated here.
[0216] Hereinafter, the present invention will be explained
in more detail through an Example of the display device
according to the present invention, a comparative example,
and the experiment examples thereof.

EXAMPLE

[0217] A driving element layer required for driving the
organic light-emitting element was formed on the glass, and
an organic layer was formed on the driving element layer to
flatten the upper part of the glass. Using a blank mask, a
dot-shaped recess pattern having a through-hole in the
organic layer was formed at the same time. The depth of the
recess pattern was about 0.5 pm and the width was about 2.0
pm. Also, the distance between the recess patterns was about
2.0 um. Next, the anode electrode was deposited/patterned
to form a pixel defining layer, which covers the end portion
of the anode electrode. At this time, the minimum horizontal
distance between the pixel defining layer and the recess
pattern was about 10.0 um.

[0218] Subsequently, the organic layer and the cathode
electrode were vapor-deposited to form a plurality of organic
light-emitting elements that emits blue light in the form as
illustrated in FIGS. 2 and 3. In this case, it was possible to
check that the recess pattern of a shape corresponding to the
recess pattern of the organic layer was formed on the anode
electrode and the cathode electrode by the recess pattern of
the organic layer.
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[0219] Further, nothing was disposed on one organic light-
emitting element to copy a blue pixel, and a color conversion
pattern including a green quantum dot material was disposed
at a thickness of about 10.0 um on the top of the other
organic light-emitting element to copy the green pixels.
Further, the color conversion pattern including a red quan-
tum dot material was disposed at a thickness of about 10.0
wm on the top of the other organic light-emitting element to
copy the red pixels. The minimum distance from the cathode
electrode to the color conversion pattern was about 10.0pm.
Other detailed structures were configured similarly to the
display device of FIG. 2 to produce a test cell having blue,
green and red pixels.

Comparative Example

[0220] Test cells having blue, green and red pixels were
manufactured in the same manner as in the Example, except
that the step of forming the recess pattern on the organic
layer was omitted and the organic light-emitting element
was formed on the flat organic layer. In this case, it was
possible to check that the anode electrode and the cathode
electrode have a flat surface.

Experimental Example

[0221] The organic light-emitting elements of the test cells
manufactured through the Example and the comparative
example were driven. The brightness of the light emitted
through the blue pixel, the green pixel and the red pixel of
the test cells was measured, and illustrated in FIGS. 25 and
26.

[0222] FIG. 25 is a spectrum measurement result of emit-
ted light for each pixel of the test cells according to the
BExample. FIG. 26 is a spectrum measurement result of
emitted light for each pixel of the test cells according to the
comparative example. In FIGS. 25 and 26, the luminance of
emitted light may be proportional to the lower area of the
spectrum.

[0223] First, referring to FIG. 25, it is possible to check
that the luminance of the light emitted through the green
pixels of the test cell according to the Example is about
13.4% of the luminance of the light emitted through the blue
pixel. Assuming that the amount of light emitted by the blue
organic light-emitting element is substantially the same as
the amount of light emitted through the blue pixel, it is
possible to know that the color conversion efficiency by the
color conversion pattern in the green pixel in which the
recess pattern is formed in the organic layer, the anode
electrode and the cathode electrode is 13.4%.

[0224] Further, it is possible to check that the luminance of
the light emitted through the red pixel of the test cell
according to the Example is about 25.1% of the luminance
of the light emitted through the blue pixel. That is, it is
possible to know that the color conversion efficiency by the
color conversion pattern in the red pixel in which the recess
pattern is formed in the organic layer, the anode electrode
and the cathode electrode is 25.1%.

[0225] Next, referring to FIG. 26, it is possible to check
that the luminance of the light emitted through the green
pixel of the test cell according to the comparative example
is about 9.3% of the luminance of the light emitted through
the blue pixel. That is, it is possible to know that the color
conversion efficiency by the color conversion pattern in the
organic layer having a flat surface without the uneven
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pattern, and the green pixel having the anode electrode and
the cathode electrode is only 9.3%.

[0226] Further, it is possible to check that the luminance of
the light emitted through the red pixel of the test cell
according to the comparative example is about 16.5% of the
luminance of the light emitted through the blue pixel. That
is, it is possible to know that the color conversion efficiency
by the color conversion pattern in the organic layer having
a flat surface without the uneven pattern, and the red pixel
having the anode electrode and the cathode electrode is only
16.5%.

[0227] Comparing the results of FIGS. 25 and 26, it is can
be determined that the uneven patterns formed on the
organic layer, the anode electrode, and/or the cathode elec-
trode improve the color conversion efliciency of the quan-
tum dot material by about 50%. That is, the uneven patterns
can contribute to the brightness enhancement effect of the
display device. This is because the light emitted from the
organic light-emitting layer is partly scattered by the uneven
pattern (e.g., by the recess pattern), and the light path
penetrating the color conversion pattern increases. Thus, the
color of much more amount of light is converted. However,
the present invention is not limited thereto.

[0228] It 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 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, with-
out departing from the spirit and scope of the inventive
concept.

[0229] Spatially relative terms, such as “beneath”,
“below”, “lower”, “under”, “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. It will be understood
that the spatially relative terms are intended to encompass
different orientations of the device in use or in 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” or “under” other ele-
ments or features would then be oriented “above” the other
elements or features. Thus, the example terms “below” and
“under” can encompass both an orientation of above and
below. The device may be otherwise oriented (e.g., rotated
90 degrees or at other orientations) and the spatially relative
descriptors used herein should be interpreted accordingly. In
addition, it will also be understood that when a layer is
referred to as being “between” two layers, it can be the only
layer between the two layers, or one or more intervening
layers may also be present.

[0230] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting of the inventive concept. As used herein, the sin-
gular forms “a” and “an” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “include,”
“including,” “comprises,” and/or “comprising,” when used
in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but

May 30, 2019

do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0231] Further, the use of “may” when describing embodi-
ments of the inventive concept refers to “one or more
embodiments of the inventive concept.” Also, the term
“exemplary” is intended to refer to an example or illustra-

tion.
[0232] It will be understood that when an element or layer
is referred to as being “on”, “connected to”, “coupled to”, or
“adjacent” another element or layer, it can be directly on,
connected to, coupled to, or adjacent the other element or
layer, or one or more intervening elements or layers may be
present. When an element or layer is referred to as being
“directly on,” “directly connected to”, “directly coupled to”,
or “immediately adjacent” another element or layer, there
are no intervening elements or layers present.
[0233] As used herein, the term “substantially,” “about,”
and similar terms are used as terms of approximation and not
as terms of degree, and are intended to account for the
inherent variations in measured or calculated values that
would be recognized by those of ordinary skill in the art.
[0234] As used herein, the terms “use,” “using,” and
“used” may be considered synonymous with the terms
“utilize,” “utilizing,” and “utilized,” respectively.
[0235] Also, any numerical range recited herein is
intended to include all sub-ranges of the same numerical
precision subsumed within the recited range. For example, a
range of “1.0 to 10.0” is intended to include all subranges
between (and including) the recited minimum value of 1.0
and the recited maximum value of 10.0, that is, having a
minimum value equal to or greater than 1.0 and a maximum
value equal to or less than 10.0, such as, for example, 2.4 to
7.6. Any maximum numerical limitation recited herein is
intended to include all lower numerical limitations sub-
sumed therein and any minimum numerical limitation
recited in this specification is intended to include all higher
numerical limitations subsumed therein. Accordingly, Appli-
cant reserves the right to amend this specification, including
the claims, to expressly recite any sub-range subsumed
within the ranges expressly recited herein. All such ranges
are intended to be inherently described in this specification.
[0236] While the present invention has been particularly
illustrated and described with reference to exemplary
embodiments thereof, it will be understood by those of
ordinary skill in the art that various suitable changes in form
and detail may be made therein without departing from the
spirit and scope of the present invention as defined by the
following claims and equivalents thereof. The exemplary
embodiments should be considered in a descriptive sense
only and not for purposes of limitation.
What is claimed is:
1. A display device comprising:
a base substrate;
an organic layer on the base substrate and comprising a
pattern region having an uneven pattern formed
thereon, and a non-pattern region having a substantially
flat surface;
a light-emitting element on the organic layer; and
a color conversion pattern on the light-emitting element
and overlapping the pattern region and the non-pattern
region.

EERTS
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2. The display device of claim 1, wherein the display
device comprises a light-emitting region and a non-light-
emitting region,

wherein the pattern region is in the light-emitting region,
and

wherein at least a part of the non-pattern region is in the
light-emitting region, and at least a part of the non-
pattern region is located in the non-light-emitting
region.

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

a pixel defining layer between the organic layer and the
color conversion pattern and defining an opening cor-
responding to the light-emitting region,

wherein the pixel defining layer does not overlap the
uneven pattern.

4. The display device of claim 3, wherein a horizontal
distance between a side surface of the pixel defining layer
and the uneven pattern is 0.5 times or more of a minimum
distance between the light-emitting element and the color
conversion pattern.

5. The display device of claim 4, wherein the horizontal
distance between the side surface of the pixel defining layer
and the uneven pattern is 10% or more of a width of the
light-emitting region.

6. The display device of claim 3, wherein the pixel
defining layer partially overlaps the color conversion pat-
tern.

7. The display device of claim 1, wherein the display
device comprises a first pixel and a second pixel adjacent to
the first pixel, and

wherein a minimum distance between the uneven pattern
of the organic layer in the first pixel and the uneven
pattern of the organic layer in the second pixel is 1.5
times or more of the minimum distance between the
light-emitting element and the color conversion pattern.

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

a thin film transistor between the base substrate and the
organic layer,

wherein the organic layer has a through-hole enabling an
electrical connection between the light-emitting ele-
ment and the thin film transistor, and a width on a plane
of the through-hole is 5 times or more of a width on a
plane of the uneven pattern.

9. The display device of claim 8, wherein the organic

layer comprises a positive photosensitive material.

10. The display device of claim 8, wherein the width of
the uneven pattern is 2.5 pm or less.

11. The display device of claim 8, wherein a distance
between adjacent uneven patterns among a plurality of
uneven patterns arranged in any pixel is 0.5 times or more
of the width of the uneven pattern.

12. The display device of claim 1, wherein the uneven
pattern is a linear or dot-shaped recess pattern, and

wherein a depth of the recess pattern is about 2.0 um or
less.

13. The display device of claim 1, wherein the organic
layer comprises a first organic layer, and a second organic
layer between the first organic layer and the light-emitting
element,

wherein a surface of the first organic layer that is in
contact with the second organic layer is substantially
flat, and

wherein the second organic layer has the uneven pattern.
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14. The display device of claim 13, wherein the uneven
pattern of the second organic layer is a recess pattern of a dot
shape on a plane, and

wherein the second organic laver comprises a positive
photosensitive material.

15. The display device of claim 14, further comprising:

a pixel defining layer between the organic layer and the
color conversion pattern and defining an opening cor-
responding to a pixel of the display device,

wherein the recess pattern of the second organic layer
partially exposes a flat surface of the first organic layer,
and

wherein the non-pattern region of the second organic
layer is in partial contact with the pixel defining layer.

16. The display device of claim 13, wherein the uneven
pattern of the second organic layer is a dot-shaped convex
pattern on a plane, and

wherein the second organic layer comprises a negative
photosensitive material.

17. The display device of claim 16, further comprising:

a pixel defining layer between the organic layer and the
color conversion pattern and defining an opening cor-
responding to a pixel of the display device,

wherein a flat surface of the first organic layer is in contact
with the pixel defining layer.

18. The display device of claim 1, wherein the light-
emitting element comprises a first electrode and a second
electrode opposed to each other, and an organic light-
emitting layer interposed therebetween, and

wherein one or more of the first electrode and the second
electrode has an uneven surface which overlaps the
uneven pattern of the organic layer and has a shape
corresponding to the uneven pattern.

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

an encapsulation layer between the light-emitting element
and the color conversion pattern and comprising one or
more organic layers and one or more inorganic layers;

a barrier layer between the encapsulation layer and the
color conversion pattern, the barrier layer being
arranged along a surface of the color conversion pat-
tern, and comprising an inorganic material; and

an adhesive layer between the encapsulation layer and the
barrier layer and in contact with the inorganic layer of
the encapsulation layer and the barrier layer,

wherein the light-emitting element comprises a first elec-
trode in contact with the organic layer, a second elec-
trode on the first electrode, and an organic light-
emitting layer interposed between the first electrode
and the second electrode.

20. The display device of claim 19, wherein a lowermost
layer of the encapsulation layer that is in contact with the
second electrode has a partially uneven surface.

21. The display device of claim 19, wherein the organic
light-emitting layer comprises:

a first light-emitting layer between the first electrode and
the second electrode and configured to emit light hav-
ing a peak wavelength in a range of about 420 nm to
about 490 nm; and

a second light-emitting layer between the first light-
emitting layer and the second electrode, and configured
to emit light having a peak wavelength in the range of
about 420 nm to about 490 nm and having a peak
wavelength different from that of the first light-emitting
layer.
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22. The display device of claim 19, wherein the display
device comprises a first pixel, and a second pixel configured
to display a color different from the first pixel, and

wherein the organic light-emitting layer is configured to
emit light of a blue wavelength band having a peak
wavelength in a range of about 420 nm to about 490
nm, and the organic light-emitting layer is above the
first pixel and the second pixel.

23. The display device of claim 1, wherein the light-
emitting element comprises an anode electrode, a cathode
electrode, and an organic light-emitting layer interposed
therebetween, and

wherein the cathode electrode and the color conversion
pattern are apart from each other with the anode
electrode interposed therebetween.

24. A display device having a plurality of pixels, the

display device comprising:

a base substrate;

a light-emitting element on the base substrate, and com-
prising a first electrode, a second electrode, and an
organic light-emitting layer interposed therebetween;
and

a pixel defining layer on the base substrate and defining an
opening corresponding to the pixel,

wherein the first electrode has a pattern region in which a
plurality of uneven patterns are formed, and a non-
pattern region having a substantially flat surface, and

wherein the non-pattern region is at least partially
between the pattern region and the pixel defining layer.

May 30, 2019

25. A method of manufacturing a display device, the
method comprising:
forming a thin film transistor on a base substrate;
forming an organic layer on the thin film transistor, the
organic layer comprising a pattern region with an
uneven pattern formed thereon, and a non-pattern
region having a substantially flat surface, the organic
layer having a through-hole partially exposing the thin
film transistor;
forming a light-emitting element on the organic layer; and
forming a color conversion pattern on the light-emitting
element to overlap the pattern region and the non-
pattern region.
26. The method of claim 25, wherein the formation of the
organic layer comprises:
providing an organic material comprising a positive pho-
tosensitive material on the thin film transistor; and
concurrently forming the through-hole and the uneven
pattern, using one mask,
wherein the uneven pattern is a recess pattern, and a width
on a plane of the recess pattern is about 2.5 pum or less.
27. The method of claim 25, wherein the formation of the
organic layer comprises:
forming a first organic layer having a substantially flat
surface on the thin film transistor; and
forming a second organic layer comprising a negative
photosensitive material and having the uneven pattern
on the first organic layer,
wherein the uneven pattern comprises a convex pattern.
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